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Future Prospects and Perspectives on Biofuels 
 

1. Introduction 

Increasing energy demand, climate change and carbon dioxide (CO2) emission from 

fossil fuels make it a high priority to search for low-carbon energy resources. Biofuels 

represent a key target for the future energy market that can play an important role in 

maintaining energy security. It is primarily considered as potentially cheap, low-

carbon energy source. Most life-cycle studies of biofuels have found that bio-ethanol 

made from corn or sugarcane generally reduces greenhouse gases, replacing gasoline 

(petrol) (Hall et al., 1991). Biofuels have been increasingly explored as a possible 

alternative source to gasoline with respect mainly to transport. Global biofuel 

(bioethanol and biodiesel) production tripled from 4.8 billion gallons in 2002 to 16.0 

billion in 2007, but still accounts for less than 3% of the global transportation fuel 

supply (Figure 1) (Coyle, 2007). To summarise, interest in biofuels is increasing for a 

number of reasons:  

 Reduced reliance on fossil fuels; 

 Reduction in greenhouse gas emission; 

 National independent security of fuel supply; 

 Employment and economic benefits through the development of a new fuel 

production. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 1. Global biofuel production: 2000 to 2007 

Source: International Energy Agency; FO Licht; Coyle, 2007. 

 

In what follows, we first present data and analysis on the growing scale and location 

of biofuels production, investment, location and subsidy. The third section of this 

report is devoted to biofuels production technology. Section 4 then concentrates on 

the newest, most innovative production source into which an increasing share of risk 

investment is being directed, namely production of biofuel from algae. 

 

2. Biofuels Production, Investment Location & Subsidy Regime 

Biofuels can be ether wholly or partially substituted for petrol or diesel. Bioethanol is 

mainly made from starch or sugar crops (such as wheat, corn, sugarcane). It can be 

used as a 5% blend with petrol. This blend requires no engine modification, but higher 

proportions of ethanol only can be used with engine modification. Brazil is the world 
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leader in producing ethanol from sugarcane, while corn is the main crop for ethanol 

production in the US.  About 90% of global bio-ethanol in 2007 was produced in the 

US, Brazil and the EU. There is also strong interest in other countries, for example, 

China, India and Canada (Figure 2). Cars are currently produced in Sweden, Canada 

and the US that can run on up to 85% ethanol. More than half of Brazil‟s sugarcane 

crop is planted for ethanol production. Bioethanol accounts for about 20% of Brazil‟s 

fuel supply. Brazil introduced its biofuel policy via two approaches: - a blend 

requirement (now about 25%) and tax incentive favouring ethanol use and the 

purchase of ethanol-using or flex-fuel vehicles. Today, more than 80% of Brazil‟s 

newly produced cars have flexible fuel capability and some 32,000 petrol stations 

supply motorists with ethanol.  

 
 

Figure 2. Global distribution of bio-ethanol production in 2007 

Source: FO Licht; Coyle, 2007. 

 

Biodiesel is made from plant oil (i.e. rapeseed oil, sunflower oil) and animal fats and 

used for diesel engines. It can be used as a direct substitute for conventional diesel 

with no need for engine modifications although it is still more likely to be blended 

with fossil-based diesel. Europe has taken the lead in the production of biodiesel. The 

main producers are Italy, France, Spain, Germany, Belgium and Austria. This interest 

drove the farmers to set aside land for non-food crops such as oilseed rape and 

sunflowers. Biofuels are more expensive to produce than conventional transport fuels. 

In recognition of this and the environment benefits, some countries have implemented 

a tax relief regime for pilot biofuel production plant. Along with its bioethanol  

production, Brazil is capitalising on soybean supplies to expand into biodiesel. Most 

countries have some government policy encouraging biofuel production to meet their 

CO2 target. The global biofuel blending targets are shown in Table 1 (Coyle, 2007). 

Throughout the world, the main drivers for biofuel today are government rules 

mandating increased biodiesel and ethanol content in diesel and gasoline, respectively 

(Schubert, 2006). Other drivers include bans on methyl tert butyl ether (MTBE, a 

gasoline additive suspected of causing cancer), the high price of oil and governmental 

aims to gain energy independence. In 2007 the EU mandated that 20% of total energy 

content of petrol and diesel needs to come from renewable fuels. Thailand is aiming 

for a 10% renewable mix in the next years; India 20% by 2020 (Schubert, 2006). 

Sweden has targeted to be 100% energy independent by 2020; most of the energy will 

come through its own nuclear power and renewable biofuels. Estimated production of 

ethanol was 5.4 billion gallons in 2007 in the US, according to the US Renewable 

Fuels Association (Schubert, 2006).  
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Table 1 Global Biofuel production and blending targets  

Source: FO Licht; USDA; Coyle, 2007.  

 

Ethanol is regarded as the most common biofuel in the current market. It is often sold 

as a blend Called E10, which is 90% gasoline and 10% ethanol. It has been shown 

that ethanol biofuel can be profitable, as corn prices are low and oil price has been 

rising to high level ($147 per barrel in July 2007, declining to $80 by November, still 

historically relatively high). Many investors have jumped into this aspect of 

„cleantech‟ industry investment. In 2006, fifteen new biorefineries were established 

worldwide and more construction was under way. Venture capital investment in 

biofuels reached to $740 million in 2006, seven times the investment made in 2005 

(Table 2, Waltz, 2007). Table 3 also lists the biofuel programmes of some selected 

biotech companies. But by the end of 2006, the price of corn had crept up and oil 

price steadied, slowing down the new construction projects. Later both rose 

precipitously causing difficulties in developing and developed countries before falling 

back somewhat in 2008. 

 

Company (location) Fuel type $ (millions) 

Cilion (Goshen, California) Ethanol  200 

Altra (Los Angeles) Ethanol and biodiesel 120 

Renewable Energy Group (Ames, IA) Biodiesel 100 

Altra (Los Angeles) Ethanol and biodiesel 50 

Biox (Oakvile, Canada) Biodiesel 48 

Imperium Renewables (Seattle) Biodiesel 43 

Iogen (Ottawa, Canada) Cellulosic ethanol 30 

Mascoma (Cambrige, Massachusetts) Cellulosic ethanol 30 

Nova Biosource Fuels (Houston) Biodiesel 18.8 

Nova Energy Holding (Houston) Biodiesel 18.8 

Table 2 Top ten biofuels investments in 2006 

Source: Waltz, 2007; Cleantech Venture Network, Ann Arbor, Michigan. 
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It is worth remembering that Henry Ford‟s Model T vehicles were originally designed 

to utilise corn-oil as fuel. Even in the early 1980s, ethanol refineries developed 

ubiquitously throughout the US Midwest when the oil price soared, but these 

companies faded into insignificance or bankruptcy when it plummeted in the 1990s. 

This cyclicality is of paramount importance and concern for biofuel investment, but at 

least by the 2000s the environment is different from the 1980s. With a growing 

infrastructure, efficient technologies, government incentives and an evolving political 

issue on climate change, biofuel, especially second generation (2G) which does not 

utilise food as inputs, is considered to have staying power (Waltz, 2007). Over the 

past few decades, researchers in academia and government laboratories have been 

working on producing biofuel from biomass. It had been small-scale exploitation until 

recently when oil prices began to scale up significantly. Hence biofuel as a key 

alternative fuel resource has been increasingly attractive to investors and policy 

makers. Substantial investment has been directed into biofuel and its manufacturing 

technology. The global production of biodiesel increased by 60% in 2005 over 2004, 

while ethanol increased by 19%. Investors, companies and governments continue to  

 

 
Table 3 Selected biotech companies with biofuel programmes 

Source: Schubert, 2006. 

