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Acclimation (or adaptation) 14, 22, 43, 56, 57, 58,
59, 137, 142, 148-149, 180
Acetate, see Acetic acids 6, 8, 10, 18, 19, 23, 30, 31,
32, 33, 34, 36, 37, 58, 69, 70, 71, 74, 75, 76,
77, 80, 81, 116, 118, 134, 136, 137, 142, 143,
144, 145, 147, 148, 154, 192, 193, 194, 195,
196, 197, 206, 212, 232, 239, 243
Acetic acids 7, 8, 30, 31, 37, 47, 51, 85, 96, 137,
167, 210, 211
Acetobacterium woodii 35
Acetogenesis, see Acetogens 30, 69, 74
Acetogens 31, 134
Acetyl-CoA 192, 193, 194
Acid mine drainage 135
Acidogens (or acid producing bacteria), see
Acidogenesis 9, 10, 11, 13, 31, 47, 58
Acid-phase digestion 174, 180, 182
Activated carbon 274, 278-279, 286, 287
Adenosine triphosphate (or ATP) 6, 7, 9, 192, 211
ADM1, see Anaerobic digestion Model 1 65, 66, 73,
74,75,79, 87
Aeration energy 19, 20, 243
Aerobic process (or aerobic treatment) 5, 9, 10, 12,
13, 19, 20, 21
AF, see Anaerobic filter 4, 95
Agri-wastes (or agricultural feedstocks) 2, 247,
270
Alkalinity 23, 24, 47-55, 60, 61, 96, 142-143, 169,
170, 171, 172, 175, 176, 177, 179, 181-182,
270
Amaizing Energy 168-169
Ammonia (or Ammonium) 8, 14, 24, 32, 47, 49, 54,
55, 56-57, 58, 59, 79, 80, 81, 148, 170, 171,
172, 182, 189, 203, 240
Ammonia inhibition (or toxicity) 56, 57
Ammonium bicarbonate 49, 175, 182, 202
Ammonium chloride 55, 203
Ammonium hydroxide 54
Amplicons 120
Anaerobic
Advantages 15-22
Ammonia oxidation (or ANAMMOX) 24
Bacteria 7, 55, 56, 118
Baffled reactor (or ABR) 4, 94,
Bioconversion 2, 8

Contact process (or ACP) 4, 98, 99, 174, 175,
176
Digestion 3, 17, 29, 32, 37, 45, 51, 56, 69, 95,
170, 171, 172, 173, 175, 176, 178, 179, 182,
183, 184, 196, 221, 248, 252, 255, 256, 259,
261, 263-264, 267, 268, 269, 274, 280, 281,
288
Fermentation 6-7, 16, 19, 31, 142, 191, 198,
201, 247
Limitations 2224
Membrane bioreactor (or AnMBR) 4, 23, 47, 94,
111-112, 124, 173
Sequential batch reactor (ASBR) 4, 23, 108-110,
175
Anode material 229, 234, 238
Anode potential 224, 240
Anoxic 7-8, 72, 237
Archaea (or archaeal) 35, 121, 173
Aspergillus kawachii 164
Aspergillus niger 164
Attached growth, see Biofilm 94, 95, 110, 140,
148
Autotrophic denitrification 2, 151, 196
Autotrophs (or autotrophic bacteria) 34, 150, 190

