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Acid rain
 

control, 228
 
precursor to, 144
 

Acreage Reduction Program, corn demand and.
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Actinide isotopes, 480
 
Adaptive enzymes, 355
 
Adenosine triphospbate (ATP), 329
 
Adiabatic reactors, model for, 72
 
Adiabatic temperature rise, 30
 
Advanced Boiling Water Reactor (ABWR), 469
 
Advanced Pressurized Water Reactor, 469
 
AFC, see Alkaline fuel cells
 
Aggregatively stable suspension, 132
 
Aggregative stability, slurry, 132
 
Agricultural lignocellulosic feedstocks.
 

conversion of, 350-355
 
acid or chemical hydrolysis, 352-354
 
enzymatic hydrolysis, 354-355
 

Air-blown circulating fluidized bed gasifier, 383
 
Air Products and Chemicals Inc.• liquid-phase
 

methanol process, 319
 
Albite, thermochemical properties of, 256
 
Alcohol(s)
 

fermentative. 367
 
grain, 310
 
industrial, manufacture of, 345
 
isopropyl, 310
 
pollution-free. 348
 
rubbing, 310
 
wood. 310
 

Alicyclic hydrocarbons, 203
 
Alkali metal salts, steam gasification reaction and,
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Alkaline fuel cells (AFC), 499,508-510
 
Alkylindoles, shale oil. 263
 
Alkylpyridines, shale oil, 263
 
Alkylpyrroles, shale oil, 263
 
Aikylquinolines, shale oil, 263
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alcohols included in, 154
 
competitiveness of, 17
 

conversion of biomass into, 381
 
ethanol as, 326-331
 

Clean Air Act Amendments of 1990, 327
 
ethanol production from corn, 328-331
 
industrial significances of grain ethanol,
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American Society of Plastics Industry (SPI), 403,
 

404
 
American Society for Testing and Materials
 

(ASTM), 263-264
 
ASTM 02887 procedure, 264
 
molecular weight standards, 181
 
precipitation naphtha, 187
 

Amine and carbonate processes, 49
 
AMOCO, 102, 226
 
Amylase, 329
 
Anaerobic digestion, 389, 397, 398
 
Analcite, thermochemical properties of. 256
 
Anderson-Schulz-Flory (ASF) distribution. III
 
Anilides, shale oil, 263
 
Ankerite, thermochemical properties of. 256
 
Antisolvent deashing (ASOA) process, 10I, 102
 
Antrim shale, 287, 288
 
API gravity, 177, 179, 198
 
Arab oil embargo, 226
 
Archaea, 53
 
ARCO, oil shale development by, 226
 
Arge Process, 164
 
Aromatics, 117, 186, 204
 
ASOA process, see Antisolvent deashing process
 
ASF distribution, see Anderson-Schulz-Flory
 

distribution
 
Asphaltene(s), 172, 186,204
 

content
 
precipitation numher and, 187
 
tests for, 180
 

fraction
 
naphthenic ring systems in, 183
 
polycyclic aromatic systems in, 184
 

molecular weights of, 182
 
separation, IR7
 
thermal decomposition of, 183
 

ASTM, see American Society for Testing and
 
Materials
 

Atgas molten iron coal gasification, 38, 70
 
Athabasca hitumen
 

delayed coking, 212
 
LC-fining process feedstock, 217
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synthetic crude oil from, 213 
visbreaking, 210 

Atmospheric distillation tower, 175 
Atomic absorption (AA) spectroscopy, 179 
ATP, see Adenosine triphosphate 
ATR, see Autothermal reforming 
Autohydrolysis steam explosion, 357 
Automobile exhaust emissions, 325 
Autothermal reforming (ATR), 312,515 
Aviation fuel, 339 . 
Avicel,362 
Azeotropic distillation, 330 

B 

Backward burning, 54 
Balanced gas, 37, 311 
Ballard Power Systems. 504, 508 
Balneology, 436 
Baltic shales, 246 
BASF 

higher alcohol synthesis, 120 
methanol synthesis technology by, 310 

Batelle Science & Technology International, 66 
Beer, pasteurized, 348 
Bergius-IG hydroliquefaction process, 92 
BFW, see Boiler feed water 
BIGCC, see Biomass integrated gasification 

combined cycle 
Binary cycle geothermal power plant, 432, 433 
Biocoal, 384 
Bioenergy, popularity of, 228 
Bioethanol, 323, 370 
Bioflow Gasifier, 383 
Biogas, 389 

feedstocks, comparison of, 390 
production, use of cow manure for, 389 

Biological oxygen demand (BOD), 331 
Biomass 

common method of gasifying, 383 
definition of, 377 
energy balance for ethanol production from, 

370 
energy generation utilizing, 22 
integrated gasification combined cycle 

(BIGCC), 382-383
 
-to-liquid (BtL) plant, 385
 
program, factors, 380
 
utilization, international, 378
 
waste, digestion of mixed, 391
 

Biomass conversion, energy from, 377-393 
anaerobic digestion, 389-391 
thermal conversion, 381-389 

direct combustion, 381 
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gasification, 381-386 Bre 
liquefaction, 386-387 Bril 
pyrolysis, 387-389 Brit 

Bio-oil, 385 Brit 
Bioslurry, 385 Bro 
Biosyn Inc., gasification process, 386 Bro 
Bitumen, 197 Bro 

Athabasca deposit, 198, 200 Bm 
carbon rejection, 207, 208 BtL 
coking processes, 211 Bus 
commercial conversion of, 200 
conversion But 

Lurgi process applied to, 207, 215 BW 
new processes for, 218 

definition of, 198 
deposi ts, 154 c 
diluted, transport of, 219 
distillation data, 205 CAl 

hydrocarbon content, 203 Cak 

hydrogen addition, 207, 208 Calc 

hydrogen deficiency of, 200, 209 Calc 

hydrotreating processing parameters, 209 Cali 

in situ recovery processes, 210 Calc 

oil sand, 198 Cam 

pour point, 205 Can. 

properties, 199, 202-205 Can, 

chemical composition, 203 CM 

elemental composition, 202-203 CM 

fractional composition, 204 
physical properties, 204-205 Cart 

thermal reactions, 204 Cart 

recovery, 205-207 Cart 

reserves, extra heavy oil in. 200 f 

separation processes, 208 
specific gravity of, 204 
upgrading, 208, 216 
visbreaking, 204, 208, 210 
volatility, 199 Cart 

Bituminous coal, liquefaction process Cart 

development, 110 
Bituminous sand, 154, 197, 198 
Black Mesa pipeline, 141-142 
Black shale, 225 Cart 
Blended gasoline, RVP and, 337 Cata 

BNL, see Brookhaven National Lab ( 

BOD, see Biological oxygen demand 
Boiler feed water (BFW), 59, 314, 315 
Boiler fuel, 231 
Boiling point analysis, 263 
Boiling range distribution, petroleum. 263 
Boiling water reactor (BWR), 462, 463 
Boltzmann constant, 485 
Boudouard reaction, 33, 73, 302, 303 
BP, see British Petroleum 
BR, see Breeding ratio 
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Breeding ratio (BR), 458
 
Brine-handling technology, 439
 
British Gas Corporation, HICOM process, 30
 
British Petroleum (BP), 155, 225-226
 
Brookhaven National Lab (BNL), 388, 439, 45 I
 
Brown coal, 138
 
Brownian motion, 127
 
Brown shale, 225
 
BtL plant, see Biomass-to-liquid plant
 
Bush administration, synfuels development under,
 

228
 
Butane precipitation, 189
 
BWR, see Boiling water reactor
 

CAAA, see Clean Air Act Amendments
 
Caking coals, 44, 45
 
Calcination, 255, 256
 
Calcite, thermochemical properties of, 256
 
Califomia blackouts, 227
 
Calorific value (CV), 277
 
Cambome School of Mines, 439
 
Canada-Cities Service Ltd., 220
 
Candida brassicae, 364
 
CANDU reactors, 463
 
CANMET hydrocracking process, petroleum
 

resids and, 121
 
Carbenes, 185, 188
 
Carboids, 185. 188
 
Carbon
 

fouling, 29
 
-oxygen reaction, 35
 
rejection process, production of liquid fuels
 

from bitumen by, 207, 208
 
-stcarn reactions, mechanisms, 32
 

Carbona Inc" 63
 
Carbon dioxide
 

emissions, sources of, 16
 
gasification, 33-34
 
retorting process, 282
 

Carbonization. 411
 
Catalyst(s)
 

Cu-based, 310
 
deactivation. 101
 
effectiveness, 29
 
fouling, coking and, 65
 
GclCat TN. 107
 
loading, 65
 
rnethanation reaction and, 30
 
methanol synthesis, 304
 
nickel,65
 
platinum-ruthenium, 521
 
recovery unit. 67
 

reforming. sulfur poisoning and, 318
 
steam gasification, 66
 
sulfur tolerance of, 30
 
water gas shift. 113
 
zeolite, 168,310
 
ZSM-5, 113, 117
 

Catalytic coal gasification, 64
 
Catalytic cracking, 406-408
 
Catalytic distillation (CD), 308
 
Catalytic polymerization, 119
 
Catalytic two-stage liquefaction (CTSL). 105-108
 

flow diagram, 108
 
Hydrocarbon Research, Inc., 106--107
 
Wilsonville, 107-108. 109
 

CC-ITSL. see Close-coupled ITSL
 
CCT, see Clean coal technology
 
CD, see Catalytic distillation
 
Cellobiose, 355. 360, 362
 
Cellulase
 

adsorption, 361
 
composition of, 360
 
enzymes, 356
 

Cellulose, 33 I
 
conversion, 353
 
hydrolysis, 332, 350. 361
 

Cellulosic wastes. conversion of, 349
 
Cesium isotopes, 480
 
Char. 82
 

combustion, 75, 145
 
conversion, 75
 
volatile hydrocarbons in, 82
 

Chemical ethanol, 323
 
Chemical Market Associates, Inc. (CMAI),
 

114-115
 
Chern Systems Inc., liquid-phase methanol
 

process, 319
 
Chemobyl
 

accident, 481, 482
 
reactor, 463
 

Chevron
 
fixed-bed hydrocracking, 98
 
retort system, 281
 

China, largest coal producer in, 114
 
China Power Investment Corp (CPIC), 227
 
Chlorinated polyvinylchloride (CPVC), 354
 
Cladding, 453
 
Claude process, 516
 
Clean Air Act. 119
 
Clean Air Act Amendments (CAAA), 325, 326
 

ethanol production and, 326
 
reformulated gasoline program, 327
 
RFG requirements, 336
 

Clean coal technology (CCT), 228
 
Clean coke process, R9, 90
 
Clinch River reactor, 464
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Clinton administration, energy prices under, 228
 
Close-coupled ITSL (CC-ITSL), 105
 
Close-coupled turbine, 381
 
Closed-loop system, 437
 
Clostridium thermocellum, 360, 362
 
CMAI, see Chemical Market Associates, Inc.
 
