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ABSTRACT

The status of commercial technology for indirect liquefaction,
as exemplified by SASOL facilities in South Africa, is reviewed.
The impact of substituting more advanced gasifiers and synthesis
systems is then investigated.

Slagging BGC/Lurgi, Texaco and Shell-Koppers gasifiers were
substituted for the Dry Ash Lurgi units used at SASOL. SASOL
SYNTHOL synthesis units were replaced by slurry phase Pischer-Tropsch
units employing technclogy pioneered by Kolbel.

The advanced systems were found to have a highly favorable
impact on plant efficiency, product distribution and gasoline cost.
If all the projected technical improvements can be realized for
indirect liquefaction, the yields of refined transportation fuels
per ton of coal will approach those anticipated for direct lique-
faction processes. '

iii



NI

LIST

TTQ

e

1.

2.

3.0

FhN
.

5.

0

0

T

TABLE OF CONTENTS

OF ILLUSTRATIONS
OF TABLES

EXECUTIVE SUMMARY

1.1 Background

1.2 SASOL Technology
1.3 Advanced Gasifiers
1.4 Advanced Synthesis
1.5 R&D Recommendations

INTRODUCTION

~
L
Q
o=

ASOL I AND II

3.1 Introduction
3.2 SASOL I
3.3 8SASOL I1

SASOL-U.S. (BASE CASE)

4.1 IntLoduction
.2 System Description
4.2.1 Coal Preparation

I~

4.2.2 Preparation of Synthesis Gas
4.2.3 Synthesis and Upgrading
4.2.4 Auxiliary Processes
4,2.5 Offsites

4.3 Material znd Energy Balance

4.4 (Capital and Operating Costs

4,5 Cost of Products Producad

4.6 All-Liquid Output

4.7 Conclusions

GASIFICATION FOR INDIRECT LIQUEFACTION

5.1 1Introduction
5.2 The BGC ~Lurgi Gasifier
5. Description

5. 2 2 BGC/Lurgi Utilization in a SASCL

Type Plant

Precedmg page blank

] v

NDIRECT LIQUEFACTION: STATE OF TECHNOLOGY
S



5.3

TABLE OF. CONTENTS
{continued)

Texaco and Shell-Koppers Gasifiers
.3.1 Entrained Flow Gasifiers
.3.2 Operztions Dxperience of Texaco and
Shell-Koppers
.3.3 Interpreting Texaco and Shell-Koppers
Published Data
5.3.4 Critical Evialuation Factors for
Lexaco and Shell-Koppers ‘
5.3.5 Indirect Liquefaction with Texaczo and
Shell- Koppers Gasification
5.3.6 All-Liquid Products
5.3.7 Cost Impact of Texaco and Shell- Koppers
Gasification
.3.8 Environmental Considerations
3.9 Conclusions

nn

w

W Ln

6.0 ADVANCED SYNTHESIS PROCESSES

7.0

[saWa AN« )}
PA
[VS R 35 3y o

6.4

6.5

6.6

Background and Fundamentals

Conventional F-T Synthesis Reacters

General Principles of the Liquid Phase

Fischer-Tropsch Synthesis

6.3.1 Fluid Dynamic Behavior in 3-Phase
F-T Reactors

Description of the F-T Slurry Reactor Units
6.4.1 Catalysts

6.4.2 Operational Results

6.4.3 Operating Differences

6.4.4 Reactor Operability

Pr oduct Distribution ‘ .
6.5. Chemical Class Analysis of F-T Products
Process Potentials and Implications

ADVANCED GASIFIER -~ SYNTHESIS COMBINATION PROCESS
EVATLUATION

7.1

Process Evaluation for Combination of a BGC

- Lurgi Gasifier with a Kolbel Synthesis Unit

7.1.1 BGC-Kolbel All Liquids Case

7.1.2 Impact of BGC-Kolbel on Construction Costs
7.1.3 Impact of BGC-Kolbel on Product Cost
Process Evaluation for Combination of a Texaco
Gasifier with a Kolbel Synthesis Unit

96

98

109
112

116
116

119
121
121

124

127
130
132
135
138
139
141
143

147

147

156
159
164
166




8.0

APPENDIX A

APPENDIX B

TABLE OF CONTENTS
(concluded)

