Challenges and opportunities in
advancing understanding of soot
evolution In fires

Progress in soot modelling and experiments
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Wildfires affecting urban/wildland boundaries are
becoming a common reality

§ * Wildfires represent an important environmental and health hazard.

* Understanding the fire rate of spread is important to potentially provide decision-
support for wildfire operations, whereas predicting smoke emissions would
help to assess the health effects and implement related strategies to prevent
exposure.

A . * Predicting the fire behavior and its dynamics along with its emissions is still an
- open challenge.

* Large-scale wildfire models, such as the coupled fire-weather application WRF-
SFIRE-CHEM™-3, rely on that are poorly understood and only fuel consumption
rates and emission factors empirically quantified.
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Flame Spread in Wildland Fires
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Emissions in Wildland fires

Primary pyrolysis products

1 “OH

TR = (€ OH TAR and PAH

/L_:G Extractives Levoglucosan FLAMING formation

Cellulose %Q_?% I\
HO 0 S CH, C,H, C,H
XYHW and GMSW fg TGL ° i Cé éc;f |f|6
pZ OH H02 2
2

{CH,0,)- T M0 O
"";EEES Extra TANN
-;b'ﬁ\ BN, =0 Coumaryl alcohol

i‘ UM Bii::mf S 0 PYROLYSIS @ ) Q)‘ @ »

o HACHO) {CHuO) HE Y cresol vanillin  anisole “
LIG-0 2. \
ho/\@:.— (CH 0, B {
N 3 ) : Chq o
: rmatio CHAR and ASH

SMOLDERING

(n]

LLNL-PRES-868608 This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under
Contract DE-AC52-07NA27344 and was supported by the LLNL-LDRD Program under Project No. 23-LW-007.



Emissions from fires — biomass burning VOCs
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Emission factors

In large-scale wildfire models, the emissions are estimated using the following equation to estimate

emission fluxes:

E; = A(x,t) x B(x) x FB x(ef)

"

emission of speciesi area burned attime t
(mass of i emitted) and location x

fraction of that
biomass

thatis burned in
the fire

biomass loading
at location x

Emission factors from observations:
CO,: 500- 1700 g/kg
CO:60-120 g/kg
CH,: 2-6 g/kg
Non-methane organic gases (or VOC): 28-55 g/kg
PM2.5: 7-20 g/kg
PM10: 7-20 g/kg

Emission factors are mostly known in flaming conditions, while

estimates of smoldering emission factors are still scares.
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Table 4: Emission factors (g kgl) for FINNv2.5.

Emission factor of species i
(mass of i emitted (g) / mass of

‘Generic Vegetation Index and Type

1 F 3 4 5 6 [
Chemical Species Woody Temperate
Savanna Tropical Temperate
Savanna/ Boreal* Evergreen Crops?
Grasslands! Forest Forest?
Shrubs Forest?
Carbon Dioxide (CO2) 1686 1681 1643 1510 1365 1623 1444
Carbon Monoxide (CO) 63 67 03 122 i 12 01
Methane (CH4) 2 3 51 5.61 6 34 382
Non-methane  Organic ~
. 282 248 519 56 485 493 514
Gases (NMOG)y*
Hydrogen (H2) 17 0.97 34 203 23 2 259
Nitrogen Oxides - -
39 365 26 1.04 095 196 243
(NOXasNO)
Sulfor Dioxide (SO2) 09 0.68 04 11 1 11 04
Tarticulate  MIater  with
Diameters less than 2.5 717 71 99 15 184 179 643
um (PM25)
Total Particulate Matter N
83 154 185 18 184 18 13
(TPM)
Total Particulate Carbon
. 3 71 52 97 83 97 4
(IPC)
Particulate Organic
26 37 47 16 78 16 2.66
Carbon (OC)
Particulate Black Carbon
) 0.37 1.31 0.52 0.56 02 0.56 0.51
(BC)
—
Ammonia (NH3) 0.56 12 13 247 18 117 212
Nitrogen Oxide (NO) 2.16 0.77 09 095 0383 095 118
Nitrogen Dioxide (NO2) i 258 36 23 0.63 234 299
Non-methae
34 34 1.7 5.7 57 5.7 7
Hydrocarbons (NMHC)
Particulate Matter with
Diameters less than 10 72 114 185 16.97 184 184 7.02

um (PM10)
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Emission factors from flaming and smoldering wood combustion
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Garg, P., Wang, S., Oakes, J.M., Bellini, C. and Gollner, M.J., 2024. Variations in gaseous and particulate emissions from flaming and smoldering combustion of Douglas fir and lodgepole pine under different fuel moisture
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Laminar Smoke Point (LSP) soot modelling for fires GENT

LSP is a simplified soot model:

* incorporates the main soot processes (hucleation,
growth and oxidation)

* remains computationally fast

* accounts for fuel effects, using ethylene as a basis
for initial calibration and linking it to the LSP height of o
the fuel N B.
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Validation: ‘migration’ of the peak soot volume fraction from
the wings to the centreline with increasing N, dilution levels
(based on experimental data of Smooke et al. (1999 - 2005)

Validated over 16 laminar flames: = |
different fuels, different nitrogen dilution levels, : B
effect of reduced gravity
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Perspectives
* Further model developments, e.g., polydispersity of
soot particles o0 +—| wl—1 |
Peak in the wing Increased dilution level Peak in the centreline

* Further validation: e.g., solid fuels (biomass)
* Future applications: enclosure fires, wildland fires, etc.

Shahrooz Motaghian & Tarek Beji (2024) A laminar smoke point-based soot model considering surface growth and soot reactions, Combustion Theory and Modelling, 28:2, 172-197, DOI: 10.1080/13647830.2023.2267526
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Integration of WRF-SFIRE-CHEM with BioSMOKE data as input
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» Large scale weather data from
NWP models or reanalysis
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chemical species

»aerosol physics
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Input of WRF-SFIRE-CHEM

Current inputs

Future inputs

Fuel burning rates

Emission factors

Burnup model
(Albini et al., 1995)

Static emission factors empirically
estimated in flaming conditions

Multilayer model involving new parametrized fuel consumption that
includes pyrolysis and smoldering

Dynamic profiles including smoldering emissions
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Thank you for the attention!
Questions?



	Slide 1: Challenges and opportunities in advancing understanding of soot evolution in fires
	Slide 2: Wildfires affecting urban/wildland boundaries are becoming a common reality
	Slide 3: Flame Spread in Wildland Fires
	Slide 4
	Slide 5: Emissions from fires – biomass burning VOCs
	Slide 6: Emission factors
	Slide 7: Progress in Experiments 1/2
	Slide 8
	Slide 9
	Slide 10: Integration of WRF-SFIRE-CHEM with BioSMOKE data as input
	Slide 11: Thank you for the attention! Questions?

