Contents

List of contributors
Woodhead Publishing Series in Energy

Part One Key issues and assessment of biofuels production

1

Introduction: an overview of biofuels and production technologies
C. Du, X. Zhao, D. Liu, C.S.K. Lin, K. Wilson, R. Luque, J. Clark
1.1 Introduction
1.2 Development of (bio)chemical conversion technologies
1.3 Development of biological conversion technologies
1.4 Thermochemical conversion technologies
1.5 Process integration and biorefinery
1.6 Future trends
Acknowledgment
References

Multiple objectives policies for biofuels production: environmental,
socio-economic, and regulatory issues
C. De Lucia
2.1 Introduction
2.2 Energy security and supply
2.3 Emission reductions. land use, and other environmental impacts
2.4 Food safety and development of rural areas
2.5 Biofuels support policies
2.6 Conclusions
References

Life cycle sustainability assessment of biofuels
P.A. Fokaides, E. Christoforou
3.1 Introduction
32 Mam challenges for biofuel sustainability
g 2 Life cycle sustainability assessment methodology
4 LCA considerations of biomass to biofuel conversion routes

xiii
xvii

- \D Q0 N N U W

o

13

13
13
18
20
25
30
KX)

41

41
42
45
50



vi Contents

3.5 Overview of major findings of selected LCA studies in biofuel

production 53
3.6 Conclusions 56

References 56

4 Biofuels: technology, economics, and policy issues 61

P. Morone, L. Cottoni
4.1 Introduction 61
42 Moving from fossil fuel to biofuels: insights from

socio-technical transition theory 62
4.3 Assessing first- and next-generation biofuels 64
4.4 Economic, environmental, and social issues 71
4.5 Policy actions and the regulatory framework 74
4.6 Conclusions 79

References 80

5 Feedstocks and challenges to biofuel development 85

IL. Garcia
5.1 Introduction 85
5.2 Edible vegetable raw materials for biodiesel production 87
5.3 Nonedible/low-cost raw materials for diesel engine biofuel

production 96
5.4 Raw materials for bioethanol production 104

Acknowledgments 109

References 110

Part Two Biofuels from chemical and biochemical
conversion processes and technologies 119

6  Production of biodiesel via catalytic upgrading and refining

of sustainable oleagineous feedstocks 121

N.A. Tajuddin, A.F. Lee, K. Wilson

6.1 Introduction 121

6.2 General background to biodiesel 124

6.3 Recent robust technology in biodiesel catalysis 132

6.4 Concluding remarks 149
Acknowledgments 151
References 151

léiozhemilc)al catalytic production of biodiesel

- Luna, D. Luna, J. Calero, F.M. Bautista

: , F.M. , AA. R

A. Posadillo, C. Verdugo-Escamilla e

7.1 Introduction

7.2 Lipases 6
167

165



Contents

vil

10

7.3 Enzymatic production of biodiesel

7.4 New tendencies in enzymatic production of biodiesel

7.5 Biofuels similar to biodiesel produced using several acyl acceptors,
different to methanol

7.6 Industrial biodiesel production using enzymes

7.7 Conclusions
Acknowledgements
References

Production of fuels from microbial oil using oleaginous

microorganisms

E. Tsouko, S. Papanikolaou, A.A. Koutinas

8.1 Introduction

8.2 Oleaginous yeasts and raw materials used for microbial
oil production

8.3 The biochemistry of lipid accumulation in the oleaginous
microorganisms

8.4 Microbial oil production in fed-batch cultures

8.5 Biodiesel production from microbial oil

8.6 Techno-economic evaluation of biodiesel production
from microbial oil

8.7 Perspective of biofuel production from microbial oil
References

Biochemical production of bioalcohols

M. Melikoglu, V. Singh, S.-Y. Leu, C. Webb, C.S.K. Lin

9.1 Introduction

9.2 Types of biomass for bioalcohol production

9.3 Bioalcohols

9.4 New technologies for bioethanol production
Acknowledgments
References

Production of biogas via anaerobic digestion
E. Ugkun Kiran, K. Stamatelatou, G. Antonopoulou,
G. Lyberatos
10.1 Introduction
igi FAactors affecting the an‘aerobic digestion process
. dvantages and limitations
10.4  Reactor configurations
10. i ici
18 5 Methods for er.lhancmg the efficiency of
.6 Process modeling

10.7  Process monitoring and control

anaerobic digestion

170
177

181
189
192
193
193

201
201
202

214
220
221

224
224
225

237

237
238
243
246
252
252

259

259
261
263
265
270
277
282



viii

Conlents

11

12

13

10.8
10.9
10.10

Biogas utilization

Existing biogas installations
Conclusions and future trends
References

Biological and fermentative production of hydregen
C. Ding, K.-L. Yang, J. He

11.1
11.2
11.3
11.4
11.5
11.6
11.7

Introduction

Fundamentals of biohydrogen production

Biological hydrogen production strategies

Enhancing hydrogen production through metabolic engineering
Hydrogen production by cell-free enzymatic systems
Comparison of biohydrogen production techniques
Conclusions and outlook

