John Seed suggested that we start a discussion on biochar by looking at the CSIRO report “Biochar, climate and soil: A review to guide future research”, published earlier this year (tinyurl.com/lvdcuu).

This does seems a sensible starting point because the CSIRO report probably represents the most detailed and recent  discussion on the scientific literature regarding biochar, at least of what is available on the internet.  The recommendations have inspired the Australian government to grant $1.4 million to a 3-year biochar research project by CSIRO.  

The report corroborates many of our concerns, for example by saying:

- the concern that uncontrolled biochar expansion could lead to fast-growing tree plantations and to deforestation;

- evidence that soils with biochar have a lower albedo (with reduced albedo contributing to warming);

- the lack of conclusive research into potentially toxic compounds in biochar;

- some evidence that the addition of nitrogen could reduce the stability of charcoal [with synthetic or organic nitrogen fertilisers generally regarded necessary with biochar use];

- the likelihood of tillage speeding up the breakdown of biochar;

- soot being emitted during charcoal production as a possible cause of further warming;

- lack of a proper risk analysis;

- insufficient evidence to draw quantitative conclusions about long term crop yields on the basis of one-off biochar additions 
From this, one might expect a cautious stance – support for open-minded research as to whether biochar can be shown to have climate and soil fertility benefits. Indeed, the CSIRO stance is more cautious than that of many biochar advocates.  They did not support calls by the Australian opposition to include biochar into Australia’s climate change policy at present.  However, CSIRO, following the report, has said that in 3-5 years time CSIRO would be able to recommend biochar to farmers (tinyurl.com/ooxcjq).  Given the concerns regarding albedo impacts, possible degradation of soil organic carbon (also discussed in the report) and open questions regarding biochar stability this would seem premature and conveys an impression that CSIRO has predetermined an outcome for their own research. 

Including a discussion about overcoming obstacles to deployment and inclusion into carbon trading into a scientific review which otherwise discusses ‘can it work’ questions, seems equally surprising.

The CSIRO report presents discussions about the effectiveness of biochar, raising significant concerns and a need for precaution, and yet at the same time includes discussion on how to overcome obstacles to deployment and strategies for inclusion into carbon trade markets. Once again, this conveys a “foregone conclusion” rather than open-minded precaution. 

Some other concerns:

The authors pepper the report with speculative hypotheses about potential benefits of biochar. These are often presented in absence of any connection to discussions of evidence. For example: “Under changing climate the benefit of biochar in response to increasingly erratic or intense rainfall events could be more acute, and/or enable plants to better exploit higher CO2 concentrations... Modelling of these possibilities, at this stage, may not be possible due to too many uncertainties (economic as well scientific)”.  This conveys a sense that the authors are preconditioned towards an optimistic assessment of biochar’s future, rather than just a summary of existing evidence and a truly objective assessment of the state of the science. 
Another major concern is that the report offers no consistent distinction between field studies and laboratory or greenhouse studies.  There is acknowledgment that most studies have been ‘small scale’, but the lack of field studies seems at least as worrying.  In medicine, clinical trials are seen as compulsory – why should that not similarly be the case for soil science?   Readers of a scientific review should surely be informed as to whether evidence comes from tests on sterile soils in controlled conditions or from real-life conditions. This seems particularly important given the extremely variable conditions that biochar will be exposed to in nature, and our relatively limited understanding of soil dynamics and changing climatic conditions.  

Finally, there are several statements we find especially problematic.  Here are two examples:

+ “In general, however, any form of organic matter added to the soil degrades

resulting relatively quickly in CO2 emission. Thus adding degradable organic matter into the soil is inefficient in terms of climate change mitigation, with the energy contained being captured and dissipated by soil microbes rather than in power plants where it can offset fossil fuel use (Woolf, 2008).”  

This implies that the natural global carbon cycle is somehow ‘not ideal’ (even though it has helped to regulate the climate, supported plant growth, and made life possible on earth for hundreds of millions of years). Soil microbes are instead presented here as competitors with power stations. It is critical to point out here that biochar supplies no nutrients in the long term – organic matter does.  Such a statement also downplays the significant role which organic agriculture and composting of organic residues can play in maintaining and restoring carbon-rich soils .  This has been discussed in relation to biochar by Vandana Shiva (tinyurl.com/d4w7an). 
+ “With any net energy capture through use of gases (or oils) produced during pyrolysis, the technology may be considered carbon negative (Lehmann, 2007).”  Although the risk of deforestation from biochar expansion is mentioned in the report, it is nonetheless assumed that biomass is ‘carbon neutral’.  It is even considered that the (unproven) higher plant growth results in less land use change and thus makes the process even more carbon negative. The emissions involved in procuring the biomass are ignored in this statement and also in a separate CSIRO factsheet (tinyurl.com/lgv2pa). Yet plantations as well large-scale removal or soil organic matter, deadwood and other so-called ‘residues’ have significant impacts in terms of greenhouse gas emissions and reduced ability of ecosystems to regulate the climate.  Surely, a discussion of the climate impacts of removing or growing and harvesting biomass is essential in this context.

In the wider debate, the main question is this:

Should large-scale biochar commercialisation be supported, including through carbon trading even though:

+ There remain serious scientific questions and uncertainties and a concerning lack of field trials 

+ No other large market for biomass (whether for animal feed, or biofuels, for example) has ever been developed without causing further deforestation, biodiversity losses and impacts on food production and communities.  In the debate about biofuel ‘sustainability standards’, no government or institution has yet come up with any credible and enforceable way of avoiding the worst impacts.

Some biochar advocates would say “yes, we should support large scale commercialization immediately”.  CSIRO appears to take the position “yes, but in few years”.  We believe that the precautionary principle should be applied, dictating that large scale commercialization of biochar should not be supported at this time. We agree with the United Nations Environment Programme which stated: "Biochar is a new and poorly understood technology…Research is still at a preliminary stage and large-scale biochar deployment is inadvisable until these uncertainties are resolved...The creation of biochar plantations should be approached with great caution.  While the use of biochar could be realised in a number of ways including shifting cultivation, charcoal production and the recycling of agricultural wastes (Lehmann et al 2006) the most likely large-scale source of biochar production is the burning of biofuels...The impacts of large-scale biochar production on biodiversity and long-term agricultural sustainability (e.g. nutrient depletion) are unknown". ("The Natural Fix?  The role of ecosystems in climate mitigation" (tinyurl.com/nvak7e)
In summary, the CSIRO report is very useful for its summary of scientific evidence. It certainly shows that for example what statements in the UNCCD (United Nations Convention to Combat Desertification) submission for a Copenhagen climate agreement are not born out by the evidence (for example UNCCD’statement: “the biochar carbon sink is easily quantifiable.”).  However, as we discussed above, we do have significant concerns about aspects of the report and perhaps even more so about CSIRO’s stance regarding commercialisation in 3-5 years.  
Already there are indications that the development of biochar is not likely to proceed in an altogether favourable manner. The first commercially available biochar, produced by Mantria Industries and Carbon Conversions LLC, is apparently produced by pyrolysis of a wide variety of materials including municipal solid waste and tyres. Carbonscape is marketing industrial microwaves for pyrolysis of large quantities of wood, citing on their website an industry ‘study’ which claims that 900 million hectares of land are generally ‘available’.    
