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a
ABBR see anaerobic baffled reactors
absorbents, based on glycol and
ethanolamines 348-349
absorption
— carbon dioxide removal 345-348
- ferric chelate solution 340
access door 252
acetate, methane formation 99
acetic acid
— concentration limits 216
— degradation 96
— inhibition 122
acetobacter 129
acetogenic bacteria  134-135
acetogenic phase 96-97
acid detergent fiber (ADF) 213
acid detergent lignin (ADL) 213
acid value, of the feed and discharge
216
acidification 114-115
acidogenic bacteria 131
acidogenic phase 94-95
acoustic processes, for degradation 232
activated charcoal 342
addition
- co-substrates 65
— long-chain hydrocarbon compounds
53
- sodium alginate 344
ADF see acid detergent fiber
ADL see acid detergent lignin
adsorption 342
- carbon dioxide removal  349-351
— iron-containing masses 341
adsorption plant, pressure swing
technology 351
aerobic-anaerobic-aerobic process 310
aerobic degradation 82
agitator heater 258
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agitators 282
- application frequency 256
— reactor technique 254-256
agricultural plants
— design calculation 407414
—european 246
— operation modes 245
— safety devices 219
— technical features 248
agricultural products, conventional 82
air cleaning, exhaust 220
air flow, hydrogen sulfide correlation
337
air monitoring, explosion-protection
168
air renewal, immission prevention
180
algae
— cultivation 74
—energy supply 20-21
- reactor plants 75, 344
alkaline-peroxide-thermo-mechanical
pulping (APTMP) 236
alternating voltage, disintegration 235
amines 349
amino acids 121
- degradation 95
ammonia 123-124
— anastrip-process 124
— biogas 55
- limits 182
—removal 355
ammonium (NH,") 123-124
amount of space  11-13
AN-biothane process 306
anaerobic bacteria
— hydrolysis 94
— inhibition 118
anaerobic baffled reactors (ABBR)
304
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Index

anaerobic processes

- degradation 102

— engineering 197

- purification 243

— waste water treatment 318-319
anaerobic sequencing batch reactors 243
anaerobic sewage treatment 287
Anastrip-process 124
animal byproducts 158
ANM process see Prethane/Rudad-Biopaq

process
apatite, biogas formation 117
APTMP see alkaline-peroxide-thermo-
mechanical pulping

archaea, methanogenic 135
ASBR-reactors 243
ascending sludge 108
asphalt concrete, bottom layer in silos 204
asynchronous generator 364
automatic control techniques 212
automation technology 211-219

b
bacteria
— acetogenic 134135
- acidogenic 131
— anaerobic 94, 118
- degradation 129
bacteroide 129
ball gas tanks 330
Barker 29
base plate
—tanks 199, 202
Béchamp 27
belt-type press 266
— fermentation 265
Bigadan™ process 263
bio waste see waste
biochemical oxygen demand (BOD) 213
biochemistry, methane gas production 94
biodiesel 371
biofilm 294
biofilters 220
biogas 47-86, 361
—bags 328
— components  52-56
— compressors 358
— cryogenic purification 353
—drying 354
—energy 323-400
- equalization 161
— explosion-protection 166
- facilities 37

— gas feeding 161
~ historical sources 27-45
— liquefaction  357-360
— main composition 53
— natural gas network,
feeding 389-396
—quality 217, 334
— reactor passage 344
—removal 117
- sources 22-24
— usage (first attempts) 28-30
— usage (second attempts) 30-31
— usage (third attempts) 32
biogas formation 87-148
— apatite 117
— biology 93-126
— C/N/P-ratio 116
- calcium carbonate 117
- concentration of microorganisms
102
— degree of decomposition 127
- disintegration 106-109
— inhibitors 118
— light as paramater 112
- MAP 117
— mixing of the reactor 110-111
— nutrients 116
— partial pressure 101
- pH value as paramater 113-115
— precipitants 117
— process parameters  100-128
— redox potential 116
- specific surface  103-105
- temperature as parameter 112
— trace elements 116
—volume load 110-111
biogas fuel 397400
—Sweden 398
biogas pipelines 323
— materials 323
biogas plants 83-86
— building 189-194
— China 36
— construction  152-154
- control  211-219
~ design calculation 407414
—economy 387, 415
— energy vield 258
— Europe 32-33
— explosion risk 161
— explosive areas 163
— ground basin 206
— installation see plant installations



