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Background
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Algae are a diverse group of eukaryotic photosynthetic
Algae
organisms that constitute over 40,000 species. They can
be single-celled (unicellular) or multicellular such as seaweed. Microalgae have been described as nature’s
very own power cells and could provide alternatives to petroleum-based fuels without competing with crops.
Algae can harvest the power of the sun through photosynthesis and convert this into biomass including
oil. Many species are fast growing and efficient at absorbing carbon dioxide (CO2) being more productive
than land plants per unit area. This makes them an important part of the carbon cycle and they are able to
produce complex molecules, such as hydrocarbons and carbohydrates, including cellulose, proteins, fats
and oils, from the carbon dioxide they absorb. How algae and plants convert carbon dioxide into different
molecules, known as carbon partitioning, is of great interest to researchers who aim to develop algae
that can produce the substances we require. Research is being undertaken to uncover novel microalgal
compounds that could provide alternatives to those from petrochemical sources. Algae produce more oils
when they are starved of nitrogen but we don’t yet understand why this should be. Uncovering the metabolic
mechanisms behind such behaviour will be important if we want to harness the full potential of algae.
There are a wide range of bioenergy products that can be obtained from
culturing algae including biomass for combustion to produce heat and
electricity, fermentation to produce bioethanol, biobutanol or biogas, oil
for conversion to biodiesel or even possibly algal synthesised biodiesel.
As well as producing hydrocarbons that can be converted into fuels
or plastics some microalgae have unique abilities such as being able
to produce hydrogen gas which can be used in fuel cells to produce
electricity. While still others, such as cyanobacteria, might one day be
used in solar panels to generate electricity directly. Algae can grow in
very nutrient rich environments that are toxic to other plants so they
could be used for treating ‘waste waters’, from a range of industrial
sources.
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Unlike land plants microalgae produce only one cell type and don’t divert resources into multicellular
structures such as flowers, roots or vasculature, and so they grow much more quickly than land plants.
Microalgae can be grown in large bioreactors and continually harvested unlike crops or macroalgae.
They could be grown using the waste carbon dioxide from industrial processes, power stations or waste
treatment plants. The oil they produce can then be converted into liquid fuel such as biodiesel. The ability
of microalgae to grow using waste CO2 emissions and sunlight, and not compete for land with crops, makes
them an attractive proposition both economically and sustainably. Unfortunately, the culture of algae on a
large commercial scale (mainly for biomass for aquaculture or specialised products such as natural food
colourants, omega-3 oils and antioxidants) has so far been restricted to sunny climates, and mainly to those
species that are tolerant to extreme environments such as high light or saline conditions.
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In order to develop biofuels from algae, research is being conducted to find suitable strains that produce high
levels of oils, can tolerate heat and high concentrations of carbon dioxide, and are easy to harvest. Some
of these strains may well be grown using bubble columns and photobioreactors in conjunction with CO2 from
flue gas emissions.

The strains of algae eventually used for processes outside of the research lab will depend on many factors:
economics, engineering practicalities, overcoming scientific barriers, adoption of industrial standards, local
planning applications, government incentives, social acceptance and more. Depending on the outcome
of research and experimental pilot plants it is feasible that many of the individual algal applications can be
combined in one facility such as waste water treatment, energy generation, animal feed production and
the removal of carbon dioxide. The algae may be cultured in self-contained bioreactors, in open-air ponds
or harvested from the environment. The process of harvesting algae is currently a significant challenge to
obtaining economical yields. The problems associated with culturing and harvesting differ in bioreactors,
marine environments or large ponds that could cover hectares of otherwise unproductive land. The UK
has a relatively cold climate, slowing growth of algae and reducing productivity, however, waste heat from
industrial activity could be used to warm ponds and thereby increase growth rates.
There may well be naturally occurring algae that can perform many of the tasks that we might want and
researchers carrying out bioprospecting hope to identify suitable strains by selective screening. When
growing algae in open systems it is inevitable that the ponds will get contaminated with algae from the
environment, so many developers of algal technologies are hoping to harness these environmental algae as
the main source of the algal biomass in their ponds. Strain selection will be key to successfully developing
algal derived biofuels.
There are a number of methods for developing suitable strains of algae, including breeding, somatic fusion,
genetic modification, synthetic biology and directed evolution. Breeding algae is theoretically possible but
currently faces significant scientific challenges, such as identifying why algal species possess the genes
for sexual reproduction but are only observed to reproduce asexually in the lab. Therefore, alternative
techniques such as somatic fusion and synthetic biology are being investigated. Somatic or protoplast
fusion involves combining the cells of different strains of algae. The technique has been used on plants and
yeast and researchers are now investigating if stable algal hybrids can be created using this technique. This
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somatic breeding approach is particularly attractive since it allows the creation of novel strains by crossing
species boundaries and exploiting the diversity found amongst the microalgae, but without using GM
technology, which is currently rather limited for algae. Nevertheless, research is being conducted to develop
methods for genetic modification to introduce desirable traits into algae, and synthetic biology approaches
to re-engineer algal cells. One further option would be to use a technique called directed evolution. Here
many algae are subjected to conditions that cause their DNA to change very slightly, the change in each
individual alga’s DNA will be subtlety different from the changes in any other alga’s DNA. The algae are then
selected based on some condition, perhaps how much oil they produce, and these selected ‘best’ algae then
go through the process again. So in a gradual stepwise fashion algae that are ‘better’ at producing oils are
selected – in a process analogous to evolution.
Another key issue faced in the development of algal biofuels is harvesting. The oil can be collected from
algae in a variety of ways but may involve growing algae in batches rather than continuously. Separating
the algae from culture, concentrating the algae, drying algae, extracting oils mechanically or chemically and
recycling the nutrients and water to reduce waste, all present difficulties and potential energy costs. Some
strains of algae, such as Scenedesmus, form thick sediments whereas others are extremely small or motile.
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