CMF, see Coal-methanol fuel
 
CMW, see Coal-methanol-water
 
CO
 

hydrogenation
 
CO 2-free syngas reaction and, 302
 
methanol synthesis and, 300
 

poisoning, 518
 
-rich synthesis gas, 50
 

Coagulated suspension, 132
 
Coal(s)
 

bituminous, liquefaction process 
development, 110
 

brown, 138
 
caking, 44, 45
 
char gasification, kinetic data of, 74
 

char particles, gasified, 75
 
consumption, world. 14-15
 
coprocessing, definition of, 120
 
decomposition, 52
 
devolatilization, 42, 75
 
direct liquefaction of, 89
 
German, 92
 
hydrophilicity, 137-138
 

Illinois No.6, 107
 
in situ gasification of, 51
 
liquefaction, process objectives of, 82
 
lock hopper, 42
 
-methanol fuel (CMF), 127
 
-methanol-water (CMW), 127
 
most reactive. 45
 
-oil dispersions (COD), 127
 
-oil mixtures (COM), 127
 

burning characteristics, 145
 
combustion, stages of, 145
 

-oil-water (COW), 127
 
oxidation, 36
 
partial oxidation, 35
 
pipeline scheme, offshore, 142
 
primary consumption of, 13
 
projected energy market share of, 16
 
pyrolysis processes, 82, 83
 
rank, 53, 75
 
run of mine, 141
 
sacrificial, 44
 
seam, permeability of, 53
 
slurries, economical, 128
 
slurry feed, 50
 
solvent refined, 94
 
transformation, 74
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-water fuels (CWF), 127
 
-water mixtures (CWM), 127, 137, 138
 

advantage of, 144
 
coastal shipping of, 147
 
greatest potential use for, 147
 
ignition of, 146
 
ionic strength of water in, 138
 
transportation of, 144
 

-water-oil (CWO), 127
 
-water slurries (CWS), 127
 
-water slurry fuels (CWSF), 125, 127, 137
 

burning characteristics, 145
 
combustion mechanism, 144, 146
 
use in diesel engines, 146
 

-water slurry pipeline system(s)
 

particle sizes in, 140
 
selection, 143
 

weathered, oxidation of, 148
 
world recoverable reserves of, 13
 
Wyodak,87
 

Coal, clean liquid fuels from, 81-123
 
background, 82
 
coal and oil coprocessing. 120-121
 
coal pyrolysis, 82-89
 

clean coke process, 89
 
Coalcon process, 89
 
COED process, 83-85
 
Lurgi-Ruhrgas process, 87-88
 
occidental flash pyrolysis process, 88
 
TOSCOAL process, 85-87
 

direct liquefaction of coal, 89-108
 
Bergius-IG hydroliquefaction process, 92
 
catalytic two-stage liquefaction, 105-108
 
evolution of liquefaction technology, 108
 
Exxon donor solvent process, 96-97
 
H-Coal process, 92-94
 
nonintegrated two-stage liquefaction,
 

97-99
 
solvent refined coal, 94-96
 
SRC-Il process, 97
 
thermal integrated two-stage liquefaction,
 

99-105
 
indirect liquefaction of coal, 108-120
 

conversion of methanol to gasoline or
 
target hydrocarbons, 116-119
 

conversion of syngas to methanol,
 
114-116
 

Fischer-Tropsch synthesis for liquid
 
hydrocarbon fuels, 109-114
 

higher alcohol synthesis, 119-120
 
Coal & Allied Industries, 147
 
Coal gasification, 25-79, 154
 

background, 26-28
 
future of, 76
 
hydrogen production and, 516
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mathematical modeling of coal gasifiers,
 
72-76
 

reaction(s),30-38
 
carbon dioxide gasification, 33-34
 
catalytic activity of alkali metals on, 33
 
hydrogasification, 34-35
 
partial oxidation, 35-36
 
steam gasification, 31-33
 
steps, 27
 
water gas shift reaction, 36--38
 

syngas classification based on its heating 
value. 28-30
 

high-Btu gas, 29-30
 
low-Btu gas, 29
 
medium-Btu gas, 29
 

syngas generation, 38-72
 
classification of gasification processes,
 

38-39
 
gasification processes, 41-72
 
general aspects of gasification, 40-41
 
historical background, 39-4{)
 

Coal slurry fuel, 125-152
 
advanced transportation of coal slurry,
 

140-143
 
coal-oil slurry, 139-140
 
coal slurry characterization, 127-137
 

interparticle interactions, 132-137
 
particle size distribution. 128-129
 
rheology, 130-132
 
stability, 132
 
suspension types. 132
 

coal-water slurry, 137-139
 
combustion, 145-147
 
environmental issues, 143-145
 
recent advances, 147-148
 

Coarse-particle systems, 127
 
COO, see Coal-oil dispersions
 
COED process, 83-85, 86
 
Coke
 

combustion of, 274
 
yields, predicted, 207
 

Coker/Calciner. 95
 
Coking
 

catalyst fouling and, 65
 
delayed, 192,211,212,216,218
 
fluid, 192,211, 213, 218
 
partial,215
 
processes, 211
 
resids and, 191
 

COURN panel assessment, 108
 
Colloidal dispersed systems, 127
 
Colloid stability, OVLO theory of, 136
 
Colorado oil shale, self-ignition temperatures of,
 

251
 
COM, see Coal-oil mixtures
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Combustion
 
control, product gas quality and, 56
 
-gasification zone, 274
 
pipeline scheme, domestic, 141
 
zone, 43
 

Commonwealth Scientific and Industrial 
Research Organization (CSIRO), 52
 

Conrad son carbon residue, tests for, 180
 
Consolidation Coal Company, 140
 
Constitutive enzyme, 355
 
Com
 

-to-alcohol process, schematic of, 336
 
dry milling operations, 328
 
ethanol, net energy value of, 327
 
-to-cthanol process technology, 333-336
 
oil,334
 
refineries, 328
 
stover, ground, 353
 
sugar, 335
 
sweeteners, 326
 
syrup technology, 324
 
wet milling industry
 

operations, 328
 
process, 334
 
products of, 325
 

Corn, ethanol from, 323-341
 
chemistry of ethanol fermentation, 331-333
 

conversion of sugars to ethanol, 332-333
 
sugar contents of biological materials,
 

331-332
 
corn-to-ethanol process technology, 333-336
 
ethanol as alternative fuel, 326--331
 

Clean Air Act Amendments of 1990, 327
 
ethanol production from com, 328-331
 
industrial significances of grain ethanol,
 

326
 
ethanol as oxygenated fuel, 336--338
 
ethanol vehicles, 338-339
 
fuel ethanol from com, 323-326
 
use of ethanol other than as renewable fuel,
 

340
 
Cornstarch, production of dextrose from, 324
 
Cotton, raw, 355
 
COW, see Coal-oil-water
 
CPIC, see China Power Investment Corp
 
CPVC, see Chlorinated polyvinylchloride
 
Cracked reactor gases, 214
 
Cracking distillation, 176
 
Critical Solvent Deashing (CSO), 95, 102
 
Cross-flow coal gasifier, 73
 
Crude oil(s)
 

alternative feedstock to, 154
 
demand for, 218. 219
 
distillation data, 205
 
gravity and, 179
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01 heat of combustion of. 181 
hydrocarbon content. 203 
metallic constituents in. 185 
polycyclic aromatic hydrocarbons in. 

