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Abstract
Exploring cyanobacteria as a potent source of biofuel production is first step towards development of an ecofriendly
sustainable society. Burning environmental issues, intensifying costs and limited availability of fossil fuels have generated
the need of alternative energy sources. Nowadays several plants, microbes are being studied for their potential role in
production of biofuel such as bio hydrogen, bioethanol and biodiesel. Cyanobacteria provide a quite promising platform
due to their simpler organization and easy genome modification capability. This review put forward an insight on the vital
issues of alternative energy where cyanobacteria prove to be one of the best choices as a source of renewable energy.
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Introduction
World around is looking forward to reduce greenhouse
gas emissions via alternative resources to depleting fossil
fuels in order to go green and ecofriendly. The use of
cyanobacteria as a renewable energy source is highly
emerging because cyanobacteria promises as a model
organism for the production of biofuels utilizing simplified
source as carbon dioxide(CO2) and sunlight as their main
sources of carbon and energy (Ducat et al., 2011;
Machado and Atsumi, 2012). Cyanobacteria are one of
the oldest photosynthetic organisms on Earth that existed
about 2.5-2.6 billion years ago (Schopf and Packer, 1987;
Olson and Blankenship, 2004). Phylogenetic studies group
them as Gram-negative prokaryotes having cosmopolitan
distribution ranging from hot springs to the Arctic and
Antarctic regions (Stanier and Cohen-Bazire, 1977).
Complete transition from a reducing environment to
oxidizing atmosphere paved way for the evolution of O2
producing cyanobacteria and turned Earth as dwelling
place for various life forms (Dismukes et al., 2001). Thus,
cyanobacteria were responsible for a major global
evolutionary transformation leading to the development
of aerobic metabolism (Pace, 1997). Because of their
comparative cellular simplicity and ease of genetic
manipulation, cyanobacteria are the object of numerous
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biotechnological efforts for metabolic engineering for the
renewable production of biofuels and high-value products.
Compared with algae and plants, cyanobacteria are easier
to genetically modify and are amenable to organism-wide
metabolic modeling, which are attributes that lend
themselves to synthetic biology approaches (Berla et al.,
2013). Cyanobacteria have thus become the targets of
biofuel production that includes the engineered production
of ethanol (Deng and Coleman, 1999), butanol, isoprene
(Lindberg et al., 2010), ethylene (Ungerer et al., 2012),
sugars (Ducat et al., 2012), and lactate (Angermayr et
al., 2012).
The development and use of renewable energies
provide a considerable number of benefits to nations
around the world including an increment of the energy
production, environmental protection, reduction in
pollution and jobcreation. Solar, wind, hydroelectric,
biomass and geothermal energy currently constitute the
most common sustainable sources of energy. Each one of
these sources has particular properties that determine their
usefulness and application in our society (Afgan and
Carvalho 2002). Sustainable energies represented about
18% of the global total energy consumption and are able
to substitute traditional fuels at different levels including
power generation, heating, transport fuel and rural energy.
Because of its common use in developing countries for
local energysupply, biomass represents the major source

Cyanobacteria as a Novel Source of Renewable Energy

of renewable energy (constituting up to a 75% of the
renewable energy sources) (Hall and Moss 1983).
Bioenergy is fuel derivedfrom biological sources
(biomass) and is also referred to as biofuel. Biomass is
defined as any organic material coming from any form of
life or its derived metabolic products. Biofuel (either
biodiesel or bioethanol) is currently the only alternative
energy source able to replace transport fuel in today’s
vehicles without involving major modifications to vehicle
engines (Kaygusuz 2009). Biomass possesses important
advantages if compared to other sustainable sources, for
instance, it is available throughout the world, its
processing is relatively simple without involving expensive
equipment and it can be stored over long periods of
time.This review highlights about utility of cyanobacteria
as a source of energy by utilizing its organic and inorganic
constituents.
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5. Cyanobacteria possess a relatively small genome and
many of them have already been completely
sequenced, thus it is comparatively easier to perform
system biology approaches in these organisms as
compared to eukaryotic algae (Rittmann2008).

Cyanobacterial biomass has traditionally been
associated with the production of ethanol (Deng and
Coleman 1999; Dexter and Fu 2009) or hydrogen (Hall
et al. 1995) as an energy source. Around 2,000 species
of cyanobacteria have been identified (Sheehan et al.
1998), but information regarding the production of
biodiesel from these species or related parameters such
as the biochemical profile, growth rate and energy content
of the different species are scarce (Miao and Wu 2006).
For the large-scale production, a wide range of variables
are important of which (Griffiths and Harrison 2009;
Grobbelaar 2000) lipid content (percent dry weight),
productivity (milligrams per litre per day) and growth
rates (doubling time) are keys for the production of
biodiesel. Griffiths and Harrison (2009) collected data
on the biodiesel production of 55 microalgae species.
Synechococcus with a production of 75 mg/L of lipids
per day was among the highest yielding strains of
cyanobacteria. Vermaas and colleagues have genetically
engineered a single gene mutant of Synechocystis able to
accumulate up to 50% of dry weight in lipids(Rittmann
2008). A bioscience firm in the USA, Targeted Growth,
has recently claimed to have developed a new technology
to increase the lipid content of cyanobacteria by
approximately 400% (Timmerman 2009). Biodiesel
quality is also an important factor as it should meet various
specifications before commercialization according to the
European or American standards. Important parameters
including oxidation stability, cetane number, iodine value
and cold-flow properties are closely correlated to the fatty
acid composition and are determined by the degree of
saturation and the chain length of the fatty acids.
Generally, unicellular types of cyanobacteria lack PUFA
(poly unsaturated fatty acid), while most of the
filamentous species contain high levels of di- and trienoic
fatty acids (Kenyon 1972; Kenyon et al. 1972). Thus,
unicellular strains represent the most suitable choice for
high quality biodiesel production because they have a
larger MUFA (mono unsaturated fatty acids) amount.