Bacteria

Acetate-utilizing 56

Acid producing 9, 13

Aerobic 22, 236

Anaerobic 7, 55, 56, 118

Anaerobic ammonia oxidizing 8

Electricity-generating 240

Enteric 191, 192, 193

Facultative 7

Fermentative 17, 30, 32, 59, 134

Homoacetogenic, see Homoacetogens 35

Hydrogen producing 33, 36, 191, 197, 198, 199,
200, 201, 208, 209

Hydrogen producing acetogenic 32-33, 59

Lactic acid 19, 32

Metal-reducing 225

Methane-producing, see Methanogens 8, 9, 13,
33, 35-38, 134

Nitrate-reducing 7, 8

Nonphototrophic 190, 191
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Bacteria (cont.)
Photosynthetic 118
Phototrophic 124, 190, 191
Propionic acid-degrading 47, 58
Rumen 191
Sulfate-reducing 7, 8, 58, 133-135
Sulfide-oxidizing 150, 151
Sulfur 150
Sulfur-reducing 154
Bicarbonate 51, 52, 53-54, 69, 141, 179, 238, 240,
242
Biocathode 222
Biochemical energy 18
Biochemical oxygen demand (BOD or BODs) 6, 12,
20, 21, 168, 231, 242, 268, 269
Biocomplexity 128
Biodegradation 11, 59, 138, 247
Biodiesel 17-18, 116, 161, 163, 186
Bioelectrochemically-assisted microbial system
212-213
Bioenergy 1-3, 15-18, 66, 93, 94, 97, 100, 104,
107, 108, 115, 116, 117, 118, 119, 120, 121,
123, 128-130, 133, 135, 136, 137, 143, 162,
170, 173, 175, 176, 178, 179, 182, 183, 184,
186-187, 247, 264, 267
Bioenergy generation, see Energy generation and
Renewable energy 93, 135, 175, 247
Bioethanol 116, 161, 162-163
Biofilm 89, 90, 94, 100, 101, 102, 110, 112, 113,
141, 148, 206, 223, 228, 236, 238
Biofuel 1, 7, 15-18, 111, 115, 128, 129, 161, 162,
163
Biogas
Cleaning 274-279
Composition 95, 182, 270-272
Impurities 272-274
Production 18, 46, 87, 88, 94, 95, 104, 105, 107,
146-147, 156, 170, 180, 255-257, 260-261,
262, 267-269, 271, 290
Yield 57, 255, 256, 257, 269, 270
Biogas utilization
Cooking 2, 280, 288-290
Electricity generation 15, 149, 280, 282-287
Heating 2, 3, 4, 267, 281-282
Vehicle fuel 287-288
Bioinformatics 128
Biokinetics (or Biokinetic parameters), see Kinetic
parameters 9, 35, 36, 37, 65, 67-68, 70, 72,
74,75-79, 107, 145, 147, 208-210, 242
Biological
Activity 44, 68,101, 153, 236, 253
Cells 254, 269
Hydrogen production 190-191, 195, 213
Oxidation 20, 273
Reaction 83, 122
Sludge 257
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Sulfate reduction 7, 23, 75, 76, 77, 103, 122,
133-134, 135, 136, 137, 141, 142, 145, 146,
147,196

Sulfide oxidation (or removal) 150-155, 276

Wastewater treatment (or Process or System) 3, 6,
7,9, 11, 12, 13, 43, 68, 72, 79, 121, 128, 167,
192

