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osal Burning biomass in a low oxygen environment to make a charcoal-like substance and adding it to
soils.Summary Biochar is produced through pyrolysis, a process where biomass combustion occurs in a low oxygen
environment at very high temperatures. It results in a solid carbon-rich charcoal-like substance, which can be
mixed into soil where it is theoretically stored. Description and purpose Biochar is a Carbon Dioxide Removal (CDR)
technology that is produced by heating biomass at very high temperatures (up to 900°C) in low oxygen conditions.
This transformation process is known as pyrolysis, and the resulting biochar is a solid charcoal-like substance
which can be mixed into soil, where the carbon is theoretically stored and/or absorbed by plants. Large-scale
deployment would require very large quantities of biomass, such as wood and forestry and agricultural residues.

Biochar is also promoted as a solution to soil degradation and low crop yields, although its behavior in different soil
types and conditions is far from being fully understood. The chemical composition, properties and durability of
biochar are also highly variable and inconsistent depending on where and how it is produced, because there are a
large number of variables, such as biomass feedstock type, pyrolysis temperature and process time, as well as soil
properties, climate conditions and application rates in the areas where the biochar is applied to soils. As a result,
the measured effects of biochar on soil carbon and fertility in field trials are often contradictory, with outcomes
that can be positive, negative or neutral. [1] Biochar proponents also suggest that it should be produced in
pyrolysis plants that recover energy from the gas and/or oil that is produced alongside the biochar, but such
systems have not been technically proven at a commercial scale. [2]

The long-term effects of biochar in soils have not been researched, but biochar proponents point to Amazonian
black soils known as terra preta, where Indigenous communities buried large amounts of organic matter to
enhance soil fertility. Radiocarbon dating suggests that the organic remnants date back thousands of years, but
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such tests do not clarify the initial quantity of organic matter applied to the soils. [3] Studies assume that only a
small share—about one fifth of the carbon absorbed by plants through photosynthesis—can be stored by
transforming biomass into biochar, because a proportion of the biomass breaks down into gaseous and liquid
components. It is also important to bear in mind that the production process is energy-intensive. [4] 

Therefore, in order to have an impact on global greenhouse gas concentrations, biochar would be produced on an
industrial scale, which would require large land areas of land for biomass plantations and demand a huge amount
of energy inputs. The demand for land would compete directly with food production, and thus impact particularly
heavily on peasant and Indigenous territories and livelihoods, while the additional demand for renewable electricity
would have implications for the transition away from fossil fuels. As a result, large-scale biochar production could
increase both food and renewable energy prices.Actors involved Biochar has received support from fossil fuel
companies such as Shell, ExxonMobil, Chevron, and Canadian tar sands industry companies like Cenovus and
Conoco Philipps. The Bill and Melinda Gates Foundation have also funded biochar projects, and carbon offset
markets have recently caused biochar research initiatives and commercial-scale projects to proliferate through the
sale of carbon credits. However, despite extensive funding, biochar production has still not been developed on a
larger scale. 

Whilst small-scale biochar projects in the Global South in particular have multiplied, few have been accompanied
by scientific studies, and many appear to serve mainly as attempts to attract greater investment for the industry
as a whole. Biochar research is increasingly being organized by interregional biochar initiatives and financed with
public funds in Europe, Australia, China and in the USA. Many biochar initiatives and biochar producers are
members of the US-based International Biochar Initiative (IBI), which has many members from Asia and Northern
America. IBI organizes annual biochar conferences and actively promotes the commercialization of biochar
production and the sale of carbon credits through various offset markets. [5]Impacts explained In 2010, members
of IBI published an article in Nature Communications suggesting that 12% of the world’s annual greenhouse gas
emissions could be offset with “sustainable biochar.” [6] This figure has been quoted extensively, but the fact that
the article assumed that 556 million hectares of land would need to be converted to biochar production, an area
1.7 times the size of India, is less frequently mentioned.

Many biochar proponents claim that feedstocks could focus on “wastes and residues,” but their potential is very
limited. For example, to achieve 1% of Germany’s greenhouse gas reduction target for 2030 through biochar
production, all of the solid and fermentable biomass available for harvest each year in Germany would need to be
pyrolyzed. [8] These factors confirm fears that a large global biochar production scale-up would require land-
conversion to industrial, chemical-intensive, monoculture plantations on a vast scale, with large impacts on
peasant and Indigenous livelihoods, biodiversity and ecosystems. [7] 

Biochar proponents also claim that burning biomass is “carbon neutral” because the carbon released during
pyrolization will be reabsorbed as new trees or crops grow. However, only about one fifth of the carbon absorbed
by plants through photosynthesis can be transformed into biochar. On top of this, some studies do not support the
claim that biochar remains stable in soils, and instead have found carbon emissions from biochar amended soils to
be greater. Lifecycle assessments of biochar production also leave little room for optimism, due to factors like the
high energy requirements of pyrolysis temperatures, the need for the biomass to be dry, biomass transport
distances and the costs of soil incorporation. [9]

A report produced by the European Commission points out that the large-scale production and application of
biochar would compete with biomass necessary for building up soil humus, and that biochar does not directly feed
soil organisms. It also expresses concerns about the potential for widespread soil contamination with toxins such
as polycyclic aromatic hydrocarbon (PAHs), dioxins, polychlorinated biphenyls (PCBs) and heavy metals. [10]

It is also important to note that there is no such thing as “waste” in ecosystems. In forests, for example, everything
is recycled through decay, which supports regeneration and regrowth. In many countries, the definition of waste in
legislation has been expanded to include virtually any wood that is not valued as saw logs, allowing timber
harvests to become more intensive and destructive, and removing ever greater quantities of biomass from forests.
In agriculture, there are often better, more ecologically sustainable options for using residues, such as compost,
mulch and animal fodder and bedding. Industrial forestry and agricultural practices have already wreaked havoc on
ecosystems; creating a market for the “waste” products of unsustainable industries is not a step in the right
direction. [11]Reality check Despite concerns around the impacts of biochar production and unanswered questions
about its effectiveness, the number of biochar projects has continued to grow worldwide. Currently, there are at



least 71 biochar trials—many of them on the scale of laboratories and greenhouses—taking place or that have
been recently completed worldwide, with a number of pilot pyrolysis plants being built. [12] Allied Offsets also lists
236 biochar companies active in CDR offset markets, representing 28% of all CDR companies—the largest of any
CDR methodology. [13] However, scientific studies show that the effects of biochar on soil carbon and soil fertility
in field trials are contradictory and that the climate mitigation potential of biochar is very limited due to the large
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