 

inject money into the biofuel industry, despite the recent “food and fuel” debate. In 

2007, BP the UK‟s leading petroleum and gas producer announced a half-billion 
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dollar investment in a Climate Change research group at UC Berkeley in California to 

study alternative biofuel technologies. Following that, the US Department of Energy 

(DOE) promised $385 million investment in six companies to produce biofuels that 

are alternative to corn-based ethanol.  Also in 2007 the Bush administration 

announced its plan to raise US biofuel production to five times above prevailing 

levels over the next ten years to help reduce reliance on Middle East oil. It was 

proposed to produce 3 billion gallons of cellulosic-based ethanol by 2016, increasing 

to 21 billion gallons in 2022 (Waltz, 2007).       

 

So far, government support has played an important role in accelerating biofuel 

research and development. Tax incentives to biofuel retailers and producers are also 

the chosen way to encourage biofuel investment at state level for example as shown 

for Midwest states such as Minnesota and Iowa, alongside western states like 

Montana, California and Hawaii. There are over 300 commercial E85 stations in 

Minnesota. The state requires that at least 10% ethanol blend in gasoline now, and 

will increase to 20% blend in 2010. Some states such as Iowa, USA, even offer to pay 

gas station owners up to 50% of the cost installing the infrastructure to accommodate 

biofuel. California encouraged the use of low-carbon fuel in order to lower 

greenhouse emissions. Table 4 shows some examples of the government support to 

biofuel industry.  

  

State E85 stations Mandates Subsidies 

Minnesota >300 E90 now, will consider E80 

in 2010  

$0.20/gal up to 15 millions/year for 

first ten years of company‟s life. 

Companies must have built 

refineries before 2002. 

Iowa >60 All non-emergency state 

fleet vehicles must use E85 

or biodiesel by 2010.  

25% of fuel sold in the state 

must be renewable by 2019.  

Tax credits for fuel retailers whose 

ethanol sales are 60% of their total. 

Ethanol blends taxed at lower rate 

than gas. 

States pays up to 50% or $30,000 of 

costs of installing E85 tanks and fuel 

lines. 

State pay up to 50% or $50,000 for 

biodiesel infrastructure. Tax credits 

to E85 retailers.  

 

California ~4 Fuel carbon emissions must 

decrease 10% by 2020. 

20% of fuels must be 

renewable by 2020. 

 

 

Montana ~10 All gasoline must be 10% 

ethanol blend when ethanol 

production surpasses 40 

million gallons in Montana. 

$0.20/gallon tax break on every 

gallon of ethanol up to $2 million. 

$0.10/gallon tax breaks for 

biodiesel, limited annually 

Hawaii 0 Beginning April, 2006, 85% 

of all fuel must be E10. 

Tax credits on investment in high 

technology, including biofuels.  

Table 4 State mandates and incentives for biofuels in the US 

Source: Waltz, 2007. 
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3. Biofuel production technology  

The technology of biofuel production has and continues to be improved with more 

advanced technology development across different sciences, notably biology, 

biochemistry, engineering and IT. The biofuel production process began with 

transformation from starch or sugar to ethanol. More recently innovators have 

practised production of ethanol from cellulose and, as will be shown, may have the 

greatest affordable fuel supply from algae in the near future. 

 

3.1 From sugarcane, starchy crop to ethanol  

In history for thousands of years, fruit and grains have been converted into ethanol via 

fermentation. Today, sugars and starches are turned into ethanol using similar process. 

During the process, a series of enzymes help convert starch into sugar, and then 

ferment the sugar into ethanol via yeast (Figure 3). Corn, wheat and other cereals 

contain starch that can relatively easily be converted into sugar. Traditional 

fermentation processes rely on yeasts that convert six-carbon sugars (mainly glucose) 

to ethanol. In the US, corn grains are the preferred feedstock, where it is sugarcane in  

Brazil, as sugarcane is the most common crop in Brazil and many other tropical 

countries. The organisms and enzymes for starch conversion and glucose fermentation 

on a commercial scale are readily available (Figure 4). In conventional grain-ethanol 

processes, only the starchy part of the crop plant is used. The starchy products 

represent a small proportion of the total plant biomass, leaving considerable fibrous 

remains (e.g. the seed husks) (IEA, 2004). Current research on cellulosic ethanol 

production is focused on how to utilise the remaining materials to create fermentable 

sugar to maximise the production of ethanol than from using only sugar and starches 

directly available.  

 

 

 
 

Figure 3. Conventional ethanol production process 

Note: DDGS: distilled dried grains with soluble. Source: Schubert, 2006. 

 

 



 7 

 
 

Figure 4. Rising production of biofuel  

Source from: Renewable Fuels Association, Washington, DC; Schubert, (2006).  

 

Sugarcane is currently seen as a superior feedstock: growing the plant is energetically 

less costly and extraction and fermentation are more efficient. US companies value 

highly and would import more of this valuable product, which now accounts for a 

quarter of the ground-transportation fuel in Brazil. However some legislators in the 

US Midwest who support domestic alcohol-from-corn have helped lay a heavy US 

protective tariff on Brazilian alcohol derived from sugar. If Brazil could expand its 

production substantially and US could get rid of the protection barriers, it would 

reduce total carbon emissions (Kennedy, 2007). 

 

3.2 Biodiesel production 

 

The other main biofuel, biodiesel can be produced from any biological feedstock that 

contains oil or animal fat, through a chemical process (called “transesterification”), 

reacting feedstock oil or fat with methanol and a potassium hydroxide catalyst. 

Soybean, sunflower, rapeseed and palm fruit are oil-seed crops used to produce 

biodiesel. Animal fat, or even used frying oil can be used to produce biodiesel too. 

Biodiesel also includes synthetic diesel fuel made through gasification or some other 

approach. The biodiesel process involves well-established technologies that are not 

likely to change significantly in the future, but efficiency can be improved by large 

scale production. There are some useful by-products such as glycerine, a valuable 

chemical used for making many types of cosmetic, medicines and foods.  

 

Sugar alcohol is better than corn alcohol, but palm oil is even better. It is relatively 

high energy efficiency per unit volume makes it a good biodiesel fuel. Trucks can run 

entirely on palm oil. A large-scale effort is under way to convert lands in Indonesia to 

palm oil plantation agriculture, with plans to double current production in a few years.  
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This is likely to be constrained by environmental concerns outside Indonesia against 

the destruction of mangrove and other rainforest resources necessary to make way for 

palm-oil based biodiesel production. The global market for biodiesel is expected to 

increase in the next ten years (Figure 5). Europe currently represents 80% of global 

consumption and production, but the US is now catching up with a faster rate in 

production than Europe, from 25 million gallons in 2004 to 450 million gallons in 

2007 (Emerging Markets Online, 2008). Brazil is expected to surpass US and 

European biodiesel production by 2015. Europe, Brazil, China and India each have 

targets to replace 5% to 20% of total diesel with biodiesel. If governments continued 

to invest more in R&D on biofuel exploitation, it would be possible to reach the 

targets sooner. But, as noted, the effort has a downside. The needed rainforest 

destruction (by burning) will partly cancel biodiesel advantage supplied by palm oil, 

moreover such conversion will threaten already endangered species (Kennedy, 2007). 

 

Biodiesel from oil crops and bioethanol from sugarcane or corn are being produced in 

increasing amounts as renewable biofuels, but their production in large quantities is 

not sustainable and there is technical challenge for commercial production. The 

increasing investment in biofuel has driven up food prices, which raised the new issue 

of a “food and fuel” debate from approximately 2007. Now, there is new argument 

“whether biofuel is greener?” In theory, biomass fixes CO2 in the atmosphere through 

photosynthesis and is, accordingly, promoted as a renewable source. It is considered 

as an alternative energy resource despite of its currently expensive cost of production. 

If biomass is grown in a sustainable way, its combustion has no impact on the CO2 

balance in the atmosphere because the CO2 emitted by the burning of biomass is 

offset by the CO2 fixed by photosynthesis (Hall et al., 1991). 