Biomass

Anaerobic 22, 55

Decay 12, 72

Growth 69, 73, 74

Immobilization 11, 94

Inventory 12, 22, 46, 103

Lignocellulosic (or cellulosic) 125, 162-163, 185

Pretreatment 196, 257

Retention 4, 47, 93, 94, 101

Yield 9-10, 72, 208

Biomethane 15-16, 104, 106, 116, 121, 169, 170,
184, 187

Biomethane potential (or BMP) 186

Biorefineries 163

Biosensor 122

Biosolids 1, 2, 3, 162, 201, 263

Blowdowns 166, 167

Btu (or British thermal unit) 179, 183, 184, 214,
221,270,272, 283

Bushwell equation 38, 268

Butanol 1,7, 17, 93, 95, 111, 115, 116, 118, 119,
121, 123, 124, 125, 194, 247

Butyrate 10, 30, 32, 33, 34, 74, 76, 77, 194

Butyric acids 30, 47, 58, 134, 167, 192, 198, 210,
211,213

Caldicellulosiruptor saccharolyticus 208, 209

CAMBI 262, 263

Capric acids 59

Caproic acids 58

Carbohydrate 10, 18, 19, 29, 30, 69, 73, 74, 76, 77,
134, 162, 268, 269, 270

Carbohydrate-rich waste (water) 17, 23, 31, 49, 61,
124, 191, 193, 202

Cassava 162, 163, 183-184

Cathode

Potential 224
Material 238-239

Cavitation 250, 251, 253

cDNA 121

Cell disruption 259

Cellulose, see Biomass 17, 18,139, 161, 163,
185-186, 200, 202, 208, 257

Chemical inhibitors 136

Chemical precipitation 150

Chemical oxygen demand (or COD) 6, 20, 31, 37,
38, 104, 105, 107, 135, 140, 142, 146, 147,
148, 149, 164, 166, 167, 168, 169, 170, 171,
172,176, 177,178, 179, 180, 181, 182, 183,
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184, 185, 186, 199, 200, 208, 231, 239, 240,
242, 248, 249, 251, 254, 257, 262, 268
Chemostat 17, 137, 147, 200
Clarigester 4, 11, 94
Clean-in place (or CIP) 166, 167, 168, 175
Clone library 107, 121
Clostridia, in general 32, 36, 116, 124, 191-192,
103, 194, 195, 199, 203
Proteolytic 192
Saccharolytic 192
Clostridium sp. 118, 125, 191
Clostridium
aceticum 35
acetobutylicum 17, 116, 118
acidisoli 125
arcticum 192
barkeri 192
beijerinkii 17, 118, 125
botulunum 197
butyricum 125, 192
coccoides 192
perfrigens 197
ramosum 125
tyrobutyricum 125
thermoamylolyticum 124
Cloth electrode assembly (CEA) 237, 238
Codigestion 186
COD/N/P ratio 55, 175
COD/SOy4 (or COD/S) ratio 135, 136, 140,
145-146, 148
Coexistence 144
Combined heat and power (or CHP) 267, 284
Competition 35, 136, 144149
Completely mixed reactor 66, 71, 175
Concentration polarization 228
Condensate 164, 166-167, 168-169, 175
Consumptive use 166
Contact factor 107
Continuous stirred tank reactor (or CSTR) 11, 14,
17, 36, 46, 89, 90, 94, 95, 96, 98, 111, 124,
125, 139, 140, 141, 152, 157, 173, 180, 183,
199, 200, 202, 204, 205, 206, 207, 208,
255
Corn
Co-product, see DDG/DDGS 170, 183
Ethanol plant 167, 168
Grain 161, 162, 163, 164, 168, 172, 183
Starch 162, 163, 164, 184
Corrosion 133, 149, 272, 278, 287, 289, 290
Cosmos 3
Coulombic efficiency (CE) 230, 232, 233, 236, 239
Current density 229, 237
Cyanobacteria 118, 123, 190

Dark fermentation 118, 124, 189, 190, 191-192,
193, 200, 204, 210, 211, 212, 213, 221
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Decarboxylation 31
Decay rate (or coefficient) 12, 45, 46, 70, 72, 96
Decoupling 93-94
Degradation (or biodegradation) 7, 9, 11, 15, 24, 29,
31, 32, 56, 58, 59, 74, 110, 134, 136, 1406,
191, 240, 247
Degassifier 98, 99
Degree of disintegration 248, 249, 251
Degree of inactivation 249
Denaturing gradient 119-120
gel electrophoresis (DGGE)
Denitrification, see Autotrophic denitrification 2, 7,
8,24, 151, 196
Design considerations
Anaerobic contact process 99—-100
Anaerobic filter 104-105
Empirical approach 96, 97-98, 104-105, 107
Fundamental principles (or theoretical approach)
96-97, 99-100, 107
High rate anaerobic reactor 96-98
Upflow anaerobic sludge blanket reactor (UASB)
107-108
Desulforomaculum geothermicum 125
Desulfuromonas 154
Detention time, see Solids retention time and
Hydraulic retention time 93, 94, 173, 175
Dewatering 2, 21, 151, 182, 196, 252, 261, 262,
277
Diftusion 10, 45, 67, 89, 110, 141, 223, 234, 236,
237, 241
Digested sludge, see Biosolids 17, 95, 180, 200, 201,
252
Digestion rate 45, 175
Digester
Gas 52, 261, 262, 267, 268, 269, 272, 273, 274,
275, 276, 277, 278, 279, 280, 281, 283, 288
High rate 95
Low rate 95
Mesophilic 179
Thermophilic 97, 179, 180, 181, 182
Operation 95, 175, 255
Dilute wastewater 23, 45, 46, 79
Dimethyl sulfide 37, 38
Diprotic acid 53, 80
Disintegration 69, 73, 74, 75, 76, 77, 248, 249, 250,
251, 252, 253, 254, 255
Dissolved oxygen 6, 234, 236
Distillation 58, 166, 169
Distillers dried grains with solubles (DDGS) 164,
165, 166, 170
DNA fingerprinting techniques 119
DNA sequence 116, 117, 121
Domestic wastewater 3, 5, 227, 231, 233, 242, 243
Doubling time 36
Downflow anaerobic filter (or DAF) 100, 101,
102-103, 141
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Dry-grind corn ethanol plant (or dry-grind plant)
165, 166, 167, 168, 169, 170, 183, 184

