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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 effort 

may be assessed by DOE. The ~pecific 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 visits) of specific facilities. 

The list of operating foreign gasifiers is presented in 

Appendix A of =his 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 s~ut down for a period greater than five years 

would no= repres~nt viable sources of information. This list 

represents the set of sources from which gasifier opera=ion 

information is potentially available. Comments on this master 

list are as follows: 

o The list (excluding facilities under construction) 
contains 61 foreign gasifier facilities: 8 based 
on Lurgi technology, I0 on Koppers-Totzek, I0 on 
Winkler, 12 on Wellman-lncandescent, 6 on Wellman- 
Galusha, 10 on Woodall-Duckman, 3 on Riley Morgan, 
and 2 on Stoic. 

o The following foreign ~ountries have coal gasifica- 
tion plants in operation: Bulgaria, Czechoslovakia, 
East Germany, Greece, India, Portugal, South Africa, 
Thailand, Turkey, the U.S.S.R., Yugoslavia, and 
Zambia. 
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Presently, Brazil, China, India, Poland, and South 
Africa have gasifiers under construction 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 =he 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 Afz'ica and India). The case studies conducted for this 

program were for the Lurgi gasifiers at Sasol I and II and the 

Koppers-Totzek gasifiers in Modderfontein, South Africa. 

General comments on the type of information made avail- 

able during these site visits are as follows: 

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

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

Q Detailed operational parameters such as start-up/ 
shutdo~ 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- 
~-6ative design parameters wa___~s considered propri- 
etary information. 



Q 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. synthetic fuels 

efforts, the following conclusions have been drawn: 

o 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 usefuliy in this country. 

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

o 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. 

o Additional case studies appear to be worthwhile only 
when the coal feedstock proposed for a planned 
facility is similar to that used at an 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 financing will 
become available for second and third generation 
plants. The Sasol I plant was not a profitable 
operation at first, but now has become a formidable 
cash generator. Sasol I's success and the prospects 
for Sasol I~ and III have enabled Sasol to raise 
substantial funds in the open equity markets. 

4 



,. 2.0 INTRODUCTION 

One of the principal barriers to rapid commercializa- 

tion of low- and medium-Btu gasification in the United States is 

=he 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 gaslfier operations information. 

However, a critical aspect in the development of such a data base 

is the availability and value of information from foreign 

gasifiers. 

f 

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 

"Verification 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 then 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 apply 

to domestic coal gasification industrialization efforts were also 

~o be assessed. This document represents the final report for 

this project. 

5 



tasks. 

The program was performed as five basic steps, or 

These tasks were: 

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

(2) Development of a basis for comparison of these 
facilities with expected .requirements in the 
United States. 

(3) Categorization of worldwide facilities for 
selection of case studies. 

(4) Selection and performance of two case studies. 

(5) Analysis of how information available from foreign 
experience can enhance the U.S. 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 Kecommendations (Section 7,0) 



iS 
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 

medium-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. 

,J 

included: 

The information initially sough= in compiling the list 

• Facility location, 

• Gasifier make and number of units, 

• Vendor or engineers, 

• Special design features, 

e Installation date, 

• Last date of operation, 

• Coal type, 

• Product gas (application), and 

• Capacity per unit. 

The approach used in developing the master list was to 

first utilize available lists.from previous 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-Morgan, Wilputte, 

Woodall-Duckham, W~llman-lncandescent, Foster-Wheeler-Stoic, 

Lurgi, Winkler, and Koppers-Totzek. This initial list 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 information." 

The master list 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. 

fo i lows : 

Comments on the compilation of the master list are as 

o 

o 

All information presented in the master list ha~ 
been cross-checked for verification. In assembling 
the master list, emphasis was placed on information 
from direct contacts. These sources were believed 
to have the most accurate and vo-to-date 
information. 

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. 

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

8 
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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 response con- 
sisted of existing tables and other material used 
mostly for marketing purposes. 

J 

A synopsis of =he informa=ion 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.S.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 a= Luenen). 

The list (excluding facilities under construction) 
contains 61 foreign gasifier facilities: 8 based 
on Lurgi technology, 10 on Koppers-Totzek, I0 on 
Winkler, 12 on Wellman-Incandescent, 6 on Wellman- 
Galusha, 10 on Woodall-Duckham, 3 on Riley Morgan, 
and 2 on Stoic. 

0 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 facili=ies. 

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



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

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: 

Q 

Q 

The comparison basis prevented the selection of 
gasification 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. 

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 
=o obtain =he 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 general categories: (i) 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 

operating practices between foreign and anticipated 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 

I0 
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used to establish how foreign facility information translates to 

U.S. operations. The information discussed below concerning con- 

struction codes, equipment sparing philosophy, plant capacities, 

length of work week, and plant logistics was chosen because of 

its particular relevance to the U.S. industrial environment. 

d 

An expanded discussion of the design, construction and 

operating factors, and country-by-country economic and political 

overviews can be found in Appendix C. 

Construction Codes 

There are numerous 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 Insti=ut fur Normung e.V.) and ISO (International 

Organization for Standardization). In this analysis, interna- 

tional earthquake-resistant regulations were investigated in an 

attempt to obtain an indication of the variability 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 She 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 their 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 

II 
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Table 4-1 

BASE SHEAR COEFFICIENTS FOR SELECTED COUNTRIES 

Country Coefficient ~ C 

Bulgaria 0.24 

Canada 0.21 

France 0.20 

Federal Kepublic of Germany 0.10 

Greece 0.16 

India O. 16 

New Zealand 0.23 

Portugal 0.20 

Rumania 0.15 

Spain 0.21 

Turkey 0.15 

U.S.S.R 0.I0 

United States 0.II 

Vene zue I a 0. ! 5 

Yugoslavia 0.1__2 

Mean - 0.17 

Standard Deviation - 0.05 

12 



P P 

,,J in developing countries are not different than those of developed 

countries. 

Equipment 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., a 

spare rotor may be specified for a centrifugal compressor). 36 

Large international 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 I:I. 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 developing countries relative to the 

United 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 



=he capacities of projects for refineries, ammonia plants, 

ethylene plants, and me=hanoi plants currently under construction 

or otherwise planned for developed and developing countries were 

analyzed. 40 Plants smaller than internationally competitive 

sizes usually produce a more expensive product, although they may 

be easier to operate. 

o No difference could be found at the 90 percent con- 
fidence level for planned refinery capacities in 
either developed or developing countries, or the 
United States. The mean capacity for 20 refineries 
zn 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 
bb!/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 ~or 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 
reported to be 910 metric tons/day (I,000 tons/ 
day). 14 

Q For the A9 ethylene plants planned or under con- 
struction in the world, there were no significant 
differences in mean capacities for developed or 
developing countries, er the United States. World 
average plant capacity is about 281,000 metric tons 
(310,000 tons) per year. 

Q 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 metric tons (1,700 
tons) per day. 

From =his analysis, one is inclined 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. 

14 
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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. 42 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 

continuous operation and 40-hour work weeks. Four- and five- 

shift systems are common for power genera=ion in developed coun- 

tries. A report by the International Energy Agency suggests a 

four-shift system for a coal gasification system in a developed 

country. 43 

J 

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. 37 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. 44 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. 

16 
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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 information 

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 potential for U.S, application. 

5.1 Gasifier Groupings 

All coal gasification processes can be characterized by 

the following factors : 

(I) Application, 

(2) Capacity, 

(3) Development history, and 

(4) Operational mode. 

Applying these factors together, all currently operating gasifi- 

cation plants worldwide can be separated into two basic groups: 

Q Small, Industrial Gasifiers - These gasifiers are 
almos~ 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 (I00 TPD) 
coal ~nput. His~orically, 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 gasiflers 
are air blown, low-Btu, fixed bed gasifiers, 

17 
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operating at atmospheric pressure. Both single- and 
two-stage fixed bed gasifiers are used for indus- 
trial applications. 

Medium to Large, 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 generation. The 
capacity of the large synfuel units is currently 
limited to about 1,090 metric.tons/day (1,200 TPD) 
coal input, with a 1,810 metrmc tons/day (2,000 TPD) 
capacity soon to be achieved. However, coal 
throughput is an evolutionary parameter; some 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 increasing at 

each step. The majority of the synfuel-type gasifiers operate as 

medium-Btu gas generators; i.e., oxygen blown. Some operate at 

atmospheric pressure, others at higher pressures. All ongoing 

development of =he 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 in single- 

stage industrial gasifiers and is starting to obtain experience 

with two-stage, fixed bed gasifiers by way of the Caterpillar 

plant in York, Pennsylvania (Wellman-lncandescent) and the 

Duluth, Minnesota (Foster-Wheeler-Stoic) plant. Considering that 

the gasification experience in the United States has centered on 

the small industrial gasifiers, 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 
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5.2 State of Process Development 

For =he purposes of this study, the master list was 
consulted =o 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: (I) 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 his=ories for the 

three large synfuel-type gasifiers is discussed below. 