—laws and guidelines 149-196
— measurement 211-219
— membrane valve 220
— monitoring 211-216
— operation costs 259
— operation modes 245
— parts  199-220
— planning 190, 195
—quality 217
~ reactor technique 247
— regulations 154
—vyield 217
biogas preparation plant 392
biogas production 79-82
- Germany 33
biogas yield
— correlation to the percentage of
co-ferments 65
— depending on the applied
process_engineering 72
- from hay 103
— influence of disintegration 106
— process engineering 217
— relation to the type of cellulose
biomass 78
— specific surface 105
biogasholders 327-332
— high-pressure 330
— low-pressure  327-329
— medium-pressure 330
bioguard 219
biological processes
— degradation 233
- desulfurization 335-344
— disintegration  239-240
biology, biogas formation 93-126
biomass
- cultivation 9-10
— delivered 221
— fermentation 64
— future recovery 45-46
— hectare yield 14
— potential yield 13-21
— preferentially usage 159
- separation 301-309
~ suspension in water 302-304
— transformation 7
— utilized 155-158
— water separation 269-300
biomineralization, carbon dioxide
removal 353
bioreactors 93-99
~ China dome 37

- covering 251
- drainage 253
- explosion-protection 166
- feeding 239
— fire protection sectors 171
~ reactor technique 253
— rotating agitator 257
- Russia 42
—shapes 248
- sizes 249
— Ukraine 42
— vessel size 262
— volume Joad 249
bioscrubbers 221, 339
bitumen, surface protection 204
blockage 218
BOD see biochemical oxygen demand
brick tanks 199-200
BRV bioreactor 268
Bryant 29
BTA process 305
BTX, biogas 56
bubbles 282
- disintegration 235
buffer system 114
Buswell
- biogas history 29
— equation of 14

c
C/N ratio, organic wastes 116
C/N/P-ratio, biogas formation 116
C3 plants 13
- energy supply 15-17
— hectare yield 17
C4 plants 15, 17-20
- mass transfer 17
“yield 19
calcium carbonate, biogas formation
117
calorific value
- gas feeding 391
- vehicle fuel 397
Calvin cycle 16
CAM plants  17-20
capstone 362, 382
carbohydrates
- degradation 95
— hydrolysis 94
carbon chain length 54
carbon compounds, back loads 109
carbon dioxide see CO,
carbon molecular sieves 350
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carbon monoxide see CO
CASB-reactor 300
catalysts
—in CHPs 370-371, 376-377
— energy from biogas 333-335
— oxidation 385
- SCR 385
- three-way  383-385
cell disruption 106
cement 200
centrifugal pumps 210
centrifuge 285
charcoal, adsorption 342
checklists
— explosion protection 164-170
— fire protection 172
— immission prevention 179-182
— noise protection 185
- plant regulations 154
- water protection 186-188
chemical absorption 345
chemical binding, zinc 343
chemical hygienization 226
chemical oxygen demand (COD) 105
- biogas plants 214
chemical scrubber plant 349

chemo-thermo-mechanical pulping (CTMP),

disintegration 236
chemoscrubbers 220
Cheng cycle 360
China

- energy supply 36-39
China dome, bioreactor 37
chlorine, biogas 56
CHP 367-385

— control 381

—costs 388

— instruments 369

- manufacturers 388

- total efficiency 367
circulated gas 124
circulation pumps 278
CIS states, energy supply, status

42-43
Claus’s procedure 344
Clostridium 129, 131

— species of 134

CO 55
— concentration 386
CO, 53

- closed cycle 22
— equivalent 83
— fixation 17

— operational costs 347
—removal 345-353
coal
— primary energy source 3
— secondary energy source 5
COD see chemical oxygen demand
co-ferments 58-62
— biogas yield 65
— water protection 188
combined fermentation 313-314
combined heat and power generator see
CHP
combustion 8
combustion engines
— energy conversion 373
— exhaust gases 383
— immission prevention 181
comminution 103
— process technology 226
compartment filter press 267
compressed gas scrubbing 344
compression, biogas 357-360
compression work 358
compressor 369
concrete tanks, reinforced 200-204
contamination
—average 383
—removal 333
continuously-stirred tank reactor (CST
reactor) 300
corrinoids, methane formation 99
corrosion 199
— bioscrubber 339
- disintegration 110
— safety hazards 151
corrosion resistance, stainless steel 206
costs
— biogas plants  259-260
— carbon dioxide removal 347
— CHP 388
— disposal 83
— investment see investment costs
— liquefaction plant 358
co-substrates
— addition 65
— sewage sludge 70-73
crop rotation 13
cryogenic biogas purification 353
CST reactor see continuously-stirred tank
reactor
CTMP see chemo-thermo-mechanical
pulping
cube gasholder 329



current compensation, wattless 365
current-measuring instruments 363
cutting pumps 210

d
decanters 268

— fermentation 265
decomposition 64, 105

— biogas formation 127

— degree of 215

~ disintegration 106

- energy consumption 277
decontamination, technologies 346
deep-temperature rectification 353
degassing behavior, of the substrate 117
degradation 232