Dry-grind process 163, 164, 184

Dynamic model 73

Effluent 2, 5, 11, 14, 15, 23, 24, 31, 48, 49, 50, 54,
58,99, 101, 106, 107, 108, 109, 110, 143,
152, 154, 156, 157, 161, 166, 168, 169, 177,
178, 179, 180, 181, 182, 210, 230, 235
Electrical current 223, 231
Electrical energy 15, 222, 250
Electricity generation 15, 18, 149, 222, 228, 239,
240, 242, 280, 282, 286, 287, 288
Electron
Accepror(s) 6,7, 8, 204, 223, 225, 227, 234, 236
Carriers 204, 227
Donor(s) 2, 6, 8, 35, 37, 113, 134, 142, 143, 144,
150, 151, 154, 196, 204, 211
Flow 146, 148, 223
Recovery 212, 230
Transfer mechanisms 225-227
Electrochemically active microbe 225
Escherichia 225, 227
Geobacter 225, 227
Pseudomonas 225, 227
Shewanella 225, 227,232
Electromotive force 224
Electrophoresis 119, 120, 121
Elemental sulfur 150, 151, 153, 154, 157
Embden—Meyerhoff-Parnas (EMP) pathway, see
Glycolysis 192, 193, 194
Endogenous respiration 19, 269
Endospore 192, 197, 198
Energetics 222, 223-225
Energy generation 15, 19, 20, 65, 87, 91, 111, 221,
222
Energy recovery 230
Engine generators 283-284, 285
Enriched culture(s) 151, 189, 197, 201,
207
Enterobactericeae 118
Enterobacter aerogenes 186
Enterobacter cloacae 208, 209
Entner—Doudoroff pathway 192
Environmental
Pollution 1
Conditions 12, 13, 19, 23, 24, 29, 32, 43, 94,
147, 191, 192, 194, 197
Factors 8, 12, 13-14, 58, 148
Enzymatic hydrolysis 75, 162, 163, 185, 257
Enzyme
Activity 164
Alpha—amylase 164
Dehydrogenase 116, 118, 193
Extracellular 30, 69
Formate hydrogen lysate (or FHL) 193

Index

Glucoamylase 164
Hydrogenase 36, 116, 118, 195, 197
Inhibition 164
Methyl CoM reductase 116, 117, 118
Nitrogenase 116, 117, 118
Proteins 115
Pyruvate:ferredoxin oxidoreductase (PFOR) 194
Pyruvate:formate lyase (PFL) 192
Systems 192
Escherichia coli (or E. coli) 121, 191, 227
Ethanol Plants 166, 167, 170
Ethanol production from cassava 183—184
Ethanol production from cellulose 185-186
Ethanol production from corn 163-183
Eubacteria 117
Excess biomass (or sludge) 101, 112
Expanded bed reactor (or EBR) 4, 46, 95, 110,
153
Expanded granular sludge bed (or EGSB) 3, 8, 34,
108, 124, 167, 182

Facultative
Anaerobes 6, 191
Bacteria 7
Microbes 49
Faraday’s constant 204, 224, 230
Fats, see Lipids 17, 59, 163, 268
Feedstocks
Biodiesel 163
Bioethanol 162-163
Fermentation, see Anaerobic Fermentation, dark
fermentation, Photofermentation and methane
fermenation
Acetate 195
Acetone, butanol, and ethanol (ABE) 17
Acid 47
Butanol 17, 95, 118
Butyrate 195
Hydrogen 194, 202, 207, 207, 208, 210, 211,
213
Lactate 213
Methane 46, 94, 111, 136, 141, 142, 221
Yeast 169
Ferricyanide 232-237, 239
Fertilizer (or biofertilizer) 1, 2
Fixed—film reactor 21, 101, 110, 148, 152, 176,
178
Fluorescent in situ Hybridization (FISH) 118, 119,
121, 122, 123, 124, 126
Fluidized bed reactor 8, 9, 21, 94, 110-111, 147,
148
Foam removal 275-276
Foam separator 275, 276, 279
Food waste(s) 2, 30, 111, 125, 202, 203, 205, 208,
209, 210, 247
Fossil fuel(s) 1, 17, 161, 170, 189, 190, 221
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Free ammonia 56, 57, 79
Food to microorganism (F/M) ratio 109, 110,
180