Types of fuels obtained from cyanobacterial biomass

Ethanol

Cyanobacteria being photosynthetic, utilizes the sun’s
energy, water and carbon dioxide to synthesize their energy
storage components, i.e. carbohydrates, lipids and
proteins. These energy storage components can be further
converted into bioenergy. Cyanobacteria make up a
promising model via its unique metabolism to transform
all the C sources into valuable sustainable fuels. The
following section details about the type of fuels obtained
from cyanobacteria as source of renewable energy.

Ethanol is formed by converting the starch (the storage
component) and cellulose (the cell wall component) in
the organism. As lipids can be made into biodiesel, the
carbohydrates can be converted to ethanol. Cyanobacteria
are the optimal source for bioethanol production due to
the fact that they are high source of carbohydrates/
polysaccharides and have thin cellulose walls. The
advantage that cyanobacteria have over the traditional
energy crops in producing ethanol is that they ferment
naturally without the need to add yeast cultures as is the

Why cyanobacteria as source of energy? Promises
Cyanobacteria possess certain properties which have
made them to be one of the most promising organisms for
bioenergy generation (Deng and Coleman 1999; Dexter
and Fu 2009):
1. Presence of considerable amounts of lipids in the
thylakoid membranes.
2. Higher level of photosynthesis and growth rates as
compared to other algae and higher plants.
3. They could be easily grown with basic nutritional
requirements and are able to survive if supplied with
air, water and mineral salts (especially phosphorouscontaining salts) with light as the only energy source.
These simplified needs make them best choice for
their selection and are often termed as green E. coli.
4. There cultivation is relatively simple and inexpensive.
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case with fermentation of traditional energy crops (Atsumi
et al., 2008). This characteristic makes cyanobacteria a
promising candidate for the production of ethanol. The
first cyanobacterial species to be genetically modified in
order to produce ethanol was Synechococcus sp. PCC
7942. The noncrystalline nature of cellulose makes it ideal
source for ethanol production facilitating its hydrolysis
(Nobles and Brown 2008). Ethanol is today the most
common biofuel worldwide.
Methane
Cellular biomass can be transformed to methane,
under anoxicconditions, through a process known as
anaerobic digestion. After lipid extraction from
cyanobacterial biomass, the remaining material can be
converted into methane by this process raising the total
energy recovery. This will lead to a more favourable or
positive energetic balance of the overall biofuels
production by cyanobacteria, which could also decrease
the total costs of the process for bioenergy production.
Spirulina maxima is one of the species studied in terms
of the methane production (Samson and Leduy 1982,
1986; Vareletal. 1988). The nitrogen-fixing
cyanobacterium, Anabaena sp., was shown to be able to
biodegrade cyanides and thereby producing methane in
batch reactors (Gantzer and Maier 1990).
Hydrogen
Biological hydrogen production as a source of
renewable energy has been receiving considerable
attention quite late. Active research into the production
of hydrogen in cyanobacteria is at the moment focusing
on the identification of new strains with specific hydrogen
metabolism, optimising cultivation conditions in
bioreactors and genetically modifying specific strains to
enhance H2 production (McKinlay and Harwood 2010;
Schütz et al. 2004; McNeely et al. 2010). Hydrogen can
be produced by many strains of cyanobacteria by the
reversible activity of hydrogenase. When cyanobacteria

are grown under nitrogen-limiting conditions, hydrogen
is formed as a byproduct of nitrogen fixation by
nitrogenase (EC 1.7.99.2). It was also shown that nonheterocystous cyanobacteria are less efficient in hydrogen
production than the heterocystous organisms. Several
reports have reviewed cyanobacterial species capable of
producing hydrogen (Abed et al. 2009; Das and Veziroglu
2001; Dutta et al. 2005) including at least 14 genera
cultivated under different growth conditions. Several
genera Anabaena, Oscillatoria, Cyanothece, Nostoc,
Synechococcus, Mycrocystis etc. (Dutta et al. 2005).
Among these genera it was reported that Anabaena spp.
was able to produce the highest amount of hydrogen as a
biofuel. Moreover, the emergence of synthetic biology
approaches will facilitate the futuredevelopment of more
specialisedand energy efficient strains for biofuel
production Fig 1 (Huang et al. 2010).
Cyanobacteria have received significant consideration
and furthermore offer a promising biomass feedstock for
various organic (ethanol, methaneand biodiesel) and
inorganic (hydrogen and electricity) biofuels. They are a
potential source of a wide range of valuable biofuels using
different substrates for their production. Many of the cited
strategies are still under development and their energy
yield may not be economically feasible yet at industrial
production levels. Therefore, the metabolic network needs
to be optimized and extrapolated to generate an efficient
and economic biofuel production system to a commercial
scale.
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