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Biochar in WoS
2006 : 3 papers

2020: >15’000 papers
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From Biomass to Biochar
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Biochar is the solid by-product of biomass pyrolysis which is
specifically produced for applications into soil for 

agronomic or environmental purposes.
(Lehmann and Joseph, 2015)
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Biochar has high content of stable carbon, typically 50–85%, which
resists decaying and remains in soils for long time

(Hammond et al., 2011)

After 150 years less than 20% 
(Criscuoli et al., 2014)



Toward a Carbon negative agriculture
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Biochar = increase in yields?
S. Jeffery et al. / Agriculture, Ecosystems and Environment 144 (2011) 175–187 179

Fig. 1. A forest plot showing the mean change in crop productivity as a percentage of the control, for a range of different biochar application rates. Points show means of
treatments, bars show 95% confidence intervals. Numbers to the right of bars show biochar application rates (t ha!1), while numbers in the two columns on the right show
the total number of ‘replicates’ (n) from the combined studies upon which the statistical analysis is based (bold), and the number of ‘experimental treatments’ that have been
grouped for each analysis (italics).

All results are stated as being statistically significant if P " 0.05.

2.5. Presentation of graphs

All graphs show forest plots showing the effect size calculated
from each group. Each point represents the mean effect size for
each grouping, with the lines representing 95% confidence intervals
(CIs). All graphs are formatted with the greatest mean effect shown
at the top and the smallest or most negative mean effect size at
the bottom. On the x-axis, the ‘effect size’ was exponentially trans-
formed and multiplied by 100 to obtain the percentage change in
crop productivity. Numbers to the right of each bar show the group-
ing upon which the mean and 95% CIs are based. The numbers in the
two columns on the right show the total number of ‘replicates’ (n)
from the combined studies (bold) and the number of ‘experimental
treatments’ (italics) respectively, included in each grouping.

3. Results

Rosenthal’s Fail Safe N for the following analyses fell between
1483 and 1612, depending on the number of studies that needed to
be excluded from each analysis (due to a lack of data, or fewer than
two treatments being available for a given category). This means
that a minimum of 1483 studies with an average Z value of 0 would
need to be included in the MA, for the P value indicating statistically
significant effects of biochar application to soil (as shown by the
“Grand Mean”), to be reduced to being not statistically significant
at P = 0.05. It suggests that it is unlikely that publication bias exists
in the literature to such an extent as to affect the overall statistical
significance of these results.

3.1. Application rate

Fig. 1 shows the effect of biochar addition to soil on crop
productivity, grouped by application rate and reported as t ha!1.

Unfortunately, biochar incorporation depth in the soil was insuf-
ficiently reported. The sample means indicate a small but positive
effect on crop productivity, with a grand mean (being the mean
of all effect sizes combined) of approximately 10%. However, there
was no statistically significant difference (P > 0.05) between any of
the application rates. Application rates of 10, 25, 50 and 100 t ha!1

were all found to significantly increase crop productivity when
compared to controls, which received no biochar addition. How-
ever, other application rates within the range investigated, such
as 40 and 65 t ha!1, showed no statistically significant effect of
biochar addition to soil on crop yield. Results demonstrated that
while biochar addition to soil may increase crop productivity, there
was no correlation between application rate and the effects on crop
productivity (r2 = 0.1).

Data from within individual application rate treatments were
highly variable. No single biochar application rate was found to
have a statistically significant negative effect on the crops from the
range of soils, feedstocks and application rates studied.

3.2. pH

Fig. 2a shows the effects of biochar addition to soil on crop
productivity, grouped by pH. A statistically significant (P < 0.05)
increase in crop productivity occurred upon biochar addition to
soil in both ‘Acidic’ and ‘Neutral’ soils. There was no statistically
significant (P > 0.05) change in crop productivity upon biochar addi-
tion to soil in the ‘Very Acidic’ grouping, nor between the three pH
groupings.

Fig. 2b shows the effects of biochar addition to soil on crop pro-
ductivity, categorised by associated changes in soil pH. Studies that
found biochar addition to soil to reduce (!0.5 to 0.0 grouping) and
to increase (0.6–1.0 pH units) the pH, showed no statistically signif-
icant (P > 0.05) effect on crop productivity. However, the remaining
groupings, which showed an increase in soil pH upon addition of
biochar, showed a positive effect on crop productivity (P < 0.05),

(Jeffery et al., 2011)

+10%
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Biochar and soil fertility



“..without endangering food security, habitat or soil conservation.”