7.2.1 Impact of Texaco-Kolbel on Censtruction
Costs )

7.2.2 Impact of Texaco-Kolbel on Product Cost

7.3 Process Evaluation for Combination of a Shell-

Koppers Gasifier with a Kolbel Synthesis Unit

7.3.1 Impact of Shell-Koppers/Kolbel on
Construction Costs '

7.3.2 Impact of Shell-Koppers/Kolbel on Product
Cost

SENSITIVITY ANALYSES

Int*oauctlon

The Sensit1v1ty of Gasoline Prices to SNG Value
Sensitivity of Entrained Flow Gasifier Performance
to Excess Moisture in the Gasification Reaction

8. 3 Introduction .

8. 3. Theoretical Consideration

8.3. 3 Results and Discussion

Q0 00 0o
W o~

CONCLUSION AND RESEARCH AND DEVELOPMENT RECOMMENDATIONS

9.1 Advanced Gasifiers

9.1.1 Conclusion

9.1.2 R&D Recommendations
9.2 Synthesis Processes

BGC - LURGI PERFORMANCE WITH WESTERN COAL

PROCESS DETAILS FOR COMBINATION OF ADVANCED
GASIFIERS WITH FISCHER-TROPSCH SYNTHESIS

APPENDIX C - PLANT CONSTRUCTION COST ANALYSIS

APPENDIX D

ANALYSIS OF PRODUCT COSTS

REFERENCES

vii

Page

169

183

183

183

18e

183
188
191

197
197
198
201



&

Figure Number

3-1

b=t
4=5

4-6

LIST OF ILLUSTRATIONS

The Synthol Reactor

SASOL 1T Flowsheet

Mobil SASOL (U.S.) Process Flow
SASOL-U,S5. Synthesis Gag Preparation

F-T Downstream Processing (SASOL-U.S.)
(Units 1bs/hr)

System Energetics for SASOL-U.S. (Mixed
Qutput) (Units MM Btu/hr)

SASQL-U.S. Plant Construction. Costs.
Total = $1186.1 M (1977).

SAS0L-U.S. Operating Cost
Total = $216.3 M/vr (1977)

System Energetics SASOL-U.S:. (All Liquid)

(Units MM Btu/hr)
Lergi Gasifier
Slagging Gasifier
Synthesis Gas Preparation BGC/F-T

System Energetics for BGC Gasification/
Synthol Synthesis Mixed Product Case

Entrained Suspension Coal Gasification
Indirect Cecal Liquefaction Texaco
Gasification & Fischer-Tropsch Process
Diagram

Texaco Gasifier Schematic Diagram

The Slurry Reactor

I Precéding page blank : fx

57

59

94

102

104

123



Figure Number

6-2
7-1
8-1

8-2

LIST OF ILLUSTRATIONS
(concluded)

Operational Range for a Bubble Column
Reactor with Suspended Solid Matter

System Energetics for BGC Gasification/

- Kolbel Synthesis (Mixed Product Case)

Sensitivity of Gasoline Price with Value
.of SNG :

Sensitivity of Gasoline Price with Value
of SNG for All Cases Considered

Effect of Moisture on Syngas'Production‘
" from Entrained Flow Gasificatiom

Output of All-Liquid Texaco Plant vs.
Slurry Concentration

F-T Downstream Processing (BGC~Kolbel)
{(Units lbs/hr)

187

192

194 ~

B~-15




Table Number

V-4

V-5

1v-6

Iv-7

V-8

LIST OF TABLES

Summary Data for SASOL-U.S. Plants
Gasifier Performance Comparisons

Summary Data for Plants Emploving Synthol
Synthesis & Various Gasifiers (All Liquid
Output) :
Summary Data for Plants'Using Kolbel
Synthesis and Advanced Gasifiers (All
Liquid Outputs)

Product Selectivity for Syathol and Kolbel
Fischer~-Tropsch Synthesis Reactors:

Conventiqnal F-T Syntheéis Reactor Parameters
Ccmparison of F;xed Bed and Synthol Processes
Componential Analysis of F-T Liquids

Expected Product Breakdown for SASOL II

Coal Characteristics

Material and Energy Flux in Synthesis Gas
Preparation Units’ (SASOL-U.S.)

