Copyrighted Material

Consolidated Bioprocessing for Sustainable
Fuel Production

Copyrighted Material



Copyrighted Material

Consolidated Bioprocessing for Sustainable
Fuel Production

Edited by

Neha Srivastava

T (BHU)
Varanasi, India

WILEY

Copyrighted Material



Copyrighted Material

This edition first published 2026 © John Wiley & Sons Ltd.

All rights reserved, including rights for text and data mining and training of artificial technologies or
similar rechnologies. Mo part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or otherwise,
excepl as permitted by law. Advice on how to abtain permission to reuse material from this title is available
at http://www.wiley.com/go/permissions.

The right of Neha Srivastava to be identified as the authors of this work has been asserted in accordance
with law.

Registered Offices
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
John Wiley & Sons Ltd., New Era House, 8 Oldlands Way, Bognor Regis, West Sussex, PO22 9NQ

For details of our global editorial offices, customer services, and more information about Wiley products
visit us at www . wiley.com.

The manufacturer’s authorized representative according to the EU General Product Safety Regulation is
Wiley-ViCH GmbH, Boschstr. 12, 69469 Weinheim, Germany, e-mail: Product_Safety@wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print-on-demand. Some content that
appears in standard print versions of this book may not be available in other formats.

Trademarks: Wiley and the Wiley logo are trademarks or registered trademarks of John Wiley & Sons, Inc.
and/or its affiliates in the United States and other countries and may not be used without written
permission. All other trademarks are the property of their respective owners. John Wiley & Sons, Inc. is not
associated with any product or vendor mentioned in this book.

Limit of Liability/ Disclaimer of Warranty

In view of ongoing research, equipment modifications, changes in governmental regulations, and the
constant flow of information relating to the use of experimental reagents, equipment, and devices, the
reader is urged to review and evaluate the information provided in the package insert or instructions for
each chemical, piece of equipment, reagent, or device for, among other things, any changes in the
instructions or indication of usage and for added warnings and precautions. While the publisher and the
authors have used their best efforts in preparing this work, including a review of the content of the work,
neither the publisher nor the authors make any representations or warranties with respect to the accuracy
or completeness of the contents of this work and specifically disclaim all warranties, including without
limitation any implied warranties of merchantability or fitness for a particular purpose. No warranty may
be created or extended by sales representatives, written sales materials or promotional statements for this
work. The fact that an organization, website, or product is referred to in this work as a citation and/or
potential source of further information does not mean that the publisher and authors endorse the
information or services the organization, website, or product may provide or recommendations it may
make. This work is sold with the understanding that the publisher is not engaged in rendering professional
services, The advice and strategies contained herein may not be suitable for your situation. You should
consult with a specialist where appropriate. Further, readers should be aware that websites listed in this
work may have changed or disappeared between when this work was written and when it is read, Neither
the publisher nor authors shall be liable for any loss of profit or any other commercial damages, including
but not limited to special, incidental, consequential, or other damages.

Library of Congress Cataloging-in-Publication Data Applied for:
Hardback ISBN: 9781394381159

Cover Design: Wiley
Cover Image: Pixabay

Set in 9.5/12.5pt STIXTwoText by Straive, Chennai, India

Copyrighted Material



Copyrighted Material

Contents

List of Contributors xv
Preface xix
Acknowledgment xx

1 Overview of Green Industrial Energy |
Sheetal Thakur, Subhadra Rajpoot, Shagun Sharma, and Ankita Sharma
L1 Introduction 1
1.2 Current Market Scenario of Green Industrial Energy 3
1.21 Market Size and Growth 3
1.2.2 Regional Trends 4
1.2.3 Policy and Market Drivers 6
1.3 Technology Highlights of Green Industry Energy 7
1.3.1 Advanced Solar Technologies 7
1.3.2 Wind Energy Innovations &
1.3.3 Green Hydrogen Production §
1.3.4 Artificial Intelligence and Digitalization 9
1.3.5 Carbon Capture and Sustainable Fuels 10
1.4 Green Fuel Currently Present in the Market 10
1.4.1 Biofuels 11
1.4.2 Other Green Fuels 13

1.5 Advantages of Green Industrial Energy 13

1.5.1 Significant Reduction in Green House Gas Emission 13
1.5.2 Long-Term Cost Efficiency and Operational Savings 14
1.5.3 Job Creation and Economic Growth 14

