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Introduction 
 

The term 'biochar' refers to black carbon 

formed by the pyrolysis of biomass i.e. by 

heating biomass in an oxygen-free or low 

oxygen environment such that it does not (or 

only partially) combusts. Traditional charcoal 

is one example of biochar produced from 

wood. The term 'biochar' is much broader 

than this however, encompassing black 

carbon produced from any biomass feedstock. 

 

 

 

 

 

 

 

 

 

 

The use of biochar as a soil additive has been 

proposed as a means to simultaneously 

mitigate anthropogenic climate change whilst 

improving agricultural soil fertility. This 

paper provides a review of what is known 

about both of these claims and also about the 

wider environmental implications of the 

adoption of this process. The intention of this 

review is not just to summarize current 

International Journal of Current Microbiology and Applied Sciences 
ISSN: 2319-7706 Volume 6 Number 2 (2017) pp. 1876-1883 
Journal homepage: http://www.ijcmas.com 
 

Biochar is essentially fine-grained charcoal applied to soils, which is being promoted 

primarily for climate change mitigation and for raising soil fertility. Climate change is 

one of the biggest challenges facing our globalized world today. The poor population 

in developing countries will be particularly affected by global warming, of which 

developed countries are the major drivers. Science clearly indicates that a global 

temperature rise of 2°C above pre-industrial levels may change the face of the world 

irreversibly. A range of mitigation solutions is needed to avoid exceeding the 2°C 

limit. The need for truly sustainable agriculture and climate-friendly development is 

clear. A glance at global mitigation potentials shows that changes in agriculture and 

land use by using biochar, “climate friendly” agricultural solution. Biochar is a 

charred carbon-enriched material intended to be used as a soil amendment to sequester 

carbon and enhance soil quality. Sustainable biochar is produced from waste biomass 

using modern thermo-chemical technologies. Addition of sustainable biochar to soil 

has many environmental and agricultural benefits, including waste reduction, energy 

production, carbon sequestration, water resource protection, and soil improvement. 

Therefore, the use of sustainable biochar as a soil amendment is an innovative and 

highly promising practice for sustainable agriculture under climate change. 
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knowledge of the subject, but also to identify 

gaps in knowledge that require further 

research. 

 

Climate change is now widely recognized as a 

serious threat to both human society and 

natural ecosystems. The IPCC (Forster et al., 

2007) stated that “since 1750, it is extremely 

likely that humans have exerted a substantial 

warming influence on climate”, where the 

term „extremely likely‟ is defined to mean 

“with a confidence limit of 95% or greater”. If 

this anthropogenic warming trend continues, 

we may face impacts that are “abrupt and 

irreversible” (IPCC, 2007). And Stern (2007) 

concluded that the economic impact of 

climate change under a „business as usual‟ 

scenario would exceed the combined cost of 

the great depression and the two World Wars. 

 

In a study of the long-term (500 years) 

implications of various greenhouse gas 

emission scenarios, Weaver et al., (2007) 

concluded that a minimum of 60% global 

reduction in emissions by 2050 will be needed 

to keep temperature rises this century below 

the 2°C threshold “that some have argued 

represents an upper bound on manageable 

climate warming”. However, Weaver et al., 

(2007) also found that even if emissions are 

stabilized at 90% below current levels by 

2050, the 2.0°C temperature rise will still be 

exceeded eventually. They argue therefore 

that “if a 2.0°C warming is to be avoided, 

direct CO2 capture from the air, together with 

subsequent sequestration, would eventually 

have to be introduced in addition to sustained 

90% global carbon emissions reductions by 

2050”. 

 

But how this direct capture from the air and 

sequestration of CO2 might be achieved? 

Most of the proposed methods of carbon 

capture and storage (CCS) are aimed at 

capturing CO2 directly from exhaust 

emissions before they have entered the 

atmosphere (IPCC, 2005). As such, they can 

be considered as strategies to reduce 

emissions rather than to remove CO2 from the 

atmosphere. There is one exception to this – 

where CCS is used to capture and sequester 

CO2 emissions from biomass combustion. In 

this case, the complete system, including 

photosynthesis to provide the biomass, 

becomes a net carbon sink. At present, few 

other plausible methods for the large scale 

removal of CO2 from the atmosphere are 

known: one possibility is to increase the size 

of the earth‟s biomass carbon pool (for 

example by reforestation, reduced tillage or 

other land-use changes) and a second is the 

production and sequestration of biochar. 

 

In its third assessment report, The IPCC 

(2001) estimated that the terrestrial biosphere 

could mitigate between 10 and 20% of the 

world's fossil fuel emissions by 2050. 