The historical development of Lurgi gasification tech- 

nology is as follows: 

o First generation, 1936-1954: up =o 135 metric tons 
(150 tons) per day unit capacity limited to lig- 
=ires - Germany, Czechoslovakia, and Australia; 

O Second generation, 1952-1965: up =o 340 metric tons 
(375 tons) per day for all coal grades [1,360 metric 
tons (1,500 tons) per day for noncaking coals] using 
using an agitator for caking coals - West Germany, 
Pakistan, South Africa, England, and Korea; 

O Third generation, 1969-present: up 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. 
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The fourth generation Lurgi gasifiers (Mark V) have a 
larger diameter and, therefore, a larger throughput (up 

to 1,810 metric Cons (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: 

• Lurgi i00 [high pressure, 10,130 kPa (I00 arm)I, and 

• BGC-Lurgi (Slagging Lurgi 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 o£ decreasing utility) were Sasol II/ 

Sasol I, Luenen (West Germany), and Westfield (United 

Kingdom). 

Koppers-Totzek 

The Koppers-Totzek historical development has been as 

follows (all the gasifiers were built by Krupp- 

Koppers) : 

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

• Second generation, 1959-1970: up to 284,000 Nm3/ 
day (I0 million SCFD) ~ - Greece, Turkey, East 
Germany, Zambia, and Thailand: 

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

* - Two headed. 
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• Fourth generation: up to 1.13 million Nm3/day 
(40 million SCFD)*W [or 780 metric tons (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 process with the Koppers-Totzek 

process. 

In tez~ns of newer generation facilities and established 

start-up and operating experience, =he most desirable 

Koppers-Totzek plants to visit (in order of decreasing 

utility) were South Africa, India (four-headed), 

Greece, Turkey, 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 I0 

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 commercial 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 is apparently involved 

in new developments of the Winkler technology. 

The advantages and disadvantages of these three gasi- 

fief 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 applicanion), and Winkler a 

distant third. It should also 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 Recommendations 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 application 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: 

I. South Africa 

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

2. India 

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

3. Turkey/Greece 

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

Luenen (Lurgi). 

5. Great Britain 

Westfield (Slagging-Lurgi). 

6. Yugoslavia 

Kosovo (Lurgi), 
Gorozde (Wznkler). 

After discussions with the DOE Project Officer, the 

Lurgi gasifiers in the Sasol complexe@ a= Sasolburg and Secunda, 

South Africa, and the.Koppers-Totzek gasifiers in the African 

Explosives and Chemistries Industries, Ltd. (AECI) No. 4 Ammonia 

Plant at Modderfontein, 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 objective of the Sasol and AECI case 

studies was to learn how much information plant operators are 

willing to ~hare concerning their experience with the design, 

construction, start-up, and operation of commercial coal 

gasification facilities. The information sought included labor 

requirements, operating and maintenance experience, environmental 

requirements and controls, capital and operating expenditures, 

and overall operating experience and problems encountered. The 

on-site data obtained 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 Lurgi and the Koppers-Totzek coal gasifiers. 

The Lurgi gasifiers at Sasol I and II (South Africa) represent 

state-of-the-art technology for coal gasification. In addition, 

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 appraisal 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. I: Koppers-Totzek Gasifiers in AECI's 

No. 4 Ammonia Plant (Modderfon=ein, South Africa) 

Most of the information reported 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. 4 

Ammonia Plant. A complete list of contacts is presented in 

Appendix B. Supplementary information has also been taken from 

References 45 through 50. 

Technolo87 Description 

After two and one-half years of construction, the 

i,000 metric tons/day (I,I00 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 =he 

air separation plan=, the synthesis gas compressor, the Rec=isol 

plant, CO shift conversion, liquid nitrogen wash, and the syn- 

thesis loop. 

The coal mills are conventional ring and ball mills 

made by Babcock and Wilcox. The boilers are of spreader-stoker 

design [10,130 kPa (I00 arm) s=eam 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 

six 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- 

presged product gas occurs in the Rectisol unit. The Rectisol 

unit operates in selective fashion; sulfur species (mainly H2S) 

are removed prior to shift conversion, and CO 2 is removed after 

shift. Recovered H2S is used as boiler fuel. The shift con- 

verter uses conventional iron oxide catalysts. Some C02 
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recovered from Rectisol is used for urea production, while the 

remainder is vented. The final traces of C02 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 ~m and dried to one percent moisture by hot flue gas. 

Run-of-mine coal 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 South 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 compensaue 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 =he reactor wall resulting 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 solution. 
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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 pulverization. 

Typically, Koppers-Totzek gasifiers show a 50/50 to 

40/60 split between slag ash and fly ash. At Modderfontein, 

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 Kectisol unit due to sul- 

fur deposition were solved chemically. Fouling problems were 

also experienced in the nitrogen wash unit due to the presence of 

NO x in the product gas. 

The recycle water system associated with the catalytic 

shift converter showed early corrosion/erosion problems. These 

were corrected by reducing the flow rate and by introducing 

stainless steel piping. 

Constant control of vital parame=ers 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 some initial difficulties with oxy- 

gen valves not closing completely. 
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Current Operatin$ Experience 

Design capacity of the gasifiers was reached immedi- 

ately after initial start-up. At present, the plant's maximum 

gasification capacity is about 20 percent above design capacity. 

The original plant design called for all six gasifiers to be 

online simultaneously. 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 convective boilers, the radiant boilers have 

caused few problems. The on-line fac£or for the gasifiers 

exceeds 85 percent. 

Stable gasifier operation can be maintainted at 70 per- 

cent of design capacity and above. The turndown ratio, however, 

is not an important operating parameter as the gasifiers are 

mostly operated at or above design capacity. If reduced load is 

called for, one or more gasifiers are taken off line. The gasi- 

fiefs are kept hot by two small start-up burners during short 

shutdown periods. 

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 
..... , , ,. ,,. 

TKW (U.S.A.) and Krupp-Koppers (W. Germany) performed a 

pollution source test program at the No. 4 /unmonia Plan= in 1978. 

AECI engineers referred to this report as a source of environ- 

mental information. It can be concluded that the wastewater 

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 signs of air discharges were observed, 

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 H2S from the Rectisol unit is used as boiler 

fuel. 

Operating Experience and Possible Improvements 

The most troublesome components, according to AECI 

engineers~ are the tubular waste heat boilers downstream of =he 

gasifiers, as described above. Based on the hindsight that oper- 

ating experience affords, a hypothetical 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-To=zek 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 that time based on =he Lurgi technology; Krupp-Koppers, on =he 

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, oils, tars, and phenols in the Koppers- 

Totzek product gas made that technology the more viable option. 

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 capacihy 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 plan= at Modderfontein dif- 

fers from =he 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 major 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 operations. 

At the Modderfontein plant itself, the major product is 

ammonia to be used for nitrogen fertilizers. The company as a 

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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j 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 AECI's Modderfontein opera- 

tion is limited to ~arketing activities. The plant purchases 

both coal and catalysts from outside suppliers. The main product 

of the plant, am~onia, is used by AECI in the manufacture of 

fertilizer mixtures, as well as marketed directly by Triomf 

Fertilizer, Ltd., a subsidiary in which AECI holds a 49 percent 

interest. 

Capital Structure 

S 

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 =he Modderfontein facility with internal 

funds generated by its operating companies. At the time the 

decision to build the plant was made (1972), AECI's long-term 

debt-Co-equity ratio stood at 0.24 and cash flow (retained earn- 

ings plus depreciation) amounted to approximately $31 million. 

Of =he outstanding common shares, 40 percent are held by Imperial 

Chemicals Industries, 40 percent by De Beers Industrial 

Corporation, and 20 percent by the general public. 

All revenue and cost figures associated with AECI and 

the Modderfontein operations have been converted =o 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 cos£s for 

the No. 4 Ammonia Plant. AECI sources claimed this was confiden- 

tial information. It was stated, however, =hat 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 $14/metric ton ($13/ton). Electricity is priced at 

1 to 3 cents per kilowatt-hour. 

