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Presentation Outline  

Å Historical perspective of 1st generation of Biofuels 

Å Emergence of 2nd generation of Biofuels 

Å Current Technology and Challenges 

Å Biofuels by Microbial Engineering 

Å Biodiesel from Alternative Oils 

Å Future Prospects of Biofuels 
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Main Reasons for Biofuels  

ÅDecline in petroleum reserves 

 

ÅSupport for agricultural industries and rural population 

 

ÅReduction of dependence on oil imports 

 

ÅRequirement of the Kyoto Protocol 
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Source: : EIA, December 2009 historic prices and short-term forecast 

Price of Crude Oil for Past 5 Years  



Historical perspective of 1 st  generation 
of Biofuels  

 
ÅWhat are the 1st generation of biofuels? 

 

ÅWhat is the need for 1st generation of biofuels? 

 

ÅWhat are the limitations for 1st generation of biofuels? 
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Historical perspective of 1 st  generation 
of Biofuels  

 
ÅWhat are the 1st generation of biofuels? 

  

 mainly from food crops (cereals, sugar crops and oil seeds) 
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Historical perspective of 1 st  generation 
of Biofuels  

ÅWhat is the need for 1st generation of biofuels? 

 demand increased by FOUR fold for corn ethanol (USA), sugarcane 

ethanol (Brazil) between 2000 and 2008 

 

 growth for biofuel ethanol WILL continue to grow (till 2014) 
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Historical perspective of 1 st  generation 
of Biofuels  

ÅWhat are the limitations for 1st generation of biofuels? 

 influence of fossil fuel price 

 

 changes in government support policies 

 

 competition for land and water used for food and biofuels 

 

 high production and processing costs of biofuels 

 

 impact on greenhouse gas by land-use changes 
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Historical perspective of 1 st  generation 
of Biofuels  

ÅWhat are the limitations for 1st generation of biofuels? 

 Myth: Is there a link to price increase for food and animal feeds? 

 Truth:  

1. crops for 1st generation of biofuels take up <2% of worldôs arable land 

2. from 2008-2010, clear decrease in prices for basic food while demand 

for biofuels increases  
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Emergence of 2 nd  generation of Biofuels  

ÅWhat are the driving forces for the 2nd generation of 

biofuels? 

 

ÅWhat are the 2nd generation of biofuels? 

 

ÅWhat is the need for 2nd generation of biofuels? 

 

ÅWhat are the limitations for 2nd generation of biofuels? 
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Emergence of 2 nd  generation of Biofuels  

ÅWhat are the driving forces for the 2nd generation of 

biofuels? 

 

Competition with food crops, land-use and impact on prices 

 

Ethanol may not be an ideal biofuel due to its low energy content 

 

Ethanol is corrosive to metals in automobile engines and pipelines  
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Emergence of 2 nd  generation of Biofuels  

ÅWhat are the 2nd generation of biofuels? 

 

 2nd Generation of Biofuels Derived from Non-food Biomass! 

   

 And Ethanol Is Not the Only Component! 
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Emergence of 2 nd  generation of Biofuels  

ÅWhat are the 2nd generation of biofuels? 

 

 What is biomass? 

 Biomass refers to plant material that can be harvested for energy. Any 

plant can be used as biomass. 
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Emergence of 2 nd  generation of Biofuels  

ÅWhat are the 2nd generation of biofuels? 

 

 - If any plant can be used for energy, why is corn the most 

common? 

 Corn was used to generate eight billion gallons of ethanol for U.S. in 

2008. Corn used as 1st generation of plants for biofuels because of 

existing technology to convert starch to ethanol  
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Emergence of 2 nd  generation of Biofuels  

ÅWhat are the 2nd generation of biofuels? 

 

 Which of those second-generation sources are most likely to be 

environmentally and economically sustainable? 

 The future of biomass energy will likely come from a variety of feedstocks , 

with the fast-growing trees and grasses spread around the country 
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Elephant grass, renewable yearly 

Source: Yahoo images 



Emergence of 2 nd  generation of Biofuels  

ÅWhat is the need for 2nd generation of biofuels? 

 How many acres will be needed to meet the demand for 

alternative fuels? 

ï By 2022 the USA should be using 36 billion gallons of renewable fuels, of which 16 

billion gallons are supposed to come from cellulosic sources such as trees, grasses, 

weedlike energy crops and non-edible parts of plants. 

ï The total acreage of giant cane needed to create 16 billion gallons of ethanol is 13.1 

million. 

ï To completely replace the annual U.S. gasoline consumption would require about 170 

million acres of Arundo, or just under half a football field per person per year. By 

comparison, corn is currently grown on about 87 million acres in the United States. 
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Arundo 
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http://en.wikipedia.org/wiki/File:Arundo.donax1web.jpg


Emergence of 2 nd  generation of Biofuels  

ÅCurrent status of biofuels as alternative energy source 

 

 - 1.5% of global road transport fuels 

 

 - In 2008, around 69.3 Ml of ethanol were produced 

 

 - In 2008, 14.8 Ml of biodiesel were produced 

17 
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Source: Biofuels Digest ï ABTD v.1.6 (7-OCT-2010); and Portelet Asia Pte Ltd 

Oct-2010: 95 companies have 

announced an installed capacity of 

+3,919.63 Mgpy (Million gallons per 

year) by 2015.  