ARTICLE

2 

NATURE COMMUNICATIONS  |    DOI:  10.1038/ncomms1053 

NATURE COMMUNICATIONS  |  1:56  |    DOI:  10.1038/ncomms1053   |  www.nature.com/naturecommunications

© 2010 Macmillan Publishers Limited. All rights reserved.

 Since 2000, anthropogenic carbon dioxide (CO 2 ) emissions 
have risen by more than 3 %  annually 1 , putting Earth ’ s eco-
systems on a trajectory towards rapid climate change that is 

both dangerous and irreversible 2 . To change this trajectory, a timely 
and ambitious programme of mitigation measures is needed. Several 
studies have shown that, to stabilize global mean surface temperature, 
cumulative anthropogenic greenhouse-gas (GHG) emissions must 
be kept below a maximum upper limit, thus indicating that future 
net anthropogenic emissions must approach zero 2 – 6 . If humanity 
oversteps this threshold of maximum safe cumulative emissions 
(a limit that may already have been exceeded 7 ), no amount of 
emissions reduction will return the climate to within safe bounds. 
Mitigation strategies that draw down excess CO 2  from the atmos-
phere would then assume an importance greater than an equivalent 
reduction in emissions. 

 Production of biochar, in combination with its storage in soils, 
has been suggested as one possible means of reducing the atmos-
pheric CO 2  concentration (refs   8 – 13 and see also  Supplementary 
Note  for a history of the concept and etymology of the term). Bio-
char ’ s climate-mitigation potential stems primarily from its highly 
recalcitrant nature 14 – 16 , which slows the rate at which photosyntheti-
cally ! xed carbon (C) is returned to the atmosphere. In addition, 
biochar yields several potential co-bene! ts. It is a source of renew-

able bioenergy; it can improve agricultural productivity, particularly 
in low-fertility and degraded soils where it can be especially useful 
to the world ’ s poorest farmers; it reduces the losses of nutrients and 
agricultural chemicals in run-o" ; it can improve the water-holding 
capacity of soils; and it is producible from biomass waste 17,18 . Of the 
possible strategies to remove CO 2  from the atmosphere, biochar is 
notable, if not unique, in this regard. 

 Biochar can be produced at scales ranging from large industrial 
facilities down to the individual farm 19 , and even at the domestic 
level 20 , making it applicable to a variety of socioeconomic situations. 
Various pyrolysis technologies are commercially available that yield 
di" erent proportions of biochar and bioenergy products, such as 
bio-oil and syngas. # e gaseous bioenergy products are typically 
used to generate electricity; the bio-oil may be used directly for low-
grade heating applications and, potentially, as a diesel substitute 
a$ er suitable treatment 21 . Pyrolysis processes are classi! ed into two 
major types, fast and slow, which refer to the speed at which the 
biomass is altered. Fast pyrolysis, with biomass residence times of 
a few seconds at most, generates more bio-oil and less biochar than 
slow pyrolysis, for which biomass residence times can range from 
hours to days. 

 # e sustainable-biochar concept is summarized in  Figure 1 . CO 2  
is removed from the atmosphere by photosynthesis.  Sustainably 
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  Figure 1    |         Overview of the sustainable biochar concept. The fi gure shows inputs, process, outputs, applications and impacts on global climate .  Within 
each of these categories, the relative proportions of the components are approximated by the height / width of the coloured fi elds. CO 2  is removed from 
the atmosphere by photosynthesis to yield biomass. A sustainable fraction of the total biomass produced each year, such as agricultural residues, biomass 
crops and agroforestry products, is converted by pyrolysis to yield bio-oil, syngas and process heat, together with a solid product, biochar, which is a 
recalcitrant form of carbon and suitable as a soil amendment. The bio-oil and syngas are subsequently combusted to yield energy and CO 2 . This energy 
and the process heat are used to offset fossil carbon emissions, whereas the biochar stores carbon for a signifi cantly longer period than would have 
occurred if the original biomass had been left to decay. In addition to fossil energy offsets and carbon storage, some emissions of methane and nitrous 
oxide are avoided by preventing biomass decay (see  Supplementary Table S5  for example) and by amending soils with biochar. Additionally, the removal 
of CO 2  by photosynthesis is enhanced by biochar amendments to previously infertile soils, thereby providing a positive feedback. CO 2  is returned to the 
atmosphere directly through combustion of bio-oil and syngas, through the slow decay of biochar in soils, and through the use of machinery to transport 
biomass to the pyrolysis facility, to transport biochar from the same facility to its disposal site and to incorporate biochar into the soil. In contrast to 
bioenergy, in which all CO 2  that is fi xed in the biomass by photosynthesis is returned to the atmosphere quickly as fossil carbon emissions are offset, 
biochar has the potential for even greater impact on climate through its enhancement of the productivity of infertile soils and its effects on soil GHG fl uxes.  