183-184
 
properties of, 199
 
synthetic, 213
 
Tia Juana, 174
 

CSD, see Critical Solvent Deashing 
CSIRO, see Commonwealth Scientific and 

Industrial Research Organization 
CTSL, see Catalytic two-stage liquefaction 
Cu-based catalyst. 310 
Cunard ship company, coal-oil slurries used by, 

126 
Current collectors, 498 
CUTEC, oxygen-blown circulating fluidized bed 

gasifier, 384 
CV, see Calorific value 
CWF, see Coal-water fuels 
CWM, see Coal-water mixtures 
CWO. see Coal-water-oil 
CWS, see Coal-water slurries 
CWSFs, see Coal-water slurry fuels 
Cyclic amides, shale oil, 263 
Cyclones, 50 
Cyclone separators, 334 
Cynodon dactylon, 390 

D 

DAF com stover, see Dry ash-free corn stover 
Darcy flux, oil shale permeability and, 241 
Darcy's law, permeability and, 240-241 
Davidson-Harrison type models, 74 
Davy Power Gas Inc., 58 
Dawsonite 

decomposition of, 255
 
description of, 277-278
 
thermochemical properties of, 256
 

DDG, see Distiller's dried grains 
Deasphaltened oil, fractionation of, 188 
Degradative extrusion, 408 
Dehydration, ethanol fuel production and, 330 
Delayed coking, 192.211,212,216,218 
Delayed neutron precursor, 457 
Density, definition of, 179 
Destructive distillation, 82 
De-superheater, 438 
Developed proved reserves,S 
Devolatilization, 145 
Devonian-Mississippian eastern black shale 

deposits, 233 
Devulcanization process, 414-415 
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Dewatering, offshore coarse coal pipeline scheme 
with, 142
 

Dextrins. 329
 
Dextrose, 324, 335
 
Dielectric constant
 

frequency and temperature dependence of, 
260. 261 

variations of, 259 
Diesel-fueled engines, use of ethanol on. 339 
Differential thermal analysis (DTA), 244, 253 
Dilute acid hydrolysis processes, 356 
Dilute acid prehydrolysis, 357 
Dimethylether (DME), 109, 117, 119, 168,309 

formation reaction, 119 
methanol and, 308 
MTG reactions and, 117 
processes, 158 
reactor, 117 
synthesis of, 309 
use in internal combustion engines, 320 

Direct methanol fuel cells (DMFCs), 298, 521 
recent developments in, 320 
stack,521 
uniqueness of, 310 

Direct steam cycle geothermal power plant, 430, 
431
 

Dirty bombs, 484
 
Dispersants, slurry stability and, 141
 
Dispersed catalyst processes, 193
 
Dissolver reactor, 95
 
Distilled mash, 330
 
Distiller's dried grains (DDG), 330
 
District heating systems, 435
 
DME, see Dimethylether
 
DMFCs, see Direct methanol fuel cells
 
DOE, see U.S. Department of Energy
 
Dolomite, 237. 255
 

decomposition of, 238, 242 
full calcination of. 242, 256 
half-calcination of, 242, 256 
thermochemical properties of, 256 

Dow Chemical Co.
 
HAS process, 120
 
oil shale development by. 226
 
PEMFC performance levels, 504
 
retorting process, 287-288
 

Down-flow reactors, hydrotreating in. 214 
Dry ash-free (DAF) com stover, 382 
Dry ash gasification, 41 
Dry-ash gasifier, 44 
Dry natural gas, 11, 156 
Dry steam, 431 
DTA, see Differential thermal analysis 
Dual catalytic system, 309 
Dual fuel system, 339 
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Experimental Breeder Reactor, 464
 
Ex situ retorting processes, 267-282
 

advantages of, 268
 
carbon dioxide retorting process, 282
 
Chevron retort system, 281
 
disadvantages of, 268
 
Lurgi-Ruhrgas process, 276-277
 
moving bed retorting process, 282
 
Paraho gas combustion process, 278-280
 
Petrosix retorting process, 280-281
 
Superior multi mineral process, 277-278
 
TOSCO II oil shale process, 269-274
 
Union Oil retorting process, 274-275
 
U.S. Bureau of Mines gas combustion retort,
 

268-269
 
Extremely low acid (ELA), 358
 
Exxon
 

Black Sunday, 226
 
Coal Liquefaction Plant (ECLP), 97
 
donor solvent (EDS) process, 96
 
oil shale development by, 226
 

ExxonMobil
 
AGC-21 process, steps of, 167
 
commercial-scale plant design, 67
 

F 

Fast fission factor, 451
 
Fast Fuel Test Facility (FFfF), 464
 
FERCO SilvaGas process, 384
 
Fermentation, 329, 363-367
 

comparison between SSF and SHF processes,
 
365-366
 

ethanol extraction during, 367, 368
 
feedstocks, 323
 
separate hydrolysis and, 363-364
 
simultaneous saccharification and, 364-365
 
syrups made through, 335
 
xylose, 366-367, 371
 

FFfF, see Fast Fuel Test Facility
 
FID, see Flame ionization detector
 
Fire-drift, 55
 
Fischer assay
 

carbon dioxide retorting and, 282
 
mass fraction of kerogen and, 262
 
oil shale, 239, 242, 246
 
self-ignition temperature and, 252
 
yield, TOSCO 11, 271
 

Fischer-Tropsch catalysis, 112
 
Fischer-Tropsch naphtha, 158
 
Fischer-Tropsch process( es}, 160-167
 

catalysts, 163
 
chemistry, 161-163
 
commercial processes, 163-167
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description, 160-161
 
feature common to, 166
 
polymerization and, 163
 
products, 163
 
reaction conditions, 161
 

Fischer-Tropsch (F-T) reactors, 113,384
 
Fischer-Tropsch synthesis (FTS), 29, 109, 160
 

iron catalysts for, 112
 
liquid hydrocarbon fuels and, 109-114
 
maximum selectivities attainable by, 112
 

Fischer-Tropsch technology
 
latest development of, 164
 
liquid fuels produced by, 157
 

Fission
 
energy distribution of neutrons produced in, 447
 
generated energy, distribution of, 444, 445
 
-produced neutrons, 459
 
products, 446, 480
 

Fixed-bed hydrocracking, 98
 
Fixed bed reactor, 38
 
Flame ionization detector (FID), 264
 
Flash pyrolysis, 385
 
Flash steam cycle, 431, 432
 
Flexible-fuel vehicles, 339
 
Flexicoking, 192,215
 
Fliesskhloe, 126
 
Flocculated suspension, 132
 
Floes, 132
 
Flue gas, heat content of, 314
 
Fluid coking, 192,211,213,218
 
Fluidized bed reactor, 39. 74
 
Fluidized thermal cracking (FTC), 411
 
FMRT laboratory test plant, 405
 
Former Soviet Union (FSU) nations, 9
 
Forward burning. 54
 
Freeze wall, creation of, 290
 
FSU nations, see Former Soviet Union nations
 
FTC, see Fluidized thermal cracking
 
F-T reactors, see Fischer-Tropsch reactors
 
FTS, see Fischer-Tropsch synthesis
 
Fuel(s)
 

-air mixture knocking, 338
 
aviation, 339
 
boiler, 231
 
demand for, I
 
energy densities. 126
 
ethanol, common use of, 338
 
gaseous, 397
 
hydrogen, popularity of, 228
 
IGCC companion, 320
 
line, vapor lock, 308
 
nuclear reactor, 460
 
oxygenated, 336, 337
 
refuse-derived, 396
 
tired-derived, 409
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transportation, 82
 
types, world energy consumption, 1, 2
 
waste-derives, heating values of, 396
 

Fuel cell(s), 493-523
 
alkaline, 499, 508-510
 
Ballard, 508
 
basic concepts, 494--497
 

cell voltage. 497
 
design characteristics, 494
 
operation. 494--495
 
thermal efficiency, 496--497
 

bipolar separator plates, 498
 
characteristics of. 500-50 I
 
classification, 499
 
current performances, 518-520
 

cost, 518-519
 
environmental impact, 519-520
 
operational issues, 518
 

direct methanol, 521
 
energy conversion processes for, 496
 
fuel cell system, 498-50 I
 

fuel cells classification, 499-501
 
general description, 498
 

generic, 495
 
high temperature fuel cells, 511-513
 

molten carbonate fuel cells. 511-512
 
solid oxide fuel cells, 512-513
 

hydrogen production and storage, 514-517
 
hydrogen production, 514--516
 
hydrogen storage, 516-517
 

hydrogen-rich fuels used for, 518
 
intermediate temperature solid oxide, 499
 
invention of, 494
 
low-temperature fuel cells, 502-51l
 

alkaline fuel cells, 508-510
 
phosphoric acid fuel cells, 510-511
 
proton exchange membrane fuel cells,
 

502-508
 
molten carbonate, 499, 511-512
 
phosphoric acid, 499, 510-511
 
power conditioner. 498
 
proton exchange membrane. 499, 502
 
reforming process, 495
 
research and development issues, 520-521
 
separator plates, 498
 
solid oxide, 499, 512-513
 
stack, 498, 521
 
tubular solid oxide, 499
 

Fugitive dust emission, 234--235
 
Full calcination of dolomite, 256
 
Fungal enzyme hydrolysis, 356
 
Fushun retorts, 227
 
Fusion power plant, 487
 
FZK process, 385
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G 

Gas(es)
 
balanced, 37, 311
 
combustion retort, 268, 269, 274
 
-cooled fast reactor (GFR), 470
 
cracked reactor, 214
 
effluent. cooling of, 159
 
flue, heat content of, 314
 
greenhouse, 344, 396, 519, 520
 
high-BTU, 28, 29, 38
 
hydrogen-rich, 165
 
-to-Iiquids (GTL) technology, 158
 
low-BTU, 28, 29, 38
 
manufactured, 26, 400
 
medium-BTU, 28, 29, 38, 400
 
particle-laden, 145
 
product(s)
 

