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Introduction
Rising oil prices, global warming and the rapid indus-
trialization of countries such as China and India have 
increased demand for a renewable alternative to petro-
leum. The National Petroleum Council projects 50-60 
percent growth in energy demand during the next 25 
years that is unlikely to be met by the global supply of 
oil and natural gas. The Energy Information Administra-
tion forecasts global oil demand of 43 billion barrels 
per year by 2026, which greatly exceeds the predicted 
petroleum supply. Carbon dioxide regulation is likely to 
further limit petroleum use in the coming years as well.

The U.S. government has committed to new energies, 
both as a national security mandate and for job cre-
ation, targeting 10 million jobs in the next decade and 
30 million net new jobs by 2030. OriginOil forecasts 
explosive growth opportunities as a result of a projected 
world biofuels market of $105.4 billion by 2018 and the 
potential to garner a share of petroleum’s multi-trillion 
dollar world market.

Much of the world’s oil and gas is made up of ancient 
algae deposits. OriginOil is developing technology to 
produce “new oil” from algae, through a cost-effective, 
high-speed manufacturing process. This new oil can 
be used for many products such as diesel, gasoline, jet 
fuel, plastics and solvents without the global warming 
effects of petroleum.

Two incubations of nannochloropsis algae, separated for 
parallel testing.

As originally seen in the February 2010 issue of 
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Algae – A sustainable biofuel feedstock
First-generation fuel-producing feedstocks, such as corn 
and sugarcane, often destroy vital farmlands and rainforests, 
disrupt global food supplies, and create new environmental 
problems. Second-generation non-food biofuel feedstocks, 
such as grass, forests and jatropha, eliminate food chain dis-
locations, but still face major issues of land and water use.  

Algae solves these issues because it requires minimal 
land compared to other biofuel feedstock, and can grow in 
waste, brackish or salt water, while also cleaning that water 
in the process. Rapid harvests permit industrial-scale pro-
duction, thus, algae oil is the first truly sustainable renew-
able oil and the most promising third-generation biofuel.  

Algae are a highly efficient biological factory capable of tak-
ing CO2, a waste product, and converting it into high-density 
natural oil through photosynthesis. Algae cells might con-
tain up to 60 percent oil that can be refined into liquid fuel. 

Remaining algae biomass can be converted into biogas, 
such as methane, and liquid fuel. Algae oil can be a carbon-
neutral biofuel, since it typically absorbs twice its weight in 
CO2 during the growth process. The OriginOil system with 
pre-certified carbon credits can therefore be a financing re-
source in areas with carbon trading in effect.

Technology
The two main technical challenges for converting algae to 
fuel are rapidly-growing large quantities of algae biomass 
and separating oil-producing lipids and residual algae bio-
mass to produce valuable products, or generate energy 
through anaerobic digestion from large volumes of water. 
OriginOil has addressed these challenges through a suite of 
process innovations to achieve adaptability, cost-effective-
ness and scalability. OriginOil’s solutions are modular, parts of 
which can be applied to other algae growth systems, includ-
ing open ponds. As a result, OriginOil can provide technol-
ogy for most algae producers.

Figure 1: OriginOil’s concept of an optimized algae production system. Shaded areas indicate OriginOil’s technology enhancements to 
implement “industrialized” and scalable algae-to-energy systems.
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The basic biochemical process in the schematic shown in 
Figure 1 is photosynthesis, where CO2 combines with water 
to form glucose, which is further converted into various cel-
lular organic compounds, and oxygen is released. 

The production system consists of three main components.
Quantum Fracturing1. TM: In this step, the ingredients of 
water, nutrients and CO2 are micronized into small bub-
bles to create a very large surface area. Mass transfer 
from the gaseous phase into the liquid phase is directly 
proportional to the gas-liquid interfacial area; thus 
Quantum Fracturing achieves very rapid distribution of 
nutrients and CO2 into the algae culture.
Helix Bioreactor™:2.  In a natural pond, the sun only il-
luminates one layer of algae growth that is exposed to 
natural sunlight; deeper layers are shaded by the algae 
cells at the top. To overcome this challenge, OriginOil 
developed a photobioreactor (PBR), known as the Helix 
Bioreactor, that provides light throughout the depth of 
the vessel. Low-energy lights are arranged inside the 
PBR to allow multiple growth layers. Each lighting ele-
ment is engineered to produce specific light waves and 
frequencies for optimal algae growth.
Single-Step Extraction™:3.  OriginOil’s SSE process 
separates lipids, water and biomass without the need 
for dewatering or use of chemicals. Conventional oil 
extraction processes necessitate drying of algae bio-
mass to less than 10 percent moisture. Algae cultures 
contain upward of 99 percent moisture, which makes 
dewatering very energy-intensive. The SSE process 
brings down the energy requirement, and the cost of oil 
extraction, by an order of magnitude.

