BIOTECHNOLOGY FOR BIOFUELS

Edited by:

Prerna Pandey

G ARCLER

www.arclerpress.com



TABLE OF CONTENTS

Chapter 1

Chapter 2

Chapter 3

LISE Of FIGUIES ...ttt ettt xf
LISE OF TADIES.....c.oeeeee et XV
PrEMACE. .....ccui ittt s xvii
Introduction to Biofuels ........cceeeerveerrrrrerierereernnnnen. oo 1
T.T AN INErOAUCHION c.eeiiiiiiiie et 2
1.2 History of BIofU€ls ......ccveiviiiiriieiiiiiiceeeeeeeeeee et 3
1.3 Biofuels and Light in the Early Years.........cccoveeiirieveenecriieeeeeeenn 6
1.4 1890 — 1916: Biofuels in GErmany ........cocoevvveeiieevieieececeeee e, 7
1.5 1906 Repeal on Biofuel Tax in The US ......ocveiiiiiiiiiecicccecccicceee, 8
1.6 1907 — 1930S: British and The Biofuels .........ccccocveviiviiviivnieeeenenn, 9
1.7 Biofuels Programs 1900 — 1930S in France......cc..ccoovveurinieieennrnnee. 10
1.8 Biofuels and its Categories. .........ceeevueueeeireerereeeseeee e 10
1.9 Case Study: The Smallholder Model of Biofuel Production
1N TANZANIA ¢ ctiieeeiiie e 20
REfEIENCES ..eeeeeet ettt 23
Chemistry of BIOfUEIS .......c.oimiveciiticcciecrrreeecernrnnsesasssssesssssssseasnnes 25
2.7 INtrOAUCHON ..ttt 26
2.2 Biofuels: First-Generation ..........cocoocveeveeeeceeeeeeeeeieeeeeeeeeeee e 28
2.3 Biofuels: Second-Generation ............cccccevuieviviieiececeececeeeee e 31
2.4 Biodiesel and DiIesel.......cccoiuiveernviiiiieriiiecee et 39
2.5 Ethanol, Butanol, and Gasoline...........oooeeeeeoeeeeeeeeeeee e 43

2.6 Case Study: Green Chemistry - Biodiesel Made With Vegetable Oil ... 46

References




Chapter 4

Chapter 5

Chapter 6

3.3 First Generation BiofUels...........coooouiviieoieeeeeeeeee e 57

3.4 Second Generation Biofuels..........cccocoiveuiiieeiinicisee e 61
3.5 Third Generation BiofUels .........cc.cveviviviiiiiviiiicicieieene e 67
3.6 Types of Biofuels that Make the Difference...........ccocoveeievevecinreccnenenn. 70
3.7 Case Study: Renewable and Sustainable Fuel From the Prairie........... 76
REFEIENCES ..ottt et et 80
First Generation Biofuels.........cccccvruruereniunenccnsnnnsncserenennens 81
AT INErOAUCHON ...t 82
4.2 Food Crops as Source of OFigin .......c.coceviieeueennnnienirsiceieeeeeas 83
4.3 Current Status of Biofuels Worldwide .........cococeviviiiiiniciniinen. 88
4.4 Constraints and CONCEINS ..........ccuiriecerniiiiiciieirieeece e 88
4.5 Burning of Fuels: A Concern For Environment.........cocecceeecvenecnenene 89
4.6 Algal BIofuel ........ccoociniiiiniiiiccne e 90
4.7 First Generation Biofuels .............ccooiiiiiiiiiiii e, 93
4.8 Increasing Demand of Sustainable Biofuels...........cccooveicnieierineiinne 95
4.9 First Generation Biofuels: HiStory ......c..cocvieiievineniciiesencncneenns 97

4.10 Conclusion
4.11 Case Study

REErENCES ..ttt e

Second Generation Biofuels..........coeirineccrrccnninnnccecnsscsnnens 107
5.1 INrOAUCHION ettt 108
5.2 Second Generation Biofuels.........cccoviuieriiiiiinienniie i 110
5.3 Potential Feedstock For Second Generation Biofuels ........................ 111
5.4 Conversion Processes For Second Generation Biofuels ................... 114
5.5 Production Economics of Second Generation Biofuels..................... 124
5.6 Advantages of Second Generation Biofuels ............ccocveeeenenneennne 125
5.7 Disadvantages of Second Generation Biofuels ..........ccccoevvconiieene. 126
5.8 Case Study: Biofuels Generation In Bangladesh ...........ccccoinenceee 126
REEIENCES ..v.veeviiteeeecete et e ettt ettt et ebe e e eaeerenis 129
Third Generation Biofuels teresserestessnssasesansssanse 133
6.1 INrOUCHON c...eeiiiiiiieiriit ettt 134
6.2 Third Generation Biofuel.........c.ccccevcuiieiiiiciiiiiiciiccieccee e 135