heating value of, 38
 
Lurgi,43
 
quality, 56
 
removal of particulate matter from, 50
 
U-GAS,63
 
WGS reactor, 70
 
Winkler, 60
 

-removal system, noncondensable, 431
 
synthesis, 27. 28, 50
 
town, 400
 
unbalanced, 37, 311
 

Gas chromatography (GC), 236, 263
 
Gaseous fuels, 397
 
Gasification, see also Coal gasification
 

biomass, 381
 
BTOSYN,386
 
carbon dioxide, 33
 
catalysis in, 65
 
coal char, kinetic data of, 74
 
dry ash, 41
 
general aspects of, 40
 
oxidation, 319
 
plasma, 70
 
-pyrolysis system, 388
 
reactions, 26
 

equilibrium constants for, 31, 32
 
kinetic rates, 40
 

slagging, 41
 
steam, catalysts, 66
 
technology, Enviropower, 63
 
underground, 51, 52, 53
 

percolation methods. 56
 
shaftless methods, 55-56
 
shaft methods, 55
 

VEGA, 382
 
Gasification processes, 41-72
 

classification of, 38
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heat recovery and, 40
 
in situ gasification, 51-57
 

criteria for ideal underground gasification
 
system, 57
 

methods for underground gasification,
 
55-56
 

monitoring of underground processes, 57
 
potential possibility of using microbial
 

processes, 53
 
potential problem areas with, 56--57
 
underground gasification system, 53-55
 

Koppers- Totzek gasification, 44-49
 
features of Koppers-Totzek process,
 

46--47
 
Koppers-Totzek gasifier, 45-46
 
process description of Koppers-Totzek
 

gasification, 47-49
 
Lurgi gasification, 41-44
 

Lurgi dry-ash gasifier, 42-44
 
slagging Lurgi gasifier, 44
 

molten media gasification, 68-70
 
Atgas molten iron coal gasification, 70
 
Kellogg molten salt process, 68-69
 

plasma gasification, 70-72
 
Shell gasification, 49-51, 311
 
Texaco gasification, 50-51, 311, 397
 
types, 38
 
Wellman-Galusha process, 61--62
 

catalytic coal gasification, 64--67 
V-GAS process, 62--64 

Winkler process, 57--60
 
description, 58
 
features, 59-60
 
gasifier, 58-59
 

Gasifier(s)
 
Atgas molten iron coal, 38
 
Bioflow, 383
 
bottom feeding bubbling fluidized bed, 75
 
cross-flow coal, 73
 
dry-ash,44
 
Koppers-Totzek, 38, 39, 45, 46
 
Lurgi, 38, 39, 312
 

dry-ash,42
 
nonslagging pressure, 43
 
process variables, 44
 
thermal efficiency, 44
 

mathematical modeling, 72
 
oxygen-fed fluidized bed, 386
 
Rockwell molten salt, 69
 
Rummel-Otto single-shaft, 69
 
Shell, 38
 
slagging Lurgi, 42, 44, 45
 
syngas product from, 37
 
Synthane, 38
 

texaco, 3'6, 3\)
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Wellman-Galusha, 39, 61, 62
 
Winkler fluidized bed, 58
 

Gasoline
 
blended
 

affected volatility of, 116
 
RVP and, 337
 

-blending oxygenate, 298
 
compounds, evaporated, 337
 
conversion of methanol to, 116
 
--ethanol blends, advantages to using, 339
 
methanol-blended, 298
 
MTBE-blended, 308
 
natural, 156
 
octane rating of, 298
 
oxygenated, 308
 
production, MTG process and, 168
 
reformulated, 336
 

burning of, 337
 
CAAA-mandated sale of, 363
 
ozone pollution and, 337
 

straight-run, 156
 
use of ethanol in, 119
 

Gas Processors Association, Soave-Redlich

Kwong equation of state, 308
 

Gas Research Institute (GRI), 30
 
Gas-Turbine Modular Helium Reactor (GT

MHR),469
 
Gaylussite, thermochemical properties of, 256
 
GC, see Gas chromatography
 
GelCat™ catalyst, 107
 
Gel permeation chromatography (GPC), 188, 190,
 

236
 
Genencor enzyme, 364
 
General Motors, coal-oil slurry development by,
 

126
 
Generation IV Initiative (GEN-IV Initiative), 469
 
GEN-IV Initiative, see Generation IV Initiative
 
GEN-IV reactors, 470, 471, 472, 473, 474
 
Geoheat, 423
 
Geo-Heat Center of the Oregon Institute of
 

Technology, 439
 
Geokinetics retorting process, 289
 
GeoPowering the West (GPW) program, 429
 
Geothermal electricity generation capacity, 426
 
Geothermal energy, 421-441
 

factors boosting production, 429-430
 
geothermal energy as renewable energy,
 

422-428
 
advantages of geothermal energy, 425-426
 
global geothermal energy, 426-428
 
need for geothermal energy, 422-423
 
occurrence of geothermal energy,
 

423-425
 
renewability and sustainabiIity of
 

geotnermal energy, 423
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geothermal processes and applications,
 
430-438
 

direct use of geothermal heat, 435-437
 
geothermal heat pumps, 437-438
 
geothermal power plants, 430-435
 

history of geothermal energy developments,
 
428-430
 

scientific and technological developments,
 
438-440
 

major research efforts, 438-439
 
technology updates, 439-440
 

Geothermal heat. direct use of, 435-437
 
agricultural applications, 436
 
balneology, 436
 
industrial process heat, 436-437
 
space and district heating, 435-436
 

Geothermal heat pump (GHPJ, 427, 437
 
Geothermal Heat Pump Consortium Inc., 438
 
Geothermal power plant(s), 430-435
 

binary cycle, 432-433
 
direct steam cycle, 430, 431
 
double-flash steam cycle, 432
 
flash steam cycle, 431-432
 
fresh water production, 434-435
 
hot dry rock systems, 433-434
 
world's largest, 429
 

Geothermal reservoir, 424
 
Geothermal resources, classification of, 425
 
German coals, 92
 
German liquefaction process, 82
 
Germ separator, 334
 
Geysers, The, 429, 439, 440
 
GFR, see Gas-cooled fast reactor
 
GHP, see Geothermal heat pump
 
Gibbs free energy, 497
 
Gibbsite, thermochemical properties of, 256
 
Global energy overview, 1-23
 

coal, 13-16
 
natural gas, 10-13
 
nuclear energy, 16-17
 
petroleum, 5-9
 
renewable energy, 17-22
 
U.S. energy consumption, 3-5
 
world energy consumption, 1-3
 

Glucose, 331, 335
 
fermentation, 333
 
metabolism, Ernbden-Meyerhof pathway of,
 

329
 
~-Glucosidase, 362
 
Goodyear devulcanization process, 41~15
 

GPC, see Gel permeation chromatography
 
GPU Energy (PENELEC), 147
 
GPW program, see GeoPowering the West
 

program
 
Grain alcohol, 3 10
 

Grain ethanol, 323
 
industrial significance of, 326
 
industry, cost-competitiveness of, 324
 
U,S. production of, 327
 

Grain model, 76
 
Grape sugar, 335
 
Graphite-moderated gas cooled reactors, 463
 
Greenfield, nation's first, 27
 
Greenhouse chemicals, 71
 
Greenhouse gas(es), 344, 396
 

emissions, 519, 520
 
MSW and, 396
 

Greenhouse operations, geothermal energy and, 436
 
Green River oil shale, 233, 288-289
 

carbonates existing in, 255
 
density of, 250
 
dielectric constant, 258, 259
 
electric resistivity, 257
 
environmental constraints, 234
 
fossil fuel resources, 234
 
heat of retorting of, 249, 250
 
thermal behavior of, 253, 254
 
thermal conductivity of, 244
 
thermal diffusivity of, 248
 

GRI, see Gas Research Institute
 
Grotthuss mechanism, 520
 
Ground source heat pump (GSHP), 437, 438
 
Groundwater contamination, 235, 423
 
GSHP, see Ground source heat pump
 
GTL technology, see Gas-to-liquids technology
 
GT-MHR, see Gas-Turbine Modular Helium
 

Reactor
 
Gulf Oil Canada Ltd., 220
 
Gulf Research & Development, thermal cracking
 

process, 292
 

H 

Haldor Topsoe NS low-pressure methanol
 
synthesis process, 313-314
 

Half-calcination of dolomite, 256
 
Hamaker approach, prediction of van der Waals
 

force using, 135
 
HAPs, see Hazardous air pollutants
 
HAS, see Higher alcohol synthesis
 
HAS process
 

Dow, 120
 
SEHT,120
 
Union Carbide Corporation, 120
 

Hazardous air pollutants (HAPs), 235, 413
 
H-Coal process, 92
 

advantages of, 94
 
disadvantages of, 94
 
product compositions, 94
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HCT reformer tube, 169 
HOPE. see High-density polyethylene 
HORs, see Hot dry rocks 
HOT reactions, see Hydrotreating reactions 
Heat engine, energy conversion processes for, 496 
Heat pumps, geothermal, 437 
Heat of retorting, oil shale, 249 
Heavy gas oil, 176 
Heavy gasoline treating (HGT) process, 117 
Heavy paraffin conversion (HPC), 165 
Heavy paraffin synthesis (HPS), 165 
Hemicellulose, 331 

cellulose and, 331
 
composition of, 333
 
conversion, 333, 353
 
-Iignin sheath, disruption of, 356
 

Henry's law constant, 307 
HFCS. see High-fructose corn 
HGT process, see Heavy gasoline treating process 
HHF, see Hybrid hydrolysis and fermentation 
HICOM process, 30 
High-Btu gas, 28, 29, 38 
High-density polyethylene (HOPE), 402, 403, 

407 
Higher alcohol synthesis (HAS), 120 
High-fructose corn syrup (HFCS), 328 
High-pressure methanol synthesis technology, 