1.5.4 Enhanced Energy Security and Independence 15

155 Decarbonization of Hard-to-Abate Sectors 15

1.5.6 Innovation, Technological Advancement, and Competitiveness 15
1.5.7 Public Health and Environmental Benefits 16

1.5.8 Grid Stability and Flexibility 16

1.5.9 Support for Circular Economy and Resource Efficiency 17

1.5.10  Regulatory and Brand Advantages 17

1.6 Challenges and Market Gaps I8

1.6.1 Supply-Demand Mismatch 18

Copyrighted Material



wi

Contents

162
1.6.3
1.6.4
1.6.5
1.6.6
1.6.7
1.7

1.8

2.1

2.2

23
231
23.2
2.3.3
234
2.4

2.5
251
2.5.2
253
2.54
2.6
2.6.1
2.6.2
2621
2.6.2.2
2.6.23
2.7
2.7.1
2.7.11
27.12
2713
2.7.14
2.7.1.5
2.7.1.6
2.7.1.7
2.7.1.8
2.8
2.8.1
282
283

Copyrighted Material

Energy Storage and Grid Reliability 18

Work Force and Skill Shortage 19
Infrastructure and Supply Chain Constrains 19
Policy and Regulation Uncertainty 19
Geographic and Temporal Mismatches 20
High Initial Capital Cost 20

Integration of Emerging Technologies 21
Conclusion 21

References 21

Fundamentals of Bioprocesses in Green Energy Production
Avanish Kumar, Girdhari Lal Devnani, and Dan Bahadur Pal
Introduction 29

Basic Concepts of Bioprocess Engineering 30
Feedstock for Bioprocesses 32

First-Generation Feedstock 33

Second-Generation Feedstock 33
Third-Generation Feedstock 33

Fourth-Generation Feedstock 33

Microorganisms and Enzymes in Bioprocesses 34
Types of Bioprocesses 35

Hydrolysis 35

Acidogenisis 35

Acetogenesis 35

Methanogens 35

Production of Bioprocess Products 36

Biogas Production 36

Fermentation 37

Ethanol Production 37

Transesterification (for Biodiesel Production) 39
Biohydrogen Production 40

Bioreactors and Process Design 42

Types of Bioreactors 42

Batch Bioreactor 42

Fed-Batch Bioreactor 42

Continuous Bioreactor (Chemostat) 43

Anaerobic Bioreactor 43

Photo Bioreactor (PBR) 43

Airlift Bioreactor 43

Packed Bed and Fluidized Bed Bioreactors 43

Key Design and Operational Parameters 43

Process Integration Techniques 44

Simultaneous Scarification and Fermentation (SSF) 44
Consolidated Bioprocessing (CBP) 45

Aspen Plus and Similar Process Simulation Tools 45

Copyrighted Material

29



29
2581
29.2
2.9.3
294
2.10
2101
2.10.2
2.10.3
2104
211

31

3.1.1
3.1.2
3.1.3
314
315
3.1.6
317
32

321
322
323
3.3

3.3.1
292
3.33
334
34

341
3.4.2
3.4.3
3.5

3.5.1
3.5.2
3.5.3
3.5.4
3.6

361
3.6.2
3.6.3

Copyrighted Material

Environmental and Economic Evaluations 45

Energy Balance 45

Life Cycle Assessment (LCA) 46
Cost-Benefit Analysis (CBA) 46
Sustainability and the Circular Economy 46

Challenges and Future Directions in Bioenergy Bioprocesses 47

Technical Barriers 47

Innovations in Synthetic Biology and Metabolic Engineering 47

Policy, Funding, and Market Considerations 47
Emerging Trends 48

Conclusion 48
References 48

Biochemical Processes to Enhance Bioenergy Production 57

Madhavi Tiwari
Introduction 57

Advanced Microbial Strain Development 57

Enzyme Engineering and Catalytic Enhancement
Co-Culture and Consortium-Based Strategies 59

Process Intensification Techniques 60
Omics-Driven Process Optimization 60
Commercialization and Scale-Up Challenges

Future Prospects and Emerging Technologies 61

61

59

Cantents

Two Microbial Biofactories of the Future for the Production of Energy 61

Metabolic Engineering: Redirecting Cellular Machinery 62
Genome Editing: Precision with CRISPR/Cas9 62
Synthetic Biology: Designing Novel Biofuel Pathways 63
Tailoring Enzymes for Efficient Bioenergy Conversion 63
Directed Evolution: Mimicking Nature's Selection 64
Rational Design: Engineering with Structure in Mind 64
Enzyme Immobilization: Stability and Reusability 65
Cocktail Optimization: Synergistic Enzyme Blends 65

