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World Energy Outlook 2013

Renewables become the world’s 2nd largest 
source of power generation: 

■by 2015 half that of coal 

■by 2035, they approach coal

Bioenergy

■Biomass for power and transport grows four-fold, with 
increasing volumes being traded internationally. 

■Global bioenergy resources are sufficient without 
competing with food production, the land use 
implications have to be managed carefully
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Bioenergy – a Sustainable and Reliable Energy 
Source
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• Bioenergy could contribute 
between a quarter and a third of 
global primary energy supply in 
2050.

• It is the only renewable source 
that can replace fossil fuels in all 
energy markets

• The productivity of food and 
biomass feedstocks needs to be 
increased
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www.ieabioenergy.com/mediaitem.aspx?id=6360



Algae Biofuels in Roadmaps

■ DOE Aquatic Species Program 1978 – 1996 (Sheehan, 1998)

■ USDOE: National Algal Biofuels Technology Roadmap, 2010

■ IEA Technology Roadmap Biofuels for Transport 2011

■ IEA AMF Roadmap

■ IEA Bioenergy Task 39 & IEA AMF Summary Report (2011)

■ ALGAE&ENERGY:AUSTRIA (not yet approved by BMVIT)
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IEA Technology Roadmap 
„Biofuels for Transport“ 2011
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Commercialisation Status of main Biofuel 
Technologies

Ort, Datum
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Life-Cycle GHG Balance oh various Biofuels
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Diesel replacement

Gasoline replacement

Natural gas 

replacement



Algal Biofuels, Conclusions

■ The most anticipated biofuel products appear to be 
high-quality diesel and jet fuel analogues

■ Production cost estimates for the raw oil vary between 
US$ 0.75/l to more than US$ 5.00/l , excluding costs for 
conversion to biofuel (Darzins et al., 2010)

■ Scaling up production remain significant challenges, and 
require more basic R&D efforts than other advanced 
biofuel routes

■ Commercialization depends on effective strategies to 
generate high-volume biofuel along with high-value 
co-products
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National Algal Biofuels Technology 
Roadmap, USDOE, 2010
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Background and Conclusions

Reasons for algal biofuel

■high per-acre productivity, 

■non-food based feedstock, 

■use of non-productive land, 

■use of fresh, brackish, saline, 
marine, produced, and waste 
water,

■both biofuels and co-products,

■recycling of CO2 and nutrient 
waste streams

Roadmap suggestions

many years of basic/ applied 
science/ engineering needed to 
achieve 

■affordable, 

■scalable, and 

■sustainable algal-based fuels.

Quickly implement innovative 
technologies in an integrated 
process
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The DOE Aquatic Species Program (1978 to 1996) illu strated the potential 
of algae. Rising petroleum prices and the RFS Stand ards have renewed 
interest in developing algal biofuels 



IEA Bioenergy Task 39 Algae Report 2010

Authors:

■Al Darzins, Philip Pienkos (NREL, US)

■Les Edye (Australia)

Content:

■State of the technology: biology, 
cultivation, harvesting, conversion 

■Sustainability

■Siting 

■Economics of biofuel production

■Contribution to future liquid 
transportation markets

■Conclusions
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Extensive Pond Production of Dunaliella salina 
Hutt Lagoon, Australia (Google Earth)
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Intensive Pond Production of Spirulina, Earthrise Nutraceuticals, California (Google)



H. pluvialis Production in Tubular Photobioreactors
(Algatech Corp., Israel)

Slide 15



Limits to Growth

■ Theoretical maximum growth rate in areas of high solar 
radiation (more than 6 kWh/m2.d)

■ Natural blooms: 50 g/m2.d but not sustainable over 
extended periods and fall in the range of 20-30 g/m2.d

■ Other limitations:

■ Biosynthetic rate
■ Temperature
■ CO2 limitation
■ Other nutrient limitations
■ Self-shading
■ Light saturation
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Microalgae Potential Yields
Comparison with other Feedstocks
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Algae Production Siting, 
eg. Average Temperature
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www.climate-charts.com/World-Climate-Maps.html



Algae Fuel Value Chains
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… an example of the cost analysis 
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Production Cost Summary
(based on the currently achievable production parameters)

■ 2 to 3 times higher than fossil diesel price  

■ Could be reduced through more productive strains

■ Capital costs are an important parameter; can be 
reduced significantly through technical learning

■ Careful attention to

■ Site selection and construction techniques
■ Co-product credits 
■ Carbon reduction benefits
■ Water costs
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� Many years of basic and applied science and 
engineering will be needed to achieve affordable, 
scalable, and sustainable algal-based fuels. 