— bacteria 129

~ nitrogen compounds 123

- organic material 90

~ pathways 95

— phases 93

- pyruvate 95

—types 81
degree of decomposition 215
dehydratability  108-109
denitrification rate 107
design calculation, agricultural biogas

plant 407-414

desorption, carbon dioxide removal 345
desulfurization 55, 342

- biological 335-344
diaphragms
~ compressors  358-359

- diffusional 351

- technology 351-352
djesel engines 362

- electricity generation  367-371
digested material, fermentation 31
digestion, sewage 70
digestion tanks, characteristic values 276
digestion towers  269-270

~ characteristic values 276

— construction 273

~designs  271-272

— dimensions 276

- operation 285

— operation parameters 73
dilution

-BOD 214

— substrate 264-269
dimethyl ether 348
direct inspection, process

technology 227-229

Index

direct oxidation 344
direct testing, hygienization 226
disintegration
- biogas formation 106-109
— free carbon concentration 238
— process parameter 106
— process technology 231-240
- sewage sludge 235
disposal costs reduction 83
disturbing substances, removal 224
domestic waste 66
double membrane gasholders
drainage
~ bioreactors 253
- reactor technique 253
dry anaerobic composting process 308
dry diaphragm procedure, carbon dioxide
removal 352
dry fermentation 309, 316
- comminution 226
dry matter content 65
—organic 79, 213
dry pre-treatment 224
dry sludge 72
Ducellier, biogas history 29
dust-containing air, immission
prevention 181
DUT process 261

328-329

e
earthing, explosion-protection 164
ecological scenario 6
effective energy 6-7
efficiency 258
~ biomass separation 303
EGSB reactor 288
EGW see population equivalent
clectric power generation 32, 361-388
electrical efficiency, micro gas turbines 379
electrical wiring, explosion-protection 164
electricity network 361-364
electronic gear, micro gas turbines 380
emergency overflow 218
emergency (uick-acting shut-down
valves 168
emissions
— control of 382
- measurements of 387
-of smells 175-178
- reduction of 383-385
enamel laycr, steel tanks 205
end-point energy sources 6
endangered areas, explosion risk  162-163
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endotoxing 175
energy
- effective 6-7
— from biogas
—release of 81
energy balance 8
—methane 89
energy consumption 234
energy conversion 373
energy mix 5
energy plants 13, 15-18
energy sources 1
- end-point 6
—fossil 2
— perspectives 6
— primary 3-5
—secondary 5-6
energy supply
— economic potential 23
— future scenarios 7-27
— general thoughts 146
— history, status,and
perspectives 2745
— realizable potential
— technical potential
- theoretical potential
energy yield 10, 13-14
- agricultural biogas plants 258
engines, electricity generation 367-380
enteric salmonella 228
epoxy, surface protection 204
equipment construction
- biomass separation 302
- industrial waste water purification
322
~ percolation process 305
— sewage purification 287-298
erosion, disintegration 110
escape doors, fire protection 172
ethanolamines 348
eubacterium 129
Europe, energy supply, history and status
27-35
example projects
— chain of restaurants in
switzerland 397
— Sweden 398400
exhaust air
- cleaning 220
- substances 182
exhaust gases 370, 382
— combustion engines 383
—harmful 173
— immission prevention 180

323400

23-26
21-23
13-21

— impurities 383

— prescriptions  173-174
expanded-bed reactor 298
explosion-endangered areas
explosion protection