 

 
 

Figure 5. World Biodiesel production and capacity  

(Source: Emerging Markets online, 2008) 

 

More recently, there has developed the argument that biofuels will consume vast 

agricultural land and threat the native habitats, drive up the food prices and would not 

reduce as much greenhouse gas emissions as expected. The recent study by 

Searchinger et al. (2008) found that corn-based ethanol doubles greenhouse emissions 

over 30 years, instead of producing a 20% saving (Table 5). Taking advantage of 

demand and various subsidy regimes, farmers worldwide have converted forest and 

grassland to new cropland to produce grain for biofuel development, responding to 

higher price of energy crops. The greenhouse gases emissions from such land-use 

change were excluded in most previous accounting exercises regarding the benefit of 
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biofuels. To produce biofuels, farmers can directly plough up more forest or grassland 

though decomposition or burning, which releases to the atmosphere much of the 

carbon previously stored in plants and soils. Fargione et al. (2008) introduced a 

concept “carbon debt” to calculate the amount of CO2 released during land 

conversion. Over time, biofuels from converted land can repay this carbon debt if 

their production and combustion have net GHG emissions that are less than the life-

cycle emissions of the fossil fuel they displace. Until the carbon debt is repaid, 

biofuels from converted lands impact less upon GHG emission reduction than fossil 

fuel they displace. It was estimated that the carbon debt created by converting 

Brazilian sugarcane to bioethanol would take about 17 years to repay. It would require 

the longest time, over 400 years to repay carbon debt if biodiesel is produced by palm 

oil from rainforest in Indonesia (Figure 6) (Fargione et al. 2008). In contrast, biofuel 

made from waste biomass or from biomass grown on degraded or abandoned lands 

will produce no carbon debt and can offer immediate GHG emission reduction 

benefit.  

 

More studies on assessment of the environmental costs and benefits of different 

transport biofuels require urgent attention. To date, most efforts to evaluate different 

biofuel crops have focused on their merit for reducing greenhouse gas emissions or 

fossil fuel use. But relative to petroleum, nearly all biofuels diminish greenhouse gas 

emissions, although some crops such as switchgrass may outperform the other crops 

such as corn and soy. Such comparisons should consider the local growing 

environment and crop by-products. A key factor affecting biofuel efficacy is whether 

native ecosystems are destroyed to produce the biofuels. For example, no matter how 

effective sugarcane is for producing ethanol, its benefits are easily diminished if 

carbon-rich tropical forests are being converted to the sugarcane field, which results 

in vast increase in greenhouse gas emission (Scharlemann & Laurance, 2008). U. S. 

corn ethanol, Brazilian sugarcane ethanol and soy diesel, and Malaysian palm-oil 

diesel have greater aggregate environmental costs than do fossil fuels. Biofuels ranked 

as the best are those produced from residual products, such as biomass or recycled 

cooking oil, and the ethanol from grass or wood (Scharlemann & Laurance, 2008). 

 
Table 5. Comparison of corn ethanol and gasoline greenhouse gasses with and 

without land-use change by stage of production and use of energy in fuel 

(Note: grams of GHGs CO2 equivalents per M, land-use change was amortised over 

30 years.) (Source: Searchinger et al., 2008).  
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Figure 6. Carbon debt, biofuel carbon debt allocation, annual carbon repayment 

rate, and years to repay biofuel carbon by nine scenarios of biofuel production  
(Source: Fargione et al., 2008.) 

 

 

3.3 Cellulosic ethanol production  

 

Most plant material is not sugar or starch, but contains cellulose, hemicellulose and 

lignin. The cell wall of plant consists of these three main substances.  Hemicellulose 

and cellulose-glucose chains are stacked each other into crystalline fibrils, acting as a 

protector wall impenetrable to water or enzymes. Lignin, a more complex 

macromolecule, makes up of the rest (Schubert, 2006). Cellulose and hemicellulose 

can be converted into ethanol after converting them into sugar first, but lignin cannot. 

The process is more complicated than converting starch into sugar and then to 

ethanol.   

 

The first generation technologies for biofuel production were based on fermentation 

and distillation from sugar and starch rich crops. The second generation technology 

for biofuel is converting cellulose and hemicellulose from residues such as straw, 

forestry brash and dedicated energy crops to sugar, and then converted to biofuel by 

conventional fermentation and distillation. The conversion of cellulosic biomass (corn 

stove, wood chips) has a far higher potential for fuel production than any of the 

conventional biofuels. The challenge is biochemical. Plant lignins occlude the 

cellulose cell walls and they must be removed. Sugar in cellulosic biomass is locked 

up in forms of cellulose and hemicellulose. Hemilcellulose contains mainly non-

glucose sugars, most of which conventional yeasts cannot ferment to ethanol with 
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high yields. The enzymology of cellulose conversion needs to be worked out. The 

technology is complex. Continued improvements in enzyme production, and 

reductions in capital and operating costs are needed to improve the viability of these 

feedstocks.  

 

Soil and plant biomass are the two major biologically active stores of terrestrial 

carbon. Converting native habitats to cropland releases CO2 as a result of land 

burning or decomposition of leaves and roots. There is a prolonged period of GHG 

release as biomass decays or burns. Studies suggest biofuels help mitigate global 

climate change only if they are produced in degraded and abandoned agricultural 

lands or from waste biomass (Fargione et al.2008). Biofuels from waste products can 

avoid land-use change and its emissions. For example, municipal waste, crop waste 

and autumnal grass harvests from reserve land would add benefit to biofuels, as such 

resources minimise habitat destruction, competition with food production and carbon 

debt.    

 

There is significant potential for second-generation biofuels from cellulosic biomass 

to become the future alternative fuel resource. The following reasons support this 

argument about 2G biofuels potential: 

 

 Cellulose biomass is more abundant and less expensive than other food crop; 

 The sugar potential of most forms of cellulosic biomass on a dry ton basis is 

equal or greater than the amount of sugar obtained by conventional processing 

from corn or sugarcane; 

 The technology and equipment for biofuel production from corn are mature 

with little room for either technological advance or cost reduction; 

 The greenhouse gas emission from cellulosic biomass ethanol is much less 

than corn-based ethanol; 

 Agricultural wastes and other forms of cellulosic biomass are abundant 

through the world. The cost could be reduced to combine energy production 

with waste treatment while production plants can be located near consumers, 

reducing transportation costs. 

 

The key process steps from biomass to cellulosic ethanol are illustrated in Figure 7 

(DEOS, 2007).  The core objective of international biofuel development is to reduce 

the cost of the conversion process to serve as an alternative renewable energy 

resource. Although cellulosic ethanol production has been demonstrated at a pilot 

scale, several scientific research projects are focused on making the process cost-

competitive with gasoline and productive enough to displace up to 30% of US 

gasoline consumption. Three areas were focused upon in current research to bring 

down costs and increase productivity, as follows and shown in Figure 7:  

 

 Developing energy crops dedicated to biofuel production (Step 1); 

 Improving enzymes that deconstruct cellulosic biomass (Step 2&3); 

 Optimising microbes for industrial scale conversion for biomass sugars into 

ethanol and other biofuel or bioproducts (Step 4).     
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Figure 7. From Biomass to cellulosic biomass 

(Source: DEOS, 2007) 

 

As discussed above, biofuels produced from cellulosic biomass have significantly 

reduced impacts on the environment. However, the complicated process adds extra 

cost in biofuel production from cellulosic biomass. Figure 8 shows the cost difference 

between the biofuel produced from corn or cellulosic (Lynd et al., 2008). The cost of 

processing corn to sugars adds a modest amount to the feedstock carbohydrate cost 

with or without consideration of co-products. The current cost of converting cellulosic 

biomass to sugar roughly doubles the carbohydrate purchase cost. The substantial 

potential benefits of large-scale energy production from cellulosic biomass will be 

pursued if the process technology converting biomass to sugar is improved. So far, 

there is no commercial reactor from cellulosic biomass to biofuel yet built, though six 

were funded in 2007.  It is suggested that a demonstration ligno-cellulosic facility 

using wheat straw as feedstock could be in operation by 2008 also assuming that the 

production costs are competitive with the costs of the sugarcane/starch crop 

conversion process (Demirbas, 2007). The hope from cellulosic biomass to biofuel 

conversion has been raised by the new commitment, like the new $500 million joint 

project between BP and the University of California and U. of Illinois (Kennedy, 

2007). China has committed a $5 billion investment in biofuel, with a focus on 

cellulosic technology. Moreover China will not allow any further increase in starch-

based ethanol production because of conflicts with food supply.  In the UK, the Welsh 

research institute IBERS at Aberystwyth University has extensive research in utilising 

grass, Miscanthus, coppice willow and numerous other feedstocks for biofuels 

production. Indeed, until BP‟s investments in UC Berkeley and Illinois IBERS 

(formerly IGER) led the world in R&D and still claims to. The US Department of 

Energy also invested more than $1 billion toward cellulosic ethanol projects, aiming 

to making the fuel cost competitive at $1.33 per gallon by 2012 (Waltz, 2008). 

