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Introduction

Global warming and climate change is the ultimatum before
mankind in twenty first century posing a serious threat to the
survival of human race. This was the driving force for a vast num-
ber of worldwide researches to stabilize CO, emissions in the at-
mosphere and to counteract impinging interconnected issues of
global warming, biodiversity loss, ecosystem service and so on.
Forecast is that it is hardly possible to stop the global warming;
even if all emissions were to stop today, the Earth’s average sur-
face temperature would rise to another 0.6 degrees or so over the
next several decades. This delayed reaction is due to the presence
of excess energy that is stored in the ocean, which has a tremen-
dous heat capacity. The man-made interrelated global warming
and climate change has not only manifested its negative impacts
on environment but is also responsible for weather related nat-
ural disasters including tropical cyclones, tsunamis, drought,
high intensity storms fueled by water vapor contained in the at-
mosphere. Climate change could cause more severe droughts in
98% of European cities. A new theory has been put forward to
suggest that there is a link between man-made climate change and
increased seismic events including earthquakes, tremors, volcanic
activities, etc (McGuire ? ), There is a general consensus that an
increase in temperature variability will have more stress on hot
weather rather than cold weather. India is already experiencing
a late shift of on soon causing serious economic loss to farmers
(NAAS, 2019).

As per guidelines for 17 sustainable Development Goals
(SDGs) of the United Nations (2015), 2030 as the target year for
MDGs, carbon sequestration should address zero hunger, climate
action, life on land. Accordingly, India has to reduce the GHG emis

sion by 33-35% by 2030 considering 2005 as base line level. Fur-
thermore, creation of additional carbon sink of 2.5 to 3 million
tons of carbon dioxide equivalent in necessary by 2030. There are
several setbacks that hinder to achieve the target. While trying
to solve one issue, a new problem arises out of it. For instance,
food security is a challenge to human race, but more than 50 %
food is simply wasted due to faulty processing, food wastes caus-
ing global warming through feedback mechanism. Burning of rice
crop residue is associated with carbon emission. Similar losses do
occur along the food chain in different sectors such as harvest-
ing, processing of fish, meat, cereals, etc (NAAS, 2019). As global
warming cannot be stopped, it is rightly urged to have adaptive
strategies that are evolved to challenge the issue of global warm-
ing by reducing the vulnerability to the effect of climate change.
Mitigation is a action that can reduce the pace of greenhouse gas
emissions. Adaptations and mitigations are complimentary to
each other necessitating the integration of adaptation into miti-
gation strategies.

Mitigation through wastes recycling Any material of the Earth
is bound to turn into waste as per the second law of thermody-
namics. This very waste may become source of carbon emission or
a resource following the waste management hierarchy to achieve
zero waste. Wastes are of two categories- solid and liquid. Solid
wastes are generated from municipal, household, industrial, com-
mercial sites, while liquid wastes include sewage, industrial efflu-
ents, etc. Though both of them play important role in global cy-
cling of carbon and global warming, they have different modes of
action. Solid wastes act as a source GHG emission through burning
or anaerobic decomposition, while the later is largely involved in
carbon capture and sequestration sink.
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Emission of GHG from solid wastes can be reduced by follow-
ing the principle 4-R (Figure 1) with the promotion of turning

wastes into wealth through recycling and to achieve the mission
for zero waste concept (Figure 2).
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Figure 1: 4- R Hierarchy.
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Indian scenario