Operating labor for the gasifier consists of four men-- 

one man in the control room and three men outside in the plant. 

Four shift ~eams 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 conditions. 
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Accountin B 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. 

J 

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, AECl 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 ~ax 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~ no= just to those utilizing 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 =o all ammonia producers regardless of their feedstock. 

Ammonia prices are set by =he government using a pricing formula 

which allows specified returns 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: Lurgi Gasifiers at Sasol I~ II, III 

Sasolburg 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 personnel 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 ~.he 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 embargo 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 ll's construction was about 99 percent com- 

pleted in April 1981. l=s current production rate is approxi- 

mately 80 percent of the design rate. Sasol lll's construction 

was approaching 60 percent completion. 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 I, and especially Sasol II, show a basic multi- 

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 

coal is conventionally crushed and dry screened for Sasol I, 

while Sasol II uses wet screening due to the more friable feed- 

stock. Fines 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 cm (0.A to 2.0 inches) coal and some 

fines are fed into 17 gasifiers at Sasol I without any further 

preparation. The I0 original Mark III gasifiers initially had a 
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typical capacity of about 0.57 million Nm3/day (20 MMSCFD) per 

unit. The lauer version of the Mark III gasifiers had a 0.85 

million Nm3/day (30 MMSCFD) capacity. Presently, the 13 Mark 

III 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 ordered. Though the Mark IV is only a few inches 

larger in diameter than the Mark III, .the Mark IV has consider- 

ably higher throughput. Since mid-1980, a prototype Mark V gasi- 

fief [design capacity about 1,810 metric tons/day (2,000 TPD)] 

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 1.5 million Nm3/day 

(40 and 60 MMSCFD). 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 If, no steam is exported, and some power is 

imported. The result is =hat 70 percent of coal feed goes to the 

gasifier and only 30 percent to steam boilers. 

Raw product gas at Sasol ! is cooled by waste heat 

boilers and by quench cooling. Sasol II replaces the water 

quench with air cooling. 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 

Phenolsolvan process and the phenol recovery are similar for 

Sasol I and Sasol II, while the ammonia recovery differs. 

There are four Kectisol acid gas removal units in Sasol 

I, all of which are in constant operation~ Currently, the 

Stretford units are not connected. The normal ooeration of 
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Stratford plants involves feed streams with much less CO 2 com- 

pared to the Sasol streams. Detailed information is not avail- 

able due to ongoing negotiations between the Stratford licensors 

and Sasol Ltd. All H2S in Sasol I and II is flared. Oil and 

tars from the gas liquor separators are further refined in the 

tar distillation units. 

J 

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 

~hermal efficiency, steam and oxygen consumption, and ~hroughput 

have been reported in the literature. However, as discussed for 

the Koppers-Totzek gasifiers at Modderfontein, the reported 

values are only approximate numbers, which strongly depend on the 

actual operating conditions, including the feedstock. Data 

regarding actual thermal efficiency, steam/oxygen ratios, and 

gasifier temperatures are not available. Similarly, detailed 

startup and shutdown procedures are proprietary. Initially, cold 

startup of the Mark Ill 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 =he 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 

gasifiers 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 gasifiers are annually shut down for maintenance. 

Operatignal Experience at Sasol II 

The Sasol II plan= 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 an Sasol II are of 

a mechanical nature and are not connected with the special 

requirements and conditions of gasification or synthesis 

reactions. 

The most fundamental opreating problem at Sasol II is 

related to the excessive fines content of the feed coal. 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 indications that efforts 

for optimization of all parameters are ongoing. Since Sasol II 
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buys electric power from nearby power plants, not as high a per- 

centage of the fines is fed into the steam boilers as in Sasol 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 II. 

Detailed information on these adjustments is not avail~ble. 

Design Mass Balance 

Sasol I and Sasol ll/llI are sufficiently close to the 

coaP 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. 

J 

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 IT faces more stringent regulations than Sasol I. Pre- 

sently, all H2S 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 

pollution level. 

45 



p P 

Coal Fines 

Coal 1 COAL 
11,300,000 PREP 

2,80C,000 
! 

I . [  ! 
V ~ 

1 

i00,000 
Ammonia 4 

Sulfur 90,000 
(Planned as SO 2) 

Gasoline 45,000 
Blending 
Stocks 

Phenols 
Creosotes 

Pinch 

Residue ~ l 
Oils 

240,000 

8,500,000 

F 

PURE 
GAS 

GASIFICATION 

STEAM 
GENERATION 

I, 500,000 

FISCIIER- 
TROPSCH 
SYNTHESIS 

~ c-----~ LPG 

REGULAR 
GASOLINE 

PREMIUM 
GASOLINE 

DIESEL 
OIL 

FUEL 0IL 

CKEMICALS 

(All Numbers in Tons Per Year) 

Source: Reference 62 

Figure 6-5 

SASOL II FEED ~ND PRODUCTS 

46 



The water pollution problem, however, is ~aken very 

seriously. The fact that the names of so many towns end with 

"fon~ein" (fountain) emphasizes the crucial importance of water 

availability for the early settlers. Today, water availability 

is often the limiting factor for industrial growth in South 

Africa. Sasol llI 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 

~echnical decision. 

.Sasol Licensin~ and Consultin~ 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 process, 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 liquefaction 

processes as a possible coal utilization technology; however, 

South African coals with more than 20 to 30 percent ash are ill- 

suited for direct liquefaction. Major losses of coal occur dur- 

ing the required coal preparation stage, decreasing the overall 

efficiency to about the same level as experienced for Sasol I or 

II. 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 (corrosion, vapor 

lock, etc.) have been overcome. Sasol personnel question the 

economics of such a step which would involve 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 flexibiiiry of Sasol I allows for major exports in waxes and 

similar specialties. In view of (I) the relative percentage 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 a 

result, the feeling was expressed that any Sasol IV or V would 

most likely be based on the same synthesis methods as Sasol II. 

Horizontal and Vertical Integration 

The Sasol complexes at Sasolburg and Secunda demon- 

strate a high degree of vertical integration beginning with the 

mining of coal and production of catalyst and culminating with 

the refining and marketing of finished products. The Sasol 

organization also 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 tons (6.0 million tons) per year. 

Sasol II and Ill will require coal from the BossjesspruiU 

Colliery at a rate of 27.0 million metric tons (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 reactors. 

The product slates for both Sasol I and Sasol II/III 

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 of these plants are 

located on-site and are owned and operated by Sasol. 

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. Sasol has a 52.5 
percent interest in Natref's share capital. 

O 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. 

o 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. 

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

O Sasol (Transvaal) Townships, Ltd. [SDB(Transvaal)] - 
Sasol owns 50 percent of SDB(Transvaal) which is 
undertaking township development at Secunda. 

Capital Structure 

Sasol I was originally conceived as a commercial opera- 

=ion in the late 1940's by Anglo Transvaal Consolidated 

Investment Company (Anglo Vaal), a private mining group. How- 

ever, Anglo Vaal could not find the required financing to build a 

plan=. The State of South Africa rock over the project in 1950 

by the creation of the South African Coal, Oil and Gas 

Corpora=ion, Ltd. (Sasol). The company was registered in 

accordance with the Companies Act as an ordinary company wi~h 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 =he IDC, a government-owned organization designed 

to stimulate industrial development; Sasol I 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 oil refining. In 1975, the 

decision was made to build a second and much larger oil-from-coal 

plant at Secunda. The estimated direct cost of completing the 

Sasol II project, including mining operations, is estimated at 

about $3.25 billion. The funds for construction were provided 

from the following sources: 119.7 percent in the form of export 

credits, 68.3 percent from the State Oil Fund, and 12.0 percent 

in the form of parliamentarygrants. 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, Sasol III, adjoining the Sasol II 

plant at Secunda. The cost of construction for Sasol III is 

estimated to amount to $4.25 billion at completion 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. 

51 



Sasol Limited (Sasol) was incorporated on 26 June 1979 

as the holding company of the Sasol group. Sasol presently holds 

a I00 percent share interest in Sasol I and a 50 percent share 

in=crest in each of Sasol IX and llI. The remaining share inter- 

es= in Sasol IX and III is held indirectly through the IDC and 

its subsidiary, Konoil, Ltd. After the final issue of public 

shares 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 on 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 loans. 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 10-year Government Stock. 