- air monitoring 168

— bioreactors 166

— checklist  164-170

—earthing 164

- electrical wiring 164

— foam traps 165

- gas alarm system 165

— gasholders 167

—journal 169

— liquid storage tank 166

— stop valves 168

- ventilation 167
explosion risk 151, 161-162

—endangered areas 162-163
external pumps 277

162-164

Faraday, biogas history 27
fat, waste 74-75
fat removal tanks
— biogas components 52-53
— characteristic values of substrates
— co-substrates 73
fatty acids  121-122
—degradation 95
—free 75
feeding
— natural gas network 389-396
- process technology 242
— sewage gas 389
fermentation
— bacteria 130, 132-133
— channel 310
—combined 313-314
- engineering 197
- industrial waste 322
— plug flow reactor 244
- products 304
— sewage sludge 71
- temperature 112
— test station  79-80
fermentation technology 243-312
- batchwise processes 243-258
— continuous processes 243-258
— distribution 310
— storage tanks 310
- suppliers  259-263
fermentation time, grinding 104
ferric chelate solution 340

65



fertilizers 72

—law 160

—quality 84

— restrictions 158
filter press 266

— compartment 267

~ fermentation 265
~ membrane chamber
filter reactor 296
filters
—gas 391
- membrane 284
— mesh 385
- trickling 338
filtration resistance, disintegration 109
fine drying 355
fire, risk 171
fire breaks 172
fire protection 171-172
fixed-bed reactor 296-297
fixed-film reactor 296
flame traps, fire protection 172
flares 330-332
floating, materials 73
floating cup 202
floating-dome biogasholder 330
floating sludge, disintegration 108
flocculation 282
floor heater 257
flotation, biomass accumulation 285
flow-through plants 244
fluidized-bed reactor 298
fluorine, biogas 56
foam traps, explosion-protection 165
foaming 127, 218
— disintegration 108
foil lining, ground basin 206
foils, reactor designs 250, 252-253
formicicum methanobacterium 29
four-stroke gas engine 367-371
fuel see biogas fuel
fuel cells
— electricity generation 373-377
— energy conversion 373
— industrial scale 374
~ molten carbonate 362
—types 373, 376-377
fungi, heat resistance 229

267

garbage dissolver 226

gas alarm systemn, explosion-protection 165
gas bubbles, disintegration 235

gas compressor 171

Index

gas consumption equipment, fire protection
sectors 171
gas engine, electricity generation 367-371
gas filters 391
- explosion-protection 165
gas flares  330-331
— safety device
gas hydrate 76-77
gas injection 277-278
gas liquefication 353
gas network
— biogas feeding 161, 389-396
- eu guideline 161
- German laws 161
gas pipelines 325-326
gas pipes 154
gas preparation 333-356
gas pressure, Turbec 382
gas scrubbing 344
gas suction pipes, explosion-protection 165
gas-tight cover, bioreactors 251
gas turbine 362
— electricity generation 378
gasdome 202
gases
— exhaust, harmful 173-174
— methane-containing 49-51
- safety hazards 151
— specifications  50-51
gasholders
- categories 328
- explosion-protection 167
— fire protection sectors 171
Gavon, biogas history 27
generators 363
Germany
- biogas for feeding into the natural
gas network 161, 394-396
- biogas production 33
- electric power supply from biomass
32
- electricity supply 6
- limits for noise 184
- limits of emissions 384
~ perspectives for energy sources 8
- potential yield from biomass 14
- primary energy resources 4
- total available area 12
germs 175
glycol
— absorbents 348
- chemical scrubber plant
gray water 25
grease see fat

218-219

349
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greenhouse effect 83
grinding 104
guidelines
- biogas plants 149-196
~ construction of plants
— exhaust gases 173-174
— noise protection 184
~ water protection 186

153-154

h
harmful exhaust gases 173
harmful substances, removal 224
harvests, multiple 12
hay, biogas yield 103
heat energy 90
heat exchanger 208, 258, 265
heat generation, biogas  365-366
- CHP 367-388
heat insulation, reactor technique 254
heat recovery, gas turbine process 378
heater, submerged 257
heating
— reactor technique 257
- systems 208
heavy metals

- fermentation process 158-159

— as parameter for biogas formation

125

hectare yield

- C3 plants 17

- from biomass 14
Herter, biogas history 27
high pressure scrubbing 348
humans, safety devices 218-219
hybrid reactor 299
hydrogen partial pressure 101
hydrogen source, disintegration 107
hydrogen sulfide

- biogas 55

- daily variations 55

-~ dissociation 119

- inhibition 120

-removal 335-344
hydrogen transfer, interspecies 97
hydrogen transportation, pH 113
hydrolysis 94
hydrolyzing bacteria 131
hygienic risk 65
hygienization