However, in the recent fourth assessment 

report, Barker et al., (2007) focus on the host 

of uncertainties in how terrestrial ecosystems 

will respond to climate change, leading to an 

uncertainty in whether it might become a net 

carbon emitter or sink. Smith et al., (2007) 

suggest four other possible mechanisms that 

may account for the loss in agricultural soil 

carbon: reduced spreading of animal manure, 

increased removal of agricultural residues, 

deeper ploughing, and possible legacy effects 

from pre 1978changes in land use. Smith et 

al., (2007) also suggest some possible 

mechanisms to account for carbon losses from 

organic soils (such as peat bogs) such as 

lowering water table, recovery from 

acidification, enhanced atmospheric nitrogen 

deposition, or increased use of biochar. 

 

It would appear, then, that removal of excess 

CO2 from the atmosphere will form an 

important part of an overall climate change 

mitigation strategy alongside a portfolio of 

measures to reduce greenhouse gas emissions. 

Furthermore, it would appear that strategies 
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such as enhanced net primary production of 

the terrestrial biosphere (for example by 

afforestation) and enhanced carbon deposition 

in oceans by fertilization may not alone be up 

to the task of wholesale removal of 

atmospheric carbon. So, let us now turn our 

attention to another strategy by which 

removal of atmospheric CO2 might be 

achieved – the production and sequestration 

of biochar. 
 

What is biochar?  

 

Biochar is a carbon rich charcoal-like 

substance created by thermal decomposition 

biomass (organic matter) in low oxygen 

conditions at relatively low temperatures 

(<700°C), a process known as pyrolysis. 

Almost half of dry biomass weight is pure 

carbon. If biomass is left to decompose in air, 

almost all of the carbon is lost into the 

atmosphere within a few years. During 

pyrolysis, around 50% of biomass carbon is 

converted into biochar. Of the other 50%, 

around two thirds can be released as useful 

energy. Thus 1 Mt of dry biomass sequesters 

(locks away) 0.3 Mt of carbon, equivalent to 

1.2 Mt CO2. 

 

Biochar for sustainable agriculture 

 

The most common definition of sustainability 

is when society and systems use, consume or 

employ resources at a rate and in a way which 

ensures that future generations (of all species) 

will be able to benefit equally from those 

same resources. The Bruntland Commission 

is credited with coining a definition of 

sustainable development as “meeting present 

needs without compromising the ability of 

future generations to meet their needs”. 

Sustainability concerns cover the carrying 

capacity and resilience of environmental, 

social and economic systems and to the 

interrelationships within the whole. 

Sustainable agriculture is a way of raising 

food that is healthy for consumers and 

animals without causing damage to ecosystem 

health. Low nutrient content and accelerated 

mineralization of soil organic matter (SOM) 

are the two major constraints currently 

encountered in sustainable agriculture 

(Renner, 2007). Nutrients are retained in soil 

and remain available to crops mainly by 

adsorption to minerals and soil organic 

matter. Usually, the addition of organic matter 

such as compost and manure into soil can 

help retain nutrients. Biochar is considered 

much more effective than other organic 

matter in retaining and making nutrients 

available to plants. Its surface area and 

complex pore structure are hospitable to 

bacteria and fungi that plants need to absorb 

nutrients from the soil. Moreover, biochar is a 

more stable nutrient source than compost and 

manure (Chan et al., 2007).  

 

The modality of biochar in its ability to act as 

an effective soil amendment is similar to the 

traditional “slash-and-burn” fertilization 

method, where farmers remove the vegetation 

and release a pulse of nutrients to fertilize the 

soil. But the “slash-and-burn” practice has an 

unfavorable environmental reputation because 

it is associated with deforestation and air 

pollution. In contrast, biochar production 

under a controlled system may provide a 

higher yield and have fewer detrimental 

effects on the environment. These 

characteristics make biochar an exceptional 

soil amendment for use in sustainable 

agriculture under climate change, (Lehmann 

and Joseph, 2008; Verhejien et al., 2010).  

 

Several greenhouse and field studies have 

been conducted to examine the effect of 

biochar on crop yields (Glaser et al., 2002; 

Yamato, et al., 2006; Chan et al., 2007 and 

2008). Most studies showed that biochar 

addition increased crop yields. For example, a 

plot trial where soil was amended with a 

green waste-derived biochar, showed benefits 

that included increased crop yield and 
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improved soil quality (Chan et al., 2007). 

Field experiments have also reported 

substantial crop yield increase in response to 

soil biochar application (Glaser et al., 2002; 

Yamato et al., 2006). Most of these 

experiments, however, were conducted in the 

Tropics using biochar produced in local 

earthen kilns and applied to soils with low 

organic matter content (Laird, 2008). The 

varying effects on crop yield appear to depend 

on such factors as biochar quality, biochar 

quantities added, soil type, and crop tested. 