Co-Culture and Microbial Consortium Strategies for Bioenergy 65
Synergistic Microbial Interactions 65
Division of Metabolic Labor 66
Community Stability and Resilience 66

Advanced Process Integration for Enhanced Biofuel Production 67

High-5Solid Fermentation (HSF) 67

Simultaneous Saccharification and Fermentation (85F) 67
Fed-Batch and Continuous Fermentation 68

In Situ Product Recovery (ISPR) 68

Integrative Omics Approaches for Optimizing Bioenergy Yields

Genomics 68

Transcriptomics 68
Proteomics 69

Copyrighted Material

68

vii



Copyrighted Material

viii | Contents

3.6.4 Metabolomics 69

3.7 Commercialization and Scale-Up Challenges in Bioenergy Production 70
3.7.1 Technical Barriers 70
3.7.2 Economic Constraints 71

3.7.3 Regulatory and Policy Challenges 71
3.74 Infrastructure and Logistics 71
3.7.5 Social Acceptance and Public Perception 71
38 Conclusion 72
References 72

4 Bioprocess Technology: Commercial Challenges for Application 75
Muhammad Islam, Muhammad Zubair Ali, Yuliya Kulikova, Olga Babich,
Afsana Huseynova Anvar, Hafiz Abduliah Shakir, Muhammad Khan, Titin Haryati,
Marcelo Franco, and Muhammad Irfan

4.1 Introduction 75

4.2 Biomass Conversion Strategies 78

4,21 Biochemical Approach 78

422 Thermochemical Approach 79

4.3 Green Biofuels Produced via Bioprocess Technology 80

431 First-Generation Biofuels &0

4.3.2 Second-Generation Biofuels 81

433 Third-Generation Biofuels 82

4.3.4 Fourth-Generation Biofuels 52

4.4 Green Biofuels Examples 82

4.4.1 Gaseous Biofuels 82

4.4.2 Liquid Biofuels 83

4.4.21 Recent Advancements in Bioprocessing Technology 84

4.5 Challenges &5

4.5.1 Sustainability and Availability of Feedstock 85

4,52 Diversity of Feedstock &5

4.5.3 Efficiency of Conversion &85

4.5.4 Developments in Technology 86

4.5.5 High Production Costs and Initial Investment 86

4.6 Frameworks of Regulations and Policies for the Development of Biofuels 87

4.6.1 Blending Goals and Renewable Fuel Standards (RFS) &7

4.6.2 Regulations for Feedstock &7

4.6.3 Monetary Rewards 87

4.6.4 Support for Research and Development 87

4.6.5 Policies for Imports and Exports 87

4.6.6 Rules Pertaining to the Environment 88

4.6.7 Support for Infrastructure 88

4.6.8 Public Education and Awareness &8

4.7 Conclusion 88
References &9

Copyrighted Material



5.1
5.2
521
522
5.23
3.24
5.2.5
5.3
5.4

6.1
6.2
6.2.1
6.2.2
6.3
6.4
6.5
6.6

7.1
Talal
Fal.2
7.1.3
7.1.31
71.3.2
7.1.3.3
7.1.3.4
T2
7.21
7.2.1.1
7.2.1.2
7.2.2
7.3

Copyrighted Material

Cantents

Consolidated Bioprocess Technology: Principles and Applications 95
Gursharan Singh and Shailendra Kumar Arya

Introduction 95

Important Aspects of CBP 96

CBP, A Single Step Technology and Economical Process 96
Importance of the Baker’s Yeast (Saccharomyces cerevisiae) for CBP 97
Strain Development/Improvement for the Successful Operation of CBP 98
CBP in the Presence of More Than One Microbe or Consortium 100
CBP at High Temperatures [0}

Advantages and Disadvantages of CBP Technology 102

Conclusions 103

References 103

Microbial Consortia in Consolidated Bioprocess Technology 107

Tehreem Maryam, Maryam Kainat, Maryam Magsood, Yuliya Kulikova, Olga Babich,
Afsana Huseynova Anvar, Hafiz Abdullah Shakir, Muhammad Khan, Titin Haryati,
Marcelo Franco, and Muhammad Irfan