310 
High temperature fuel cells, 511-513 

molten carbonate fuel cells, 511-512 
solid oxide fuel cells, 512-513 

High-temperature gas reactor (HTGR), 463 
High-temperature Winkler (HTW) process, 60 
Hitaveita Reykjavikur, 435 
H-Oil process, 216 
Hot dry rocks (HDRs), 422, 433, 440 
HPC, see Heavy paraffin conversion 
HPS, see Heavy paraffin synthesis 
HRI, see Hydrocarbon Research, Inc. 
HTGR, see High-temperature gas reactor 
HTI, see Hydrocarbon Technologies, Inc. 
HTR, see Hydrotreater 
HTW process, see High-temperature Winkler 

process 
Hurricane Katrina, 4 
Hybrid hydrolysis and fermentation (HHF), 365 
Hydraulic conductivity, oil shale permeability 

and,241 
Hydrocarbon(s) 

branched, 162 
compounds, resids and, 183-184 
content. bitumen, 203 
conversion of methanol to, 116 
low-boiling, 168 
straight-chain, 162 
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synthesis, Fischer-Tropsch process, 161 
unsaturated, 162 
vapor pressure of, 252 

Hydrocarbon Research, Inc. (HRI), 92, 106, 120 
CTSL process, 106-107 
H-Oil and H-Coaltechnology, 120 

Hydrocarbon Technologies, Inc. (HTI), 92, 106, 
107 

Hydroconversion, 192
 
dispersed catalyst processes, 193
 
ebullating bed units, 193
 
fixed bed units, 193
 

Hydrocracking
 
bitumen upgrading by, 216
 
CANMET,121
 
fixed-bed, 98
 

Hydrocyclones, 335
 
Hydrodeoxygenation, lignin and, 369
 
Hydrodes ulfurization, 214
 
Hydrogasification, 34-35
 
Hydrogen
 

addition process, production of liquid fuels 
from bitumen by, 207, 208 

adsorption, inhibition by, 32 
conversion of ethanol to, 340 
economy, 5, 22 
fuels, popularity of, 228 
production, 514-516 

coal gasification and, 516 
fossil fuels, 514-516 
partial oxidation, 515 
steam reforming, 515 
water electrolysis, 516 

production and storage, 514-517 
production, 514-516 
storage, 516-517 

safety, 518 
storage, 516, 517
 

Hydrogenation processes, 159
 
Hydroliquefaction, 89
 
Hydrolysis. 329
 

enzymatic, 350 
mechanism of, 362
 

Hydropyrolysis processes. 84
 
Hydro-Quebec, 396
 
Hydrotreater (HTR), 101, 102
 
Hydrotreating (HOT) reactions, 293
 

IAEA, see International Atomic Energy Agency 
lBIL, see Ignifluid Boilers India Ltd. 
IBP, see Initial boiling point 
ICI methanol synthesis process, 312-313 
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Index 

ICP spectrometry, see Inductively coupled argon 

plasma spectrometry
 
IFR, see Integrated Fast Reactor
 

IGCC, see Integrated gasification combined cycle
 

Igniftuid Boilers India Ltd. (IBIL), 64
 
IGT, see Institute of Gas Technology
 

Illite, thermochemical properties of, 256
 
Imperial Oil Ltd., 220
 

Indirect synthesis, 28
 
Inductively coupled argon plasma (ICP)
 

spectrometry, 179
 
Industrial alcohol. manufacture of, 345
 

Inhibition by hydrogen adsorption, 32
 
Inhibition by oxygen exchange, 33
 
Initial boiling point (IBP), 264
 

Injection well, 52
 
In situ gasification, 51-57
 

criteria for ideal underground gasification 
system, 57
 

methods for underground gasification, 55-56
 
monitoring of underground processes, 57
 

potential possibility of using microbial
 

processes, 53
 
potential problem areas, 56-57
 

underground gasification system, 53-55
 
In situ oil shale retorting, SIT data and. 252
 
In situ retorting processes, 282-291
 

advantages of, 283
 

classification of, 284-285
 
disadvantages of, 283
 

Dow Chemical Co. process, 287-288
 

Equity Oil Co. process, 285
 
Geokinetics process, 289
 

Laramie Energy Technology Center process,
 
287
 

LETC process, 287
 
Occidental Petruleum process, 286
 

Osborne ill situ process, 289
 
Shell Oil thermally conductive ill situ
 

conversion process, 290-291
 

Sinclair Oil and Gas Company process, 285
 

Talley Energy Systems process, 288-289
 

true ill situ and modified ill situ retorting, 291
 
Instantaneous discharge rate, oil shale 

permeability and, 241
 
Institute of Gas Technology (IGT), 62
 

Integrated Fast Reactor (IFR), 483
 
Integrated gasification combined cycle (IGCC),
 

26, 76
 

companion fuel. 320
 
system, VEGA, 383
 

technology, Skydkraft AB, 382
 
Integrated two-stage liquefaction (ITSL), 99
 

distillate product, 103
 
Lummus. 100, 101, 103
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operation data, Wilsonville facility, 104
 

process, block diagram, 103
 
Wilsonville, 102
 

Intermediate temperature solid oxide fuel cells 
(ITSOFC), 499
 

Internal combustion engines, fuel ethanol and, 338
 
International Atomic Energy Agency (IAEA), 479
 

International Energy Outlook 2005, 16
 

International Reactor and Innovative and Secure 
(IRIS),469 

Interparticle interactions, 132
 

coagulation rates, 136
 

electrical double layers, 133, 136
 

hydrophobic interactions, 133, 137
 

kinetic effects, 136
 
polymer flocculation, 133
 

solvation-induced interactions, 133, 137
 

steric interactions, 133
 

surface groups and, 137
 

types of, 136
 

van der Waals attraction, 133
 

Intrinsic permeability, oil shale permeability and, 
241
 

Iodine isotopes, 480
 
Ion exchange membrane, 502
 

Ionic surfactants, 138
 

IRIS, see International Reactor and Innovative
 
and Secure
 

Isocracking, 293
 

Isopropyl alcohol, 310
 

ITER program, 488
 

ITSL, see Integrated two-stage liquefaction
 

ITSOFC, see Intermediate temperature solid
 
oxide fuel cells 

JWG Corporation, 147
 

K 

Kalpakkam reactor, 464
 

Kate-Wen type models, 74
 
Kellogg molten salt process, 38, 68-69
 

Kerogen
 
decomposition, 242, 260
 

mass fraction of, 262
 

molecular characterization of, 260-263
 

derivation of stoichiometric coefficient. 
260-262
 

Fischer assay and, 262
 

nitrogen compounds in shale oil, 262-263
 
structure, chemical model of, 260
 



538 

Kerr-McGee Critical Solvent Oeashing, 95, 102 
Kluyveromyces sp., 329 
Koppers-Totzek (K-T) gasification, 40, 44-49 

ease of operation, 47
 
features of process, 46-47
 
flexibility, 46
 
gasifier, 38, 39, 45-46
 
high capacity, 46
 
low maintenance, 47
 
process description, 47-49
 
products, 48
 
safety and efficiency, 47
 
simplicity of construction, 47
 
versatility, 46
 

Krupp Uhde methanol synthesis technology, 
315-316 

K-T gasification, see Koppers-Totzek gasification 
Kunii-Levenspiel type models, 74 
Kvaemer Process Technology 

ethy I acetate production, 340 
methanol synthesis process, 315 

Kyoto protocol, 17 

L 

Laramie Energy Technology Center (LETC) 
retorting process, 287 

Larderello field, electricity production at, 428 
Laser Isotope Separation, 460 
Lava, 424 
Lawrence Berkeley National Laboratory, 439 
LC, see Liquid chromatography 
LCC, see Lurgi combined converter 
LC-Fining process, 216, 217 
LOPE, see Low-density polyethylene 
Lead-cooled fast reactor (LFR), 470 
Lean shale, 239 
LETC retorting process, see Laramie Energy 

Technology Center retorting process 
LFR, see Lead-cooled fast reactor 
Lifshitz approach, prediction of van der Waals 

force using, 135 
Lignin(s), 331 

biomass and, 371 
chemicals, oil recovery and, 369 
conversion, 367 
monomer units in, 368, 369 
phenols, 370 
processing, 352 
production of, 345 

Lignite, 45 
Lignocclluloses, oil demand and combustion of, 

379 
Lignocellulosic biomass, 331 
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Lignocellulosic biorefinery technology, success 
of,372 

Lignocellulosic materials, ethanol production 
from, 325 

Lignocellulosics, ethanol from, 343-375 
alcohol without pollution, 348-349 
cellulosic materials, 349-350 
conversion of agricultural lignocellulosic 

feedstocks, 350-355 
acid or chemical hydrolysis, 352-354 
enzymatic hydrolysis, 354--355 

coproducts, 370 
energy balance for ethanol production from 

biomass, 370--372 
enzymatic processes, 355-359 

cellulose hydrolysis, 361-363 
enzyme production and inhibition, 

360-361 
fermentation, 363-367 
pretreatment, 355-359 

ethanol, 345 
fermentation ethanol, 346 
lignin conversion, 367-370 
manufacture of industrial alcohol, 345-346 
process economics and strategic direction, 372 
starches, 347-348 
sugars, 346-347 

Linear Boltzmann equation, 447 
Linked-vertical-well underground gasification 

plant, 54 
Liquefaction
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catalytic two-stage, 105-108
 
nonintegrated two-stage, 97, 98
 
process, German, 82
 
reconfigured two-stage, 105
 
technology, evolution of, 108
 
thermal integrated two-stage, 99-105
 
two-stage, 95
 

Liquefied natural gas (LNG), to
 
storage facilities, 13
 
transportation of, 12
 

Liquefied petroleum gas (LPG), 116,280,309 
Krupp Uhde methanol synthesis technology 

and, 315 
vapor pressure of. 308 

Liquid chromatography (LC), 236 
Liquid fuel synthesis, coal gasification and, 26 
Liquid metal fast breeder reactors (LMFBR), 463, 