Capital Costs 

Capital cos= estimates for =he Sasol I, II, and III 

plants have been widely publicized. For Sasol I, plant construc- 

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. An 

end-of-job cost assessment in 1956 for the fully operating plant, 

including the capitalized cost of stare up and essential modifi- 

cations, but excluding =he cost of later improvements, indicated 

a real cost of $142 million. The total capital coat of the 

present plant, including subsequent modifications, is estimazed 

at $230 million. 

52 



,J 
The large difference in capital cost estimates before 

and after construction of Sasol I is in direct contrast to the 

cost estimating experience for Sasol II. 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 I0 

percent of the original estimate after allowing for inflation 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. 

It should be remembered that the capital cost estimates 

for Sasol Ill, as those for Sasol I and If, 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 lumped 

with operating costs for the Natref refinery and other operating 

subsidiaries of the Sasol 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 Sasol I group. For 

53 



! 

I-.t 

o 

0 

~ O ~:~.~ ~ 
N r.J ,-* 

,~1 4..I 

. ~ 0 ~  

~-~ 

°~..I 0 

0 

u'l u'l 

r~ ~ co 

i-.I 

O O 0 

~W 

"O 

-H 

O 

E 

CJ 

"O 
O 

g 

0 
°H 
E 

U 

g 

I.M 

0 

X 

0 u~ 

.O 

t-4 

o 
o~ 

0'~ 

°~.-; 

(3 

0 

0 

0 
CJ 

~.J 
CJ 

"O 
O 

E~ 

O 

"O 

O 

~3 
O3 

k~ 
O k~ 

o 
~J 

~.,111 
U 

I-I 

~1 I-.I 

0 

C 
0 

O 

U 

(D 

L~ 

cn 

u~ 

O 

0 

~,~ 

,~  

0 
Q 

n 
C~ 

r - 4  

.LI 

X 
0 

"0 

U 

u~ 

54 



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 from operations averaged 17 

percent of total revenues for the Sasol I group. Net profit 

after depreciation and =axes averaged 7 percent of total reve- 

nues. These figures should be representative of Sasol I opera- 

=ions alone. 

Although direct operating 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. 

Accountin~ Standards 

As a profit-seeking 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 =he 

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 life. Sasol officials 
stated that plan= and equipment at Sasol I were 
were assigned a useful life of 20 years for account- 
ing purposes. 

O Inventory Valuation: In the 1975/1976 fiscal year, 
Sasol changed its basis of valuing crude oil, 
naphtha, and finished goods from the first-in-first- 
out (FIFO) basis to the last-in-last-out basis 
(LIF0). This change has also been made by many oil 
companies in the United States =o avoid overstating 
profits during periods of rising prices. 
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D Inflation Accounting: In =he fiscal year ending 
June 1975, Sasol began adding $16o3 million per year 
as additional depreciation to accoun~ for the 
effects of inflation. This change had the effect of 
essentially doubling the depreciation allowance for 
fiscal years 1975 through 1978. This practice has 
continued through 1980. 

Tax Laws 

During the period 1975 to 1978, Sasol's effective cor- 

porate tax rate ranged from 36.5 percent to 55.1 percen=, 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 

credit of 4.7 cents per liter for LPG, gasoline, diesel, kero- 

sene, and jet fuel. Liquid fuel products from Sasol are priced 

on a parity basis with petroleum-derived products, allowing for 

crude oil purchase, ocean freight 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 ruinable 

seams and a high degree of mechanization. Sasol officials esti- 

mated coal production costs at approximately $13/metric ton, or 

$12/shor= 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 an 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. 

J 

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 pollution) 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 =hat 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 on 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 plan= a= a specific site, based on an already operating 

foreign commercial technology. 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 

a= plants with similar feedstock would be expected to produce 

useful basic information. The American industrial developer 

would benefit from case studies performed on a specific operating 

technology simi!ar to the one 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 many U.S. coal feedstocks. However, every 

gasifier is essentially custom designed. %n 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 States can be expected to be similar to the problems 

encountered for a conventional coal-fired 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 

58 



related to valves, pipes, compressors, fans, 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 ~he 

problems of Sasol If. 

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 withou= going through painful and 

long learning experiences. Similarly, the real operational 

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 

limited 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 5etween 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 obtained hands-on 

experience, are not substitutes for the companies which actually 

developed the technology. 

General conclusions have also been drawn about the 

economic and political considerations that played a role in the 

stimulation of the synthetic fuels industry in South Africa and 

may be factors influencing synfuels development in this country. 

These conclusions are summarized below: 

Q Capital costs for first generation plants are likely 
uo be significanaiy 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 construction and 
operation 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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Modern 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. 

Government support was provided in some form for 
both the Sasol 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 loans, and excise tax credits extended 
by the government. Similarly, the Modderfon=ein 
plant enjoys price supports and investment tax 
credits (as do other ammonia producers). The deci- 
sion to build the Sasol 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 differen~ 
postures toward different industry segments but 
providing an overall environment ofencouragement 
and cooperation. 

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 genera=ion 
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 
Sasoi l's success and the prospects for Sasol II and 
III, the recent public issue of Sasol stock was 
oversubscribed 31 times. 

Recommendations for the Choice of Gasifiers 

Time and again, it has been seen that the most impor- 

tant input for making a choice of various technologies is the 

nat',~re of the available coal. Important coal properties are cak- 

ing behavior, fines content, ash content, gasification reactiv- 

ity, ash corrosi=ity, 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 
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influence corrosion and fusion temperature than is the dry- 

bottom-Lurgi gasifier. All gasifier types are affected by coal 

reactivity, though not to the same extent. 

High ash content causes no problems for Lurgi units 

while the Koppers-Totzek units require increased fly ash removal 

capacity. 

Overall plant size is another important parameter to 

consider when selecting a gasification process. Four-headed 

Koppers-Totzek gasifiers are presently limited to 820 metric 

tons/day (900 TPD) 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 can solve the waste clean-up problem. The higher overall 

thermal efficiency of a Lurgi gasifier becomes more important for 

larger synfuel plan~s. It is assumed here that the product gas 

must be cleaned and available at higher pressures. A Lurgi gasi- 

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 steam from cooling than the higher temperature 

Koppers-To=zek process. The steam produced by cooling involves 

oxygen for combustion, which is thermally less efficient than 

steam produced from a conventional 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 content 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., =he 

lower operating temperature of the Lurgi 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 =he 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. 

Availabilit 7 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 Id (limited answers). Detailed numbers for 

design capacity, steam or oxygen consumption have been published. 

However, these values are of very. limited applicability due to 

=heir 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 =o be used for de=ailed design. Lurgi 

or Krupp-Koppers especially, but also Fluor, Sasol, and AECI, do 
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,if Table 7-1 

INTEKVIEW QUESTIONS 

. 

. 

. 

• 

5. 

e 

7. 

8. 

• 

I0. 

II. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

What is the gasifier design capacity? What is the actual 
capacity being realized? Id 

What is the coal type and 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 =he gasifier (screw mechanism, lock 
hopper, etc.)? 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)? 
Id 

How much ash is removed? Id 

What is the steam (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? 
gas exit temperature? 

Gasification temperature, 
Id 

What type of refractory linings in the gasifier? No 

What is the maintenance schedule (e.g., ~rane replacement, 
patching of =he refractory lining, etc.), id 

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 QUESTIONS 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. How many operators per shift? Per gasifier? 

30. What are the wages paid to the opera=ors? 

31. 

32. 

How is =he gas cleaned (e.g., scrubber, cyclone)? Yes 

How much tar and oil is produced? What is the composition? 
Is it sold or used in-plant? id 

How much was=ewater (condensate) is produced? What are its 
characteristics (pH, dissolved solids, etc.)? Id 

How is the was~ewater treated? Yes 

How often is the product gas sampled? Yes 

How does product gas composition vary? Yes 

What are the lifetime of major components? Id 

How much land do the gasifiers occupy? Yes 

How are the gasifiers integrated with the balance of the 
plant? Id 

How much downtime is experience per year? Id 

Id 

Id 

Have there been any serious accidents, fires, or explosions? 
Id 

How often does the manufacturer's representative visit the 
gasifier facility? Id 
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J 

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? 

• Future plans. 

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: 

(i) Increased overall thermal efficiency and 

(2) Elimination of the fire danger of the discarded 
ash. 

All countries with large coal consumption, including South 

Africa, India, Germany, England, Poland, and the United States, 

are in great need of culm burning fluidized bed combusters or 

similar devices. Any such technology developed in the United 

States could be used for technology exchange with other 

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

proprietary information. 