Introaduction 107

Microbial Consortia 109

Ecological Basis of Microbial Consortia 110

Types of Microbial Consortia 111

Consolidated Bioprocessing 113

Integration of Microbial Consortia in CBP 114

Future Perspectives 116

Conclusion 117

References 118

Challenges and Solutions of Consolidated Bioprocessing: A Case
Study of Biogas Production 125

Muhammad Anas, Waseem Ahmed Khattak, Erdogan E. Hakki, Javed Igbal,
Banzeer Ahsan Abbasi, Ziaur Rehman, and Akhtar Munir
Introduction 125

Overview of Consolidated Bioprocessing (CBP) 125
Importance in Biogas Production 126

Challenges in Consolidated Bioprocessing 127

Limitations of Microbial Strain 127

Metabolic Limitations and Genetic Problems 128

Trade-Offs of Enzyme Production 125

Tolerance Problems and Stability Problems 128

Substrate Complexity and Pretreatment Needs 128
Lignocellulosic Heterogeneity 128

Pretreatment Is Nonetheless Required 128

Degradation By-Product Inhibition 128

Process Efficiency and Yield Optimization 129

Case Study: Biogas Production via CBP 129

Copyrighted Material

ix



Copyrighted Material

x | Comtents

7.31 System Design and Operational Parameters 129
7.3.2 Key Performance Metrics 130
7.4 Solutions and Innovations 131
7.4.1 Genetic and Metabolic Engineering of Microbial Consortia 131
7.4.2 Advanced Pretreatment Techniques 131
7.4.3 Process Integration and Intensification 132
7.5 Future Perspectives 133
7.5.1 Technological Advancements 133
7.5.2 Commercial Viability 134
753 Sustainability Outlook 134
7.6 Conclusion 135
References 136

8 Technological Assessment of Bioprocess and Consolidated Process: A
Way Forward 141
Waseem Ahmed Khattak, Erdogan E. Hakki, Muhammad Anas, Javed Iqbal, and

Banzeer Ahsan Abbasi
8.1 Introduction 141
8.1.1 Overview of Bioprocess Technologies 141
8.1.2 Importance of Technological Assessment in Bioprocessing 142
8.1.3 Scope and Objectives of the Chapter 143
8.2 Fundamentals of Bioprocessing 144

8.2.1 Key Components and Stages of Bioprocesses 144

8.2.2 Classification of Bioprocesses: Batch, Fed-Batch, and Continuous 145
8.2.2.1  Batch Bioprocessing 145

8.2.2.2  FPed-Batch Bioprocessing 145

8.2.23 Continuous Bioprocessing 145

8.2.3 Role of Microorganisms and Enzymes 145

8.23.1 Microorganisms in Bioprocessing 146

8.23.2  Enzymes in Bioprocessing 146

8.3 Consolidated Bioprocessing (CBP): Concept and Evolution 146
8.3.1 Definition and Core Principles 146

8.3.2 Historical Development of CBP 147

8.3.3 Comparison with SHF and SSF 148

B.4 Technological Advancements in Bioprocess and CEP 149

8.4.1 Synthetic Biology and Metabolic Engineering 149

8.4.2 Enzyme Engineering and Cocktail Optimization 149

5.4.3 Reactor Design and Process Integration 150
8.4.4 Process Monitoring and Automation 151
8.5 Assessment Parameters for Bioprocess Technologies 151

8.5.1 Technical Feasibility and Efficiency Metrics 151

8.5.2 Economic Evaluation and Cost-Benefit Analysis 152

B.5.3 Environmental Impact and Life Cycle Assessment (LCA) 152
B.5.4 Scalability and Industrial Applicability 153

8.6 Challenges and Bottlenecks 154

Copyrighted Material



8.6.1
3.6.2
8.6.3
8.6.4
8.7

8.7.1
8.7.2
3.7.3
8.8

9.1
9.2
9,21
9.2.2
9.2.3
9.24
9.2.5
9.2.6
9.2.7
9.3
9.3.1
9.3.1.1
9.3.1.2
9.3.2
9.3.3
9.3.4
9.3.5
9.3.6
9.3.7
9.3.8
9.3.9
9.3.10
9.3.11
9.3.12
9.4
9.4.1
9.4.1.1
9.4.1.2
9.4.1.3
9.4.2