Almost every ethanol company is investing the resources necessary to develop a 

commercial cellulosic ethanol production (Table 6).  
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Figure 8. Cost of fermentable carbohydrate for processing corn and cellulosic 

biomass.  

(Note: NC, no co-products; C, with co-products. Source: Lynd et al., 2008). 

 

 

 

 

 

  
Table 6. Selected companies developing cellulosic bioethanol  

Source: Biotechnology Industry Organisation (BIO); Waltz, 2008.  
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4. From Algae to Biofuel 

 

4.1 Significance of biodiesel production from algae 

 

As discussed above, biodiesel produced from agricultural crops using current 

technology cannot sustainably replace fossil-based fuels in terms of its cost and 

environment impact. However, biodiesel from algae seems to have the potential as the 

alternative renewable biofuel, replacing fossil-based fuels. Algae grow naturally all 

over the world, either in freshwater or marine water, avoiding the use of agricultural 

land. Under optimal conditions, it can be grown in massive amounts, almost limitless. 

Producing renewable biofuels from algae will have no conflict with food supply and 

also contribute to reducing greenhouse gas emissions.   

 

Algae are photosynthetic micro-organisms that convert sunlight, water and carbon 

dioxide to algal biomass. Through photosynthesis, algae consume carbon dioxide 

from the air, replacing it with oxygen. For this reason, algae biodiesel manufacturers 

are building biodiesel plants close to energy manufacturing plants that produce lots of 

carbon dioxide because algae biodiesel plants reduce pollution through recycling 

carbon dioxide. Some algae are rich in oil (lipid oil), up to 80% of the dry weight of 

the algal biomass, which can be converted into biodiesel as oil crops used to produce 

biodiesel (the oil percentage of these oil crops is less than 5% of total biomass) 

(Chisti, 2008). It was reported that algae are the highest yielding feedstock for 

biodiesel (Hossain et al., 2008). It can produce up to 300 times the amount of oil per 

acre as soybeans, 24 times greater than palm oil. On average, algae produce about 

15,000 gallons per acre per year, while the best energy crop, palm oil yields 635 

gallons/acre/year (Figure 9).  It is reported that one company could produce 180,000 

gallons of biodiesel every year from just one acre of algae, which comes to about 

4,000 barrels; at a cost of $25 per barrel or $0.59 per gallon. It takes 3,750 acres of 

soybean to make the same amount of biodiesel at a cost of $2.50 per gallon for 4000 

barrels (The Green Chip Stocks, 2008). Table 7 demonstrates the comparison of some 

crop resources and algae for biodisel production.  It is estimated that over eight times 

of total cropland areas in the US are needed for corn-based biofuel production in order 

to meet 50% of US transport fuel needs.  Only 1% to 3% of  total US cropland would 

be sufficient for producing biofuel from algae biomass to meet the same need (Chisti, 

2007).  

 

Figure 9. Biodiesel yield of some feedstock.  

Source: The Green Chip Stocks, 2008.  
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Table 7. Comparison of selected resources for biofuels.  

(Source: Chisti, 2007) 

The biofuel potential of algae has been the object of research interest and activities in 

the past, in Europe (France and Germany), Japan and the US. During 1978-1996, the 

US Department of Energy funded the US National Renewable Energy Laboratory to 

study it in the project “Aquatic Species Program”, aiming to explore high-oil algal 

species that could be grown for large-scale commercial biofuel production. After 

testing more than 3,000 types of algae, the programme concluded that high-yielding 

algae, if produced in large enough amounts, could replace fossil fuels for home 

heating and transportation purposes (Sheehan et al., 1998). Over the course of the 

programme, the open pond system for large-scale algae production was established in 

California, Hawaii and New Mexico. It demonstrated the concept of long term, 

reliable production of algae. But the growth environment conditions need to be 

controlled in open pond system production to achieve target production, this resulting 

in a higher than optimal cost of algae production. Development of the Aquatic Species 

Program was the interrupted when the world oil price fell and commercial need to 

develop an alternative was substantially reduced as relatively low price of petroleum 

diesel fuel recovered markets. Only recently (2007-8), due to increasing energy prices 

and climate warming, algae have emerged again as one of the most promising 

renewable energy resources. The significance of algal biofuel systems is indicated as 

follows:   

 Algae have a short life cycle, they reproduce in hours, thus are far more 

productive than terrestrial plants; 

 The efficient yield of algae reduces arable land use for biofuel production. 

Algae can grow in places away from farmland or forests, minimising the 

damage caused to ecological and food chain systems; 

 Algae can grow in fresh water or marine water depending on the species. If 

marine species are selected for biofuel production, it will reduce fresh water 

use in crops from agriculture usage; 

 Algae can grow in sewage and next to power plants, combining pollution 

treatment and biofuel production.  
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Another compelling reason supporting algae oil is the potential of chemically 

converting it into kerosene, the basic component of jet fuel. Ethanol is not dense 

enough with only half the energy per volume of the jet fuel, diesel has about 80% the 

energy density of kerosene but can solidify at low temperatures of high altitude flight. 

Jet fuel now accounts for about 8% of petroleum use, with very few renewable 

alternatives (Patil et al., 2008). Thus biofuel produced from algae are a sustainable 

energy resource. In 2007, Boeing partnered with Air New Zealand and Aquaflow 

Bionomic, a small New Zealand-based biotech company, to develop an 

environmentally friendly jet fuel made from wild algae. This technology was also 

considered by Virgin Group.  Researchers at Arizona State University‟s laboratory for 

Algae Research and Biotechnology have worked on the potential oil-producing 

capabilities of algae for military jet fuel, with $6.7 million funding support from the 

Defence Advanced Research Project Agency (DARPA; Francisco, 2007).  Fuel 

produced by the new technology would have to meet stringent military specifications 

and is expected to reach 90% energy efficiency for maximum conversion of feed to 

fuel, reduced waste and reduced production cost.  

4.2 An integrated oil-production process 

The integrated process for producing biodiesel from algae is shown in Figure 10. 

Algal biomass production requires light, carbon dioxide, water and inorganic 

nutrients. Sea water, added with commercial nitrate and phosphate fertilizers and a 

few other micronutrients is a common growth medium for marine algae (Chisti, 

2008). Fresh and brackish water from lakes, rivers and aquifers can be used as growth 

media too. The algal biomass passes the biomass recovery system, where the water 

and residual nutrients are recovered and can be recycled to the algal cultivation 

system. Up to 95% of algal oil can be extracted via an extraction solvent such as 

hexane. Once the algal oil is extracted, it is refined using transesterification 

processing as with the biodiesel production process described above. After algae oil is 

extracted, the remaining biomass residue can be used partly as high-protein animal 

feed and for other algal co-products. Meanwhile, the algal residue from oil extraction 

can be used to produce biogas through anaerobic digestion. This biogas can serve as 

the primary source of energy for most of the algal biomass production and process. 

Ideally, algal biodiesel production can be carbon neutral using the following process.  