Anthracite culm burning fluidized bed combustors are 

being devloped by Curtiss-Wright, Pope-Evans-Robbins, and 

Fluidine, with support by =he U.S. Department of Energy. 

65 



REFERENC ES 

I. 

. 

. 

Booz, Allen and Hamilton, "Analysis of Industrial Markets 
for Low and Medium Btu Coal Gasification" 
DOE/RA 2625/1, July 30, 1979 

Gilbert/Commonwealth, "Fixed Bed Coal Gasification for 
Production of Industrial Fuel Gas" 
DOE FE-2220-26, October 1977 

Oak Ridge National Laboratory, "Low Btu Coal Gasification 
Processes, Vol. 2, Selected Process Descriptions" 
DOE ORNL/ENG/TM 13/V2, November 1978 

4. Dravo, "Handbook of Gasifiers and Gas Treatment Systems" 
ERDA, FE-1772-II, February 1976 

5. National Coal Association, "Coal Synfuel Facility S~rvey" 
August 1980 

o 

7. 

. 

. 

i0. 

ii. 

12. 

13. 

14. 

Exxon Personal Communication 

Wellman Termal Systems, "Coal Gasification Reference List" 
Company Publication 1980 

Lurgi, "Lurgi Coal Pressure Gasification Process 
Company Publication 1980 

Koppers Company, "Proceedings of Coal Technology 80" 
Houston, Texas, November 18-20, 1980, Vol. V, page 131 

TRW, "SASOL, South Africa's Coal from Oil Story" 
EPA-600/18-80-O02, January 1980 

Davy Power Gas Inc., Workshop: "Supply and Demand of 
Hydrogen as Chemical Feedstock" 
Houston, Texas, December 12-15, 1977 

Cities Service Company, "Synthetic Fuels Processing" 
Company Publication 

Woodall-Duckham, "WD/GI Gasification Plants" 
Company Publication 

Hagler, Bailly & Company, "Alternative Fuels Monitor: 
Coal Gasification and Indirect Liquefaction" 
EPA, August 1980 

66 



KEFERE NC ES 
(Continue d ) 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Radian Corporation, "Environmental Assessment Report, 
Wellman-Galusha Low Btu Gasification Technology" 
EPA-68-02-3137 March 1980 

Radian Corpora=ion, "Indus=ry Profile, Synfuel Industrial 
Category," Draft 
EPA, December 1980 

TRW, "Environmen=al Issues Associated with Synfuel 
Utilization" 
EPA, October 1980 

Koppers Company, "Koppers-Totzek~ Economics and Inflation," 
3rd Annual International Conference on Coal Gasification 
and Liquefac=ion, Pittsburgh, Pennsylvania, 3-5 August 1976 

Kuhrgas Company, "Coal Gasification and Hydrogeneration," 
(in German) Warme, Gas International, Vol. 29, 7 July 1980 

Personal Communication, Department of Nation Development 
and Energy, Australia 

KPA, Personal Communications with Various National Energy 
Agencies 

Krupp-Koppers (now Gesellschaft fur Kohle-Technologie) 
Company Publication 

Wilpu==e Corpora=ion, Personal Communications 

Xmpian=i Gas In=ernationals (Formerly Gas-lntegrale) ~ 
Psrsonal Communications 

Riley Stoker ~orporation, Personal Communications 

Centro de Technologia Promon, Rio de Janerio, Brazil, 
Personal Communications 

National Coal Board of Bergbau-Forschung, "Study on Coal 
Gasification," Contract No. 376-77 ECIC., November 1978 

T. Ricketts, "The Operation of the Westfield Lurgi Plant 
and the High Pressure Grid System," The Institution of 
Gas Engineers, lOOth Annual General Meeting, London, 
14-17 May 1963 

67 



REFERENCES 
(Continued) 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

Lurgi, "Ammonia Production from Coal ," Company Publication, 
February 1980 

F. Boegner, T. Kendron, and T. Subramamian, "Winkler Fluid 
Bed Coal Gasification Experience with Low Grade Coals," 7th 
Annual International Conference on Coal Gasification, 
Liquefaction, and Copnversion to Electricity, August 5-7, 
1980, Pittsburgh, page 218 

R. Krishman ORNL Personal Communications, 1981 

J. Hoogendoorn, Sasol, Ltd., Personal Communications, 1981 

H. Demir and O. Bazyar, "A Concise Presentation of the 
European Earthquake Resistant Regulations," paper presented 
at the Fifth Japan Earthquake Engineering Symposium, Tokyo, 
1978 

M. Watabe, "Summary of Present Codes and Standards in the 
World," Building Research Institute, Tokyo, n.d 

Uniform Building Code, "Earthquake Regulations," 1967 
Edition 

R. Detman, "Factored Estimates for Western Coal Commercial 
Concepts," interim report prepared by C. F. Braun and Co. 
for Energy Research and Development Administration and 
American Gas Association under Contract No. E(49-18)-2240, 
October 1976 

T. S. Ricketts, "The Operation of the Westfield Lurgi Plant 
and the High-Pressure Grid System," The Institution of Gas 
Engineers P~olication 633, London 

Y. C. Yen, "Estimating Plan= Costs in the Developing 
Countries," Chemical Engineering, 89-92 (1972), July I0 

1! "An Economic Lesson from Developing Countries, J. Baranson, 
Chem=ech, 10-13 (1972), January 

"World-Wide HPI Construction Boxscore," Hydrocarbon 
Processing, 3-62 (1980), October 

The Indian Chemical Industry: Reaping a Difficult Harvest," 
Process Engineering, 74-75 (1980), June 

68 



REFERENCES 
(Continued) 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

Statistical Yearbook 1978, United Nations Department of 
International Economic and Social Affairs, Thirtieth Issue, 
New York, 1979 

S. Eriksson, et al, "Economic and Technical Criteria for 
Coal Utilization Plant," Part I: Economic and Financial 
Conventions, Report No. AI/77, Economic Assessment Service, 
lEA Coal Research, December 1977 

G. D. Friedlander, ed., "Fifteenth Steam Station Design 
Survey," Electrical World, 73-88 (1978), November 15 

A. Engelbrech='and L. Partridge, "Operating Experience on a 
1000 TPD Ammonia Plant at Modderfontein," Ammonia from Coal 
Symposium, Muscle Shoals, Alabama3 May 8-10, 1979 

A. Engelbrecht and L. Partridge, "Coal Based Ammonia and 
Methanol Manufacture Using Koppers-Totzek Gasification," 
7th Annual Conference on Coal Gasification, Liquefaction, 
and Conversion to Electricity, August 5-7, 1980, Pittsburgh, 
page 154 

J. Clausen, C. Zee, and B. Beck, "Modderfontein Koppers- 
Totzek Source Test Results," Draft of EPA Report 
600/7-81-009 

L. Partridge, "Production of Ammonia Synthesis Gas by 
Purification and Shift Conversion of Gas Prodz~ced from 
Coal," The Chemical Engineer, February 1980, page 88. 

AE~CI Limited Annual Report, 1972 

AECI Limited Annual Report, 1980 

J. Hoogendoorn, "Production of Oil and Gasoline by Carbon 
Monoxide Hydrogenation," llth World Energy Conference, 
September 8-12, 1980, Munchen, West Germany 

P. Randolph, "How to Apply Coal Gasification," Symposium on 
Gasification and Liquefaction of Coal, April 23-27, 1979, 
Katowice, Poland 

M. Dry and J. Hoogendoorn, "Technology of the Fisher-Tropsch 
Process," 7th Catalysis and Surface Science Conference, 
July 16-18, 1980, Berkeley, California 

J. Hoogendoorn, "Coal Gasification at Sasol," Sasol/Lurgi 
Symposium, March 1-3, 1978, Randburg, South Africa 

69 



REFERENCES 
(Continued) 

55. J. Hoogendoorn, "Motor Fuels and Chemicals from Coal Via 
the Sasol Route," presented to Royal Society, May 21, 1980, 
London, England 

56. Sasol L=d., Annual Report 1980 

57. J. Hoogendoorn, "Coal Gasification at Sasol," Coal 
Technology, page 1-285 

58. J. Hoogendoorn, "The Sasol Story," AIME, 23rd Annual Meeting 

59. Sasol Limited Annual Repot=, 1980 

60. Sasol Limited Prospectus, August 15, 1979 

61. "Energy Topics," Institute of Gas Technology, March 3, 1980 

62. J. Kronseder~ "Sasol If: Souuh Africa Oil-From-Coal Plant," 
Hydrocarbon Processing, July 1976, page 56 

63. K. Sharpe, "Startup and Operation of the Coal Gasification 
Section of a 1000 TPD Ammonia Plant," presented at the 
American Chemical Society Symposium on Coal as a Source of 
Chemicals, April 1976 

