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Soils seen to have vital role in climate change mitigation … 



The Agreement acknowledges the need to remove CO2 from 
the atmosphere as well as to avoid / reduce CO2 emissions 

Ar?cle	4	para	1:	“to	achieve	a	balance	between	anthropogenic	
emissions	by	sources	and	removals	by	sinks	of	greenhouse	gases	in	
the	second	half	of	this	century” 



Context for this talk 

Most of our research concerns a detailed understanding of biochar. 
This talk (and the book chapter) explores beyond properties and 
‘biophysical fit’ to consider application of functional understanding: 

•  Potentially viable sectors and industries 
•  Analysis by spatial arrangement and scale 

 – multifunctional materials have complex markets 
 – pyrolysis produces multiple products 

Broadly, systems integration - using European forestry (of all types) 
as a case study 

 



Much basic understanding has been gained 
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Can extend principle of biochar specification / selection for 
bio-physical fit from bulk application to product definition 

Sohi et al. (2015) In: Lehmann & Joseph (eds) Biochar for Environmental Management, 2nd Ed., Taylor & Francis 



technical / biophysical 
– and systems 
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making biochar fit – a multi-dimensional challenge 



+	

1.  Simple mixing 

2.  Formulated  
product (low dose) 

3.  Functionalised 
product range 

4.  Alternate 
feedstocks 

modes of use – products 
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making biochar fit – a multi-dimensional challenge 



Alternate paths to million tonne / year biochar use 

low function / high volume  
low unit cost 

pyrolysis co-product 

matched to soil function / land-use 
bulk addition at high dose 

active marketing / local acceptance 
patchy local adoption 

diverse / heterogeneous biomass 
concentrated local usage 

high function / low volume 
high unit cost 
pyrolysis main product 

matched to final product function 
annual addition of enhanced, 
formulated or integrated product 
passive adoption via existing 
chains 
specific, homogeneous biomass  
widespread use at low dose 

Contrasting (and unknown) ultimate potential  
– may depend on policy support and financial incentives 



complexity	of	opportunity	

increasing	
sim

plicity	

UK Biochar Research Centre original analysis – 2013 definition of  strategic  goals 

Biochar is economically viable in a few sectors. 
Is multi-functionality an asset or a complication? 



Other considerations 

•  Regulation and legislation 
•  Life cycle analysis 
•  Biomass and resource sustainability 



Linear and directional – resource “mining” 

circularity depends on where the 
spatial boundaries are drawn: within a 

farm, nutrients may be moving in a 
unidirectional way. 

Integrated and circular – sustainable? 

sustainability – circularity 



•  Proximity to markets defines a context for biochar use e.g. in 
peri-urban horticulture 

•  Determines the market for an energy product or for the type of 
energy product (including charcoal) 

•  Refining liquid co-products is potentially valuable – if multiple 
markets exist or can be created and sustained  

•  End-use markets that can support capital investment. 

Spatial matching of multiple products to multiple markets 



Patchiness in biomass will limit use  
options and scale of conversion 

Target crop providing biomass feedstock 

Subsidiary biomass option 

No biomass availability 
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specific biomass production 



Small scale or batch processing: seasonal, labour 
intensive, limited products 

Heat 

Power 

Pyrolysis 

Pyrolysis 

Centralised heat, power and biochar:  
continuous, specified products, capital intensive 

Pyrolysis 

Unit scale of biomass conversion 

Small unit scale 

Larger unit scale 

larger farm small farms 



Energy products 

secondary biomass utilisation 



Chapter in a book with a supply chain perspective 

Potential contexts for biochar in forestry in the European situation – 
based on biomass and use phases. 

•  On-farm biomass for energy; 
biochar co-product 

•  Short rotation forestry; biochar 
fertiliser product 

•  Bespoke product to support 
land restoration  

•  Integration into urban amenity 
forestry 



  Scenario 1 – bioenergy, biochar co-product 



  Scenario 2 – biochar fertiliser project 
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making biochar fit – a multi-dimensional challenge 



  Scenario 3 – land restoration 
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making biochar fit – a multi-dimensional challenge 



  Scenario 4 – high value urban land 
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One practical example 



Synthesis 

•  Strong policy relevance post-Paris; 

•  Importance of biophysical fit of biochar to use is recognised – but 
strong dependence of conversion / biomass phases (connected 
systems) and technology scale; 

•  Diverse opportunities around biomass pyrolysis and biochar 
owing to range of co-products and sub-products – challenge is to 
match multiple markets by location and size; 

•  Currently viable products may not be those with the greatest 
volume of use in the future – but can help progress related 
technologies and experience. Stakeholders and R&D investors 
may be distinct. 
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