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Ø Biomass residues planned as secondary raw materials of 
interest in modern biorefineries
o either as main feed

o or towards zero-waste approach in integrated biorefineries:
• Rinaldi (Angew. Chem., 2016) « To improve the economic feasibility of a 

biorefinery, biomass must be comprehensively converted into value added 
products; this includes the lignin stream”

Ø However, durable use of biomass residues need careful
consideration of all sustainability aspects, including safety:
o Safety issues may concern any step in the value chain in biorefineries

o Accidents do occur in biorefineries

• (cf. Rivière et Marlair, Biofpr, 2010, Olivares, J. Loss Prev. (2014, 2015),  Moreno 
Safety Sci.(2019))

Ø When considered at low TRL of technologies, safety thinking has 
higher chance to be efficient at most reasonable benefit/cost

Introduction
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Ø Very large portfolio of such residues, as by-products from
current agro-industries, farming activities, wood industries

Ø Examples: 
o wide variety in:
• shape (rods, pellets…°
• source
• availability

ü Where ?
ü How much
ü When ?

o not only from crops
• Shrimp waste; 

fish waste, 
wine exceedings, 

Ø …

Biomass residues overview
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Ø CHO carbon source vs CH carbon sources in petrol
o More variable compositions than in petrols

Ø Energy content lower than in petrol
o Due to presence of oxygen (say 10 to 25 Mj/kg,  water-free NHV 

basis

Ø Main advantage as Renewable Carbon source:
o Pre-existing functionalization:
• carbohydrates, hydroxyl groups, furan rings, aromatics

o But increased reactivity can be a source of concern

Ø Existing data in open literature rarely addressing safety
driven purposes
o Essentially proximate and elemental analyses and energy

content for energy conversion purposes

Main biomass (residues) characteristics



– 5 –Zelcor webinar,  8 July 2020, G. Marlair, INERIS www.zelcor.eu

Ø multifold reasons:
o much more than
academic interest !

o abundancy worldwide, 
already commercially available
• Ex. : Green Value Protobind lignin

Ø One of the 2 key materials
considered in ZELCOR
o The other one « humins » already regarded in the H2020 HUGS project

Why a focus on lignins in this talk?

GA No. 675325
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Ø Important properties depending on:
o upstream pretreatment processes
o biomass of origin (soft or hard wood lignins, straw..)
o technical lignins may or not contain S
o structural differences according to

various ether and C-C bonding
Ø Char forming thermal degradation

due to high level
of aromatics

Lignins specific characteristics
ZELCOR
& EUCALVIA
projects
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Safety thinking with biomass residues
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Adapted from: 
Gibson et al, Plant/
Operations Progress
Vol4, n°3 (1985)
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Ø Thermal and explosion hazards
o self-heating hazard (thermal stability)

• similar hazard as for some hazardous chemicals
ü Classified in Division 4.2 for transport and 

self heating substances in CLP

• Often critical with many biomass in divided form
• Known to lead to spontaneous ignition in large storage facilities

o Dust explosion hazard
• Risk pertaining to both organic and 

mineral matters, when combustible 
and in powdered form
ü Some ~5% of all explosions
ü A major source of concern in USA

• Long history of accidents with grains in silos, also with
sulfur, sugar, metal powders, wood saw

lignin reactivity induced main physical hazards
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ØHealth and environmental hazards
o Risks due to micro-organisms like bacteria and fungi
o Process-driven ecotoxicity potential issues

lignin reactivity induced other hazards
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Ø DSC and DTA/TGA tools for screening purposes can be
used
o Search for an exotherm over 50°C
• three classes  A, B, C of criticity determined
• Class A (exotherm seen below 250°C

requiring detailed analysis)
• Class C (no exotherm before 400°C°)

ü Self-heating risk negligeable (most often)

Ø ‘Basket tests’ for detailed analysis of self-heating
o NF EN 15188 isothermal oven tests with various basket sizes

Self-heating experimental assessment
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Dusts (powders) suspended in the air: 
when to consider the explosion hazard ?