Currently in India, about 960 million tons of solid waste is be-
ing generated per year from different sectors of which 350 million
tons are organic (agricultural sources), 290 million tons are in-
organic (industrial and mining sectors) and 4.5 million tons are
hazardous wastes from different sectors. The contribution of GHG
of these wastes is primarily through emissions of carbon dioxide
(CO,), methane (CH,) and nitrous oxide (N,0).The major quantity
of wastes generated from agricultural sources are sugarcane bag-
gase, paddy and wheat straw and husk, wastes of vegetables, food
products, tea, oil production, jute fiber, groundnut shell, wooden
mill waste, coconut husk, cotton stalk etc. The municipal and ur-
ban wastes include animals’ wastes, horticulture wastes, domestic
refuses and other agro industrial wastes. These wastes are expect-
ed to reach 300 MT by 2047 creating a big problem for manage-
ment.
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By composition, the organic wastes mainly consist of organic
matter (46%), paper (6%), glass (0.7%), rags (3.2%), plastic (1%)
and the rest is moisture. Though some efforts are being made
for reuse of these materials in value added applications such
as bricks, blocks, tiles, aggregates, ceramics, cement, lime, soil,
timber and paint [1], a large fraction of it causes environmental
pollution during different stages of decomposition process. High
concentrations of carbon monoxide, oxides of Sulphur, oxides of
nitrogen and suspended particulate matter are invariably emitted
to the atmosphere led to pollution of air, water, soil, that finally af-
fect flora, fauna, aquatic life and human health. Several simulation
models are now available to predict the potentials of solid waste
to contribute GHG based on the life cycle assessment. Based on
this criteria, the IPCC estimated 2.7% of the global GHG gas emis-
sion from different wastes such as landfill/dumping, composting,
waste incineration and sewage disposal. However, this data does
not fully reflect the actual potential for reducing GHG emissions
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by the waste management sector while comparing end of pipe and
life cycle approaches [2]. A case study of the city of Cairo showed
that a consequent recycling and composting approach can even
lead to a negative emissions balance, meaning that the SWM sec-
tor is a net sink [2].

Biofuel production form agricultural wastes

There is a growing concern for agricultural wastes, especially
the rice straw is mostly burnt contributing GHG emission to the
atmosphere. hemi cellulosic and cellulosic biofuel production sys-
tems enable the conversion of nearly all sugar-based plant poly-
mers into fuels (ethanol, butanol, diesel) [3]. Ongoing research at
the Indian Institute of Technology, Kharagpur, West Bengal, India
on rice straw show that about 4-5% ethanol (v/v) has been ob-
tained from agricultural rice straw. (Banerjee, personal communi-

the residue is converted into safe manure. This is novel method of
turning solid wastes into zero wastes in the form of manure using
aerobic, anaerobic or combined processes of decomposition. Ver-
mi-composting has been emerging fast as an eco-friendly protocol
to utilize suitable organic substrates as high quality manure.

Mass production of algae

Biological sequestration is of considerable significance in
trapping atmospheric carbon dioxide in aquatic environment.
Algae are also considered for food, fuel, cosmetics, soil fertilizer,
filtering materials, pest control, sewage treatment components.
Further, their recognition for carbon sequestration is well known.
As a result, considerable efforts have been made to culture differ-
ent types of algae for biomass production to be used for bioelec-
tricity, bioethanol, biodiesel, biochar, gasoline, etc. using different

cation). Methane generated from anaerobic decomposition can be  technologies.
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Figure 5: A Vertically Arranged Photobioreactor.
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Photobioreactors a nongaseous form as bicarbonate to fertilize algal growth. It is

A photobioreactor is a bioreactor that utilizes a light source
to cultivate phototrophic microorganisms under open or closed
condition. A variety of photobioreactors (Figure 3-5) are used to
culture a large number of photosynthetic organisms such as mi-
croalgae, cyanobacteria, purple bacteria utilizing natural sunlight
in open water and artificial illumination in closed condition. The
advantage of closed photobioreactor is that algae is cultivated in a
large scale because of possibility of maintaining specific condition
required for algal growth in closed photobioreactor [4]. Hypothet-
ically, phototropic biomass could be derived from nutrient-rich
wastewater and flue gas carbon dioxide in a photobioreactor. The
design of such apparatus plays an important role in the success of
production.

Biofuel production from algae

One of the important uses of microalgae is the production of
fuel where high lipid content of microalgal biomass can be extract-
ed and recertified into fuel. A large number of researches are ded-
icated for exploring the best strains of algae and developing the
most efficient farming practices under different environmental
conditions for the production of fuel [5].Various estimates indi-
cate that potential oil and biomass yields from algae ponds range
from 20,000 to 60,500 liters per hectare per year (2000 to 6000
gallons per acre per year) and 50,000 to 15,000 kilograms per
hectare per year (140 to 420 tons per acre per year), respectively

[6].