~ final testing 231

- indirect testing 231

~ process technology 226-230

- regulations 159

1
IC reactor see internal circuit reactor
ignition 217
— gas engines 370
Imhoff tank, biogas history 28-29
IMK process 307
immission prevention
— measures (checklist) 179-182
— storage temperature 181
immissions, law of 173, 184
immobilization
— hydrogen sulfide removal 337
— microorganisms 73, 294
impurities 52
- exhaust gases 383
— molecular sieves 344
India, energy supply, history and
status 40-42
industrial plants 320
industrial purification, sewage
286-300
industrial waste water 74
— fermentation plants 322
— purification 322
- two-stage plant 301
infectious agents 176179
inhibition
— biogas formation 118
— progression 118
~ thresholds  125-126
— toxic concentrations 126
injuries, prevention 185
inlet, reactor technique 252
inspection
—direct 227-229
— indirect 229
internal circuit {IC) reactor  287-289
internal heating systems 207
internal phase separation 270, 279
interspecies hydrogen transfer
97
investment costs
— biogas plants 259
— carbon dioxide removal 347
- liquefaction plant 358
iron-containing masses 341
Isman, biogas history 27
ISV see sludge (volume) index

J

journal
— biogas plant planing 192
— explosion-protection 169



k
KCA process 303
Kriiger process 263

!
lamellar settler 284
land usage, biomass cultivation 9-10
landfill

— area reduction 83

— for residual waste 66-69

- gases 354
Latin America, energy supply 42
laws

- biogas plants  149-196

— construction of plants 153

— fertilizers 160

— gas network 161

— immissions 173, 184

—renewable energies 32, 159
leach-bed process see percolation process
leaf anatomy, C4 plants 18
leakage

— immission prevention 180

— water protection 187
light, parameter for biogas formation 112
lightning protection 155
lignin structures 54
lignocellulose 77

— hydrolysis 94
liquefaction

~ biogas 353, 357-360

— thermodynamical process
liquid fuel 8
liquid manure 57-65

— degradability 85

- emissions 174

~yield 63
liquid storage tank,

explosion-protection 166

LO CAT process 341
long-chain hydrocarbon compounds 53
loop reactor  300-301

357-358

m

machine safety regulations (MSV) 185

magnesium ammonium phosphate (MAP),
biogas formation 117

maize 15, 19-20

manometric determination, BOD 214

MAP see magnesium ammonium phosphate

material surface, specific 103
MCFC 375
measuring sensors 212

Index

mechanical processes

— degradation 232

- disintegration 233
membrane chamber filter press 267
membrane filters, fermentation

technology 284

membrane valve, pressure regulation 220
mercaptans, biogas 56
mesh filter 385
metal guards, fire protection 171
methane 53

— hectare yield 14

— purity 350
methane-containing gases
methane fermentation 93
methane formation 89, 99

— environmental requirements 100
methane gas production, biochemistry 94
methane number, gas feeding 391
methane reactor, operation 285
methanization 237
methanobacterium hungatii 134
methanogenic phase 98-99
methanogenics 135-137

— degradation 98, 135

— species  138-146

- temperature 113
methanosarcina 29, 137
methanothermus 137
methanotorries igneus 137
methanotropic microorganisms 147

— degradation 137
micro-algae see algae
micro gas turbines 362

— electricity generation  379-380

- thermodynamics 379

— worldwide suppliers 380
microbial degradation, yield 11
microbial metabolism processes 100
microorganisms

- concentration 102

- cooling 282

- decomposition 215

- filamentous 128

- foaming 127

- hydrogen sulfide removal 337

—~ immobilized 73, 294, 337

— methanotropic 137, 147

- nitrate reducer 129

— regeneration time 102

— temperature 112

- thermophilic 113
microthrix parvicella 128

49-51
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mixing of the reactor
- biogas formation 110-111
— reactor designs 254
molecular sieves 344, 350
mono pumps 210
monomers, formation 94
mortar
— brick tanks 200
~ plaster mixing ratios 202
- surface protection 204
MSV see machine safety regulations
multiple harvests, hectare yield 14
multistage fermentation 271

n
National Rural Biogas Construction Plan,
China 39

natural gas network 390

- biogas feeding  389-396
NDF see neutral detergent fiber
near infrared spectroscopy (NIR) 213
negative pressure 218
network failure registration 364
neutral detergent fiber (NDF) 213
NIR see near infrared spectroscopy
nitrate (NO3) 122
nitrogen, biogas 54
nitrogen compounds