MSTP = 1.8 Pg CO2-Ce per year = 12% anthropogenic emissions

(Woolf et al., 2010)

Impact on the global 
carbon cycle



Potential drawbacks

Changes in Surface Albedo Release of BCa



Biochar-albedo impact
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• 40% albedo changes (yearly

mean 0.08-0.12 for 30-60t ha-1)

• Anomaly in surface

temperature (seasonal mode)

• Increased evapotranspiration

• Changes in energy partitioning

Implications
• Accelerated germination

• Reduction of mitigation benefit 

of biochar

Plot Scale

(Genesio et al., 2012)



Landscape scale
• Fragmentation
• Crop choices
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NE= 34 t ha-1



(Bozzi et al., 2015)

Results from a 12 years MODIS time series
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- Soil backgroud colour has an impact on 
surface radiation balance also in high 
canopy cover conditions

- mitigation potential reduction is lower at
high biochar doses (albedo saturation)

- Crop choice has a substantial impact on 
RF

- MPR=12.8%

Impact on fragmented
landscape

(Bozzi et al., 2015)

Cumulated absorbed solar energy difference
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Regional modeling of biochar application
• perturbing the arable land albedo scheme in WRF model (1 year)
• significant impact on surface temperature in Eastern Europe

• Long-term impact
• Accounting for

•Enhanced SWC
•Increased crop yield

Further questions? Recommedations?
• Amendment strategies
• Locations
• Mixing strategies with other LRM 



Irreversible changes?

Biochar-Kaolin mixing (% in weight)
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Permanency of biochar impact on surface albedo?
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Biochar and the earth radiative balance:
Increase of atmospheric Black Carbon aerosols

Guidelines for Biochar Application to Soil—International Biochar Initiative        Page 13 

better suited to application with manure spreaders than lime spreaders.  Incorporation can 
be achieved using any plowing method at any scale, including hand hoes, animal draft 
plows, disc harrows, chisels, rotary hoes, etc. Moldboard plowing is not recommended as it 
is unlikely to mix the biochar into the soil and may result in deep biochar layers (Blackwell 
et al., 2009). As mentioned above, wind losses from applying and incorporating fine 
biochar materials can be significant (see Fig 4) and precautions must be taken to minimize 
this.  

 
4.1.2 Traditional banding 
Banding of seeds and fertilizers is a routine operation in mechanized agriculture, and 
involves applying an amendment in a narrow band, usually using equipment that cuts the 
soil open, without disturbing the entire soil surface. Banding allows biochar to be placed 
inside the soil while minimizing soil disturbance, making it possible to apply biochar after 
crop establishment, for example. However, the amounts of biochar that can be applied in 
this way are lower than those which can be achieved by broadcast applications. Wheat  

 
 
 
 
 
 
 
 
 
Figure 5. Deep banding biochar in Australia. Photo by P. 
Blackwell. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Clockwise from 
top left: Biochar losses 
during handling, 
transportation to the field, 
application with a lime 
spreader and incorporation 
with a disc harrow during 
the establishment of a 
biochar field trial in St-
Francois-Xavier-de-
Brompton, QC Canada. 
Photos by B. Husk. 
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Major, 2010

Bca= <2.5μm particles of a refractory, water-insoluble carbonaceous
material strongly absorbing visible light  at a lenght of 550nm

BCa

In a scenario of global biochar application, if all Bca contained in biochar
would be released in atmoshpere its RF would be in the range of 0.77 to 

1.44 W m-2
Genesio et al 2016

(Bond et al., 2013)



BCa deposition

20% of total glacier
melting

(Kang et al.,2020)



FACTS

• Biochar is effective for CC mitigation

• Biochar modifies soil albedo on the long term

• Biochar production and application may
increase the release of BCa



RECOMMENDATIONS
• Biochar application with Cover Crops and 

residue management
• Optimize agronomic practices and choose the 

appropriate locations (dark soils YES, bright
soils NO).

• Avoid Bca relase during production and 
application



Thank you