Carbon capture in open water

One advantage of aquatic carbon capture and biomass pro-
duction in microalgae is the ability to capture CO2 in ponds in
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known that 1.6 and 2 grams of captured CO2 is used for every
gram algal biomass [7]. Further efficiencies are gained by harvest-
ing 100% of the biomass, much more than is possible in terres-
trial biomass production systems. At moderate pHs (= pH 7) and
temperatures (below 30 degrees Celsius), the dominant form of
CO, in water is bicarbonate. The microalgae are able to capture
as high as 90% of carbon dioxide or bicarbonate in open ponds
though the ability varies among species. About 20% CO, tolerant
strains such as Scenedesmus, Chlorococum and Ankistrodesmus
formed several separate branches suggesting that certain groups
or genotypes of algae tend to perform better under high CO, level
compared with other algal groups [8]. A microalgal consortium
consisting of Chlorella sp., Scenedesmus sp., Sphaerocystis sp. and
Spirulina sp. procured from wastewater ponds revealed quite high
CO, sequestration (53- 100%; 150- 291 mg/g) [9].

Mechanism of carbon capture

Photoynthesis by microalgae and aquatic plants occurs in two
phases. The first reaction is light dependent where protein rich
chlorophyll pigments are held in chloroplast. The second reaction
or dark reaction or Blackman'’s reaction is slower than light reac-
tion and takes place in the stroma of chloroplast that embedded
in the plasma membrane of photoautotrophs. The black reaction
also occurs in the presence of light. There are two cyclic reactions
in dark reaction -Calvin cycle or C-3 cycle and Hatch and Slack
pathway or C, cycle. The Calvin cycle or C, cycle, first observed
by Calvin in unicellular green alga Chlorella, is a cyclic reaction
occurring in the dark phase of photosynthesis when energy poor
CO, is converted into energy rich sugars during the process of car-
bon fixation or assimilation (Figure 6 & 7).
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Figure 7: The Dependence of Biomass of Phytoplankton Divisions in N/P ratio. A, Chlorophyta, B- Bacillariophyta, C- Cyanophyta.

Rubisco (Ribulose-1,5-bisphosphate carboxylase/oxygenase)
is an enzyme and is involved in the first major step of carbon fix-
ation when carbon dioxide is converted to glucose (Figure 4). In
this pathway, it involves the carboxylation of ribulose bis-phos-
phate (RuBP) in presence of RuBisCO producing phosphoglycer-
ate (PGA). The Rubisco enzyme is capable of utilizing both CO,
and 0, leading to formation of carboxylation in presence of CO,
and oxygenation of RuBP in presence of oxygen, respectively (Fig-
ure 4). When concentration of 0, is high and CO, is low, RuBisCO
acts as an oxygenase and further catalyzes the photorespiration
reaction resulting in reduced carbon fixation due to production
of 2-carbon molecule phosphogycolate. Many aquatic plants us-
ing RUBISCO as their initial carboxylase counter the limitations
on CO, supply via the operation of biophysical CO, concentrating
mechanisms which are based on active transport of HCO-3, CO,
or H+ at the plasmalemma, and use bulk-phase HCO-3 or CO, as
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the C source [10]. In aquatic environment, algae capture carbon is
pumped into the cell by bicarbonate transporters present in both
the plasma membrane and in the chloroplast envelope of eukary-
otic algae [11]. Inside the chloroplast, bicarbonate is concentrat-
ed, dehydrated spontaneously or by carbonic anhydrase through
Calvin-cycle activity, finally yielding algal biomass.

Manipulation of N/P ratio of input fertilizer

Manipulation of N/P ratio of input fertilizer in open ponds
is another method for mass culture of microalgae. In a Canadian
lake lowering the N/P atomic ratio to about 22 favors the nitro-
gen fixing cyanobacteria. N/P ratios are lowered when P is added
and species that once P limited become limited by N. Green algae
some diatoms and blue greens incapable of reducing N, may find
high N/P ratio favorable. The addition of P changes the picture.
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The N/P ratio of the aquatic system play a critical role in the reg-
ulating the dominance of blue-green or green microorganisms.
Decrease of the N: P ratio, through the addition of phosphorus
compounds, leads to cyanobacterial blooming, while addition of
nitrogen results in the development of blooming of green algae
Chlorococcales which does not have negative effects since they are
actively consumed by grazers [12]. Thus, blue greens are most
abundant at lower N/P ratio than at green algae. As the N/P ra-
tio gets higher, the biomass of green algae increased while that
of cyanobacteria decreased (Figure 7). It has been experimental-
ly demonstrated that the growth of blue green algae Microcystis
aeruginosa was maximum with longest exponential growth when
initial nitrogen concentration was at 10 mg/1 and the N/P ratio
of 16 [The results of the growth of microalgae at different N/P
ratios (5, 20, 40, 50, 60, 70, 80, 90, 100) of water using urea and
single super phosphate as sources of N and P showed almost sim-
ilar pattern of growth in all the treatments, but the magnitude of
peak was highest in the treatment of 70, followed by 80 or 60. The
samples in control remained the lowest all throughout [14]. For-
tuitously, the benefits of flue gas injection on algal growth can be
greater than the growth impacts solely attributed to inhibition of
photorespiration by high CO, concentrations. Recent studies have
shown that direct injection of flue gasses into ponds increases