Upon separation, the lipids can be converted into biodiesel 
or other specialty products after further processing. The 
biomass can be digested in anaerobic digesters for conver-
sion to methane, which can then be used as a fuel for power 
generation. In some cases, the biomass can be dewatered 
and converted into high value protein products or specialty 
materials. Water also can be recycled in the process. To 
power the lights in the PBR, a combination of waste energy 
specific to the host site, and renewable energy such as so-
lar panels, can be used. Sunlight can also be directly piped 
into certain PBR designs, which can provide free lighting 
during the day.

OriginOil’s business model and history
OriginOil does not intend to produce and market algae-
based oil or fuel as an end-product. During the past 2½ 
years, OriginOil created new technology and a means of 
getting that technology to the end-user without requiring di-
rect manufacturing facilities or costs.  

OriginOil anticipates multiple revenue streams, including li-
censing systems and technology; selling proprietary models 
through OEM and regional suppliers; selling components 
through channel partners; and selling service training, certi-
fications and service agreements. Partnerships with the De-
partment of Energy’s Idaho National Laboratory and Desmet 
Ballestra, an international leader in oil and fats technology, 
are expected to further speed commercialization. In Sep-
tember 2009, the company presented the first comprehen-
sive algae production model, developed with the INL under 
a collaborative research agreement.

As a technology provider to the fast-growing algae-to-oil 
industry, OriginOil’s mission is to help others make algae. 
Algae are the fastest-growing biomass and are the best 
candidate for a fuel feedstock that can replace petroleum. 
While the promise of algae is great, lack of technology has 
prevented the achievement of that potential. OriginOil has 
identified key “choke points” in the algae-to-oil process and 
has developed strategic, proprietary technologies, which if 
adopted, will lead to the success of algae as a replacement 
for petroleum.

Focusing its efforts on growing algae and extracting oil, 
OriginOil has filed a series of patents that it believes can 
revolutionize the economics and speed by which algae is 

OriginOil biochemist Heather Heath adds incubant. Automation  
software is in background.



grown, harvested and has its oil extracted. OriginOil’s com-
plete, modular system grows microalgae rapidly and ex-
tracts its oil content to replace petroleum in various  
applications. This new technology is a clean and efficient 
means of collecting new algae oil that has multiple applica-
tions, including biodiesel, gasoline, jet fuel, plastics and 
solvents, while the remaining algae mass can be converted 
to methane, synthetic gas, liquid fuels, alcohol, food, feed 
and fertilizer.

Initial applications
Some key initial target applications offer opportunities to get  
algae oil in production  quickly and do not require  
heavy investment, infrastructure, distribution networks or  
transportation:  

Natural gas-fired furnaces: Absorb CO2, gasify for  
on-site combustion as natural gas.

Biodiesel refining: Captive algae oil production line plus 
biomass for supplementary power.

Wastewater treatment: Provide nutrient (Nitrogen and 
Phosphorus) removal capabilities and rapidly absorb 
CO2 generated by energy consumption processes.

Other applications include waste-to-energy and  
ethanol production plants.

Competition
Many companies in the new algae fuels industry tend to 
organize themselves as integrated producers and to keep 
their intellectual property to themselves. OriginOil, however, 
is unique at this time in being a pure technology provider. 
The leading companies in algae today are therefore  
potential customers for OriginOil and several have shown 
strong interest in its technology.

Conclusion
Algae are the most promising third-generation  
feedstock for producing biofuel, which would result in  
multiple benefits. OriginOil has developed breakthrough 
technology to address the technical challenges of growing 
algae on an industrial scale with minimal footprint, and  
extracting oil from algae biomass energy-efficiently.
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An array of incubants in various states.
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