- degradation 123

- nutrient determination 216
noise

—limits 184

- safety hazards 152
noise protection 183

— checklist 185

- guidelines 184
non-hydrolyzable biomass,

separation  301-309

nuclear energy 1
nutrients

— biogas formation 116

— determination 216
nutritional value 57

[

oDM see organic dry matter

oil platforms 1

operatability, secure 217

operation pararneters, digestion towers 73
operational disturbances 212

ORC see organic Rankine cycle

organic acids 121

organic dry matter (0DM) content 213

organic flocculation 282
organic material 213

~ degradation 90

—limits 182
organic Rankine cycle (ORC) 361
organic waste see waste
overflow 218
overpressure 218
oxidation, direct 344
oxidation catalysts 385
oxygen 54,119

—removal 354
oxygen demand 213
ozone, disintegration 237

p
packing material 295
paenibacillus 131, 133

- species 134
PAK, biogas 56
parameters
- disintegration 106
— operation 73
— process 100128
- specific surfaces
- temperature 112
partial pressure
- biogas formation 101
- hydrogen 101
passive houses 26
Pasteur, biogas history 27

103-105

pathogens
- inactivation 86
— salmonella 227-229
~ substrates 57, 65—66

percolation process, non-hydrolyzable
biomass 305
personal hygiene 183
petroleum
— primary energy source 3
— secondary energy source 5
pH, paramater for biogas
formation 113-115
phase separation 279-280
phases
- acetogenic  96-97
—acidogenic  94-95
- degradation 129, 213-214
— electrical  363-365
- hydrolysis 94, 132
— methanogenic 98-99, 135
phosphorus compounds, nutrient
determination 216



photorespiration 15-16
photosynthesis 90
photovoltaic cells 49
physical absorption 345-348
pig-biogas-fruits 39
pilot plants 80
— fuel cells 374
pipe grommets, water protection 188
pipelines 323, 325-326
— explosion-protection 165
piping system  209-210
~ slide valve 210
plankton 75
plant building 189-194
— financing  195-196
plant installations
— biomass separation  303-304
- contact process 299
— percolation process 306-309
— sewage purification 299-300
~ special  313-322
plant regulations, checklists 154
plants
-C3 1517
-C4 17-20
— industrial waste water
fermentation 322
— pilot see pilot plants
- planning of 191
plasmodiophora brassiceae,
hygienization 227-228
plastic coating, stcel tanks 205
plastic foil lining, ground basin 206
plastic membranes 284
plastics, surface protection 204
plug flow reactor, fermentation 244
Poebel, biogas history 29
pollutants
- immission prevention 182
~ safety hazards 151
polyethylene glycol 348
polyethylenc safety foil  250-253
polyurethane, surface protection 204
population equivalent (EGW) 72
power consumption
~ biogas compressors 358
— disintegration 109
— plant size 277
power generators 360
— characteristic values 368
—relay 364
precipitants, biogas formation 117
precipitation, sulide 339

Index

pressure, safety devices 219
pressure controller 391
pressure ratio, compressor 369
pressure sterilization, regulations 159
pressure swing technology

— adsorption (PSA) 349-350

~ under vacuum (VPSA) 351
Prcthane/Rudad-Biopaq process 306

- fine particles 307
pretreatment

~ complexity 58-62

- substrates 220
primary energy sources 3-5

- life cycles  2-3
process engineering 197-321

- biomass separation 302

- industrial waste water

purification 322

~ percolation process 305

— sewage purification 287-298
process parameters 100-128

— see also parameters
process technology 223-240
protection

~ explosion see explosion protection

— fire see fire protection

~ surface see surface protection

— water see water protection
protection distances 171
proteins, hydrolysis 94
PSA see pressure swing technology
pump systems, biogas plants 210-211
pumps

— centrifugal 210

~ circulation 278

—cutting 210
—external 277
—mono 210

— reciprocating 269
PUR see polyurethane
purification

— anaerobic 243

— cryogenic 353

~ industrial waste 322
pyruvate, degradation 95

q

quality measuring instruments 391

r
rainfall, water protection 188
reactor designs 250, 289

- materials 252

~ screw agitators 254
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reactor technique 247