 

Figure 10. A conceptual process for producing biodiesel from algae 

(Source: Chisti, 2008) 
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Algae can be cultivated in open ponds or lakes, as sunlight, carbon dioxide and water 

are naturally supplied for their growth. In the open system, algae are much more 

vulnerable to being contaminated by other species and bacteria. It is reported that 

high-oil algal species produce more oil when they are starved. But at starvation stage, 

algae reproduction is too low and difficult to compete with undesirable species. This 

is the real challenge for algae biomass production. In order to better control growth 

conditions, such as light, water temperature and carbon dioxide concentration, closed 

structures called photobioreactors have been developed for large-scale algae 

production (Figure 11). This closed vertical growing system produces algae faster and 

more efficiently than the open pond system. With vertical growing, algae are placed 

in clear plastic bags or glass cylinders, so they can be exposed to sunlight on two 

sides. The arrays are stacked high and protected from rain. The extra sun exposure 

increases the productivity rate of the algae, which in turn increases oil production. 

The algae are also protected from contamination. In ideal conditions, the algae are 

manipulated into growing at maximum levels and can be harvested every day. The 

photobioreactors produce a very high volume of algae biomass, which in turn yields 

large amounts of oil for biodiesel production. Closed bioreactor plants can also be 

strategically placed near energy plants to capture excess carbon dioxide that would 

otherwise pollute the air. 

 

Figure 11. Photobioreactor system for the algal biomass production.  

Online source: http://science.howstuffworks.com/algae-biodiesel.htm 

 

4.3 Biohydrogen (Bio-H2) from Algae 

Algae have the potential not only to produce biodiesel as discussed above, but also to 

produce bio-H2, a sustainable alternative to conventional H2 production. 

Photosynthesis plays a central role in all biofuel production. It converts light to 

chemical energy and is responsible for the production of the feedstocks required for 

all biofuel synthesis (Figure 12) These include protons and electrons for Bio-H2; 

sugars and starch for bioethanol; oils for biodiesel and biomass for cellulosic ethanol. 

Algae have evolved the ability to harness solar energy to extract protons and electrons 

from water via water –splitting reactions of PSII. These protons and electrons are then 

subsequently recombined by a chloroplast hydrogenase to form molecular H2, which 

http://science.howstuffworks.com/algae-biodiesel.htm
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is released from algal culture as a gas with a purity of up to 98% (Hankamer et al., 

2007). The role of photosynthesis in biofuel production is summarised in Figure 12.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Biofuel productions through photosynthesis  

(Modify from: Hankamer et al., 2007) 

 

H2 have been identified as one of the most promising fuels for the future. The US, EU 

and Japan have already established H2 fuel stations, car manufacturers have also 

invested in the development of H2 fuel-powered cars. However, the current H2 fuel is 

based on the use of carbon-based non-renewable resources; also cost is the challenge 

for the development of conventional H2 production. Solar powered bio-H2 production 

via algae will be possible as a sustainable alternative if photon conversion efficiency 

can be improved via large-scale algal bioreactors.  Algal bioreactors can provide an 

engineering means to regulate light levels to the culture to improve the photon 

conversion efficiency via increasing the algal cell lines‟ photosynthesis efficiency. 

The improvement of photosynthesis efficiency is too difficult to achieve for 

conventional crop plants (Hankamer et al., 2007). Recently, several algae mutant 

strains related to bio-H2 production have been isolated in different laboratories, for 

example, C. reinhardtii strain can increase bio-H2 production when with high starch 

content.  Substantial progress has been made in facilitating continuous bio-H2 

production and enhancing production efficiencies through algal bioreactors 

(Hankamer et al., 2007).  

 

It is also reported that an algae mutant with less chlorophyll was manipulated for large 

scale commercial bioreactor. The algae, having less amount of chlorophyll in 

chloroplast will absorb less light. So more light penetrates into deeper algae layers 

and more cells can use sunlight to make hydrogen. It is estimated that if the entire 

capacity of the photosynthesis of the algae could be diverted toward hydrogen 

production, 80 kilograms of hydrogen could be produced commercially per acre per 

day. However, switching 100% of the algae‟s photosynthesis to hydrogen might not 

be possible, although 50% would be economically viable. With 50% capacity, one 

acre of algae could produce 40 kilograms of hydrogen per day. This brings the cost of 

producing hydrogen to $2.80 a kilogram (Melis & Happe, 2001). A kilogram of 
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hydrogen is equivalent to a gallon of gasoline, so bio-H2 could compete with gasoline 

at this price. Thus, bio-H2 production via algae bioreactors will offer a sustainable 

alternative energy resource for future. Up to date, only 10% of the algae 

photosynthetic capacity was engineered toward making hydrogen. Research is 

ongoing on how to improve algae photosynthetic capacity using molecular 

engineering technology.  

 

4.4 Algal biofuel companies  

Because biofuel conversion from soybean or palm oil are advanced in development 

terms, but large amounts of land are required for producing it as alternative fuel and 

the carbon dioxide footprint generated during the production process is great many  

 
Company Location Business Finance support 

Aquaflow 

Bionomic 

Marborough, New Zealand Biodiesel production with 

sewage treatment  

Public held 

Aurora 

Biofuels 

California, USA GM algae for biodiesel Gabriel Venture Partners, 

Noventi; Oak Investment 

Partners; Business angels. 

AXI, LLC Boston, USA Biodiesel  Allied Minds (seed venture) 

Bionavitas Snoqualmie, Wash., USA Develop technology for algae 

bioreactors  

N/A 

Blue Marble 

Energy 

Seattle, USA Biofuel production with 

water treatment 

N/A 

Bodega Algae MIT, Massachusetts, USA Develop low-cost and 

efficient algae bioreactors 

N/A 

Cellena Hawaii Biodiesel HR Biopetrolem;Shell 

Eni Italy Biodiesel production Public held 

GreenFuel 

Technologies 

Cambridge, MA, USA Biodiesel Polaris Ventures; Draper 

Fisher Jurvetson; 

Inventure 

Chemical 

Seattle, USA Algae-jet fuel Imperium Renewables; Cedar 

Grove Investment; Brighton 

Jones Wealth Management; 

BAs 

LiveFuels Menlo Park, CA, USA Open-pond algae bioreactors 

for biodiesel refinery  

Quercus Trust; Sandia 

National Labs 

Mighty Algae 

Biofuels 

California, USA Closed bioreactors for biofuel  N/A 

Oil Fox SA Argentina biodiesel German Capital 

OriginOil California, USA Algae biodiesel technology Public held  

ALG Western 

Oil 

South Africa Algae biodiesel technology Odyssey Oil & Gas 

Petro Sun* Rio Honda, Texas, USA Open pond for algae biofuel 

production 

Public held 

Sapphire 

Energy 

San Diego, USA Biodiesel ARCH Venture Partner; 

Venrock; The Wellcome Trust 

Seambiotic Israel Produce algae for 

applications 

Work with Inventure; 

Chemical, Israeli Electric Co. 

Solazyme San Francisco, CA, USA Bioreactor N/A 

Solena Washington, USA Gasify algae N/A 

Solix Biofuels Fort Collins, CO, USA Closed-tank bioreactors for 

biodiesel production 

Colorado State University 

Table 8. List of the companies for algae biofuel production (Source: Cleantech Ventures) 

Note: Petro Sun is also included as it announced the plan to start up their algae-to biofuel production 

factory in Rio Honda, Texas.  
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important negative impacts need to be taken into consideration. However, clearly, 

algae represent an alternative potential feedstock for biodiesel and bio-H2. It is rather 

suddenly attracting attention and venture capital to dozens of start-ups (Holzman, 

2008).  The list of companies involved in producing biofuel from algae is found in 

Table 8. Significant advances have already been made in the research of manipulating 

the metabolism of algae and engineering of algae systems to produce large amounts of 

oil while absorbing equally impressive quantities of carbon dioxide. Some countries, 

including New Zealand, have continued to work on the production of biofuel from 

algae and have made significant progress. Boeing in its Chicago facilities is going to 

help fuel suppliers and customers to develop the technology converting algae to 

biofuel as already noted. Virgin Atlantic announced it was to team up with Boeing to 

explore biofuel from algae too. They conducted a joint biofuel demonstration on one 

of the airline‟s Boeing 747-400s in 2008, aiming to develop it as a sustainable fuel 

source suitable for commercial jet engines. In 2008, Europe‟s largest oil company, 

Shell Plc together HR BioPetroleum have announced that they will jointly be building 

an algae-growing plant to make biofuel from algae (Doraswami, 2008).  