464 
Liquid-phase methanol process, 312, 319 
LMFBR, see Liquid metal fast breeder reactors 
LNG, see Liquefied natural gas 
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Los Alamos National Laboratory, 434, 439
 
Low-BTU gas, 28, 29, 38
 
Low-density polyethylene (LDPE), 404
 
Low-pressure methanol (LPM), 310, 317, 318
 
Low-tech slurry, 148
 
Low-temperature fuel cells, 502-511
 

alkaline fuel cells, 508-510
 
phosphoric acid fuel cells, 5 10-511
 
proton exchange membrane fuel cells,
 

502-508
 
LPG, see Liquefied petroleum gas
 
LPM, see Low-pressure methanol
 
LR process, see Lurgi-Ruhrgas process
 
Lubricating oils, 176, 188
 
Lummus
 

Antisolvent Deashing process, 10 I
 

-Cities-Fining hydrotreatment, 98
 
ITSL. 100-102
 

Lurgi combined converter (LCC), 317
 
Lurgi gasification, 41-44
 
Lurgi gasifier, 38, 39, 42, 43, 312
 

ash lock chamber, 42
 
coal distributor, 42
 
coal lock chamber, 42
 
coal lock hopper, 42
 
dry-ash, 42-44
 
gas scrubber, 42
 
process variables, 44
 
slagging. 44
 
thermal efficiency, 44
 

Lurgi Ol-Gas-Chernie GmbH process, 316-317
 
Lurgi-Ruhrgas (LR) process, 87-88, 276--277
 

M 

Magma, 422, 424
 
Magnox reactor, 463
 
Maltodextrin, 329
 
Manhattan Project documents. 482
 
Manufactured gas plants (MGPs), 26
 
Mass spectrometry (MS). 236
 
Mathematical modeling
 

coal gasifiers, 72
 
fluidized bed reactors, 74
 

Mature market economies, 9
 
Maxwell-Wagner interfacial polarization, 258
 
McDowell-Wellman process, 277
 
MCFC, see Molten carbonate fuel cells
 
M-Coke, 293
 
MDS process, see Middle distillate synthesis
 

process
 
MEA, see Membrane-electrode assembly
 
Medium-BTU gas, 28. 29, 38, 400
 
Melting point, resid, 182
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Membrane-electrode assembly (MEA), 502.506
 
Mercury poisoning, 240
 
Metal hydrides, hydrogen storage properties of,
 

517
 
Metallic compounds. resids and. 185
 
Methanation
 

processes, commercial, 30
 
reaction. 29
 

Methane
 
conversion technology, direct, 157
 
potency of, 396
 

Methanol
 
acidity of, 307
 
-blended gasoline. 298
 
conversion of syngas to, 114, 299
 
crude product, 318
 
demand, chemicals and end uses, liS
 
economy, 298
 
enthalpy of vaporization, 307
 
-to-gasoline (MTG) process, 116, 117,118.
 

158, 309, 320
 
low-pressure, 317
 
market demand for, 298
 
names for, 306--307
 
octane rating, 116, 307
 
-to-olefins (MTO) process. 119, 158,309,320
 
power generation from, 158
 
process technology, steps of, 312
 
productivity. synthesis gas enrichment and,
 

115
 
properties of, 306
 
-to-propylene (MTP) process, 119. 158
 
pure, first isolation of, 310
 
synthesis, see also Syngas, methanol synthesis
 

from
 
catalyst. active form of, 304
 
precursor of, 158
 
reactions, chemical equilibrium, 305
 
reduction of, 305
 
use of medium-Btu gas in, 29
 
value of natural gas and, 114
 

toxicity, 308
 
Methyl tert-butyl ether (MTBE), 28, 157,298
 

-blended gasoline. 308
 
claims of health problems associated with,
 

337
 
environmental impact of, 157
 
gasoline marketplace and, 325
 
groundwater and, 325
 
harmful health effects of, 298
 
phaseout of, 22, 114, 119,325
 
plant investments, retrofitting of, 326
 
replacement with ethanol, 326
 

Methyl-substituted aromatics, 117
 
MGPs, see Manufactured gas plants
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c 
Microcarbon carbon residue, tests for, 180 
Microcat-RC, 293 
Middle distillate synthesis (MDS) process, 158 
Middle East, crude oil resources in, 154 
Mild Resid Hydrocracking (MRH), 293 
Mill starch, 335 
MIS retorting, see Modified in situ retorting 
Mobil 

catalytic cracking. 406, 407 
fixed-bed hydrocracking, 98 
heavy gasoline treating process, 117 
methanol-to-gasoline process, 116, I 17, 118 
MTG process, 167 
olefins-to-gasoline-and-diesel (MOGD) 

process, 119 
Model(s) 

boltom feeding bubbling fluidized bed coal 
gasifier, 75
 

cross-flow coal gasifier, 73
 
Davidson-Harrison type, 74
 
fluidized bed reactors. 74
 
grain, 76
 
Kato-Wen type, 74
 
kerogen structure, 260
 
Kunii-Levenspiel type, 74
 
one-parameter, 131
 
random pore, 76
 
reactor, 72
 
simplified flow, 74
 
spouted bed gasifier, 73
 
thermodynamic, 74
 
toy, reactor control and, 455
 
unreacted shrinking core, 72
 

Modified in situ (MIS) retorting, 283, 291 
MOGD, see Mobil olefins-to-gasoline-and-diesel 

process 
Mohave Generating Station, 142 
Molecular-weight distribution (MWD), 109 
Molecular weight measurement, methods for, 182 
Molten carbonate fuel cells (MCFC), 499, 

511-512 
Molten media gasification, 68-70 

Atgas molten iron coal gasification, 70 
Kellogg molten salt process, 68-69 

Molten salt reactor (MSR), 39, 470 
MaN, see Motor octane number 
Motor octane number (MaN), 338 
Moving bed reactor, 269 
Moving bed retorting process, 282 
MRH, see Mild Resid Hydrocracking 
MS, see Mass spectrometry 
MSF, see Multistage flash 
MSR, see Molten salt reactor 
MSW, see Municipal solid wastes 
MTBE, see Methyl tert-butyl ether 
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MTG process, see Methanol-to-gasoline process 
MTO process, see Methanol-to-olefins process 
MTP process, see Methanol-to-propylene process 
Multistage flash (MSF), 435 
Municipal solid wastes (MSW), 22, 299, 396 

anaerobic digestion of, 397, 398 
district heating requirements and, 397 
energy generation utilizing, 22 
energy recovery from, 397 
gasification of, 299 
greenhouse gas emission and, 396 
material distribution of, 399 
plasma gasification and, 71 
product decomposition, 400 
pyrolysis of, 398 
pyrolysis plant, MiillpyrolyseanJage, 40 1,402 
syngas from, 28 

MWD, see Molecular-weight distribution 

N 

NAAQS, see National Ambient Air Quality 
Standards 

Nafion membranes, price/volume trends for, 519 
Nahcolite, 256, 277 
Naphtha 

-cracking yields, 158
 
Hydrotreater, 95
 
raw coker, 214
 

NASA space exploration missions, 494
 
National Ambient Air Quality Standards
 

(NAAQS). 327 
National Ethanol Vehicle Coalition (NEVC), 338 
National Fuel Cell Research Center, 5 J3 
National Renewable Energy Laboratory (NREL), 

363,387,439
 
National Research Council (NRC), 344
 
Natural asphalt, J97
 
Natural gas
 

composition of, 153, J55, I 56 
demands for, 3 
deregulation, 10-12 
dry, I L 156 
feedstock, quality of, 165 
major consumers of, 10 
occurrence of, J58 
petroleum reservoirs and, 156 
principal uses of in U.S., J2 
pyrolytic cracking of, 5J6 
reserves, 12 
substitute, 27, 29, 389 
vaJue of, methanol synthesis and, J J4 
wet, J56 
world reserves of, J54 
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Natural gas, liquid fuels from, 153-170
 
composition, 155-156
 
conversion of natural gas to liquids, 157-169
 

Fischer-Tropsch process, 160-167
 
other processes, 167-169
 
syngas production, 158-160
 

future of, 169
 
natural gas liquids. 156
 
occurrence and resources, 155
 

Natural gasoline. 156
 
NBP, see Normal boiling point
 
NEPSCO, see New England Power and Service
 

Co.
 