Copyrighted Material

Substrate Limitations and Pretreatment Issues 154

Product Inhibition and Yield Losses 155

Enzyme Cost and Recycling 155

Regulatory and Market Constraints 156

Future Trends and Opportunities 156

Integration with Artificial Intelligence and Digital Twins 156
Circular Bioeconomy and Sustainable Development Goals 157
Policy Support and Public-Private Partnerships 157
Conclusion 158

References 159

Reactor Design and Consolidated Bioprocess Technology: Practical
Use and Impact 165

Navodita Maurice

Abbreviations 165

Introduction 167

Bioreactor Design 170

Scale Up 174

Mixing 174

Mass Transfer 175

Shear 177

Pressure 179

Scale-Up Criteria 179

Scale Down 180

Types of Bioreactors 180

Stirred Tank Reactors (STRs) 184
Continuous Stirred Tank Reactors (CSTRs) 185
Features of the STRs 186

Bubble Column Bioreactors (BCRs) 187
Aarlift Bioreactors (ARLs) 188

Packed Bed Bioreactors (PBRs) 158
Fluidized Bed (FB) Reactors 159
Membrane Bioreactors (MBs) 191
Perforated Trays 191

Fixed Bed Bioreactors 192

Drum Bioreactor 192

Wave Bioreactors 193

Disposable Bioreactors 194
Photobioreactors 194

Recent Advances in Bioreactor Applications 196
Production of Biopharmaceuticals 196
Bioartificial Liver Devices 197
Blood-Brain Barrier (BBB) Models 199
Bioartificial Kidney (BAK) Devices 200
Production of Biofuels 202

Copyrighted Material

Cantents

xi



xii

Contents

.43
8.4.4
9.4.5
8.5

10

10.1
10.2
10.2.1
10.2.2
10.3
10.3.1
10.3.2
10.3.3
10.3.4
10.4
10.5
10.6
10.6.1
10.6.2
10.7
10.8

11

11.1

11.2

11.2.1
11.2.2
11.2.3
1124
11.3

11.3.1
11.3.2
11.3.3
114

1141
11.4.2
11.4.3

Copyrighted Material

Bioremediation 206

Cell Culture and Tissue Engineering 207

Food Production 209

Conclusion and Future Perspectives of Bioreactors 210
Acknowledgments 210

References 210

Economic Analysis of Consolidated Bioprocess Technology in Green
Fuel Production 227

Susheel Kumar Singh, Pradeep Kumar Mishra, and Ravi Prakash Jaiswal
Introduction 227

Overview of CBP 228

Conventional Bioconversion vs. CBP 228

Engineering Strategies and Synthetic Biology in CBP 229
Economic Components of Biofuel Production 230

Feedstock Costs 230

Capital Expenditures (CAPEX) 231

Operating Expenditures (OPEX) 232

Product Yields and Conversion Efficiency 232

Integration with Circular Biceconomy Models 233

Scalability and Deployment Potential 234

Factors Influencing CBP in Scaling Up 234

Market Viability in the Low-Carbon Economy 234

Innovation and Strain Development Trajectory 236

Future Outlook and Strategic Recommendations 236

Conclusion 237

References 238

Frequency Adaptation of Consolidated Bioprocess Technology in

Green Fuel Production 243

Susheel Kumar Singh, Pradeep Kumar Mishra, and Ravi Prakash faiswal
Introduction 243

Technological Basis of Consolidated Bioprocessing (CBP) 244

Core Components of CBP 244

Microorganisms in CBP; Native to Engineered 244

Feedstock Compatibility and Pretreatment Considerations 245

Advanced CBP Strategies: Thermophiles, Consortia, and Hybricd Processes 245
Drivers of CBP Adoption 245

Economic Drivers 245

Technological and Innovation Drivers 246

Policy and Regulatory Drivers 246

Technological Enhancements and Digestibility Improvements 246
Engineered Clostridium thermocellum for Hemicellulose Co-Utilization 247
Discovery of Novel Thermophiles for Hydrogen Production 247
Thermophile-Based CBP Platforms and Synthetic Biology 247