64. W. Schutter, "Operating Experience Gained with the PKM/GSP 
Coal Fixed Bed Pressure Gasification Process," 7th Annual 
International Conference on Coal Gasification, Liquefaction 

Conversion to Electricity, August 5-7, 1980, Pittsburgh, 
Pennsylvania 

70 



,f" 

APPENDIX A 

MASTER LIST OF FOREIGN GASIFIERS 



~ .e  .e  

,W -,-I ~ t J  

°~1' 

0 '~ O,t.~ 

i i ° °  

~ o ~ 
° 

°b.,  

A 

~a 
O 

L~,,a 

i ¢=i 

o ~  

O ~J 
~J  

I 

0 ~  

> 
0 

.5 
=_ 
0 

p~ -t~ b~ t j  

,w m 0  e 

o 

0 O ~  O ~  t,~ 

N .~I 
t.~ I U W 

Q Q 
.~al 3 3 

~1- -'° 0 0 

0 ~W 

0 
"0 

m 

p~ 
L, 

e~ 

¢ 0 

o d 

U C 

al I,~ 
~J 

• -i &a 

A-2 



r~  

; J m l  U 

e - u  t 

r, ,  

U 
: n  

"4" 

J 

O ~  

m 

~3 

~ A  
• J ~J 

~ v  

~D 

,,4 

O 

f.O "--,' 

0J 

.,.4 

~o " 

°°I 
. ,,,.I O O 

O 

,2) 

" 0  

.LJ 

5., 

m 
! 

v 

~ 1  = 

',dl ....I 

O O  

i ° 

A-3 



~=. 

r._ 

J 

m 

~g 

~ ~1 ~ 

, ' E  

~ E  

,~I 
--~I 

:J 

A 

O J  

A 

I 

• ~.-- ,I# ~ 

A-4 



o" 
0 

e~ 

, , ~ ¢ q  r ~  

O ~  
~'JC3 

r . ~ O  

r~  
~ c ; 3  
O ~  

o I 
A 

0 

~3 

~ 0  

A 
~J 

: U  

3 :  

O 

n L :  

A 

~J 

I ,,,.I 

O :  
. . :  ' . . ,  

OJ 

U 

, . = < :  

O ~  COCO ~ 

ml 
m 

U3 

Cr~ 

= 

O ~  

~"1 
~ ,,I1! 

I 
~n 

O 0  

-,4 

.1  

O 

: n !  

t., ,,,d 

,-- 0 

C/'J ~ "  

U3 

..4 
¢J :3 I.~ ,-~ 

d . .~ -  S =~ 

A - 5  

D 



===i 

u'l 
¢N 

J 

" i 

. ~ .  .--~_ 
~ . ~  ~ . 2  

L_'-- ~ . ~  

~.,,I 

u ~I "- 
~'~I ~*=, 

0 ~ O ~  O ~  ~ 0 ' ~  C ~  O ~  

"~ i.l ~.IJ Oi=l ,~ i,~ 01=~ 1.4 4=I ~,~ 

. - ' I  . _'- ~ , ~  '~ ~ "~ 

Ill  

A - 6  

P 



. "  3 - 3 ,~ . "  . "  3.  - 

p,., ~ 1  

,, %' 

5,, I=I -"" ~ ¢~' ~ ¢"" @ ~ "  ~" 

. 1 ~ . ,  . ~ - ,  . 1 " . ~  ' . . 1 " ~ '  ~ ' ~  

. ,  o ° ° 

~s,  ~., t,., I,., CP,.'~ ~ ~ " ~ ' ~  ~ ~"'~'~ ~" ~ I., 

I 

,,.,I ~ ~I ~ 

I 

~Ji .,.~.! ~ ~ ~ r.} ~ ~ 

A-7 



r ~  f ~  
* ¢,,,i 

,... ¢,,j 

G_.~- 

~ ' ~  A . . ~  ~ 

C~ O~ O~ O~ O~ 

-,=.4 
02 " 

C ~-=_ 

~.i , "  

" l  " ~  ~"' 

U 

~- '~ ,~  ~ ~ ~ G,,~ L, ~ . . ~  ~ ~ ~ - ' , , ~  
A 

...1 u ~ U ~ 

• ,.,~ ~,,-. ~3 ~ .,,,, ~ ..... ~ ~ ~ , - *  ~ ,,..-.'.3 ,.,-, ~ ""~ ~ 

~J 

'-'1 
= |  u,.~! _ 

m 

! 

, _ , . .  

" . ' 4  

O O 
~ [ , - ,  

A-8 



l . l  ,,.=l 
G 

,=,.i ~ 

. I L  

¢""1 
p..I 

o ~ , ~  

¢ i ¢ n  

O 
¢"'1 

A 

I : : l  

O 

m 

i 

,.4 

i.-,i 

°°1 l,,I 

: > . , ~  ~ , . <  

I I 

" I  

q,I 

A A 

..=l 

--= 

~ ' . .S  

i , . l l  

<11 

¢ i  
i= l  

,..,, .,, 

i=l 
,..=,l 

J m 

.<..,i 
i 

0 l . i  

¢1~ I., 

q,t 
i= l  
,..=l 

i ,J  ~" 

~=1 

,i, i  
~,l .%1 

-~ ~ i  

I ! 

,=.i 

=,=i 
I 

,I 

.i! 

.-,11 

q 

i . l  

,.=,.i 

m 
u 

• ,,,4 I 

• m 

: 0  

I,.i 

A-9  



p, I  

=- 

=P 

= 

X r . ~  {p_~- 

Q, 

< : , . ~  

{/3 _= 
. U  

@_-~. {,o 

,,._ 

= 

A i  

;2 ° °  ° °  

.~ ~J 

0 1  ~ = = 

, .  = .~ 

= l  . r . . m -  = I  - -  - -  
= I  

mE 

r~.~ 

oj 

= 

=c 

0 

m 

w 

, -- 

L, ~.' 

0 0 0 0 ..,.~. ~., 

! 0 
m C  

m = 

I 

= :  

" . . i  I 

"dl 

~.~I 

C 
.= 

0 

-'I _o 
m 

:J =. 

w -_--. -.- 
~'~I 

- ,  ~ 

A-!O 



APPENDIX B 

PART I 

CONTACTS MADE BY THE PROJECT TEAM" 

FOR COMPILATION OF THE MASTER LIST 
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O 

Latin American Organization 
for Energy (OLADE) 

Av. 6 de Diciembre 
3048, Quito, ECUADOR 

Mr. J. C. Hoogendoorn, Manager 
Process Division 
South African Coal, 0il, ~ Gas 

Corp., Limited 
P.O. Box I 
Sasolburg, D.V.S. 
Republic of South Africa 

Mr. Yasu=aka 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, Millbank 
London SWI 4QJ 
England 

Agency of Industrial Science ~ Technology* 
Ministry of International Trade ~ Industry 
1-3-1Kasumigaseki 
Chiyoda-ku 
Tokyo, Japan 

Japan Gas Association* 
30 Shiba Kotohira-Cho 
Minato-ku 
Tokyo, Japan 

National Energy Administration* 
Pibultham Villa 
Kasatsuk Bridge 
Bangkok, Thailand 

U.N. Economic Commission for Africa 
P.O. Box 3001 
Addis Ababa, Ethiopia 

*An asterisk indicates that a response has been received. 
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Canadian Department of Energy e 
Mines and Resources 
588 Booth Street 
Ottawa~ Ontario~ Canadia KIA 0G1 

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

Cen=ro De Technologia Promon - CTP* 
Praia do Flamengo, 154 
22210 Rio de Janeiro. RJ 
Brazil 

Conselho National Do Petroleo - MME CNP 
Esplanado dos Ministerios 

6 ° Bloco J, e 7 ° ander 
Brasilia, DF, Brazil 

Fuel Research Institute of South Africa 
P.O. Box 217 
21Lynnwood Road 
Pretoria~ 
Republic of South Africa 

Direccion General De Hidrocarburos 
Statistical Office 

Edificio Ferrand 
Zepita 423 6 to. piso LIMA 
Peru 

U.N. Economic and Social Commission* 
for Asia-Pacific 

Sale Santitham 
Raj adamnern Avenue 
Bangkok 2, Thailand 

Latin American Free Trade Association 
Cebellati 1461 
Casilla de Correo 577 
Montevideo~ Uraguay 

Central Fuel Research Institute" 
P.O.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.O. 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 I 
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 Bali iskaya 
U.S.S.R. 