Gas (or biogas)
Collection system 3, 4, 106, 278, 288
Drying 278
Piping 275, 278, 290
Gaseous
Feedstock 112
Ammonia 54
Sulfide removal 154-157
Gas-liquid mass transfer 112
Gasoline 17, 116
Gas—phase carbon dioxide 51, 52, 54
Gas-solid separator 106
Gas storage 288, 290
GC—clamp 120
GC-rich 120
Gene
Functional gene 117, 122, 123
Gene expression 17, 122
Gene sequence 117, 121
Structural gene 117, 123
Genome 122, 128
Gibb’s free energy change 8, 33, 35, 145, 195,
224
Glycerin (or Crude glycerin) 30, 161, 162, 186,
187
Glycolysis 192, 193, 194, 213
Granulation 11, 94, 106, 109
Granules
Acidogenic 17, 200, 206
Methanogenic 59, 139
Sludge 4, 147, 148
UASB 31, 141, 148, 206
Growth kinetics 37, 45, 208, 209

Half-saturation constant (or Half-velocity
constant), see Substrate affinity constant 14, 36,
37, 45,72, 96, 107, 145, 208

Heat treatment 16, 197-198, 201

Henry’s law 53, 90, 139, 149

Henry’s constant (or Coefficient) 53, 73, 90, 91

Heterotrophs 34, 190

Heterotrophic sulfur—reducing activity 154

High-—rate anaerobic systems, see Digester 94,
141

High solids wastes 79, 247, 248

High strength waste (water) 106, 107, 109, 133,
135, 136, 137, 141, 172

Hollow fiber membrane 112, 113

Homoacetogens 7, 18, 31, 34-35, 56, 196, 200

Homoacetogenesis 30, 34

Hydrid system (or reactor) 3, 4, 95, 173

Hydraulic loading rate 105, 109, 269
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Hydraulic retention time (or HRT) 3, 11-12, 17,
18, 36, 45, 46, 90, 93-94, 95, 101, 106, 107,
108, 109, 111, 141, 152, 157, 173, 175, 177,
179, 180, 181, 182, 200, 203, 205, 206, 208,
232,233, 241-242
Hydrogen
Consumers 196-199, 200, 201, 205, 207, 211
Conversion efficiency 200
Fuel cell (s) 18, 212, 221
Tons 73, 81, 84
Partial pressure 30, 31, 32, 33, 34, 58, 190, 193,
195, 204, 207, 213
Producers 116, 123, 197, 201, 205, 207, 208, 213
Yield 17, 186, 190, 193, 194, 199-200, 202, 203,
204, 205, 206, 207, 208, 210, 211, 213
Hydrogenase activity 194, 201, 203, 207
Hydrogen producing activity 200
Hydrogen production pathway 192-196
Hydrolysis, see Hydrolytic step 30, 32, 37, 59, 69,
73,173, 175, 182, 184, 247, 254
Constant 67
Enzymatic 75, 162, 163, 185, 257
Particulate matter 173, 175, 179, 207, 255
Thermal 248, 261-264
Hydrolytic step (or process) 32, 67
Hy—Met 210
Hyperthermophilic 173, 207

Imhoff tank 3, 4, 95
Immobilization 11, 94, 148, 206
Industrial wastes (or wastewater) 1, 2, 3, 5, 14, 23,
38, 56, 58, 133, 135, 241

Influent

COD 142, 146, 178

Sulfate 49, 50, 143, 149

Wastes (or Wastewater) 6, 9, 14, 55, 56
Inhibition in general, see Toxicity 14, 52, 56, 58, 59,

67, 68, 93, 97

Factor 78
Inocula (or Inoculum) 17, 95, 151, 200-201, 239
Integrated system for sulfide removal 156-157
Internal current 229
Internal resistance 228, 234, 236, 238, 240, 241
Interspecies hydrogen transfer 33, 34, 144
Interstices 101
Intracellular

Electron carriers 204, 227

Hydrolysis 67

Materials 253

Process 73
Tonic strength 241
Iron salts 150, 273
Iron sponge 149, 169, 273, 276-277