— residence times 248, 291
reactors

—algae 344

— anaerobic baffled 304

- anaerobic sequencing batch 243

—ASBR 243

— biogas plants  199-206

- CASB 300

— continuously-stirred tank 300
- EGSB 288

—expanded-bed 298

- filling operation 252

- filter 296

- fixed-bed 296-297

- fixed-film 296

— fluidized-bed 298

~ hybrid 299

— insulation technique 254

— internal circuit (IC) 287-289

—loop 300-301

— materials  200-201

~ micro-algae 75

— mixing of the 110-111, 254

- plug flow 244

—size 247-249

— sludge-bed 287-289, 293

- UASB 287, 292

—volume 290
reciprocating pumps 269
recovery

— biomass, future 45-46

—heat 378

rectification, carbon dioxide removal 353

redox potential, biogas formation 116
refilling operation 257
regulations

- biogas plants 151-188, 211-216

— checklist 154

— construction of plants 153

—engines 382

- hygienization 159

- machine safety 185

— noise protection 184

— slaughterhouse disposals 159

— water protection 186
reinforced concrete tanks 200-204
removal

—ammonia 355

- biogas 117

— carbon dioxide 345-353

- disturbing substances 224

— fat see fat removal

- harmful substances 225
— hydrogen sulfide 335-344
- oxygen 354
—scum 274
- siloxanes  355-356
- solid particles 333
— trace gases 333
—water 354
renewable energies
- German law 159
—law of 32
— sources 2
—yield 40
renewable resources, products 4
residence times
— digestion towers 274
— reactor technique 248, 291
residual waste
— collections 66
- substrates  66-69
residue storage tank 310
residues 401, 403404
— distribution 160
rice straw 78
risks
— explosion see explosion risk
-fire 171
— hygienic 65
Ross 31
rotating agitator, bioreactors 257
rotating generator, micro gas turbines
ruminococcus 129, 131, 133
— species 134
Russia, bioreactors 42

s
safety devices

— biogas plants 218-219

— overpressure 218

- pressure 219
safety foil, polyethylene 250-253
safety hazards 151

—noise 152
safety regulations, machine 185
salmonella

— hygienization 227

- typhoid 227
saponification, disintegration 236
SCR see selective catalytical reduction
screw agitators, reactor designs 254
screw conveyor mixer 277-278
scrubber plant 349
scrubbing, high pressure 348

379



scum, as process paramater 127-128
scum removal, fermentation
technology 274

secondary energy sources 5-6
sedimentation tanks 284
sediments 76
selective catalytical reduction_{SCR) 385
sensors, biogas plants 212
separation

- non-hydrolyzable biomass

— water 264-268
separators 243-258

— UASB-reactor 292
serovare, hygienization 229
sewage gas 394

— pre-treatment 395

- unlimited feed 389
sewage gasholder 327
sewage purification, industrial
sewage sludge 70-73

— decomposition 286

— degradability 106

— digestion towers 269-285

- disintegration 231

— fermentation plant 270

—law 160

—load 314

— mechanical disintegration 235

- partial oxidation 236

- sedimentation behavior 107

- special plant installations 313-314

- stabilization 70
sewage waters, fermentation 290
short-circuit protection 365
shut-off valves 392
sieves 350

— molecular 344
silage, straw 77
siloxanes

— biogas 56

—removal 355-356
single-stage sewage sludge fermentation

plant 270

slaughterhouse disposals, regulations 159
sludge 70-73

301-309

286-300

— digestion towers 269-285
—dry 72

— external heating 278
—load 290

— sewage see sewage sludge

— (volume) index (ISV) 217
sludge-bed reactors 287-289

- operation 293
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sludge digestion tower,
equipment 270-284
sludge-gassing minimization 283
smell nuisances, biomass storage 221
smells
- emissions 175-178
— ventilation 281
smoking, fire protection 173
SO, equivalent 84
sodium alginate, addition 344
SOFC plant 375
Sohngen, biogas history 28
solid particles, removal 333
solubility, biogas in water 347
sorghum spec. 19-20
sound-absorbing wall 185
specific surfaces, as process
parameter 103-105
steam heating 209
steam turbine 378
steel tanks
- gasholder 329
— plastic coating 205
— sheet metals 205
~ stainless 206
steel wool, desulfurisation 341
Stirling engine, electricity generation
372
stop valves, explosion-protection 168
storage, of delivered biomass 221
storage tanks, fermentation technology
310
storage temperature, immission
prevention 181
straw 77-78
struvite 117
substances, removal 224
substrates 47, 57-78, 213
— evaluation 79-82
— exposure to, classes 159
- fermentation technology 264-268