Net energy value (NEV), 327, 328
 
Neutron(s)
 

balance equation, 447
 
discovery of, 443
 

fission-produced, 459
 
fission reaction, 444
 
flux, 446
 
lifetime, 448
 

microscopic cross section for interaction with,
 
449
 

multiplication factor, 448
 
-nuclei interactions. 446
 
spallation, 473
 
splitting of, 443
 

NEV, see Net energy value 
NEVC, see National Ethanol Vehicle Coalition 
New England Power and Service Co. (NEPSCO), 

126
 
New York State Electric and Gas Corporation
 

(NYSEG), 147
 
Nickel catalysts, 65
 

Nippon Zeon Company, thermal cracking. 411,
 
412
 

Nissho Iwai Corp., 147
 
Nitrogen compounds
 

resids and, 184
 
shale oil. 262. 263
 

Noble gases, 480
 

Nonintegrated two-stage liquefaction (NTSL), 97,
 
98,99,100
 

block diagram. 99
 
Wilsonville facility, 99, 100, 104
 

Nonionic surfactants, 138
 
Nonlinear Boltzmann equation, 447
 
Normal boiling point (NBP), 264
 
NRC. see National Research Council
 
NREL, see National Renewable Energy
 

Laboratory
 
NTSL, see Nonintegrated two-stage liquefaction
 
Nuclear energy, 443-491
 

electricity generation from nuclear reactors,
 
451-458
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nuclear fission and nuclear reactor physics, 
443-451
 

nuclear fuel cycle, 458-462
 

nuclear fusion, 484-489
 

public concerns of safety and health, 475-484
 

nuclear waste disposal, 483-484
 
nuclear weapons proliferation, 482-483
 

terrorism, 484
 
types of reactors, 462-475
 

advanced reactors and concepts, 467-475
 
hydrogen production, 475
 

worldwide electricity generation data, 16,
 
20-21
 

worldwide electric power generation data. 16,
 
18-19
 

Nuclear explosion, damage from, 477
 

Nuclear fuel cycle, 458, 461
 
Nuclear fusion, 484
 

Nuclear power
 
plant(s)
 

essential parts of, 453
 

radioactive inventories of isotopes in, 479,
 
480
 

reactor types
 
basic features of, 465
 

thermodynamic cycles of, 466
 
units
 

by nation, 467
 
by reactor type, 468
 

Nuclear reactor( s)
 

core damage accidents, 481
 

development, historical progression of, 468
 
fuel,460
 

public concerns regarding. 475
 
Nuclear source term, 479
 

Nuclear waste disposal, 483
 
Nuclear weapons, 459, 482
 

Nuclei-nuclei interactions, 445
 

NYSEG, see New York State Electric and Gas
 
Corporation 

o 
Occidental
 

flash pyrolysis, 88, 410
 

retorting process, 286
 
Office of Technology Assessment (OTA), 230
 

OFP, see Oxygenated fuel program
 

OGJ, see Oil and Gas Journal
 
Oil crisis (1973), 3, 40, 139
 

Oil embargo (l970s), 27, 40,226
 
Oil and Gas Journal (OG]), 8. \0
 
Oil recovery, lignin chemicals and, 369
 

56 
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Oil sand, 154. 198
 
bitumen, 198
 

API gravity of, 199
 
definition of, 200
 

deposit
 
Athabasca, 20 I
 
Bemolanga, 20 I
 
Californian, 20 I
 
Kazakhstan, 202
 
Notanebi, 202
 
Officina/Tremblador tar belt. 20 I
 
Olenek anticline. 202
 
Romanian, 202
 
Trinidad Asphalt Lake, 202
 

economics, U.S., 219
 
formations, recovery of bitumen in, 199
 
mining of, 206
 
open-pit mining of. 206
 

Oil sand, liquid fuels from, 197-221
 
bitumen properties, 202-205
 

chemical composition, 203
 
elemental composition, 202-203
 
fractional composition, 204
 
physical properties, 204--205
 
thermal reactions, 204
 

bitumen recovery, 205-207
 
coking processes, 211-214
 
future of, 217-220
 
occurrence and reserves, 200-202
 
other processes, 215-217
 
product upgrading, 214--215
 

Oil shale( s)
 
Baltic shales, 246
 
calcination reaction, 242
 
Colorado, self-ignition temperatures of, 251
 
commercial exploitation of, 227
 
electric properties of, 257-259
 

dielectric constants. 258-259
 
electric resistivity, 257-258
 

Fischer assay of, 239, 261
 
gas permeability. 242
 
Green River
 

carbonates existing in, 255
 
density of, 250
 
dielectric constant, 258, 259
 
electric resistivity, 257
 
environmental constraints, 234
 
fossil fuel resources, 234
 
heat of retorting of, 249, 250
 
thermal behavior of, 253, 254
 
thermal conductivity of, 244
 
thermal diffusivity of, 248
 

heat capacity of, 248
 
heat of retorting, 249
 
inorganic matters in. 238
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isothermality criterion. 247
 
market forces and, 228
 
organic matter in, 265
 
plastic deformation effects, 243
 
porosity, 239-240
 
preheating of, 270
 
processes, energy efficiencies of, 232
 
project, typical cost distribution for, 232
 
retorting
 

kinetics of, 237
 
Petrosix process, 227
 

rubblizing of, 288
 
spontaneous ignition temperature of, 251
 
Stuart oil shale, 253
 
thermal conductivity of, 244--248
 
thermal diffusivity, 247, 248
 
total mass of oil recoverable from, 261
 
Ute Indian name for, 225
 
world distribution of. 225, 226
 

Oil shale, shale oil from. 223-296
 
constraints in commercial production,
 

230-235
 
economic and financial, 232-233
 
environmental and ecological, 233-235
 
technological, 230-231
 

oil shale extraction and retorting processes, 
265-293
 

ex situ retorting processes, 267-282
 
in situ retorting processes, 282-291
 
shale oil refining and upgrading, 291-293
 

oil shale as synthetic fuel source. 225-230
 
properties of oil shale and shale oil. 238-265
 

boiling range distributions of various shale
 
oils, 263-265
 

electric properties of oil shale, 257-259
 
molecular characterization of kerogen,
 

260-263
 
physical and transport properties of oil
 

shale. 239-252
 
thermal characteristics of oil shale and its
 

minerals, 253-256
 
research and development needs, 235-238
 

by-product minerals from U.S. oil shale.
 
238
 

catalytic upgrading of shale oil crudes,
 
237-238
 

characterization of inorganic matters in oil
 
shale, 238
 

chemical characterization, 236
 
correlation of physical properties, 236-237
 
heat and mass transfer problems, 237
 
mechanisms of retorting reactions, 237
 

Oil shale deposits
 
Devonian-Mississippian eastern black shale
 

deposits, 233
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environmental constraints 

fugitive dust emission and particulate 
matter control, 234-235
 

groundwater contamination, 235
 
hazardous air pollutants, 235
 

other fossil energy and mineral resources,
 
234
 

outdoor recreation and scenery, 235
 
regional ecology, 234
 
region of oil shale field and population,
 

234
 
water availability, 234
 

Green River Formation, 233, 234, 244
 
thermochemical properties of minerals in, 256
 

Oil Shale Development Act of 2005, 228
 
Olefin(s)
 

crude shale oil and, 237
 
-to-gasoline and distillates technology, 158,
 

168
 
products, 157
 

Oligosaccharides, 329
 
Once-through methanol (OTM) process, 312
 

One-parameter model, 131
 
OPEC, see Organization of Petroleum Exporting
 

Countries 
Open pit mining
 

oil sand, 206
 
Peabody Western Coal Company, 142
 

Organization of Petroleum Exporting Countries 
(OPEC)
 

Organosolv pretreatment, 358, 359
 
Organotin compounds, 407
 
Osborne in situ retorting process, 289
 
OTA, see Office of Technology Assessment
 
OTM process, see Once-through methanol
 

process 
Oxidation
 

gasification technology, 319
 

vapor-phase, 35
 
Oxygen
 

compounds, resids and, 185
 
exchange, inhibition by, 33
 

pure, 49
 
Oxygenated fuel
 

ethanol as, 336
 
program (OFP), 326, 327, 337
 

Oxygenated gasoline, dry method and, 308
 
Ozone
 

formation, control of ground-level, 327
 
level, 308
 

pollution, 337
 
reduction of. 325
 
reformulated gasoline and, 337
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p 

Packed-bed reactors, Fischer-Tropsch synthesis 
in, 162
 

PAFC, see Phosphoric acid fuel cells
 
PARs, see Polycyclic aromatic hydrocarbons
 
Paraffins, isoparaffins and, 117
 
n-Paraffins, boiling points of, 267
 
Paraho Development Corp., 278
 

gas combustion process, 278-280
 
analysis, 279
 
SOMAT additives of, 280
 

oil shale development by, 226
 
SOMAT asphalt production, 227
 

Partial coking, 215
 
Partial oxidation
 

coal gasification, 35-36
 
hydrogen production and, 515
 

Particle-particle interaction potential energy, 136
 
Particle size distribution (PSD), 128
 

coal-oil mixture, 139
 
effect on viscosity, 129
 
formulated for minimal viscosity, 130
 
multirnodal, 128
 
slurriability and, 148
 
unimodal and bimodal distributions, 129
 

Particulate matter (PM), 144, 423
 
control, 234-235
 
removal system, ESP-based, 384
 

PBMR, see Pebble Bed Modular Reactor 
PC, see Polycarbonate 
PDU, see Process development unit 
Peabody Western Coal Company, open pit mine, 

142
 
Pebble Bed Modular Reactor (PBMR), 469
 
PEEDA, see Pennsylvania Electric Energy
 

Development Authority 
PEERC, see Pennsylvania Electric Energy 

Research Council 
PEM, see Proton exchange membrane 
PEMFC, see Proton exchange membrane fuel 

cells 
PENELEC, see GPU Energy 
Penn State University, anaerobic digester studies, 