Jet cooker 164
Jet cooking 164



Il. o'IN URNO

BLBSO011-Khanal

4. OINJURNO e O PR URO 11,00

9780813823461 July 11, 2008 22:8

298 Index
Kinetic Single—chamber 236-238

Control 197, 199 Substrate 239,240

Model 65 Two—chamber 231-236

Parameters 35, 70, 208
Rate 72, 88, 91
Kinetics 9, 67-68, 75-79

Lactic acids 7, 19, 32, 144, 213

Lagoon 94

Lignin 162, 163, 257

Lignocellulose 163, 257

Lime 54, 61, 182

Lipids 29, 30, 35, 59, 69, 73, 74, 76, 77, 116, 134,
270

Liquefaction 30, 164

Long chain fatty acids (LCFAs) 30, 56, 59, 74, 76,
77, 134

Macronutrients 55, 184, 203
Mass transport 228
Mesophiles 43—44
Mesophilic
Conditions 13, 18, 23, 34, 37, 56, 79, 94
Digestion 97, 175, 176, 269, 274
Temperature 12, 43-47, 183, 207, 208, 262
Metabolites 128
Metabolomics 128
Methanator, see UASB 167
Methane
Production rate 43, 256
Yield 13, 23, 38, 51, 136, 146, 168, 176,
178-179, 181, 182, 183, 186, 196, 255
Methane oxidation 122
Methanogenic activity 4, 47, 48, 137, 139, 179
Methanogens
Acetotrophic (or aceticlastic or acetoclastic) 31,
36, 59
Hydrogenotrophic 16, 30, 31, 35, 196, 200
Methanosaeta 31, 36, 37, 124
Methanosarcina 36, 37, 124
Microarrays 122-123
Microautoradiography (MAR) 122-123
Microbial community, in general 34, 47, 207
Analysis 36, 119, 121
Dynamic 115-117, 123
Function 115-117, 121-123
Structure 115-118, 120122

Microbial fuel cell (MFC), in general 1, 18, 211, 222

Advantage 221
Anion exchange 236
Bipolar 236

Cation exchange 234
Definition 222
Membrane 236
Membrane—less 236
Schematic 223

Working principle 222-223

Micronutrients 23, 55, 184

MicroSludge® 248, 257, 258-261

Microturbines 283, 285-286

Mixed culture(s) 10, 60, 67, 173, 200, 203, 205,
227-228, 240

Modified dry milling 164

Monod kinetics 67, 68, 78, 110

mRNA 117, 121-123

Multifed anaerobic filter (MFAF) 100, 101, 104

Municipal sludge 3, 59, 95, 200, 247, 255, 256,
274

Municipal wastewater 5, 23, 124, 241

NAD/NADH 193, 194, 195, 204, 213

Nafion membrane 235, 236

Nanowires 227

Natural gas 161, 169, 183, 267, 272, 283, 287, 288,
290

Natural resources 1

National Center for Biotechnology Information 117

Neighbor—joining 118

Netwon—Raphson method 84

Neutral pH 13, 43, 47, 51, 57, 58, 59, 138, 148,
181, 182, 201, 240

Nickel (Ni) 23, 55, 56, 58, 138, 150

Nisin 7, 19, 32

Nitrate respiration 7

Nitrogen

Inorganic 76, 79
Organic 24, 49, 51, 56, 175, 182

Nitrogenous compounds 7, 57

Nonaxenic operation 207

Noncompetitive inhibition 68

Nonoxidative bioenergy production 93, 118

Nonoxidative metabolism 116, 121, 123, 247

Nucleic acid extraction 122

Nucleic acid sequence 121

Nucleotide bases 117

Nutrients 12, 14, 21, 23, 24, 43, 55-56, 161, 167,
169, 171, 175-176, 187, 202-203

Obligate anacrobes, see Strict anaerobes 7, 13, 35,
191, 192

Observed yield coefficient 107

Odor control 22, 278

Ohm’s Law 228

On-site power generation 267, 283, 285

Open circuit voltage 228

Organic loading rate, see Volumetric organic
loading rate (VOLR) 8-9, 11, 21, 22, 48, 93,
94, 104, 157, 168, 169, 182, 183, 186, 205,
210, 269
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Overpotential 228, 229

current irrelative overpotential 229
Oxidation—reduction potential (or ORP), see Redox

potential 12, 13, 24, 58, 59, 153, 156

Oxygen/Sulfide molar [0,/S%*7] ratio 153
Organic substrate complexity 142
Oxidative phosphorylation 7
Oxygen uptake rate (OUR) 249