Ø Particle size distribution < 0,5 mm

Ø Origin in biorefineries:
o Feed, finished of intermediate products
o Residue/waste processing
o Abrasion of solids (when crushing, 

milling)

Source:
Addelaziz et al
waste Biomass Val (2016)
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Blaye explosion
Metz explosion

Imperial Sugar

Dust-explosion driven disasters with biomass

Out of 183 severe cases (1903 – 2007)

3500 dust explosion cases over 28 years in USA (1980-2007), 
281 of them rated as disasters, 118 deaths, > 700 injuries
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Ø The main parameters used to characterize flammability and 
explosivity of a dust or a powder are:
o Lower explosion limit (LEL)
o Minimum ignition temperatures (MIT) in layer /in cloud 
o Minimum ignition energy (MIE)
o Violence of explosion criteria in a confined environment

(Kst, Pmax)
o Limiting oxygen concentration (LOC)

Ø Additionnally we may use:
o Fire propagation German test (BZ classes from BZ1 to BZ6)
• Abiliy of a strip of material to propagate a fire from local ignition

o Fire calorimeters
• Fire behaviour, combustion speed, HRR, emissions…

ü Cone Calorimeter ISO 5660, FPA  (Tewarson)  ISO 12136

Experimental assessment of
fire & explosion hazards of lignins (all BRs)
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ØMinimum ignition T in cloud
o Godbert-Greenwald oven

ØMinimum ignition T in layer

Dust critical temperatures determination

EN 50281-2-1
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INERIS

Lower Explosion Limit (LEL)

ØAbout 30 to 50 g/m3
Ø Less than 1mm dust layer deposit
ØMeasured in 20L sphere
o or  ISO 1m3 vessel

Ø (also used to severity of explosion)
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INERIS INERIS

EN 13821
MIKE 3 apparatus

Minimum ignition energy (MIE)
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dust explosion severity characterization

20L sphere apparatus
EN 14034-1/2

Lignins ?

Cubic law: (dP/dt)max V1/3 = Kst
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Ø AIT variation (in layer):
o 180°C to 440°C

Ø AIT variation (in cloud):
o 370°C to 720°C

Ø MIE (mJ)
o 25 to > 300
o Higher than for gases

Ø LFLs (g/m3)
o 20 to 50 (up to >100)

Ignition properties of agricultural dusts

Source: Babrauskas, ignition handbook
S…………   Al biomass
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Ø Physico-chemical 
characteristics
o Humidity content
o Particle size 

distribution 

Ø Other parameters
worth being explored:

o Heating Value (HHV)
o Density ?
o Others ?
• Other considered in ZELCOR  

project

Known influencing parameters of 
powders/dust fire and explosion hazards

Parr instrument 6100
(oxygen bomb calorimeter)
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Ø From the open source database GESTIS-DUST EX
o https://www.dguv.de/ifa/gestis/gestis-staub-ex/index-2.jsp
o > 7000 dust samples listed, only… 5 entries for lignins

Ø Further research clearly desirable in 
support of safe and sustainable
lignin biorefining -J
o Clearly associating the measurement and the archiving all 

parameters of interest

Published data on fire and explosion hazards
of lignins

https://www.dguv.de/ifa/gestis/gestis-staub-ex/index-2.jsp
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Ø Safe biorefining from lignin as a feed or with biomass
residues with zero waste concept much more than simple 
flammability characterization of biomass residue feed !
o Fast innovation may lead to emerging risks…
o Cascading approach requiring testing all intermediates,
o Use on unconventional bioreactors…

Further considerations towards future 
sustainable biorefining



– 22 –Zelcor webinar,  8 July 2020, G. Marlair, INERIS www.zelcor.eu

Ø No unique ‘lignin’, but many lignins ‘ to consider for their safe
valorization

Ø Some safety related data on lignins existing, rarely published
with appropriate characteristics of interest
o We clearly lack enough (reliable) data as compared to lignin diversity

Ø Need to continue consistent characterization of technical lignins
o with appropriate archiving of all influencing parameters
o targeting the development of  predictive models highly desirable or all 

important safety data 
• Physical modeling ?
• (QSPR approach ?)

Ø As a residue, little chance lignins to be optimized for whatever
reason, 
o so careful check versus time of safety related properties needed at 

regular intervals

Conclusive comments
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Ø Guy.marlair@ineris.fr
o Technical Advisor at INERIS
o Senior Research Scientist (HDR)
o Also chair IEC TC120

(Electric Energy Storage Systems)

Ø My thanks to all INERIS contributors:
o Thangavelu.jayabalan@ineris.fr
o Pascal.pandard@ineris.fr
o Karine.adam@ineris.fr
o Ghislain.binotto@ineris.fr
o Julien.gomes@ineris.fr

Thank you for your attention !
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