Centrum Informac. Ji Naukowej 
Technicznej 

Eko6omicznej Cinte 
AI Niepod le glosci 186, 00-950 
Warszawa, Poland 

National Committee on Science 
and Technology 

Technology Bhavan 
New Mehrauli Road 
New Delhi 29, India 

Babcock Contractors, Inc.* 
921PennAvenue 
Pit=sburg, PA 15222 

Foster Wheeler Energy Corporation 
II0 So. Orange Avenue 
Livings=on, NJ 07039 
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Wilpu=te Corporation* 
152 Floral Avenue 
Murray Hill, NJ 07974 

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

Priv.-Doz. Dr.-Ing. Friedrich H. Franke 
Rheinische Braunkohlenwerke Ag 
Stottgenweg 2 
5000 Koln 41 (Lindenthal) 
West Germany 

Janis Martin* 
Senior Sales Executive 
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West Germany 

Bernard H. Liberman* 
Director 
Process Equipment Division 
Wellman Incandescent Lid 
Cornwall Road Smethwick Warley B66 2LB 
West Midlands England 

James P. Engebretson* 
Manager, Business Development 
Lurgi Corporation 
Western Divis ion 
One Davis Drive 
Belmont, CA 94002 

John Gray* 
British Gas Corporation 
326 High Holborn 
London, WCI 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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I. Fuel Research Institute of South Africa 
21Lynwood Road 
Pretoria 

Dr. D. Clark 
Head, Engineering Division 

E. F. E. Miller 
Chief Research Officer 

II. 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 

Ill. Sasol I/II 
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 

IV. Lurgi South Africa (PTY) Ltd. 
Argon House 
87 Jura Street 
P.O. Box 31274 
Braamfontein 2017 

Willy Neifer 
Managing Director 

Dr. John P. Herselman 
Divisional General Manager - Technical 
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APPEndiX C 

EXPANDED DISCUSSION OF TECHNICAL, ECONOMIC, AND 

POLITICAL FACTORS RELATED TO BASIS OF COMPARISON 

BETWEEN FOREIGN AND U.S. FACILITIES 

C.l TECHNICAL FACTORS RELATED TO BASIS OF COMPARISON 

Design Philosophy and Constru@tion Codes 

The bulk of engineering 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 European 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, evenspecifying 

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 
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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 engineering 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 Standardization). 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-l, 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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BASE SHEAR 

Table C-i 

COEFFICIENTS FOE SELECTED COUNTRIES 

Coun~r7 Coefficient ~ C 

Bulgaria O. 24 

Canada 0.21 

France O. 20 

Federal Republic of Germany 0.I0 

Greece 0.16 

India 0.16 

New Zealand 0.23 

Portugal 0.20 

Rumania 0. i 5 

Spain 0.21 

Turkey 0 ° ~ 5 

USSR 0.10 

USA 0. I I 

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 are heavily dependent on local factors. Design require- 

ments to prevent frost damage will require additional 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 compressors. 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). 6 Large international plant designs probably adhere 

=o 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. 7 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). 8 The Talcher plant of the Fertilizer Corporation of 

India, Ltdo, 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. 9 Furthermore, import 

duties in developing countries make the often-needed foreign 

equipment additionally expensive. It appears that develope~ 

countries have a sparing philosophy similar to the United States, 

and designs would translate I:I. On the other hand, designs in 

developing countries may specify fewer numbers of spares compared 

o ~, 

O,  

G~ 

0 
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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 maintenance, unexpected downtime can be minimized and 

unit product cost of the plant kept at a low level. Developed 

countries have estimated annual maintenance cost of coal gasifi- 

cation and liquefaction plants to range from 1.6 to 10 percent of 

total capital investment. 10 These countries are Canada, the 

Federal Republic of Germany, the Netherlands, Sweden, the United 

Kingdom, 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). 10 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 Association on western coal commercial concepts assumed a 

0.90 factor. 6 

Number of Trains 

As process equipment reaches the limit of its size 

(=hat is, economics of scale no longer evolve), additional pro- 

cess streams or trains must be added if capacity is to be 

increased. Extra trains also offer process flexibility in the 
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event of an outage in one train; this is important for plants 

supplying product downstream for additional processing where an 

outage involves extra costs, such as additional 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 

example, 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 plan=. 

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 ~rains were utilized. 

The Westfield plan= is relatively small and probably could not 

benefit from fully duplicated parallel trains. We expect that 

process plants in the United States can generally be larger and 

would have greater benefits by using multi-train designs. 

Plant Capacities 

Jw 

In 1972, Baranson reported that "typically, plants i~ 

less developed countries operate at 5 to I0 percent of the scale 

of internationally competitive plants. ''12 

For ammonia plant capacities, there was a statistically 

significant difference 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. 
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Designers and Contractors 

Firms from developed countries dominate this work. ~Le 

top I0 international designers and contractors 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. 1 The difference between foreign and 

domestic staff is is not as apparent for international contrac- 

tors; on the average, each firm employs about 1,300 expatri- 

ates. 15 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.l 5 

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 regulations, 

customs, and languages may make translation to the United States 

difficult. 

One indicator of the success of a project's design and 

construction is the length of time for the system to reach design 

capacity. These times for five foreign coal gasifiers (Sasol I 

and If, Modderfontein, South Africa; Westfield, Scotland; and 

Luenen, Federal Republic of Germany) ranged from I 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. 16 
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Table C-2 

TOP TEN INTERNATIONAL DESIGN FIRMS 
AND CONTRACTORS, 1979 I-,15 

Position 

1 

2 

9 

i0 

Dgsisu Firm 

Sir William Balcrow & Partners, U.K. 

SWECO &B, Sweden 

Louis Berger Group of Cos., U.S.A. 

NorconsulC, Norway 

SOFRESID, France 

Planning Research Corp., U.S.A. 

NEDECO, Netherlands 

The SNC Group, Canada 

W. S. Atkins, U.K. 

Gibbs & Hill, Inc., U.S.A. 

Contractor 

Fluor Corp., U.S.A. 

Bechtel Group of Cos., 
U.S.A. 

Davy Corp., U.K. 

~lyoda Chemical Engr. & 
Const. Co., Ltd., Japan 

Foster Wheeler Corp., 
U.S .A .  

Hanyang Corp., Korea 

The Parsons Corp., U.S.A. 

The ~sc Engineering Co., 
U.S .A .  

C. F. Braun & Co., U.S.A. 

Technip, France 
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Labor 

There are important differences in industrial relations 

policies and practices between the United Sates and foreign coun- 

tries. The most significant differences are: 

• "The generally very strong political orientation of 
most unions; 

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

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

• The more extensive limitation by public authorities 
of many management perogatives; 

• The scope of collective bargaining - wider in 
geography but narrower in substance; 

• The lesser power of unions at the shop level; and 

o The greater importance of class distinctions, 
customs, and, in some countries, resistance to 
technological change. ''17 

These differences are more or less the same for both developed 

and developing foreign countries. 17 

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. 18 In 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: 
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• Wage rates, 

• Skilled labor availability, 

® Social and fringe benefits, 

• Productivity, 

• Weather conditions, 

• Construction overhead, and 

• 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 construction duration. Estimates for the number of 

construction workers an large gasification planns 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 coal/day is estimated to have a peak con- 

struction force of 3,200 workers during its four-year construc- 

tion period. 20 The total number of personhours for construc- 

tion of a high-Btu gasification plants is estimated at 15 mil- 
lion;20 for the Sasol 17 plant, the total number of personhours 

was 115 million. 21 For 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 construction forces that are 

about six =imes larger ~han those in the United States. 
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quality 

No convenient measure of the quality of construction 

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 

Rrevious years' levels. Comparisons between countries cannot be 

made from these indices. One may infer from the South African 

Sasol construction experience, which apparently requiredabout 

four times the work for a similar U.S. construction, that foreign 

construction 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 comparisons 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 an 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 consist of three 

components: a basic wage, a "dearness allowance" (comparable to 

a cost-of-living adjustment), and an annual bonus. 24 
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Training Requirements 

Where inadequate numbers of skilled construction 

workers exist or unique skills are required for a particular 

project, 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. 18 This =raining 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 

25 in India 30 percent 26 in Greece 2 I0 percent in 1978, 

percent, 27, and in the United Scares 6 percent. India is 

characterized by large numbers of unemployed skilled workers and 

"under-employed workers. Many skilled and technically =rained 

people leave the country to find more rewarding jobs. 26 Greece, 

with its low unemployment rare, suffers from a tight labor market 

and a scarcity of workers. 27 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 =o the remainder of 

the work force. In South Africa, about 8 percent of the employed 

work in construction; 25 in India, about I 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 S~sol II plan= is estimated to require a total O&M staff of 

about 8,000 (this plant is about three times larger than Sasol 

I). The Westfield, Scotland plant employed nearly 300 people 

during its operation; a breakdown of the staff by function is 

shown in Table C-3 (this plant 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 890 (these plants would be 

one-half the size of Sasol If). 