 
20% of world ethanol production 2009: 

19,543 MGpy 



Emergence of 2 nd  generation of Biofuels  

ÅWhat are the limitations for 2nd generation of biofuels? 

 Why arenôt more biofuels on the market now? 

ï The technology needed to turn cellulosic material into biofuel is still in the 

early stages of development.  

ï Cellulosic ethanol differs from ethanol in that it requires an extra step called 

cellulosis, which is the breaking down of cellulose into sugars 

ï Until there is a conversion process that has proven economic models, farmers 

will not be persuaded to grow energy crops 
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Source: Yahoo images 

http://en.wikipedia.org/wiki/File:Arundo.donax1web.jpg


Emergence of 2 nd  generation of Biofuels  

ÅWhat are the limitations for 2nd generation of biofuels? 

 

 Why arenôt more biofuels on the market now? 

 Process technologies remain immature: pilot plants currently supply <0.1% of 

world biofuel production 
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Emergence of 2 nd  generation of Biofuels  

ÅWhat are the limitations for 2nd generation of biofuels? 

 

 How to improve process technologies? 

 Answer: Research and Development! 

 Examples:  

 Chevron ï USD 40 M to UC Davis and Georgia Tech 

 BP ï USD 500M to UC Berkeley, U Illinois and Lawrence Berkeley Natôl Lab 

 Exxon -  USD 600M with Synthetic Genomics in algal oil production 
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Algae for energy 
Source: Yahoo images 



Technology Challenges for 2 nd  
Generation of Biofuels  

ÅNeed to develop new technologies 

 Targeting Ligno-cellulosic Feedstocks! 

 maximise recycling of existing sources for biofuels: 

  - low cost crop 

  - forest residues 

  - wood waste 

  - municipal solid waste  
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Technology Challenges for 2 nd  
Generation of Biofuels  

ÅCurrent technologies for feedstock conversion 

ïBiochemical: convert cellulose and hemicellulose of feedstocks to 

sugars, before the fermentation to ethanol 

ïThermo-chemical: (biomass to liquid): pyrolysis/gasification to 

produce long chain biofuels (synthetic diesel, aviation fuel or ethanol) 

 Both approaches remain challenging 
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Technology Challenges for 2 nd  
Generation of Biofuels  

ÅLimitations of Current Technologies 

ï Biochemical: enzyme efficiency; production cost (enzyme cost) 

ï Thermo-chemical: large starting feedstocks; production cost (mature 

technology) 
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Technology Challenges for 2 nd  
Generation of Biofuels  

ÅEfficiency of Current Technologies 

 

ï Both Biochemical and Thermo-chemical processes convert 1 dry 

tonne of biomass (~20 Giga-joule/t) to ~ 6.5 GJ/t of energy, thus 35% 

biofuel conversion efficiency 
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Technology Challenges for 2 nd  
Generation of Biofuels  

ÅDifferences between Current Technologies 

- Biochemical: ethanol as end product 

- Thermo-chemical long-chain hydrocarbons as end product 
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Perspective of Biofuels: 1 st  and 2 nd  Generations  

27 
Mussatto et al. Biotech. Adv. 2010, 28: 817 



Worldwide ethanol production in 2008 
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Country Production 

(MI) Millions of gallon % of the total 

United States 34,070 9000.0 52 

Brazil 24,500 6472.2 37 

China 1900 501.9 3 

France 1000 264.2 2 

Canada 900 237.7 1 

Germany 568 150.0 1 

Thailand 340 89.8 1 

Spain 317 83.7 ï 

Colombia 256 67.6 ï 

India 250 66.0 ï 

Poland 200 52.8 ï 

Hungary 150 39.6 ï 

Australia 100 26.4 ï 

Slovakia 94 24.8 ï 

Paraguay 90 23.7 ï 

Others 627 165.6 1 

Total 65,362 17,266.8 100 

Mussatto et al. Biotech. Adv. 2010, 28: 817 
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Biomass 

Plantation 

Fermentation 

/ Catalyst 

Feedstock platform choice  

Hydrolysis 

Gasification 

Extraction 

Cellulosic 

Cellulosic 

Sugars 

Syngas 

Fuels 

Chemicals 

Plastic 

Food 

processing 
Food Oil-seeds 

Soap 

Price/Kg 

Volume 

USD 1,200/ton 

USD 800/ton 

Lipids 

If all cooking oil was converted into BioDiesel it would equate  to only 

9.3% of world Diesel  consumption: Portelet Asia Pte Ltd 
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Industrial Biotechnology  
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Chemical 

Fuel 

85 mbpd 

Target 

Adopted from Portelet Asia Pte Ltd 


