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Global distribution of solid fuel burning emissions
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East Asia importantly
contributes to emissions
from solid fuel burning



Emission inventory of residential solid fuel burning over the NCP
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Solid fuel and burning phases




Purpose of solid fuel burning

Residential

Cooking Heating Industrial production and power plant




Burning stoves

Heating stove CarbonZero




Burning Phase: Flaming and Smoldering

CO/CO, Organic Aerosol (OA)
NO, mixing Inorganic Salt
Gas - SO, _ Aerosol - Soot
VOCSs transformation Potassium
- Metal/Mineral




A typical burning cycle of solid fuel burning
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Importance of evolution

R

Observed Organic
Aerosol Emissions

~——

Aerosol Processing
Dilution-driven evaporation
+

Oxidation-driven condensation

Hodshire. et al., 2019, EST

Emission: evaporation, rapid oxidation and condensation, secondary particulate matter formation.
The burning phase affects the gas and particle precursors.



Plume Evolution Chamber




St

Structure of our novel-designed chamber

— —— »‘ Pulley wheels (16)
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Aluminum frame (external)

Aluminum frame (internal) = F Al

Stainless steel tubing

Valve (3)

The internal chamber is
Blower (pumping air) ;irllrerlld(eilosziislrgnr]nl)yl:rii
external four sides
(excluding the top and
bottom) of the chamber
are covered by
transparent acrylic plates
(1.8x1.3x1.7m).

Particulate filter

Mixing tank

Plume injection port



Plume Evolution Chamber

Previous laboratory studies Novel-designed chamber

> Emissions from different combustion phases » Isolating single plumes from a certain combustion
cannot be effectively isolated. phase.

» High levels of oxidants injected > Ambient air oxidants

> Artificial UV light » Solar radiation
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Instrumentation

= PASS-3: absorption

= SP2: BC mass, size and mixing state
= AMS: non-refractory compositions

= SMPS: size distribution

= CO, NOx, O,

» PTR-TOF-MS: VOCs



Evolution of Aerosol Chemical Properties



SOA formation

OA externally
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Evaporation
process

O 08/17 09:48-14:50 O 08/17 16:12-21:08 O 08/2110:12-14:34 O 08/21 16:24-20:06
O 08/23 10:46-14:00 O 08/23 14:40-18:14 O 08/24 11:42-14:50 O 09/01 17:36-20:52
© 09/02 11:10-14:38 O 08/3116:42-20:26 O 09/07 10:48-15:58
O 09/04 10:34-15:24
20 = 1200 5 1200 S
I I
s 1000 | _J,fp 1000 ~
800 | - 800 -
; 10 < ; 600,25 E 600
o S sodee” | O 400
5 = e
200 | | 200-\\—.’
0 T T T T T 1 0 I I 1 1 1 1 0 T T T T T 1
0 1 2 3 4 5 i} 1 2 3 4 5 0 1 2 3 4 5
Elapsed hours Elapsed hours Elapsed hours
: 1.0 - 1.0 - 1.0 -
L (o m————— . —
S 0.8+ Lo = g 08 __ """ 05 L Q0.8
: I I: II | | Lt
2 0.6+ | g 0.6+ e -:ou: 064 | | g 0.6+
g oalor RPN g 5 I B o4
: 044/ g o4 Boay | £os
w55 ! W 02 &o24 1 R
_,,.a“‘l I I |
O'O-"F.Il |I T T 1 0.0 T T T T T Uﬂ'. || '. T T 1 O'O-I T T T T 1
0 1 2 3 4 5 0 1 2 3 4 o 1 2 3 4 5 0 1 2 3 4 5
Elapsed hours Elapsed hours Elapsed hours Elapsed hours
-1 -1
1.0x10° 1.0x10 40 : : 10 5
* I I * -L [ [
084 : : 0.8 1 20 : I 8 -
. s [
2 063 1 B 06- i O 8 5-
% 04_3 ! ! E oq_h 320- %& ! ! E A ]
z [ g E E .i\lp I E h
0.2 . 0.2 104 o 2 L\.".M
L, @ @ " P,
| | vy — _‘W—. _
00 1 1 1 1 1 1 0.0 I I I I I 1 0 1 1 1 1 1 1 0 I I I I I 1
0 1 2 3 4 ] 0 1 2 3 4 5 0 1 2 3 4 5 i} 1 2 3 4 5

[Flaming Light|

|Flaming Dark‘

Evolution for burning phases and solar radiation

\Smoldering Light\

Elapsed hours

Elapsed hours

Elapsed hours

|Smo|dering Dark|

Elapsed hours

Levoglucosan

fragment



Oxidation of VOCs and aerosol
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Evolution of VOCs

Furan during flaming (ppb)
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o:.C

Organic aerosol oxidation

elemental O:C ratio
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Causality for higher oxidation of smoldering OA
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» SM plumes produced more VOCs and
semi-volatile VOCs, which can be
condensed in a shorter time.

» FL plumes was dominated by BC but
SM was dominated by OA.

Organic particle substrate may absorb
or adsorb more gas and result in
enhancement of condensation.



Dark ageing
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No apparent OA/BC change during the dark.
O:C consistently increased by 0.09 for FL dark, while without
apparent change for SM dark.



Evolution of Aerosol optical Properties



Spectral absorption of BC and BrC
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Contrasting features between burning phases
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Evolution of mixed state of carbonaceous aerosols
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Mixed state of black carbon and brown carbon

Refractive index
Rl=n+k |

® -

—— Total particle
= BC coated
— BC core

= Externally-mixed CA

dN/dlogD, (cm )

8x10"

"I" qo 6-
k>0 ¢ .

5

Externally-mixed OA  Internally-mixed OA T § firiil




Absorptivity of OA
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Absorptivity mapped on OA/BC
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OA from flaming conditions showed a higher absorptivity than from smoldering conditions.
Absorption parameters can be parameterized by OA/ BC.



Conclusion

» Smoldering plumes had faster secondary OA formation
and higher oxidation than flaming.

» Absorbing OA (the brown carbon) from flaming
conditions showed a higher absorptivity than from
smoldering conditions.

» The absorptivity of OA had a half-decay time of 2-3 h
due to SOA formation and photobleaching of
chromophores.
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