Packing media, see Plastic media 101
Particulate matter 30, 69, 108, 111, 168, 172, 173,
175, 179, 247, 255
PCR amplification 117, 119, 121-123
PCR-DGGE 119
Peptidoglycan 35, 247
Periodic oxygenation 156
Petroleum fuels 17, 189
Photofermentation 190, 191, 211
Phylogenetic tree analysis 117-118
Plasmids 121
Plastic media 101, 102, 110
Plug flow reactor 15
Polarization curve 228-229
Polyacrylamide 119
Polychlorinated biphenyl 22
Polydimethylsiloxane (PDMS) 113
Polymerase chain reaction (PCR) 117, 119,
120-122
Postgenomic technologies 128
Potassium hydroxide 17
Potentiostat 240
Power density 229, 234, 239, 242, 243
Surface power density 229
Volumetric power density 229, 237
Preliminary treatment 5, 6
Pressure swing adsorption (PSA) 287
Pretreatments, in general 37, 93, 162, 163, 175, 182,
185, 247
Biological 175
Chemical 163, 253-254
Physical 257-261
Thermal 261-264
Ultrasound 250-257
Primary sludge (or solids) 5, 6, 38, 247, 252, 257,
260, 261, 264, 270
Primer 117, 120
Prokaryotes 133
Propionate oxidation 33, 34
Propionic acid 34, 58, 74, 167
Protein(s) 2, 10, 19, 24, 29, 30, 49, 51, 56, 69, 73,
74,134, 163, 171, 176, 192, 268, 269
Protein—rich waste 24, 202
Proteomics 128
Proton exchange membrane (PEM) 18, 234, 235,
236
Pyruvate 6, 7, 192, 193, 194, 195, 213
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Quantitative real-time PCR (qPCR) 122
Quasi—plug flow 101, 141
Quasi-steady state 180

Radiolabeled 122
Rate-limiting steps 13, 30, 31, 35, 43, 47, 173,
205
Reactor configuration, in general 14-15, 93, 94
Classification of bioreactors 95
for better interspecies hydrogen transfer 34
for biofuel plant condensate (liquid stream) 167
for biofuel plant residues 173, 174
for biohydrogen production 205-207
for microbial fuel cell 231-238
for reducing sulfide toxicity 141-142
for syngas fermentation 112-113
rDNA 117, 119-120
Redox potentials 14, 19, 23, 59, 156, 211
Redox reaction 18, 212
Reduced ferredoxin (or (Fe(red))) 192, 204
Reducing equivalents 24, 193, 195, 203
Renewable energy 2, 3, 17, 111, 149, 186, 221, 222,
247,267,291
Renewable feedstocks 221, 247
Residues 2, 95, 97, 161, 162, 163, 164, 169, 247,
267,279
Reverse osmosis (RO) 166
Reverse transcription PCR (RT-PCR) 122
Ribosomal Database Project (RDP) 117
Ribosomal intergenic spacer 123
analysis (RISA)
ribosomal RNA (rRNA) 35, 117, 119, 120, 121
Rhodobacter 211
Rhodobacter capsulatus 124
Rhodopseudomonas 211
Rhodobacter sphaeroides 211

Safety factor 107
Saccharomyces cerevisiae 164
Scrubber
for siloxane removal 278-279
for sulfide control 154, 155, 276, 277
Secondary sludge, see Waste activated sludge 5, 6, 38
Seed inoculum, in general 12
for biohydrogen production 200-201
for biological sulfide oxidation 151
for thermophilic digestion 180
for waste activated sludge digestion 95
Selective inhibition
Hydrogen consumers 197-199
Sulfate reducers 136
Settling tank 11, 98, 99, 109
Shell-Thiopaq process 154
Short—chain fatty acids (SCFA) 58-59, 136
Siloxanes, in general 272, 273-274
Removal 278-279
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Simultaneous saccharification and fermentation
(SSF) 164
Sodium hydroxide (or Alkali) 167, 248, 249, 254,
259
Solids retention time (or SRT) 3, 11, 14, 23, 36, 37,
46, 93, 94, 97, 99, 101, 106, 111, 141, 173,
175, 176, 199, 205, 207, 255, 260, 269
Solventogenesis 17, 195, 210
Solvent production 17, 195, 201, 203, 210
Sonication, see Ultrasound
Full-stream treatment 253, 255
Part—stream treatment 253, 255
Sonotrode, see Ultrasonic horn 250, 253
Specific growth rate, in general 35, 36, 68, 145, 199,
205
Maximum 45, 68, 96, 145, 199, 208
Net 96, 97
Specific substrate utilization rate 10, 35, 36, 107
Spore—forming bacteria 197, 206
Spore germination 197
SRT/HRT ratio 14, 93
Stable isotope probing (SIP) 122
Startup, in general 12, 22, 45, 95
Mesophilic digester 95
Sulfide—oxidizing bioreactor 151
Thermophilic digester 180
Static granular bed reactor (SGBR) 34, 94, 95, 108,
141, 167
Stillage
Characterization 170-172
Digestion 173-183
Thin 51, 164, 166, 167, 168
Whole 51, 164, 169, 170, 171
Stoichiometry 38, 145, 211, 223
Strict anaerobes 6, 133, 191
Struvite 277
Substrate affinity constant 68
Substrate—level phosphorylation 6, 7
Substrate utilization rate 8, 44, 46
Sulfate-reducing pathway 136, 146
Sulfate—reducing activity 136
Sulfate-rich waste streams 103, 133, 135, 137, 141,
142, 143, 144
Sulfidogenesis 136
Sulfide toxicity 58, 133, 137-143, 148, 149, 156,
157
Sulfur granule(s) 153
Sulfur reduction 154
Suspended growth system 105, 137, 140, 148, 176,
178
Swine manure 4, 58, 124, 157, 186
Symbiotic (or Syntrophic) relationship, see
Synergism 3, 33, 58, 144
Synergism 144
Syngas (synthesis) fermentation 112-113