Product Upgrading Units Following F-T
Synthesis

Material Balance
SASQL-U.S. Heat Balance
Summary of Capital Costs ($M 1977)

Prices Assumed for Products Other Than
Gasoline

Cost of Gasoline from SASOL-U.S. Plant
(Oct. 1977 Dollars)

xi

27
31

32

38

43

46

51
53
58

61

62



Table Number

Iv-9

IV-10

Iv-11

IV-12

V-1

V=10

v-11

LIST OF TABLES
(continued)

Elements of Product Cost (%)

Impact on Construction Cost for All Liquid
Output (MM $1977) ‘

" Comparison of All Liquid and Mixed Output

Plants

Gasoline Costs for Mixed Product and All
Liquid SASOL U.S. Plants

Lurgi and BGC/Lurgi Operational Parameters
(Wyoming Subbituminous Coal)

.Material and Energy Flux in Synthesis Gas

Preparation Units, BGC Gasification, Synthol
Synthesis

Comparison of Products After Downstream
Processing (BGC/Synthol and SASOL-U.S. for
Mixed and All-Liquid Output)

Construction Cost Comparisons Base Case
SASOL-U.S. & BGC/Synthol $M (1977)

Gasoline Costs for Mixed. Product and All
Liquid SASOL-U.S. Plants ’

Gasifier Operations
Gasifier Raw Gas Effluent
Purified Synthesis Gas
All-Liquid Products - B/D

Construction Cost Compariscns Base Case
SASOL~-U.S. and BGC S$M (1977)

Gasoline Cost Comparisons for All-Liquid
Plants Employing Various Gasifiers

wLil

81

85

86

90

91

108
110
111

113

115




Table Number

vI-1
vVI-2
VI-3

VI-g

Vi-6
VII-1
VII-2

VII-3

VII-4

VII-5

Vii-6

VIiI-7

LIST OF TABLES
(continued)

Reactor Dimensions of F-T Slurry Reactors
Process Parameters for ¥-T Slurry Reactors
Performance Data for F-T Slurry Reactors
Operating Differences in F-T Slurry Reactors

Product Distributions from F-T Reactor
Systems

Chemical Class Analysis of F-T Products
Gasification Products
Products from F-T Synthesis Units

Products After Downstream Processing
(Mixed Product Case)

Products After Downstreanm Processing
(ALL Liquids Case)

BGC/Kolbel Impact on Construction Cost
(Mixed Output Case) (MM $1977)

- BGC/Kolbel Impact on Construction Cost

(ALl Liquid Output) (MM$1677)

Gasoline Costs for BGC-Kolbel Combination
(MM $1977)

Products After Downstream Processing
(A1l Liquids Case)

Texaco/Kolbel Impact on Construction Cost
(All Liquids Product Case) (MM $1977)

Gasoline Costs for Texaco-~Kolbel Combination
(All Liquid Qutput) (MM $1977)

xiii

133
134
136

140

142
148

150

158

160

163

165

168

170

172



Table Number

VII-1l
VII:IZ
VII-13
VII-14

VII-15

LIST OF TABLES
(concluded)

Products After Downstream Processing
(All Liquids Case)

Products After Downstream Processing
(Mixed Output Case)

Shell-Koppers/Kolbel Impact om Constructlon
Cost (Mixed Product Case) (MM $1977)

Shell-Koppers/Kolbel Impact on Construction
{(All Liquids Output) (MM $1977)

Gasoline Costs for Shell-Koppers/Kolbel
Combination (All Liquid Output) (MM $1977)

Coal Properties
Gasifier Performance Data

Computation of Output Products for BGC/
Synthol Combination, Mixed Qutput Case

Raw F-T Product Yields (lbs/hrj

Total Prodﬁcts From Downstream Processing
SASOL-U.S. Base Case

BGC Gasification/Synthol Synthesis

Texaco Gasification/Synthol Synthesis

Shell Koppers Gasification/Synthol Synthesis
BGC Gasification/Kolbel Synthesis

Texaco Gasification/Kolbel Synthesis

Shell Koppers Gasification/Kolbel Synthesis

Gasoline Product Costs

xiv

179
180

181




