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ABSTRACT

~

Global warming is main issue faced by world at present, caused due to emission of various
greenhouse gases like CO,, CH4, N,O and Fluorocarbons. These gases are released in the
atmosphere due to various anthropogenic activities like burning of fossil fuels, flue gases from
power plants, etc. Anthropogenic carbon dioxide has been identified as a major cause for global
warming. There are various methods available for CO, sequestration, biological methods of
sequestration using algae are energy proficient due to less energy requirement. Green algae can
secretive CO,into sugars and lipids in nearness of daylight by compound activity and drop CO, to
certain level. Algae can be used to capture CO, from various industries like steel, cement, power
plants, automobiles and many others by cultivating its near the industrial area.
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INTRODUCTION

Algae is used as a resource of food, fuel,
stabilizing agent , manure, compound and in
waste water treatment as well as in power
plants to lessen CO; discharge. Algae generates
a large amount of biomass and energy. Certain
species of algae gather upto 60% intracellular
lipid of their overall biomass, it enhance their
heat of combustion and energy value. More than
70,000 algae have been identified but every
single one of them are not well for human
necessity. Algae can be grown under conditions
which are not suitable for regular crops
production like Soyabean and others.
Microalgae can manage CO; using solar energy
with efficiency ten folds better than terrestrial
plants. Fifty percent of the photosynthesis
process on Earth by algael.

Enlarged concentration of carbon dioxide in the
atmosphere is getting a immense deal of
consideration as it is answerable for global
warming. Amount of fossil fuels being burned is
positively related to atmospheric increase of
carbon dioxide?. In order to retard this increase
of carbon dioxide, most industrialized countries
have joined a policy to hold carbon dioxide
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emissions3. Photoautotrophic algal cultures
have the potential to diminish the release of into
the CO; atmosphere, helping alleviate the trend
towards global warming. To realize workable
CO; biological fixations systems, selection of
optimal microalgae is vital*. The selection of
optimal microalgae depends on specific
strategies required for CO; sequestration. Micro-
algal biomass creation has huge potential to add
up to world energy supplies and to control CO;
emissions as the demand for energy increases.
This technology makes creative use of arid and
semi-arid lands and highly saline water,
resources that are not appropriate for
agriculture and other biomass technologies>.

Greenhouse gases in the atmosphere & its
contributions

The effect of greenhouse gases depends on the
chemical nature of various gases and its
quantity. For example, the effect of methane and
CFC are extremely elevated even if they are
present in lower quantities. Water vapor
dominates the greenhouse effect among
contributing gases, CO; plays major role as it
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influences the increase of water
concentrations.

Table 1 shows the various greenhouse gases and
their contributions. From above table, it is
observed that, among all greenhouse gases,
input of carbon dioxide to the environment is

considered to be the maximum®.

vapor

Different ways to reduce CO;

The majority of the World’s energy supply take
place from fossil fuel, as a result there is
increase in the atmospheric CO; leading to
global warming. Therefore, it is extremely vital
to develop new methods for CO; sequestration
and also to develop an another clean energy
sources which do not depend on fossil fuel and
have a bearable environmental impact. Oceans
play a vital role in absorbing atmospheric
carbon dioxide but absorption of carbon dioxide
by ocean is slow process and can take hundreds
of years. Due to recent researches, the scientists
had came across the techniques of carbon
dioxide confiscation and bio-fuel creation from
micro and macro algae. This method turn out to
be one of the option to fight climate change as
higher plants have diverse restrictions to be
utilize as a ideal scheme for carbon
sequestration and  bio-fuel = production.
Abundant work have been done on carbon
confiscation with bio-fuel production by algae
but still it needs much research in order to meet
the increasing demand for energy. In order to
reduce atmospheric CO;, to combat Global
Warming the use of fossil fuels should be
replaced’. Microalgae can be widely used to
seize CO; from power plants, steel, cement, oil,
automobiles and many other industries and
successive algal biomass can't be practice for
bio-fuel creation but also for various industrial
productss.

CO; sequestration using microalgae

Algae are recognized as one of the oldest life-
forms®. They are photoautotrophic primitive
plants which lack roots, stems and leaves, have
no disinfected covering of cells around the
reproductive cells'0. Algae size can range from
1micron to a few hundred microns in size.
Microalgae are one of the most important
groups of organisms on the Planet, it produces
approximately half of the atmospheric oxygen
on the earth, while consuming vast amounts of
the greenhouse gas carbon dioxide. Microalgae
have a fast growth ability and lots of species
have oil content in the range of 20-50% dry
weight of biomass®. 1kg of dry algal biomass
utilizes about 1.83 kg COz° Also, algal
cultivation does not require herbicides or
pesticide application!3. They can produce
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valuable co-products such as proteins and as
well biomass remainder after oil removal which
may be used as fermented to produce ethanol or
methanel4,