 

Recall that Aquaflow, the small New Zealand-based biotechnology company, is 

developing an environmentally friendly jet fuel made from wild algae. The fuel is 

developed from wild algae‟s fatty lipids. In 2006, the company successfully 

demonstrated biofuel production from algae with sewage treatment. It was expected to 

produce at least one million litres of the fuel each year. Also, Aquaflow used algae-

based biodiesel to run a Land Rover, driven by New Zealand‟s Minister for Climate 

Change.  

GreenFuel Technologies of Cambridge, Massachusetts, are exploring production of 

biodiesel from algae. The startup, funded by Jack Metcalfe, inventor of Ethernet 

builds algae bioreactor systems, which use recycled CO2 to feed the algae for biofuel 

production. The algae are estimated to produce 2000-7,000 gallons per acre in a 

closed system. The company has signed a $92 million agreement to build an algae-

based plant in Europe, contigent on successfully executing a small-scale pilot project. 

 

ENI, a big Italian oil company is exploring the energy potential of algal biomass 

through its in-house breeding program to select fast-growing strains that have high 

rates of phyotosynthesis. Bench results are promising and the company is now 

planning to scale up to cultivate the algae on both saltwater and freshwater. The 

enclosed facility will be probably the largest in the world after launching its first 

demonstration- scale project in Italy this year (Sheridan, 2007).   

 

Solazyme, The five-year-old firm uses synthetic biology and genetic engineering to 

tweak algal strains for better biofuel yields. The algae are grown in fermentation tanks 

without sunlight, by feeding it sugar.  The company is backed up by a major oil 

company-Chevron, as well as biodiesel maker Imperium Renewables. The investors 

include Blue Crest Capital finance and the Roda Group.  

In Argentina, the company called Oil Fox SA-backed by German Capital has 

announced that it can cultivate enough algae to produce 57.5 million gallons of 

biodiesel annually. Sapphire, a San Diego-based company announced the production 

of 91-octane gasoline, converting from algae. They emphasizes that this product is not 

biodiesel or ethanol, as it can be used safely in gasoline engines without need for 
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modification. This “green crude” oil from algae can be processed in their current oil 

refineries, without the need to build a new infrastructure. With the solid funding 

support from ARCH Venture Partners, Venrock and The Wellcome Trust, UK, 

Sapphire expects to have a pilot project running in three years and commercial 

production in five years. The fuel is expected to be cost-competitive with petroleum.  

 

4.5 Algae among other GreenTech Cluster Investors & Firms in Silicon Valley 

Noticeably, the algae renewable firms cluster close to the venture capital source, 

mostly in Palo Alto that invests in them utilising new GreenTech venture capital 

funds (Fig. 13). Among the leaders of this transition, often from ICT to GreenTech  

• Ausra develops and deploys utility-scale solar technologies  in a competitive, 

environmentally responsible manner. Palo Alto, CA 

• Bloom Energy solid oxide regenerative fuel cells (SORFC) - renewable electrical 

energy generated from hydrogen and oxygen. Sunnyvale, CA 

• Miasole Miasole is a low-cost, thin film CIGS solar company. San Jose, CA 

• Solazyme Uses synthetic biology and genetic engineering for better biofuels 

growing algae in fermentation tanks without sunlight, by feeding it sugar. 

Investors: Chevron, biodiesel maker Imperium Renewables. VC from Blue Crest 

Capital Finance and The Roda Group. S. SanFran

• Live Fuels Aiming to create green crude to be fed directly through the US 

refinery system. The Menlo Park (SV) startup uses open-pond algae bioreactors 

and plans to commercialize its technology by 2010. Investors include the 

Quercus Trust and Sandia National Labs

• Aurora Biofuels:UC Berkeley spinout using genetically modified algae for 

biodiesel. Claimed the microbial technology can create biodiesel fuel with yields 

125 times higher and have 50 percent lower costs than conventional. Investors 

Gabriel Venture Partners, Noventi, Oak Investment Partners. Alameda, SF

 

Fig. 13. 2007-8 Start-Ups in Algae and Other Biofuels in the San Francisco Bay 

GreenTech Cluster 

(Source: earth2tech) 

 

are the following, also with further listings in Fig. 14. Thus we return to the broader 

biofuels and photovoltaics and wind energy fields in summarising among whom the 

algae producing energy companies co-locate. It can be seen in  

 

1. Shai Agassi 

In March, 2007 Shai Agassi, president of German software giant SAP‟s product and 

technology group and architect of SAP‟s Netweaver software, left the company to 

pursue interests in alternative energy and climate change. Shai Agassi, 37, was among 

several SAP executives considered a potential successor to Chief Executive Henning 

Kagermann, who subsequently extended his contract through 2009. Mr. Agassi joined 

the company in 2001 when SAP acquired TopTier Software, a U.S.-Israeli firm Mr. 

Agassi founded. In January 2008, Agassi, with $200 million in venture capital from 
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Israel Corp. (ILCO) and Vantage Point Venture Partners, founded Project Better 

Place, a company with plans to operating much like a mobile-phone service provider. 

It hopes to sell or lease electric cars, initially to Israeli consumers, in packages that 

include monthly service fees. It will also operate networks of charging locations and 

service stations that replace batteries for people who are on the road. The whole 

system, called a "smart grid," will be coordinated by networking software developed 

by Agassi's programmers. 

2. Bob Metcalfe 

Born 1946, as an MIT graduate student, Bob Metcalfe worked on the ARAPNET. He 

graduated in 1969 with degrees in Electrical Engineering, and Management from 

MIT‟s Sloan School. He later founded ICT computer networking firm 3Com and 

wrote a column for Internet computer magazine Infoworld. Prior to this, he worked at 

Xerox PARC, home of the graphic interface, computer mouse and forerunner of the 

Apple personal computer in Silicon Valley, where he helped innovate Ethernet, for 

connecting computers in a local network before becoming a partner at Polaris 

Ventures. In July 2007, Metcalfe became chief executive of GreenFuel, based in 

Cambridge, Massachusetts.  GreenFuel utilises bioreactors filled with algae to convert 

carbon dioxide into feedstock for biodiesel and other biofuels. Aimed at reducing 

greenhouse gases and lowering biodiesel and bioethanol prices, the technology 

enables utilities investing in the bioreactors to qualify for carbon tax credits. The 

company expects to reach £100 million in turnover by 2012. By 2008 even PARC had 

established a Cleantech Innovation Programme which began as a grassroots initiative 

by a small, dedicated group of PARC employees interested in sustainable 

technologies. After forming a discussion group to understand the critical technology 

challenges in this area, the group established a PARC forum on „Sustainability‟ 

focused upon: affordable solar energy; water filtration; solar cell efficiency; data-

centre optimization; power usage reduction; and renewable liquid fuels. 