389
 
Pennsylvania Electric Energy Development
 

Authority (PEEDA), 147
 
Pennsylvania Electric Energy Research Council
 

(PEERC), 147
 
Pentose yeasts, 366
 
Perfluorination, 503
 
Permeability tensor, 241
 
PET, see Polyethylene terephthalate
 
PETC, see Pittsburgh Energy Technology Center
 
Petro-Canada, 121
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Petrochemical industry, building-block chemical
 
of, 320
 

Petrochemical synthesis, ethanol as feedstock in,
 
340
 

Petroleum
 
analytical inspections for, 177
 
-based feedstocks. 8
 
boiling range distribution, 263
 
consumption, world, 6-7
 
crude oil
 

record high price of, 4
 
world production, 9
 

production, world, 154
 
products. vapor pressure measurement of, 308
 
quality, measure of, 179
 
reserve-related terms. 5
 
reservoirs, natural gas and, 156
 
total oxygen content of, 185
 
world reserves of conventional, 200
 

Petrosix retorting process, 227, 280-281
 
PFB process, see Pressurized IIuidized bed
 

process
 
PFR, see Plug flow reactor
 
Phosphoric acid fuel cells (PAFC). 499, 510-511
 
Photosorting, 277
 
PHWR, see Pressurized heavy water reactor
 
Pipeline
 

Black Mesa, 141-142
 
projects, slurry, major long-distance, 143
 
scheme, domestic combustion, 141
 
systems, coal-water slurry, 140
 

Pitch, 175, 176
 
Pittsburgh Energy Technology Center (PETC),
 

126
 
Plagioclase, 255, 256
 
Plant cell wall, generalized description of, 331
 
Plant materials, polymeric components of, 351
 
Plasma gasification, 70-72
 
Plastics, 403
 
Plug llow reactor (PFR), 73
 
PM, see Particulate matter
 
PNAs. see Polynuclear aromatics
 
Point kinetics, 456
 
Poiseuille's law, 241
 
Polycarbonare (PC), 404
 
Polycyclic aromatic hydrocarbons (PAHs),
 

183-184,235
 
Polyethylene terephthalate (PET), 403
 
Polymer(s)
 

electrolyte fuel cells, 502
 
flocculation, 133
 
viscosity reduction and. 139
 
wastes, energy generation from, 402
 

Polymerization, Fischer-Tropsch process and, 163
 
Polynuclear aromatics (PNAs), 53
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Polypropylene (PP), 404, 407
 
Polytetralluoroethylene (PTFE), 503
 
Polyvinyl chloride (PVC), 403
 
Porphyrins, resids and, 184
 
Possible reserves, 8
 
Possible unproved reserves, 5
 
Potassium feldspar, thermochemical properties of.
 

256
 
Pour point
 

bitumen, 205
 
resid, 182
 

PP, see Polypropylene
 
Precipitation number, asphaltene content and, 187
 
Pressure swing adsorption (PSA), 316
 
Pressurized fluidized bed (PFB) process, 30
 
Pressurized heavy water reactor (PHWR). 463
 
Pressurized water reactor (PWR), 454
 

core and pressure vessel, 455
 
fuel rod arrangement with coolant channels,
 

457
 
plant. 454
 
typical containment building for, 478
 

Primary fluid. 432
 
PROALCOOL, 344
 
Probable reserves,S
 
Probable unproved reserves, 5
 
Process development unit (POU), 92
 
Product gas
 

heating value of, 38
 
quality, combustion control and, 56
 
removal of particulate matter from, 50
 
WGS reactor and. 70
 

Propane precipitation, 189
 
Proton exchange membrane (PEM), 37
 
Proton exchange membrane fuel cells (PEMFC),
 

499,502
 
design characteristics, 502-505
 
membrane hydration, 518
 
new types of membranes for. 521
 
operation characteristics, 506
 
operation principle, 507
 
performance, 504
 
role of electrodes, 505
 

Proved reserves. 5
 
PSA, see Pressure swing adsorption
 
PSO, see Particle size distribution
 
PTFE, see Polytetrafluoroethylene
 
Pumpablc slurry, 50
 
Pu-recycling, gain in sustainable nuclear
 

resources with, 469
 
Pure oxygen, 49
 
PVC, see Polyvinyl chloride
 
PWR, see Pressurized water reactor
 
Pyridones, shale oil, 263
 
Pyrite. thermochemical properties of, 256
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Pyrolysis
 
GC-MS, 236
 
high-temperature, 266
 
in situ, 241
 

products, composition of, 406
 
reactions, 399
 
reactor, 269, 410
 
spent tires, 409-412
 
system, solid waste, 401
 

Q 
Quartz, thermochemical properties of, 256
 
Quinolines, shale oil, 263
 

R 

Radioactive material dispersal, 483
 
Ramsbottom carbon residue, tests for, 180
 
Random pore model, 76
 
Rapid steam hydrolysis (RASH). 356, 359
 
Rare earth metal-exchanged Y-type (REY)
 

zeolites, 407
 
RASH, see Rapid steam hydrolysis
 
Raw colton, 355
 
RCL, see Resorption Canada Limited
 
RDF, see Refuse-derived fuel
 
Reactor(s)
 

Advanced Boiling Water, 469
 
Advanced Pressurized Water, 469
 
boiling water reactor, 462
 
CANDC, 463
 
Chemobyl, 463
 
Clinch River. 464
 
control, toy model and, 455
 
converters, 459
 
dimethylether, 117
 
dissolver, 95
 
down-flow, hydrotreating in, 214
 
entrained flow. 39
 
Experimental Breeder, 464
 
Fischer-'Tropseh, 113, 384
 
fixed bed, 38
 
fluidized bed, 39. 74
 
gas-cooled fast, 470
 
gas-liquid-solid fluidized bed, 93
 
Gas-Turbine Modular Helium, 469
 
GEN-IV, 470, 471, 472, 473, 474
 
graphite-moderated gas cooled, 463
 
graphite-moderated water-cooled, 463
 
high-temperature gas, 463
 
HTGR,463
 
Integrated Fast, 483
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Kalpakkam, 464
 
lead-cooled fast, 470
 
liquid metal fast breeder reactors, 463, 464
 
Magnox, 463
 
modeling, 72
 
molten salt, 39, 470
 
moving bed hydroprocessing, 292-293
 
nuclear, core damage accidents, 481
 
packed-bed, Fischer-Tropsch synthesis in,
 

162
 
Pebble Bed Modular, 469
 
plug flow, 73
 
pressurized heavy water, 463
 
pyrolysis, 269, 410
 
SCT,IOI
 
shutdown, deeay power after, 452
 
sodium-cooled fast, 470
 
supercritical water-cooled, 470
 
temperatures, 160
 
uranium-fueled,464
 
very-high-temperature, 470
 
vessels, corrosion of, 28
 
WGS,70
 

Reagan administration, synfuel industry under,
 
228
 

Reconfigured two-stage liquefaction (RITSL),
 
105
 

Rectisol process, 49
 
Recycling bandwagon, 403
 
Reduced crude, 175, 176
 
Reducing sugars, 362
 
Reformer Outputs, gas composition of, 515
 
Reforming catalyst, sulfur poisoning and, 318
 
Reforming process, fuel cells and, 495
 
Reformulated gasoline (RFG), 336
 

burning of, 337
 
CAAA-mandated sale of, 363
 
ozone pollution and, 337
 

Reformulated Gasoline Program (RGP), 326, 327
 
Refuse-derived fuel (RDF), 396
 
Reid vapor pressure (RVP), 116, 308, 324
 

ethanol, 323-324, 337
 
legal limits for, 337
 
test, 308
 

Relative density, 179
 
Renewable energy, 423
 

benefits of, 17
 
competitiveness of, 17
 
geothermal energy as, 422
 

Renewable feedstock, 324
 
Renewable Fuels Association (RFA), 326
 
Rentech process, 168
 
Reproduction factor, 451
 
Research octane number (RON). 307, 338
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Resid(s), 171-196 
analytical inspections for, 177 
behavior, modeling of, 190 
carbon content, 178 
catalytic cracking, 192 
coke- forming propensity of, 180 
composition, 183-189 

chemical composition, 183-185 
fractionation, 185-189 

conversion, 191 
coking, 191-192 
future processes, 194--195 
hydroconversion, 192-194 
resid catalytic cracking, 192 
solvent deasphalting, 194 
visbreaking, 191 

hydrogen content, 178 
melting point, 182 
nitrogen content, 178 
oxygen content, 178 
physical composition, 185 
pour point, 182 
predominant fraction of, 183 
production, 172, 175-176 
properties, 174, 176--183 

carbon residue, 180 
density and specific gravity, 179 
elemental analysis, 177-178 
heat of combustion. 181 
metallic content, 178-179 
molecular weight, 181-192 
other properties, 182-183 
viscosity, 179-180 

quality, 191
 
softening point of, 182
 
sulfur content, 178
 
use of data, 189-191
 
vacuum, 185
 

Residua, definition of. 172 
Residuum, definition of, 172 
Resins, 186, 204 
Resonance escape probability, 451 
Resorption Canada Limited (RCL), 72 
Retorting process(es), 266 

carbon dioxide, 282
 
Chevron retort system, 281
 
ex situ, 267-282
 
in situ. 282-291
 
Lurgi-Ruhrgas, 276--277 
moving bed. 282 
Paraho, 278-280 
Petrosix, 280-281 
single-stage, 293 
Steam-Gas Recirculation, 275 
subsurface, 282 
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Superior multiminera1, 277-278 
TOSCO II, 269-274 
Union Oil, 274--275 
U.S. Bureau of Mines gas combustion retort, 

268-269 
Reverse water gas shift reaction (RWGS), 300 
Reynolds number, 128 
REY zeolites, see Rare earth metal-exchanged Y-

type zeolites 
RFA, see Renewable Fuels Association 
RFG, see Reformulated gasoline 
RGP, see Reformulated Gasoline Program 
Rheology, definition of. 130 
Rich shale, 239 
RITSL, see Reconfigured two-stage liquefaction 
Rock pump, 274 
Rockwell molten salt gasifier, 69 
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