CO: tolerance of microalgae

Direct utilization of strength plant flue gas has
been taken into consideration for CO2
sequestration systems!®>. The advantage of
utilizing flue gas is the decrease of the cost of
separating CO; gas. Since power plant flue gas
contains a higher concentrations of CO, make
out high CO, tolerant species is significant.
Cyanidium caldarium¢ and some other species
of Cyanidium can grow in pure CO,'7. Other CO;
tolerant species is Euglena gracilis. Growth of
this species was enhanced under 5%-45%
concentration of CO,. The most superb increase
was monitored with five% CO2 attention.
However, species did not grow under greater
than 45% CO,!8. Scenedesmus species could
grow under 80% CO: conditions but the
maximum cell mass was observed in 10%-20%
CO; concentrations!é. Phototrophic microalgal
development needs a supply of carbon dioxide
as a carbon source. CO; supply contributes to
control the pH of the culture!®. Chemical
analysis has revealed that algal biomass consists
of 40% to 50% carbon, which suggest that about
1.5 to 2.0 kg of CO; is required to produce 1.0 kg
of biomass20. The principal point of all
considerations relating to the CO, budget is that,
CO2 must not reach the upper concentration that
produces inhibition and must never fall below
the minimum concentration that confines
intensification?!. These highest [inhibition] and
lowest [limitation] concentrations vary from
one species to an additional and are not yet
sufficiently identified, vary from 2.3 x 102 M to
2.3x104M2122,

Above table 2. Summarizes the CO; tolerance of
various species. Note that some species may
tolerate  even  higher carbon  dioxide
concentrations than listed in the table.

Factors influencing CO; tolerance

The presence of oxygen plays a vital role in
controlling the efficiency of CO, uptake. Becker
calculated that a concentration of CO,, as small
as 30ppm is adequate to carry on unlimited
photosynthesis of the algae32. Experiments with
distinctive O; absorption in the medium have
revealed the photosynthesis efficiency is
increased by 14% if almost no O is present in
the medium but it is reduced to 35% when the
medium is saturated with 100% O,. Other study
showed that oxygen concentrations ranging
from 10-200% of ambient had no significant
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effects on daily carbon gain or total damp
biomass creation pace in this certain seaweed33.
The effects of various combinations of CO:
concentration, light intensity and oxygen
concentration on photosynthesis and growth in
numerous algal category propose the
subsequent

e Temperature can be a determining
factor in the selection of the algal
species3435,

e The environmental condition plays an
important role in promoting CO2
fixation and cellular propagation.
Controlled pH from 7 to 11 required for
higher growth rate3¢.

e Different algae show  different
responses to high concentrations and
high light intensities. Inhibition of
photosynthesis [CO2 fixation and
growth], increase with escalating
oxygen concentration and with growing
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physiological combination of the
culture38-40,
CONCLUSIONS
Use of microalgae for CO, sequestration is
unique technology. Microalgae shows

reasonable tolerance to the temperature and
CO2, hence, sequestration is done with
maximum efficiency. By selecting adequate
species, microalgae can assimilate CO, within
various ranges of concentration. Adapting
microalgae for the use of CO; sequestration also
has the potential to make helpful byproducts
and may possibly perform versatile. In addition,
it is an environmentally friendly technology.
Here is a range of industrial answer feasible
microalgae based CO; sequestration systems and
thus, optimal microalgae in work would vary
from scheme to scheme. Efforts to find the
“ideal” microalgae species will continue,
planned engineering evaluation and engineering

alteration will be taken into great consideration
to realize effective micro-algal CO; sequestration
systems.

light intensity32-37.
e Basic growth nutrients must be
available in order to keep appropriate

Table 1: Greenhouse gases and their contributions

Greenhouse Greenhouse Natural % Man-Made %
gases Effect%

Water vapor 95.000 94.999 0.001
Carbon dioxide 3.618 3.502 0.117
Methane 0.360 0.294 0.066
Nitrous Oxide 0.950 0.903 0.047
Misc. gases 0.072 0.025 0.047
Total 100 99.72 0.28

Table 2: CO, Tolerance of various species.

Known .
. . Concentration
Species Maximum
References
CO:2
Cyanidium caldarium 100% 23
Scenedesmus sp. 80% 16
Chlorococcum littorale 60% 24
Synechococcus elongates 60% 25
Euglena gracilis 45% 18
Chlorella sp. 40% 26
Eudorina sp. 20% 27
Dunaliella tertiolecta 15% 28
Nannochloris sp. 15% 29
Chlamydomonas sp. 15% 30
Tetraselmis sp. 14% 31

Table 3: Parameters required for algal growth

Parameters Range Optima
Temperature [°C] 16-27 18-24
Salinity [gl 1] 12-40 20-24
Light intensity [Lux] 1000-10000 [depends on volume & density] 2500-5000

Photoperiod [light dark hrs] -- 16:8 min; 24:0 max
pH 7-9 8.2-8.7
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