Index

Taxonomy 35
Temperature gradient gel electrophoresis (TGGE)

119, 120

Temperature—phase anaerobic digestion (TPAD) 175

Terminal restriction fragment length polymorphism
(T-RFLP) 119-121, 123, 191
Thermodynamics 145
Thermophiles 43, 44
Thermophilic
Conditions 12, 13, 34, 79, 94, 179, 201, 269
Digestion 45, 97, 173, 175, 180, 182
Microbes 180
Reactor 180, 208
Temperature 23, 43, 183, 207, 208, 281
Thickened waste—activated sludge (TWAS) 255, 256
Thin stillage digestion, in generation 173-176
at mesophilic conditions 176-179
at thermophilic conditions 179-282
Thiobacillus 150
Thiosulfate 151, 153, 156
Trace elements, see Trace metals 4, 14, 19, 175-176,
203
Trace metals 12, 14, 23, 24, 55, 138, 203
Trichoderma reesei 164
Toxic materials 56-59
Toxicity, in general 11, 12, 14, 31, 43, 45, 54, 58,
59, 186, 227
Turbine generators 283, 284-285
Two—phase digestion 37
Two-stage system 3, 4, 136-137, 180

Ultrasonic horn 250, 253, 255
Ultrasound
Definition 250-251
Density 251
Frequency 250, 251, 255, 256
Horn 250, 253, 255
Intensity 251
Specific energy input 251, 253, 255
Unit 252, 253, 255
Unweighted Pair Group Method with Arithmetic
mean (UPGMA) 118
Upflow anaerobic filter (or UAF) 100, 101-102, 139
Upflow anaerobic sludge blanket (UASB), in general
105-106
Design 107-108
Granule(s) 31-32, 59, 94, 105, 106, 107, 108,
139, 141, 148
Superficial upflow velocity 107, 108
Working principle 106
Upflow velocity 110, 182
16S rRNA gene 117, 119, 121, 123

Value-added product 1, 3, 15, 18-19, 32
VFA/ALK ratio 52, 95
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Index

Volatile fatty acids (or VFAs) 14, 24, 30, 31, 32, 47,
48, 49, 51, 58, 59, 104, 119, 134, 140, 143,
148, 154, 167, 181, 195, 222, 231

Volatile organic compounds (VOC) 278

Volatile solids loading rate 95, 97

Volatile solids reduction 97, 255, 258, 261

Volumetric organic loading rate (or VOLR) 8-9, 21,
22, 48, 49, 104, 106, 107, 108, 109, 168,
169

Washout 11, 13, 14, 22, 24, 31, 93, 107, 112, 175,
182, 206

301

Wash water 167

Waste—activated sludge 38, 151, 247

Wiaste streams 1, 15, 19, 32, 56, 58, 95, 133, 136,
142, 161, 167, 186, 221, 227, 239, 269, 270,
288

Waste—to—bioenergy 267

Wet milling 163

Yield coefficient 9, 10, 36, 37, 70, 72, 199

Zero—discharge process 167
Zimpro process 262-263
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