Copyrighted Material



Copyrighted Material

Contents | xill

1144  Co-Culture and Semi-Fed-Batch Strategies for Enhanced Sugar Release 247

11.5 Challenges in the Adoption of CBP Technology 248

11.5.1  Genetic Instability and Limited Host Diversity 248

11.5.2  Enzyme Activity and Product Yield 249

11.5.3  Feedstock Variability and Pretreatment Dependence 249

11.5.4  Lack of Scalable Bioreactor Designs 240

11.5.5  Regulatory and Market Uncertainty 249

11.6 Case Studies and Industrial Applications of CBP 249

11.6.1 Industrial Actors Leading CBP Implementation 249

11.6.2  Case Studies and Pilot Facilities 250

11.6.2.1 Case Studies on the Mascoma Corporation Pilot Plant and Industrial
Applications of CBP 250

11.6.3  Geographic and Sectoral Trends 250

11.7 Emerging Trends in CBP Technology 251

11.8 Integration with Circular Biceconomy 251

11.9 Future Prospects and Policy Recommendations in Sustainable Biofuel
Production 251

11.9.1 Vision for the Future 252

11.9.2  Strategic Policy Recommendations 252

11.9.3 A Path Toward a Carbon-Neutral Future 253

11.10 Conclusion 253
References 254

12 Cost Analysis of Consolidated Bioprocess Technology for Green
Energy Production and Environmental Sustainability Impact 259
Vikram Singh, Neeraj Gupta, Deepti Singh, Gyanendra Tripathi, Ashish,
and Fredrick Kayusi

12.1 Introduction 259

12.1.1  Scope and Objectives of the Chapter 260

12.2 Fundamentals of Consolidated Bioprocessing (CBP) 261

12.21  Definition and Evolution of CBP 261

12.2.2  Microorganisms Used in CBP (Native and Engineered Strains) 261

12.2.2.1 Native CBP Microorganisms 261

12.2.2.2 Engineered CBP Microorganisms 262

12.2.3  Substrates Used: Lignocellulosic Biomass and Agricultural Waste 263

12,3 Process Flow and System Design of Consolidated Bioprocessing (CBP) 263

12.3.1  One-Pot Conversion: Hydrolysis and Fermentation 263

12.3.2  Role of Enzyme Production In Situ 264

1233  Integrated Bioreactor Design 264

1234  Process Monitoring and Control 265

12.4 Cost Components of CBP 265

1241  Feedstock Collection and Pretreatment 265

1242  Microbial Strain Development and Inoculum Preparation 266

1243  Capital Costs: Equipment, Bioreactor, and Utilities 267

1244  Operating Costs: Enzymes, Media, Energy, and Labor 267

Copyrighted Material



Copyrighted Material

xiv | Contents

1245  Downstream Processing and Product Recovery 267

12.5 Economic Feasibility and Techno-Economic Assessment 268

12.5.1  Case Study: Cost-Benefit Analysis of a CBP Facility 268

12.5.1.1 Cost Considerations 268

12.5.1.2 Benefit Analysis 269

12.5.2  Sensitivity Analysis: Effect of Feedstock Price and Yield 269

12.5.3  Comparison with Traditional Bioprocessing and Other Green
Technologies 269

12.6 Challenges and Opportunities 270

12.6.1  Technical Barriers in Microbial Engineering and Scale-Up 270

12.6.2  Economic Viability for Developing Countries 270

12.6.3  Opportunities in Synthetic Biology and AI-Driven Process Control 270

12.6.4  Future Directions for Sustainable and Circular CBP Models 270
References 271

13 Biochemical Enzymes to Influence the Bioprocess of Lignocellulosic
Biomass for Bioethanol Production Process and Cost: An
Analysis 275

Nihan Arabac:
13.1 Introduction 275
13.2 Bioethanol Production 276
13.3 Biomass Feedstocks in the Manufacturing of Bioethanol 277

13.3.1  First-Generation Feedstocks 277
13.3.2  Second-Generation Feedstocks 277
13.3.3 Third-Generation Feedstocks 278
13.4 Lignocellulosic Biomass in the Bioethanol Process 278
13.5 Microbial Cellulases in Hydrolyzing Lignocellulose: Biological
Pretreatment 282
13.5.1 Endoglucanase (Endo p-1,4-p-Glucan Glucanohydrolase, ec 3.2.1.4) 286
13.5.2  Exoglucanase or Cellobiohydrolase (CBH) (p-1,4-p-Glucan Cellobiohydrolase,
EC 3.2.1.91) 286
13.5.3  p-Glucosidase or Cellobiase (j-o-Glucoside Glucohydrolase, ec 3.2.1.21) 286
13.6 Conclusion 287
References 287

Index 293

Copyrighted Material



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13

