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ABSTRACT
TheItalian decreen.75/2010(Annex2, Amendments)regulatingthe use
of fertilizersin agricultureallowsthe applicationof biocharandcompost
as soil amendments,separately. However,there is no specificcategory
for a soil amendment (here called COM-BI) obtained through co-
composting of biochar with compostable organic matter. COMBI,
classifiedasa soilamendment,combinesin a synergisticwaythe benefits
of applying biochar and compost to soil separately. Moreover, co-
composting with biochar can accelerate the process, reducing the
residencetime of the compost windrow and the rate of N-lossesin
atmosphereandleachate. Theproductionprocessconsistsin aerobicbio-
stabilizationof the organicmatter in presenceof biochar, which is the
solidresidueof thermo-chemicalprocess(slowpyrolysisandgasification)
appliedto ligno-cellulosicfeedstock. Biochar, in general,is a rather highly
porous material which, when added to soil, can increase the water
holdingcapacity,improvethe soilphysicalstructure,favourthe biological
fertility, while at the same time sequesteringC. These benefits are
particularly relevant in regions with low fertility land prone to
desertification. Compostablefeedstocksusedfor Combiproductioncould
be the organicfraction of municipalsolidwaste(OFMSW),greenwastes,
animal manure and effluents, the solid fraction of digestate from
anaerobic digestion plant. This study proposes a possible regulatory
approachto deal with the use of co-compostedmatter in agriculture,
promotingCOMBIasa meanfor circulareconomy. Theestablishmentof
a new product classificationis proposed,which comprisedifferent types
of COMBIproducedusingvariouspercentagesof biochar blendedwith
the other amendmentsalready listed in Annex 2, and respectingthe
already existing specifications. Processparameters should be clearly
definedin the new specificationsin order to guaranteethe quality of the
product; furthermore,somemajor productcharacteristicsshouldalsobe
declaredby the producer.

COM-BI, ANINNOVATIVEPRODUCT
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Composting is a well-known pathway to stabilize organic matter of
variousoriginsthrough a bio-oxidativeprocess,which bringsbenefitsas
volume reduction, sanitization from pathogens, reduction of liquid
contaminants,economicandenvironmentalreturns[1]. Theadditionof a
bulkingagentin the compostpile isnormallyrecommended,in particular
when substratesas digestatesare used,given the small particle sizeof
the material, which generatesrisks of anaerobicconditionswithin the
pile, leading to the production of undesiredphenomenaas ammonia
volatilization[2].
Biochar is the solid product from lignocellulosicbiomass pyrolysis,
characterizedby a highcontentof stableC. It ismostlyproducedthrough
slow pyrolysis,but also biochars from intermediate/fast pyrolysisand
gasification are often discussedin literature, even if these biochar
characteristicsshowdifferent characteristics.

Figure 1:Biochar(left) and solid fraction of digestate (right)

Biochar is a highly porousmaterial with a wide rangeof possibleuses,
including sustainable agriculture, as it improves the water holding
capacityand the organicmatter content in soil, in particular in marginal
lands and regionswhere rain is scarce,and irrigation is difficult for a
numberof environmentalor economicreasons[3].

WHY CO-COMPOSTING

Co-composting of organic matter and biochar, if compared to
conventionalcomposting,canpositivelyaffect the compostingresidence
time, reducing N-compound losses in the atmosphere and leaching,
favoring the microbiological activity and in turn increasing the
humification process,eliminating or reducing the need for additional
bulking agent [4]. Biochar, alone or co-composted,also contributes to
long-term atmosphericC sequestrationin soil, offering a rather low-
complexitysolution if comparedto most availableCsequesteringstate-
of-the-art technologies[5].
Sanchez-Monedero et al. [4] reviewed biochar applications to
composting,suggestingapplication rates at the beginning of the co-
compostingprocess: the proposedrate wasapproximatelyequal to 10%
by weighton dry basisof the compostingpile.

Figure 2:COM-BI blend at 19.8 % w/w d.b. of biocharcontent

This amount seemed to optimize the process performances,but the
suggestedrange bringing positive results to the processwas indicated
amonga minimumof 3%to a maximumof 20%w/w on dry basis.

POTENTIAL FEEDSTOCK

Biocharcan be obtained by the carbonizationof lignocelullosicmaterial,
such us agro-forest residues. In a circular economy perspective it is
possibile to find a lot of exemplesfor organic material suitable for co-
composting, e.g. crop residues, animalmanure, food waste, agro-industrial
wastes (such as marc and pomace), et cetera. Very important for the
processso to obtain a quality oproduct is to control the C/N ratio, the pH
andmoisturecontentof the startingwindrowcreate.