3. Vinod Khosla 

Vinod Khosla was born in 1955 in Pune, India is an Indian-American venture 

capitalist. He is an influential personality in Silicon Valley. He was one of the co-

founders of Sun Microsystems and became a general partner of the venture capital 

firm Kleiner, Perkins, Caufield & Byers in 1986. In 2004 he established venture 

capital firm Khosla Ventures' which has specialised in investments in biofuel related 

companies although the list reveals a much broader scope. Many, if not most, of these 

companies have a long way to go before they pay off, and some will not make it, but 

it interesting to see what he is doing. Here are the categories he uses and the specific 

companies (except for 5 that he labelled as stealth, meaning non-disclosure of 

innovative knowledge due to confidentiality protocols) that he has invested in: 

 Cellulosic - Mascoma, Celunol, Range Fuels, 1 stealth startup  

 Future Fuels - LS9, Gevo, Amyris Biotechnologies, Coskata Energy  

 Efficiency - Transonic Combustion, GroupIV Semiconductor, 1 stealth startup  

 Homes - Living Homes, Global Homes  

 Natural Gas - Great Point Energy  

 Solar - Stion, Ausra  

 Tools - Nanostellar, Codon Devices, Praj  
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http://en.wikipedia.org/wiki/Pune
http://en.wikipedia.org/wiki/India
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http://en.wikipedia.org/wiki/Venture_capitalist
http://en.wikipedia.org/wiki/Venture_capitalist
http://en.wikipedia.org/wiki/Venture_capitalist
http://en.wikipedia.org/wiki/Silicon_Valley
http://en.wikipedia.org/wiki/Sun_Microsystems
http://en.wikipedia.org/wiki/Venture_capital
http://en.wikipedia.org/wiki/Kleiner%2C_Perkins%2C_Caufield_%26_Byers
http://en.wikipedia.org/wiki/1986
http://thefraserdomain.typepad.com/energy/2006/12/mascoma_tamarac.html
http://thefraserdomain.typepad.com/energy/2007/02/diversa_and_cel.html
http://thefraserdomain.typepad.com/energy/2007/02/another_cellulo.html
http://thefraserdomain.typepad.com/energy/2007/03/the_newest_kid_.html
http://www.socaltech.com/khosla_ventures_funds_gevo/s-0007942.html
http://www.amyrisbiotech.com/
http://coskataenergy.com/
http://www.tscombustion.com/
http://thefraserdomain.typepad.com/energy/2006/09/group_iv_semico.html
http://thefraserdomain.typepad.com/energy/2007/01/cheaper_natural.html
http://www.efytimes.com/efytimes/fullnews.asp?edid=15571
http://www.thealarmclock.com/mt/archives/2007/03/qa_with_vinod_k.html
http://nanostellar.com/home.htm
http://www.hcp.com/news/newsdetails.php/id/47434
http://www.biofuelreview.com/content/view/853/
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 Water - 2 stealth startups 

 Plastic - Segetis, 1 stealth startup  

 Corn/Sugar Fuels - Altra, Cilion, Hawaii Bio 

4. John Doerr 

Venture capitalist John Doerr chief executive of venture capitalists Kleiner Perkins 

Caulfield & Byers made his name and fortune with early investments in Netscape  

Communications Corp., Amazon.com Inc., Google Inc. and other pioneering high-

tech firms that moved successfully from start-ups to household names. Since 2006 

Doerr and his firm KPCB have shifted their investment portfolio towards an emerging 

sector Doerr calls „green technology‟ (GreenTech), one he believes could become as 

lucrative as information technology and biotechnology. Menlo Park-based Kleiner 

Perkins in 2006 set aside $100 million of its $600 million fund for technologies that 

help provide cleaner energy, transportation, air and water. That sum was additional to 

more than $50 million Kleiner Perkins had already invested in seven GreenTech 

ventures. By 2007, Kleiner Perkins was investing $200 million in GreenTech, 

covering enterprises in fields such as coal gasification, fuel cell batteries, cellulosic 

biofuels, and thin solar film.  

By July 2008, Doerr and KPCB were commenting upon challenges for GreenTech 

that differentiate this investment field from previous venture capital markets. One is  

 

Fig. 14. The Emergent GreenTech Cluster in San Francisco Bay Area 

http://www.thealarmclock.com/mt/archives/2007/02/friendly_chemic.html
http://vcdeal.com/vc/vcresearchcenter/funding_detail.cfm?dealidall=6578
http://thefraserdomain.typepad.com/energy/2006/09/cillion_to_prod.html
http://biopact.com/2006/08/hawaii-biofuels-summit-island-states.html
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that energy and related sectors are significantly different from ICT or biotech, which 

have traditionally been venture funded. This move comes at the expense of 

investments in new Web 2.0 companies not least because, in particular, many energy 

enterprises require much more capital to build and test their products, more than what 

most venture firms are prepared to consider. In a speech at the MIT Energy 

Conference in 2008, Doerr noted that Google required $25 million before it went 

public. By contrast, Kleiner-funded fuel cell company Bloom Energy had already 

gone through $250 million and is still developing its product. To address that 

situation, Kleiner Perkins raised two funds worth $1.2 billion in 2008: the KPCB 

Fund XIII will largely invest $700 million in green technology start-ups over a three-

year period. Its Green Growth Fund will invest $500 million in financing later-stage 

energy ventures looking to commercialize their technology. Apart from Bloom 

Energy, KPCB has invested in GreenTech start-ups such as Fisker Automotive, a  

 
Fig. 15. Recent Entrepreneurial Cluster Mutation Carriers, California 

Source: earth2tech 

 

25 Who Mutated from ICT to Cleantech 

• Martin Eberhard, Founder, 
former CEO Tesla.  

• Martin Roscheisen, Founder, 
CEO Nanosolar.  

• Martin Tobias, Former CEO 
Imperium Renewables.  

• Manny Hernandez, CFO 
SunPower.  

• Jonathan Gay, CEO of 
GreenBox  

• Jeff Skoll, Founder Skoll 
Foundation, investor in Tesla, 
Nanosolar.  

• Mitch Mandich, CEO Range 
Fuels.  

• Bill Joy, Partner, KPCB 

• Larry Gross, CEO of Edeniq.  

• Bruce Sohn, President First 
Solar.  

• David Kaplan, Founder 
V2Green.  

• Raj Aturu, Partner, Draper, 
Fisher, Jurvetson 

 

• Shai Agassi (SAP), Founder, CEO 
Project Better Place, Palo Alto, SV 

• Vinod Khosla, Founder Khosla 
Ventures.  

• Bob Metcalfe Partner, Polaris 
Venture Partners, CEO GreenFuel 
(Camb.MA) 

• John Doerr, Partner KPCB 

• Sunil Paul, Seed investor, early 
stage cleantech, Nanosolar, Oorja.  

• Elon Musk, Chairman, Tesla, 
Chairman, CEO SolarCity  

• Steve Jurvetson, Partner, Draper 
Fisher Jurvetson.  

• Bill Gross, Founder Idealab 

• Ray Lane, Partner, KPCB 

• Steve Westly, Founder The Westly 
Group.  

• Dan Whaley, Founder, CEO 
Climos.  

• David Cope, CEO of PurFresh.  

• Al Gore, founder, Generation 
Investment, Partner KPCB 

•  
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green American premium sports car company, Amyris Biotechnologies, an innovator in the 

development of renewable hydrocarbon biofuels, with financing Khosla Ventures, Kleiner 

Perkins Caufield & Byers, and TPG Ventures, and Miasole, a solar thin film photovoltaics 

company. 

Finally, we can briefly profile a sample of the California cleantech cluster with a view 

to identifying cross-board memberships and overlapping investor profiles. For this 

purpose, three Bay Area firms, LS9; Amyris Biotechnologies; and Codexis, are 

selected (Table 9) 

                  

                       LS9                      Amyris Biotechnologies                Codexis  

 

Field        Biofuels (Algae)         Biofuels                   Biofuels 

Key Investors       Flagship Ventures         KPCB, Khosla Ventures      Bio*one,  

               CMEA 

Founder profile      Biochem; Biotech          Oil, VC        Pharma; Oil 

Advisory Board Keys      Khosla Ventures          Frances Arnold        F. Arnold 

                   (CalTech)       (CalTech) 

CEO Biography      Telecom Software         Oil (BP)        Pharma 

 

  

Table 9. Management Characteristics of Selected Bay Area Cleantech Start-ups 

 

Unsurprisingly, perhaps we see some degree of overlap in key scientific advisory board 

membership, and functions across different firms (Khosla Ventures) but most distinctive in 

these cleantech or GreenTech Silicon Valley start-ups are the variety of professional 

backgrounds of firm founders, with oil expertise noticeable, and the even wider span of 

skills displayed by appointed chief executive officers (CEOs) where the convergent nature 

of entrepreneurship is most apparent. In the next two sub-sections, a reflection is provided 

on other possible forms of strategic niche management that demonstrate classic clustering 

by start-up companies is by no means the only organisational form taken in clean/green 

technology industry, for large firms have internal resources that enable them to mutate 

internally towards new market niches. However geography and even geographical 

proximity continues to play at least some part in such internal corporate mutations, as may 

be seen from what follows. 