However, much more research is needed to 

understand the interactions between biochar, 

soil, climates, and crops. 

 

Implications of biochar use 

 

Economic implications 
 

The economic cost of implementing biochar 

production and use is important not just 

because it determines how readily and rapidly 

we might deploy the technology, but also 

because it must compete for finance and 

resources with other technologies that may 

likewise be aimed at climate change 

abatement and soil quality improvement 

(Woolf, 2008). Using the highest carbon 

content of the wood-based biochar (i.e. 80%) 

and the CO2 offset price range, the 

approximate value of biochar C sequestration 

is $ 2.93-$ 90.83 per metric ton of biochar. 

The potential economic returns to farmers if 

they utilize biochar as a substitute for 

agricultural lime under three price scenarios: 

(a) $114.05 per metric ton based on the 

energy content of a wood-based biochar; (b) 

$87 per metric ton; and (c) $350.74 per metric 

ton. The first value represents the opportunity 

cost of the foregone use of biochar as energy 

source.  
 

Transportation distance has significant effects 

on costs, whereas ramifications for GHG 

emissions are low. Even transporting the 

feedstock and biochar each 200 km, the net 

CO2 emission reductions decrease by only 5% 

of the baseline (15 km). At 1000 km, the net 

GHG emission reductions decrease by 28% to 

-626 kg CO2. The net energy is more sensitive 

than the GHG emissions to the transport 

distance. At 200 km the net energy decreases 

by 15%, and at 1000 km, the net energy 

decreases by 79% to 863 MJ. Costs are the 

most sensitive to transportation distance, 

where costs increase by $0.80 to 1 for every 

10 km. Therefore, biochar systems are most 

economically viable as distributed systems 

with low transportation requirements (Roberts 

et al., 2010). 

 

Environmental Implications 

 

The temperature rise is predominantly 

because of increases in atmospheric 

greenhouse gas emissions, dominated by 

carbon dioxide (CO2). Eleven of the last 12 

years rank among the 12 warmest years in the 

instrumental record of global surface 

temperature (since 1850). The 100-year linear 

trend (1906–2005) is 0.74°C (0.56–0.92). 

Globally, soils contain about 1500 Pg (1 Pg 

=1 Gt) of organic carbon (Batjes, 1996), about 

three times the amount of carbon in 

vegetation and twice the amount in the 

atmosphere (IPCC WGI, 2001). Smith et al., 

(2008) suggested that technologies, which 

promote soil carbon sequestration, will also 

help to mitigate climate change itself (by 

reducing atmospheric CO2 concentrations) 

and are cost competitive with mitigation 

options available in other sectors. 

 

Sohi et al., (2009) raised certain pertinent 

questions regarding biochar application to the 

soil. According to them, in short-term 

experiments ranging from months to a few 

years, biochar addition seems to generally 

enhance plant growth and soil nutrient status 

and decrease nitrous oxide (N2O) emissions. 

Surprisingly, little is yet published concerning 

how these benefits occur, or particularly why 
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the effects are quantitatively so variable 

according to crop, soil and application rate. 

Therefore, despite the recent interest in 

biochar as soil amendment for improving soil 

quality and soil carbon sequestration, 

implications of long-term biochar application 

on environmental conditions need to be 

assessed (Jha et al., 2010). 

 

Biochar to mitigate climate change 

 

Adding biochar to soils has been described as 

a means of sequestering atmospheric 

carbondioxide (CO2) (Lehmann et al., 2006). 

For this to represent true sequestration, two 

requirements have to be met. First, plants 

have to be grown at the same rate as they are 

being charred because the actual step from 

atmospheric CO2 to an organic C form is 

delivered by photosynthesis in plants. Yet, 

plant biomass that is formed on an annual 

basis typically decomposes rapidly. This 

decomposition releases the CO2 that was 

fixed by the plants back to the atmosphere. In 

contrast, transforming this biomass into 

biochar that decomposes much more slowly 

diverts C from the rapid biological cycle into 

a much slower biochar cycle (Lehmann, 

2007b). Second, the biochar needs to be truly 

more stable than the biomass from which it 

was formed. 

 

Several approaches have been taken to 

provide first estimates of the large-scale 

potential of biochar sequestration to reduce 

atmospheric CO2 (Lehmann et al., 2006; 

Lehmann, 2007b; Laird, 2008), which will 

need to be vetted against economic and 

ecological constraints and extended to include 

a full emission balance. Such emission 

balances require a comparison to a baseline 

scenario, showing what emissions have been 

reduced by changing to a system that utilizes 

biochar sequestration. Until more detailed 

studies based on concrete locations reach the 

information density required to extrapolate to 

the global scale, a simple comparison between 

global C fluxes may need to suffice to 

demonstrate the potential of biochar 

sequestration. Almost four times more 

organic C is stored in the Earth‟s soils than in 

atmospheric CO2. And every 14 years, the 

entire atmospheric CO2 has cycled once 

through the biosphere. Furthermore, the 

annual uptake of CO2 by plants is eight times 

greater than today‟s anthropogenic CO2 

emissions. This means that large amounts of 

CO2 are cycling between atmosphere and 

plants on an annual basis and most of the 

world‟s organic C is already stored in soil. 