Cost 

Indices for hourly wages in manufacturing for II devel- 

oping countries are shown in Table C-4. 

Training Kequiremen=s 

The Westfield, Scotland plant required several months 

of training for the workers operating the oxygen production 

facility, =he Lurgi gasifiers, and the Benfield process (acid gas 
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Table C-3 

WESTFIELD OPERATION AND MAINTENANCE PERSONNEL 7 

Des t ~ n a t : i o n  - -Stagf  Workmen, , ,  , ,  

Works E n g i n e e r  1 

T e c h n i c a l  14 - -  

C h e m i c a l  11  - -  

M e c h a n i c a l  8 55 

Electrical 2 15 

Instrumentation 2 13 

Operation 9 108 

Day Workers 1 43 

Clericai 15 - -  

63 234 

Total 297 persons 
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removal). 7 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 large coal 

gasifiers 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; 24 in South Africa, 6he 

figure is also about 9 percent; 25 and for the United States, 

about 23 percent of =he work force is engaged in manufacturing. 

Standard Operating Procedures 

Times Worked 

We compared the average number of hours worked per 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 4A.2 hours/week. If 

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- 

=ion 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. I0 This implies a 42-hour 

work week. 

Safety 

Processes are designed to be shut down when safety 

hazards become apparent. This can be done by automatic controls 

or manual actions. The United States and developed countries 

tend to have more automatic controls. A drawback of controls is 

spurious shutdowns when =he 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 analyzers for sulfur 

dioxide, chemiluminescen= analyzers for nitrogen oxides and 

ozone, and gas chromatographs for hydrocarbons. Automatic 

sampling is safer than obtaining sampling manually. In fact, a 

laboratory assistant at =he Modderfontein plant suffered a fatal 

anoxia by exposure to carbon monoxide while sampling a 

precipitator near a purge vent. II 

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 

Hygienists. Booklets listing these recommended concentrations 

(actually referred to as threshold limit values) have been 

requested by organizations in England, the Netherlands, the 

Federal Republic of Germany, Italy, and Japan. 30 These 

recommendations have become the bases for occupational heal=h 
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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. 30 

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 quanUitative information exists in the open 

literature on unscheduled maintenance requirements. For the 

Westfield, Scotland plant, we determined that about 6 percent of 

their maintenance on gasifier No. 3 was for unscheduled items. 7 

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. 
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Feedstock 

The United States is blessed with large reserves of 

coal of varying types. Coal can probably be found to operate 

satisfactorily with any commercial coalgasification 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 mostly Of low grade. Coals gasified there 

typically contain 20 to 30 percent or more ash and have lower 

calorific contents compared =o 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 fly ash, and low efficiency of carbon conversion. A 

switch in feedstock allowed the plant to increase its performance 

to that of an oil- or gas-based ammonia plant. 31 

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. 7 This is also expected to occur in western regions 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 primarycriteria 

for selecting the Sasol II site was the existence of an adequate 

coal field. 32 The Modderfontein plant~ however, g@ts its coal 

from a mine 90 l~m (56 miles) away. 31 

i 

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 plan= practice is no= 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. I0 

Environmental Regulations 

Environmental limitations placed on gasification plants 

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. 35 

Performance standards have been formulated by various countries 

for coal-fired power plants; these standards are presented in 
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Table C-5 

NATIONAL AMBLENT AIR QUALITY STANDARDS (mg/m 3) 
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Table C-6.35 Specific emission standards for gasifiers do not 

routinely exis=o 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 

sulfur oxides and nitrogen oxides. The State of New Mexico has 

proposed emission standards for gasifiers; they are shown in 

Table C-7.36 

During =he initial operation of the Westfield, Scotland 

facility, customers complained of sooting problems with the gas. 

This was though= 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 operation. This was a unique prob- 

lem, probably as a result of the relatively high concentration of 

nickel in the coal. 7 

The only environmental problem reported at the 

Modderfontein plant in South Africa was dust emission from the 

coal milling section, II which was above the normal value of 150 

mg per m 3. 

The Sasol II plant was designed t o  meet stringent envi- 

ronmental regulations. For example, the plant is self-sufficient 

in water; rain water is collected, process water is recycled, and 

no water is discharged to streams. This arrangement prevents 

contaminated water from entering the environment. 

In 1969, an engineering firm reported that European 

environmental regulations were more severe than U.S. regulations 

and were becoming more stringent. At that time, regulations were 

adding I0 percent to the cost of process plants. In one refinery 
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Table C-6 

NEW SOURCE PERFORMANCE STANDARD.FOR 
COAL-FIRED POWER PLANTS (mg/m ~) 

Country 

Australia 

Denmark 

Federal Repullc 
of Germany 

]~caly 

Japan 
2,500 f 

Netherlands 

Poland 

United Kingdom 

United States  

a mg/Nm 3 

S02 TSP NOx 

No standard 250 2,500 

No standard 150 a No standard 

2,845 b I00 c S~a~e of the 
1504 art considered 

2,000 No standard No standard 

500 200 e 767 
400 f 

No standard No standard No standard 

No standard No standard No standard 

No suandard 115 No standard 

!~800g 45 h 950 i 

b converted from 275 g/kWh 

c l!gni~s 

d hard coal 

e urban 

f rural 

g conver~ed from 1.2 ibs/106 Btu 

h converned from 0.03 ibs/106 Btu 

i converted from 0.6 ibs/106 Bcu 

Source: World Coal S=udy 

CO 
i 

50O 

No standard 

25O 

No standard 

No sUandard 

No standard 

No standard 

No suandard 

No suandard 
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Table C-7 

COAL GASIFICATION EHISSION S~DARDS 
PROPOSED BY NEW MEXICO ~u 

Emission Component 

Particulate Matter 

Non-lnethane Hydrocarbons 

Sulfur (vapor) 

Reduced Sulfur (sum of 
hydrogen s u l f i d e ,  carbon 
disulfide & carbonyl sulfide) 

Hydrogen Cyanide 

Hydrogen Chloride and 
Hydrochloric Acid 

A=~monl a 

Re~ulatlon 

0.03 lbs/106 Btu 

nil 

0.04 ibs/106 B~u 

I00 ppm 

I0 ppm 

5 p ~  

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. 22 As 

seen in Tables C-5 and C-6, U.S. standards are more strict than 

some countries and less strict khan others. We feel that 

generallyf 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 I:I. 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 facility contained 450 BCu 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 specifications 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 construction for freezing soils. 

Fertilizer plants in India are typically built for tem- 

peratures between 0°C and 46°C (32°F and llS°F). 37 This would 

indicate that they do not design for freezing conditions in 

India; this must be taken into account when translating Indian 

experience to the United States. 

Industrial Activity 

Yen has pointed out an interesting ocurrence for 

produc=s from developing countries compared to developed 

countries.9 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-I for the route ethylene to 

polyvinyl chloride pipe (3 in. in diameter) using 1972 costs in 

Taiwan. 

Imports 

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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Figure C- 1 

RELATIVE COSTS OF PRODUCTS FOR TAIW~N AND L~I_~D STATES, 
1972, ?OLYVINYL CHLORIDE PIPE AND PRECURSORS 
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"When we import materials, the customs authorities are 
very strict. They follow regulations =o the letter, 
and they require all kinds of documentation and 
certification. To mention one horrible little example, 
we issued a pturchase 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 customs people insisted that the numbers 
had to agree, so we had to issue a supplementary pur- 
chase order for one 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. In 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 16.5 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 m6et budgets. ''22 

Cost Indices 

i O' 

Indices have been developed for cos= 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 Location indices can be approximated 

by taking the ratio 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. 38 
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Table C-9 

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

YeaE 
Beginning U--K./U. $. 

1970 83 

1971 90 

1972 98 

1973 97 

1974 103 

1975 115 

1976 136 

1977 . 145 

C-30 