viii



Chapter 7

Chapter 8

6.3 Third Generation Biofuel Feedstock ........uuvvmuiimieiviieiiiieeiiiiiieieeee. 136

6.4 Cultivation of Third Generation Biofuels ............ccccocceviiiiiinin. 140
6.5 Biofuel Production From Microalgae...........cccocviviiiinininiiiiinnn, 142
6.6 Advantages of Algae Biofuel...............cocooiiiii 151
6.7 Disadvantages of Algae Biofuel ... 152
6.8 Case Study: Biofuels in China ..........cccevcvvermeiicineiiiiie 152
REFErENCES ... 157
Use of Biofuels for Various Drives .........cccveerevevinineseenennnnene 159
7.1 Sustainability Drives Global Biofuel Policy and Technology ............. 160
7.2 The Growth of Biofuels ........cocceriniivicininiiniiii e

7.3 Renewable Fuels Standard (RFS2)
7.4 Biofuel Uses
7.5 Transportation .....c..cviiuiiiieiiini e

7.6 POWEr GeNEratioN ......uuuevveeeiiiiiiieiiieeeeeeeeeeveeteeee e e e e e e e ereraseaaaeaaanens

7.8 Exploring Biofuel Uses Can Help Slow Climate Change................... 178

7.9 Case Study: Experiences Of Biofuel Production
in Selected Countries

ReferenCeS .. .uveeeeeeeereeeiviivvveereanes

Advantages and Disadvantages of Biofuels. 185

8.1 Introduction
8.2 The History of Biofuels

8.3 Categories of Biofuels

8.4 Biofuels Production Technologies ..........c.ccccoviviiniiiiininieinne 193
8.5 Evaluation of BIOfUElS ........ccccviririnininccce v 194
8.6 Impacts of BIiofuels ........cceevveivveiniiiiiiii e 197
8.7 Advantages and Disadvantages of Biofuels............c.cooiiiiinin 199
8.8 Risks of Using Biofuels ..o 202
8.9 Current Uses of BIOfUEIS ....c.vcveveiiiiiiiiiiiiiiiiiniceec e 203
8.10 Future of Biofuels.......ccceivmiiviiiiiiiiiiii 203
8.11 Case Study: Biofuels In Brazil...........cccoooiiiiiiii i 205
REFErENCES .o 209




Chapter 9

Chapter 10

Applications of Biotechnology to Renewable Fuel Production.............. 211

9.1 INtrOAUCHION ...ttt et et

9.2 Application of Biotechnology........cccccccciuioiciniiinniiiciiiicicnns
9.3 Biotechnology and The Fossil Fuel Industry
9.4 Recycling Organic Waste

9.5 Energy, Renewable Fuel Sources in the Future and

the International Balance of Trade .......c.ccccceeiviieiiiiiieeiiecieeeeen, 222
9.6 Advancement in Biofuel Production..........cccooooviiiieeeiceceeecieeee, 223
9.7 Application of Biotechnology in Biofuel Production........................ 228

9.8 Case Study: Role of Modern Biotechnology in Sustainable
Development: Addressing Socio-Political Dispute of
GMOS that Influences Decision-Making in

Developing Countries ..........ccocvuecerinenieneniieeieeee s 232
ReEfErenCes .....c.oouiiiiicicicctccccercie e 236
Future of Bio Fuels in Fuel Production ...........ccoveinvveinnnnncnninnene. 239
T0.1 INtrodUCHION L.oviiiiciiie ittt 240
10.2 Affordability of Bio Fuels.........ccooeiiiiiniicicccee 246
10.3 Impact of Bio Fuels on The Environment ..o 247
10.4 Can Biofuels Ever Replace Fossil Fuels? .............ccocoeneinnns .250
10.5 Should Government Play a Role in Developing Biofuels?........ .254
10.6 Case Study: Biofuel Futures in Road Transport - A

Modelling Analysis For Sweden............ccooooiiiniiiciciiiins 257
REFEIENCES ...ttt e 261
INDEX ..ooaeiiiierreciteecntereeirtannecnrenssaesessstnessssesesssssssssssossnasssens 263