— pretreatment 220, 224
—tempering  207-208
—types 102

sugars 11

sulfate

— inhibition 119
—reduction 98, 129
sulfide precipitation 339-340
sulfur compounds 119-120, 122
suppliers, fermentation
technology 259-263
supply chain network, natural gas 49
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surface protection
~concrete 203
— durability 205
- plastics 204
surfactants 343
suspension, of biornass in water  302-304
sustainable growth scenatio 6
Sweden
— biogas for feeding into the natural
gas network 393
- example project 398—400
switching devices 364
Switzerland
- biogas for feeding into the natural
gas network 392
symbiosis 101
synchronization, control 363
synchronous generator 364—365
systems engineering 244-246

t
tanks

—ball gas 330

— biogas plants  199-206

—brick 199-200

~concrete  200-204

- digestion 276

— explosion-protection 166

~ fat removal see fat removal tanks

~ materials 200

~ plastic coating 205

- residue storage 310

- sedimentation 284

— steel see steel tanks
tannins 125
taxonomy, methanogenics 136
TBM see tertiary butylmercaptan
technical installations 155
technical requirements 154

— construction of plants 153
technical residence time 104
technology potentials 9
temperature, as parameter for biogas

formation 112

tempering, equipment 207-208
tertiary butylmercaptan (TBM) 392
test station, fermentation 79-80
tetrahydrothiophen (THT) 392
theomoplastic foil gasholder 329
theoretical yield 13-21
thermal processes

— degradation 232

— disintegration 238

- hygienization 226

— insulation 209
thiosulfates 341
three-phase relay, power gencrators 364
three-phase separator, UASB-reactor 292
three-way catalysts 383
THT see tetrahydrothiophen
tobacco mosaic virus, hygienization 229
TOC see total organic carbon
tomato seeds, hygienization 229
total available area, biomass cultivation 10
total organic carbon (TOC), biogas

plants 213

toxicity

-~ heavy metals  125-126

— hydrogen sulfide 121

— inhibitors 126
trace elements 125

— biogas formation 116
trace gases

—methane 83

—~removal 333
trade waste 66
Travis, biogas history 28
trickling filter 338
Turbec, micro gas turbines 381
turbo charger 366
two-stage bioreactor plant 301

u
UASB-reactor 287
- separators 292
Uhde-Schwarting process  299-300
Ukraine, bioreactors 42
ultrasonic disintegration 233, 235
undissociated acids, inhibition 121
upstream processing 223-240
—equipment 241
urine 25
utilized biomass 155-158

v
vacuum degassing 281
— carbon dioxide removal 351
Valorga™ process 263
valves
— explosion-protection 168
~ membrane 220
— shut-off 392
—slide 210
— slidegate 188
vapor pressures 282
vehicles, biogas fuel 397-400



ventilation 169, 279

- explosion-protection 167
Verinox™, stainless steel 206
viscosity, disintegration 107
Volta, Alessandro 27
volume load

— biogas formation

— bioreactors 249
VPSA see pressure swing technology under

vacuum

110-111

w
Wabio process 261-262
Wabio-Vaasa process 260
wall, sound-absorbing 185
wall heater 257
waste 66
— annual variation 69-70
— biogas from 24
— C/N ratio 116
— components 67-68
—-fat 74
— fermentation process
— grease 74
- law 160
— plants  315-321
- recycling 155
- restrictions 156-158
— special plant installations
- two-stage plant 302
waste water 401, 405406
— anaerobic processes
— Europe 28, 32
— fermentation 322
—load 314
— purification 322
water
— disintegration 108-109
- fermentation 264-268, 322
- industrial waste 74
- purification 28, 322
—removal 354

316

313-314

318-319

water protection
— checklist 186-188
- guidelines 186
— leakage 187
— pipe grommets 188
- sealing layer 188
— slidegate valves 188
water separation, equipment 265-267
wattless current compensation 365
wet diaphragm procedure, CO,
removal 352
wet fermentation 316
— comminution 226
wind turbine 45
Wobbe indices 49, 391
wood 77-78
wooden pellets, desulfurisation 341

4
yield 65
— biogas see biogas yield
~ biogas plants 217
— biomass 13-21
- C4 plants 19
- cellulose biomass dependence
78
- disintegration 106
—energy 10
-hay 103
— hectare see hectare yield
- liquid manure 63
- microbial degradation 11
— potential  13-21
- process dependence 72
— realizable 21
- renewable energies 40
— theoretical 13-21

z

zeolite molecular sieves 350
zing, chemical binding 343
zinc oxide, desulfurisation 343
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