biomass productivity by 30% compared with direct injection of
an equivalent concentration of pure CO,. However, the efficiency
of CO, capture by algae can vary according to the state of the al-
gal physiology, pond chemistry, and temperature. Carbon-dioxide
capture efficiencies as high as 80% to 99% are achievable under
optimal conditions and with gas residence times as short as two
seconds [5].

Role of wetlands in carbon sequestration

Wetlands contain about 35 per cent of global terrestrial car-
bon though they comprise only 6 - 9% of the Earth’s surface. The
net sinks for carbon in different wetlands have been estimated
to be at rates up to 3 g C m? d! [15,16]. Sediments of aquacul-
ture ponds are again very important in the carbon sequestration.
The carbon sequestration by aquaculture ponds is about 0.21%
of the annual global emissions. However, under unmanaged an-
aerobic conditions, wetlands can also emit greenhouse gases such
as methane, nitrous oxide and hydrogen sulphide though this is
limited in saline conditions or swampy areas. Notwithstanding
the manifold positive impacts of wetlands overweighed towards
beneficial environmental impacts and led to argue that wetland
should not be destroyed or restored because of GHG emissions
under limited conditions [17].
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Carbon sequestration through burial
There are two possible ways of carbon sequestration

a.  Permanent burial of total algal biomass in deep geologic
formations, and

b.  Burial of extracted or processed carbon-rich fractions
from algal biomass [18]. One of the interesting way of bio-
mass carbon sequestration is dumping iron filling or urea into
seawater to stimulate phytoplankton production in areas that
have photosynthetic production (Figure 8 & 9). This is be-
cause phytoplankton production is limited by iron deficiency.
Direct burial of algal biomass is the most energy-efficient way
to sequester carbon, because no dewatering is required after
processing. However, considerable amounts of inorganic nu-
trients such as N and P would also be buried with the algal
biomass. About 7% of algal dry weight is inorganic elements
or ash. It is suggested to bury only the neutral lipid or hydro-
carbon fraction of the algal biomass.

Biotechnological interventions

Biotechnology of algae has received much impetus since new
species of microalgae that are being invented are capable of tol-
erate extremely high CO, levels (40 - 100 vol%) and raised tem-
peratures. Some of the mechanisms that regulate the cellular pH
homeostasis of microalgae are: the photosynthetic apparatus
state transitions that increase ATP generation, upregulation of H
(+) -ATPases pumping protons out of the cell, rapid shutdown of
CO,-concentrating mechanisms, and adjustment of membranes’
fatty acid composition [19].

Biochar

Biochar is charcoal used as a soil amendment. Biochar is a sta-
ble solid, rich in carbon, and can endure in soil for thousands of
years. Biochar is more than 90% carbon and is a by-product of
pyrolysis at high temperatures. Biochar is used for carbon sink,
soil amendments. Slash - char, water retention, and energy pro-
duction. It is rightly recommended that instead of being buried,
it may be used for various reasons such as reducing energy costs
and expanding the range possible applications [20-28].

Conclusion

Because of the excellent ability of microalgae to pump
nongaseous bicarbonate into cell biomass in aquatic environment,
microalgal culture is one of the lucrative tools for mitigation of
global warming through trapping of atmospheric CO, into the
biomass of microalgae that served as natural food for zooplankton
and herbivorous fishes. Selective microalgae can be grown by
manipulation the pond fertilization schedule. This would help
to grow selective microalgae which would capture atmospheric
carbon and serve as food source for low carbon footprint fishes.
Therefore, these optimum conditions can be applied for high
growth of Chlorella. in open ponds.
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