� The ability to quickly test and implement new and 
innovative technologies in an integrated process will be 
a key component to accelerating progress
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Time HorizonTime Horizon

Extensive Ponds for Sewage Treatment, Melbourne Water Corporation, Werribee, Australia



Conclusions

■ The basic concept of algae biofuels is known for years

■ Algae can be grown in large outdoor cultures

■ Algal oil can be obtained by known means, albeit with sub 
optimal yield, cost and thermodynamic efficiencies

■ FAME, HVO and jet fuel production from algal oil have 
been demonstrated at non-commercial scales

■ The production of transportation fuels is feasible

■ However there is a need for innovation in all elements of 
algal biofuels production to address technical inefficiencies, 
which represent significant challenges to the development 
of large-scale algal biofuels enterprises
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IEA AMF Algae Report

Contents

■Allure of Algae for Biofuels

■Algal Fuel Industry & market 
overview

■Government Support

■Algal Biofuels Production 
(Harvesting, Dewatering, Fuel 
Production)

■Feasibility Assessment

■Recommendations for Policy 
Makers
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Allure of Algae for Biofuels
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Visionary Yield Projection
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Mayor Stages in producing Algae biofuels
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Comprehensive 
R&D Roadmap
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Synthesis Report, Background and Authors

In 2010, IEA AMF and IEA Bioenergy Task 
39 commissioned reports on the status of 
Algal Biofuels

The Task 39 report was written by Al 
Darzins, Ph. Pienkos (NREL) and Les Edye 
(Australia). Contributions were provided by 
W. Amos, J. Benemann, E. Jarvis, J. 
Jechura, A. Milbrant, M. Ringer, K. Theis, 
and Bob Wallace. 

The IEA AMF report was prepared by K. 
Sikes and R. McGill (Sentech) and Van 
Walwijk, Martijn. Support was received from 
St. O’Leary and P. McGinn at the National 
Research Council (NRC) Canada 

The summary report has been prepared by 
Don O’Connor, (S&T)2, Canada)
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Findings 

■ Algae have potential as a feedstock for biofuels. 

■ Productivity can be higher than for terrestrial crops. 

■ Algae can be cultivated at sea or on non-arable land, so 
there is no competition with current food production.

■ These reasons justify attention to algal biofuels from 
researchers, industries and (governmental) policy 
makers. 
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Recommendations I

■ Current expectations are based on mainly on laboratory 
work. It seems appropriate to start pilot projects to 
obtain experience in scaling up

■ It is too early to select preferred pathways and 
technologies. Circumstances, such as climatic 
conditions and the availability of water, will have 
different solutions.

■ Experts should be involved in the determination of 
ecological impacts of large-scale algae cultures and 
sustainability criteria should be developed. 
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Recommendations II

■ Algal biofuel chains may have a net energy output, 
further energy analysis of many different chains is 
needed. 

■ Energy consumption and emissions should be 
measured to ensure that actual values are consistent 
with those in the sustainability analysis

■ Stakeholders and policymakers should remain open to 
new species, processes, and fuels besides the ones that 
are being considered today.
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Current European Projects

www.intesusal-algae.eu: 

InteSusAl will demonstrate an integrated approach to biofuels from 
algae on an industrial scale (May 2011 til Nov.2015)

www.aquafuels.eu/: 

Focused on the state of the art on R,D&D aquatic biomasses for 
biofuels production (2009 – 2011)

www.biofatproject.eu/: 

Demoproject targeted at biodiesel and ethanol production (algae 
process chain from algae to biofuel production)

http://giavap.eu/
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Algae&Energy:AUSTRIA
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Will be published soon

Some preliminary results:  

www.nachhaltigwirtschaften.at/iea_pdf/events/201

10331_bioenergieforschung_5_5_hingsamer.pdf



Algae&Energy:AUSTRIA -
Range of Productivity [g/m2.d]
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Different sources, modified in the Algae&Energy:Austria project

Visionary Visionary 

Energy from 

hydrocarbons



An Austrian Example:
Demo Plant Austria "Phobior“ (Ecoduna)

Phobior targets on the production of omega-3 fatty acids 
for human nutrition. 

Funded by the European Commission’s Executive Agency 
for Competitiveness and Innovation within the CIP-EIP-
Eco-Innovation 2009 program
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www.ecoduna.com/projects/demo-plant-austria-phobior/