THE BIO4A PROJECT

BIO4A isa H2020project that will scaleup the industrialproductionandthe
market of sustainableaviation fuel, made from residuallipids; it will also
investigatethe alternativesupplyof sustainablefeedstockby coveringEU-
MEDmarginal land for drought resistantcrop production. In this contest
COM-BI was produced through co-composting blends of biochar with
digestatesolid fraction, and the addition of a smallamountof cerealstraw
asbulkingagent. Biocharwasproducedin the oxidativeCarbOnpilot plant
developedby RE-CORD[6]. CarbOnis a continuousbiomasscarbonization
system based on open top, downdraft technology, operating under
oxidative pyrolysisregime. The characterizationof the biochar produced
confirmsthat it qualifiesfor the EBCpremiumgradequality. Digestatesolid
fraction wassuppliedby an industrial anaerobicdigestionplant located in
the North of Italy, mainlyfed with manureasfeedstock. Theco-composting
processadoptedfollowed the ECN-QASrecommendedproceduresandwas
performed during the summer season in a farm located in Scandicci
(Florence),Italy.

Figure 3:COM-BI production in farm environment

The experiment duration was 60 days,with no additional curing time. 4
different blends of biochar/digestate were considered for composting,
increasingstartingbiocharrate from 0%to 15.2%by weighton dry basis.
Static windrows were formed within a farm-greenhouseand manually
turned twice per week. Windrowswere preparedstartingfrom a first layer
of digestate and finishing them with digestate covering the entire pile
(Figure4). Biocharand straw layerswere separatedby digestatelayers. At
the end of the windrows preparation, all piles accountedfor the same
volume. This layer configuration lasted until the first turning, which
occurredafter a week.

Figure 4: Windrow preparation

RESULTS

CB2 blend, having an initial biochar concentration of 11.2 % w/w d.b.,
attaineda final concentrationof 19.8%w/w d.b. (figure2): it outperformed
the other blends on all processand product parameters,showing the
lowest stabilizationtime, the highestNet OganicMatter (NOM)yield with
the highestdegreeof humificationand the lowestammonium/nitrateratio
index. Thecompostobtainedfrom the control (CD)met all main reference
limits (ECN-QAS),but products characteristics,in terms of a quantitative
comparison with CB2, were always lower, in particular, regarding the
product stabilizationobtained. Furthermore,it can be speculatedthat, if
appliedto soilasanamendment,CB2 couldoutperform the other blendsin
termsof OMincreasein soil,consideringits humificationrate; however,this
has to be further investigatedin agronomic field trials. Stability of the
recalcitrantcarboncontainedin biocharcanalsocontribute to the carbon
sinkof soil for the mitigationof greenhousegasemissions.
A qualitativeresult of the experiment,which shouldbe highlighted,is dust
reductionin biochar: after mixingthe windrows,the typicalblackdust that
normallydevelopswhen handlingbiochar, could not be visuallyobserved.
This represent a tremendous advantagein terms of logistics,handling,
health and safetyof biochar, when it is transported,stored and appliedto
fields.

ITALIANLAW FORFERTILIZERS
In 2012ICHARmaderequestto the Italian Ministry of Agriculturefor the
inclusion of biochar in the list of soil amendment allowed in Italian
agriculture. In August 2015 the request has been approved by the
Ministry of Agriculture, opening a new phase for biochar production,
commercialisationand use in Italy. The Italian agriculture is now in the
position to providean effectivecontribution in mitigatingclimatechange
andICHARhopesthat this will be an example for other European
countriesto approvethe useof biochar.

Table 1:Biochar in annex n°2 (Amendments) of D.L. n.75 29/04/2010 [7]

NEW AMMENDANTCATEGORY: COM-BI

A specificrequestto the ItalianMinistry of the Agriculturewill be donein
order to insert the COM-BI in the list of the allowed amendants in
agriculture. In the request will be specificallyidentified the composting
processandthe list of the biomassthat will beusedto obtain the COM-BI.
The new soil amendant in any casemust respond to the tresholds of
pollutants that are fixed by law and quite obviously it must pass the
Phytotossicitytest.
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Further results will be obtained after the end of field trials in Spain,
Madrid (figure 4), where COM-BI applicationin directly comparedwith
commonsoil improverapplicationsfor the cultivationof Camelina(anon
food energycrop).

Figure 4:BIO4A field trials in Madrid (Spain)