References

Biological and fermentative conversion of syngas
C. Wu, X. Tu

12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8

Introduction

Fundamentals of syngas fermentation

Bacteria for syngas conversion

Effects of process parameters

Reactors for fermentative conversion of syngas

Product recovery

Examples of commercial and semicommercial processes
Conclusions for biological fermentation of syngas
References

Chemical routes for the conversion of cellulosic platform molecules
into high-energy-density biofuels
JA. Melero, J. Iglesias, G. Morales, M. Paniagua

13.1
13.2
133

13.4
13.5
13.6

13.7

13.8
13.9

Introduction

Oxygenated fuels via 5S-HMF: furanic compounds

Levulinic acid as platform molecule to oxygenated fuels:

alkyl levulinates and valeric biofuels

Oxygenated fuels via furfural: furan derivatives

Blending effect of oxygenated biofuels with conventional fuels

Catalytic conversion of y-valerolactone to liquid
hydrocarbon fuels

Furan derivatives as

hydrocarbon fuels

Sugars to hydrocarbon fuels:
' uels: aqueous phase reformi S

Final remarks and future outlook e proces

Acknowledgments

References

platform molecules for liquid

287
288
290
291

303

303
305
306
317
319
320
323
324

335

335
336
338
338
345
347
348
351
351

359

359
360

363
367
3

374

375
378
381
381
382



Contents

Part Three Biofuels from thermal and thermo-chemical

conversion processes and technologies

14 Catalytic fast pyrolysis for improved liquid quality
S.W. Banks, A.V. Bridgwater

15

16

17

14.1
14.2
14.3
14.4
14.5
14.6

Introduction

Pyrolysis background

Catalytic pyrolysis

Catalytic pyrolysis: catalysts used
Catalytic pyrolysis: reactor setup
Conclusion and future opportunities
Acknowledgments

References

Production of bio-syngas and bio-hydrogen via gasification
J.M. Bermudez, B. Fidalgo

15.1
15.2
15.3
15.4
15.5

15.6
15.7

Introduction

Biomass feedstock for gasification

Biomass gasification process

Gasification technology

Syngas technology: composition, conditioning and
upgrading to valuable products

Current status in commetcial gasification of biomass
Challenges and opportunities

References

Production of bioalcohols via gasification
J.M.N. van Kasteren

16.1
16.2
16.3

16.4

Production of biofuels via h
P. Biller, A.B. Ross

17.1
17.2
17.3
17.4
17.5
17.6

Introduction

Gasification routes for alcohol production
Technical and economical analysis of the oxidative
coupling of methane process

Conclusions and future perspectives
Acknowledgments

References

ydrothermal conversion

Introduction

Process chemistry

Process layout

Feedstock considerations

Product distribution and properties

Development of technology and current research



Contents

18

19

17.7 Lifecycle and techno-economic assessment
17.8 Conclusions
References

Production of biofuels via Fischer—Tropsch synthesis:
biomass-to-liquids
A. Lappas, E. Heracleous
18.1 Introduction
18.2 Biomass-to-liquids process steps and technologies
18.3 Biomass-to-liquids final fuel products
18.4 Environmental and economic considerations of the BTL process
18.5 Commercial status of the biomass-to-liquids processes
18.6  Future prospects and challenges
References

Production of biofuels via bio-oil upgrading and refining

D.C. Elliott

19.1 Introduction

19.2 Upgrading of biomass liquefaction products

19.3 Liquid fuel products from biomass through direct liquefaction
and hydroprocessing

19.4 Conclusions
References

Part Four Integrated production and application

20

21

of biofuels

Biofuel production from food wastes
S. Li, X. Yang
20.1 Introduction
20.2 Characteristics of food waste
20.3 Common food waste managements
20.4 Biofuels production
20.5 Conclusions and future trends
List of abbreviations
Acknowledgments
References

Biochar in thermal and thermochemical
of biochar as a coproduct

O. Masek

21.1 Introduction

212 B%ochar as a coproduct in biofu
21.3 Biochar from biorefinery resid
References

biorefineries—production

els and bioenergy production
ues

539
541
542

549

549
552
577
581
583
587
587

595

595
598

606
609
610

615
617

617
618
621
623
644
645
646
646

655

655
658
663
665



Contents

22 Algae for biofuels: an emerging feedstock
Z. Sun, J. Liu, Z.-G. Zhou

22.1
22.2
223
22.4
22.5
22.6
227

Introduction

Microalgal biomass and oil

Oil biosynthesis in microalgae
Mass cultivation

Biomass harvesting and dewatering
Oil extraction and transesterification
Conclusions and future directions
Acknowledgments

References

23 Utilization of biofuels in diesel engines
T. Le Anh, LK. Reksowardojo, K. Wattanavichien

23.1
23.2

233
234

235
23.6

Index

Introduction

Utilization of vegetable pure plant oil and crude oil

in diesel engines

Utilization of biodiesel-based palm oil, jatropha oil.

coconut oil, and kapok nut oil in diesel engines

Utilization of biodiesel B5-based cat-fish fat in diesel engines
The concept of using biofuel on engines (prime mover)
Conclusion and remarks

References