 

 

4.5 Challenges for biofuel production from algae. 

Algae have been investigated for the production of different biofuels including 

biodiesel and BioH2. Algae biofuel production is potentially sustainable. It is possible 

to produce adequate algal biofuels to satisfy the fast growing energy demand with the 

restraints of land and water resources. Algae biofuel production can be coupled with 

flue gas CO2 mitigation, wastewater treatment and the production of high-value 

chemical co-products (Li et al., 2008). Markets for algae biofuel already exist and are 

growing, but the growth of the markets is limited by the production technology used. 

The cost price of algae biofuel is currently high (Wijffels, 2007). Technology 

developments, such as species screens, photo-bioreactor design, biomass harvesting, 

and refinery processing, may lead to improved cost-effectiveness. This will offer a 
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strategy for algal biofuel production to commercial viability. To develop biofuels 

from algae in an industrial process, there are several challenges for commercialising 

this technology: 

 

 First, a large amount biomass needs to be produced. The system could be an 

open or closed system. In an open system, sprawling shallow pools give more 

algae greater access to sunlight, but this means lots of land is required for open 

pond algal production systems. Evaporation and replacement of water, strain 

contamination and growth condition control would be issues in open systems. 

Bad weather can stunt algae growth, as can contamination from strains of 

bacteria or other outside organisms. The water in which the algae grow also 

has to be kept at a certain temperature, which can be difficult to maintain. It 

would be more efficient to cultivate algae in a compact installation such as 

photoreactor. Currently, such photoreactors are too inefficient and require 

more innovation and development, resulting in high capital cost for closed 

systems. 

 Second, algae species with high concentrations of the oil or efficient 

photosynthetic capacity are desired for high biomass production. In theory, 

algae tend to produce the most oil when under starvation conditions, which 

has negative consequences for reproduction. The survival of new engineered 

species for the production of a particular product is an issue. More thorough 

research needs to be focused on understanding of the metabolic pathways 

involved and by controlling these pathways. This could be achieved with 

advanced molecular technology developments.  

 Finally, the entire process should be applicable on an industrial scale. The 

pilot research project has successfully demonstrated the feasibility of 

converting algae to biofuel. But the companies involved in this technology are 

all at early stage development. The large scale commercial production is still 

undergoing its own development phases. It is still too early to tell if innovative 

breakthroughs will be short or long term. Also, there has not been any real 

testing done yet to compare the energy efficiency between algae biodiesel and 

gasoline. No statistics was released on the comparison of test car gas mileage 

and emissions.  

 

5. Conclusion 

 

The increasing demand for alternatives to fossil fuels leads to the production of 

biofuels from food crops such as corn, sugarcane, soybeans and palms. With the 

explosive growth of a corn ethanol industry in the US, the number of refineries is 

dramatically increasing with more being added rapidly, as farmers expand cultivation 

into lands formerly set for conservation, and reduce soybean farming to make room 

for corn planting. There has been distortion of the price structure of an important 

grain commodity that is traded in world markets and used in livestock production. 

Will that make maize or meat more affordable to poor countries that must import it, or 

to the poorer people who need to buy it? When more agricultural land was diverted to 

biofuel production, triggering higher crop prices, it raised the world-wide debate - 

“food vs fuel” debate.  
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Moreover, forest ecosystems have been disturbed by large scale palm oil extraction 

for biofuel development, resulting in a serious deforestation problem. Recent studies 

have revealed that converting rainforests, or grasslands to produce food crop-based 

biofuels in Brazil, Southeast Asia and the United States could release 17 to 420 times 

more CO2 than the annual greenhouse gas (GHG) reductions that these biofuels 

would provide by displacing fossil fuels (Fargione et al. 2008).  The use of croplands 

for biofuels increases greenhouse gases through emission from land-use change. Also, 

farmers would also try to boost yields though improved irrigation, drainage and 

fertiliser, which have their own environmental effects. This raises the question 

“Whether biofuel can really offer carbon saving or not?”  

 

Limiting carbon emissions with biofuels like ethanol is complex terrain; most 

proposals turn out to carry external costs. Recently, there has been a trend of biofuel 

resource transition, moving from first generation biofuel derived from food crops such 

as corn, sugarcane and oilseed, towards the next generation – cellulosic biofuel, made 

from lignocellulosic feedstock such as corn stove, grasses, wood chips and waste 

biomass. The growth of the ethanol industry depends on the success of next 

generation (2G) technologies. The viability of the first generation of biofuel 

production is questionable because of the conflict with food supply. Algal biofuel is a 

viable alternative as renewable and carbon neutral biofuel are necessary for 

environmental and economic sustainability. Algae offer economic potential as the 

more sustainable energy supply, especially if coupled with pollution treatment. It was 

stated in the recent report on the Economics of Climate Change that markets for low-

carbon energy products are likely to be worth at least $500 billion per year by 2050 

(Stern, 2007). Substantial progress has been made in facilitating algae biomass 

production and enhancing production efficiencies through engineering of 

biophotoreactor systems. These technologies will enhance the cost-effectiveness of 

the algae biofuel strategy. With the successful application of biodiesel produced from 

algae as jet fuel, there is further interest in exploring the application of biofuel from 

algae in other transport systems as a more sustainable renewable energy. However, 

the technology for better biofuel is still far away, although with the government 

subsidies support change could be more swiftly effected. There are some practical 

matters still on the table, for example, efficient biofuel production, infrastructure of 

biofuel supply and risk of biofuel transportation.  

 

Today, government, industry and experts promote biotechnology as a solution to 

many problems. Biotechnology has been presented as a solution to the problem to 

feed developing countries over years. In the past decades with genomics burgeoning, 

biotechnology has been pursed as a tool to provide treatment for diseases throughout 

the world, but only partially in the developed nations. Now, it is considered as 

technology to facilitate alternative, renewable energy as the source to reduce global 

carbon footprints and global warming. But we may have to realise that if 

biotechnology can help solve these problems, it is not the only “solution”, it is just 

one of the technologies and approaches that needed to solve the problems (Nature 

Biotechnology Editorial, 2008). Then disappointment may not reign if it is not seen to 

clear the third world‟s poor and starvation problems nor delivered the promised gene 

therapy medicine. Now, the emergence of bioethanol and biodiesel as viable „green‟ 

energy source are promoted by some government policies and investors. Clusters of 

GreenTech firms have emerged in California, including algal biofuels networks mixed 

in with migrating ICT entrepreneurs and investors. What is learnt from past 
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experiences is that biotechnology and ICT are at their most powerful when combined 

with other technologies in platforms of innovation with pervasive capabilities. 

Equally, they should be assessed and applied under conditions approaching those of a 

comprehensive eco-system. There is pessimism in science now following the over 

hyping of what biotechnology can do now and over-promising what it can do in the 

future especially in medicine (Nature Biotechnology Editorial, 2008). Now we have 

witnessed the dramatic downside of biofuels with the increase in food price result 

from the development of first generation of crop-based biofuel. But learning proceeds 

with faltering steps. Biofuel development is moving into its second generation, from 

non-food crop biomass to exploration and investment in the potential of algae biofuel. 

We have to more clearly recognise and admit the comprehensive system life cycle of 

biofuels in our evaluations and analyses. The challenge to any nation in reducing its 

dependence on foreign oil is seen by scientists and technologists represented by 

journals like Nature and its many affiliates as too great to abandon first-generation 

technology for fear of unpleasant and unintended consequences; instead innovators 

and investors are set to learn more from comprehensive life-cycle analyses how to 

avoid those consequences in the first place as the biofuels market evolves. Algae have 

as yet revealed fewer unpleasant unintended consequences at potentially affordable 

prices than most biofuels reviewed here. 
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