Diverting only a small proportion of this large 

amount of cycling C into a biochar cycle 

would make a large difference to atmospheric 

CO2 concentrations, but very little difference 

to the global soil C storage. Diverting merely 

1 per cent of annual net plant uptake into 

biochar would mitigate almost 10 per cent of 

current anthropogenic C emissions. 

 

Potentials of Biochar use in India 

 

With a production of 93.9 million tons (Mt) of 

wheat, 104.6 Mt of rice, 21.6 Mt of maize, 

20.7 Mt of millets, 357.7 Mt of sugarcane, 8.1 

Mt of fiber crops (jute, mesta, cotton), 17.2 

Mt of pulses and 30.0 Mt of oilseeds crops, in 

the year 2011-12 (MOA, 2012), it is but 

natural that a huge volume of crop residues 

are produced both on-farm and off farm. It is 

estimated that approximately 500-550 Mt of 

crop residues are produced per year in the 

country (IARI, 2012). Efficient and 

sustainable disposal of organic waste remains 

a key issue in rural farm areas and in urban 

societies. Most wastes are either burnt or end 

up in landfill, which degrade the environment 

and also produce large amounts of GHGs. 

The production of biochar from farm wastes 

and their application in farm soils offer 

multiple environmental and financial benefits. 

Biochar use has a very promising potential for 

the development of sustainable agricultural 
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systems in India, and also for global climate 

change mitigation. There is significant 

availability of non-feed biomass resources in 

the country as potential feedstock for biochar 

production. The current availability of 

biomass in India (2010-2011) is estimated at 

about 500 million metric tons/year. Studies 

sponsored by the Ministry ofNewand 

Renewable Energy, Govt. of India have 

estimated surplus biomass availability at 

about 120-150 million metric tons/annum. 

Biochar having high pH value can be a good 

remedy for acid soil amelioration. North-East 

India has the potentiality of producing 37 

million tons of agricultural waste biomass. If 

only 1% of this biomass is converted to 

biochar, about 74 thousand tons of carbon can 

be sequestered annually. Out of this, if 1% of 

the process of producing biochar is carried out 

through modern equipment, about 1300 and 

900 tons of bio-oil and biogas can be 

produced, respectively which is equivalent to 

31 terra joule of energy. 

 

Moreover, in rural India, women cook their 

food with biomass (mostly wood and 

charcoal) in highly polluting stoves, which 

represent a number of problems including 

deforestation, lots of time spent on wood 

collection and on cooking, back pains and 

other life-threatening risks. Furthermore, 

charcoal is inefficiently produced in the earth-

mound kiln releasing a considerable amount 

of methane emissions. Therefore, the 

establishment of the commercialization chain 

of highly-efficient biochar-making cook 

stoves, diffusion of improved small-scale 

kilns, pyrolysis of agricultural residues that 

are burnt otherwise, offer an opportunity to 

enhance the living conditions of rural 

families, counteract deforestation, protect 

biodiversity, increase crop production, 

improve agricultural waste management and 

remove carbon from the atmosphere as a 

carbon-negative strategy to fight global 

warming (Anonymous, 2012). 

Constraints of biochar use in India 

 

One factor determining how much biochar 

may be produced is the existence of 

competing demands for biomass feedstock. 

Production of biochar is, of course, not the 

only use that can be made of biomass. 

Numerous other applications for various types 

of biomass have been used in the past, are in 

current demand, and may become popular in 

the future. The crop residues and other 

biomass are used for animal feeding, soil 

mulching, bio-manure making, thatching for 

rural homes and fuel for domestic and 

industrial use. Once environmental costs of 

carbon-based greenhouse gas emissions have 

been suitably internalized, we can expect 

market forces and the price mechanism to be 

the dominant factor in apportioning use of 

biomass resources between competing 

demands (Woolf, 2008). Other constraints on 

biochar production methods arise because 

emissions of CH4, N2O, soot or volatile 

organic compounds combined with low 

biochar yields (for example, from traditional 

charcoal kilns or smoldering slash piles) may 

negate some or all of the carbon-sequestration 

benefits, cause excessive carbon-payback 

times or be detrimental to health (Woolf et 

al., 2010). However, to promote the 

application of biochar as a soil amendment, 

and also as a climate change abatement 

option, research, development and 

demonstration on biochar production and 

application is very vital. 
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