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Importance of biomass burning

« Complex processes
— Pyrolysis, combustion etc.

— Primary vs Secondary chemistry

Global, regional & local scales

Anthropogenic & natural

Source of carbonaceous gases and

particles to the atmosphere
— Health effects
= e.g. particulate matter (PM)

— Climate effects
= e.g. Direct effect, deposition
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Global burden

Natural Anthropogenlc (Large uncertainties!)
T 1 Savanna and  Tropical Temperate : Agricultural Charcoal  Charcoal Total  A&M2001
ga grassland forest forest residoes making burning

| T’z dry matter burned 2400 2880 300 180 45 R0 Ri00
COy 34980 4670 470 340 () 110 13900 13400
() 170 (M 34 5 : 18 17 94 B20 G0
CHy 6.5 19 .6 o : 1.4 3.4 0.27 50 39
Toal VOCs 12.2 16 4.0 . : 1.8 4.8 0.3 62 49
PM3 5 16 24 5.5 . : 36 0.14 17 58
TPM — particulate matter 21 3l 5.5 Al 25 (.04 K5 #2
TC — Total carbon 1.6 16 2.5 ! 1.3 = 0.09 41 42
OC — Organic carbon 7.3 12,8 3.3 ; 1.2 . 0.10 36 6
BC — Black carbon 1.3 .46 0.17 ) : 0.01 4.9 4.8

Andreae, 2019.
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Ireland and Great Britain

Central Europe

Scandinavia

Biomass Burning in Europe Q @ » @ “ “

« Dominant primary source of organic
aerosol in many regions during winter
(61%)

* Non-trivial source of secondary organic
aerosol in summer

(Biomass burning here includes and
agricultural combustion)

>50% PM, . from wood combustion
— Po Va.”ey (Piazzalunga et al 2011)
— Southern Germany (sarieta. 2010

- SUburban HGISinki (Saarnio et al., 2012)
— Northern Sweden (reci et al, 2008)
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Benelux

Iberian Peninsula

Po Valley

POA

B Biomass burning
B Gasoline vehicle
. Diesel vehicle
Other anthropogenic sources

SOA
B Biogenic sources
§ Biomass burning
I Gascline vehicle
B Diesel vehicle
Other anthropogenic sources

Eastern Europe

The Mediterranean

Winter
Summer

Jiang et al., 2019.



Human health and associated costs of RWC

eld' ) european alliance ABOUTUS ~ POLICY CLUSTERS ~ CAMPAIGNS v ACTIONS ~

Replacing fossil fuels and biomass with cleaner
alternatives in residential heating and cooking can
decrease the social health costs, say researchers

by European Public Health Alliance | Mar 31, 2022 | Clean Air | Publications

Revealed: air NewScientist
pollution may be s Podasts Vo Techncogy Space Phics et Vi -

damag_mtghe‘l;erg , Health impacts of wood burning cost
-Organin tne body EU and UK €17 billion a year

Exclusive: Comprehensive analysis

g“ds smgimlised b G2 il g Wood-based home appliances are responsible for 63 per cent of the health costs
ementia, heart and lung disease, f . lluti lated to heati d king in h inthe E Uni
e s S | rom air pollution related to heating and cooking in homes in the European Union
intelligence and UK

[f v RONin N

y
Air pollution may be damaging every organ and virtually every cell in {

Damian Carrington human body, according to a comprehensive new global review. 30 March 2022
Environment editor

The research shows head-to-toe harm, from heart and lung disease to By
diabetes and dementia, and from liver problems and bladder cancer to]
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European biofuel consumption will increase until 2030

e Decarbonisation of the EU Share of bioenery in total energy demand
economy by 2050 16% 1
14%
. _ B Green X Biomass
« 80 - 95 % reduction of GHG o shorenGros Fina
c g nergy
emissions compared to 1990. o | Consumption
6% B EUCOZ27 Bicenergy
Demand / Gross
 Renewable energy target of at 4% - nland o
least 27% by 2030. 2%

2000 2005 2010 2013 2020 2025 2030

European Commission, 2016.
Brack, 2017.
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Are emissions from pellet and log burning
stoves different?

Hot Water

Pellet

Mack et al., 2018;
Corbin et al., 2015;
Olsen et al., 2020.
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6 ] Under Floor Heating

Wood Stove
Most popular modern model

Residential

2 kg load

spruce (19.6 % moisture)

birch no bark (17.0 % moisture)
80% heating efficiency

Pellet Stove

commercial and residential
6 mm pellets (logging waste)

ash content < 0.5 % (w/w)

moisture content of 6-8 % (w/w)
High and low loading

86% heating efficiency

1. Autonomous

Easy to operate

2. High control of
oxygen and fuel

3. Stable temperature
Uniform heating
High thermal comfort

Automatic
fuel feed at
optimum rate

Air is drawn
into the burn
chamber =

Fuel
hopper

}} )

XS

A

:
.

covector fan
ensures more even
distribution of heat

L

Flames are
visible through
window

Correct air and fuel
rates resultin clean
burn and little ash
for disposal



Why might emissions be different?

Time evolution of a fire

2. Pyrolysis <325°C |
« Thermal degradation |
« Does not require O,

Fully Developed

Growth

1. Evaporation ~100 °C
* No chemical N
transformations  |gnition

Temperature

3. Flaming 420 °C — 1200 °C 4. Smouldering 300 °C — 600 °C

. Releases VOCs e Combustion of .emltted * Less efficient |
gases and patrticles « Less combustion of gases
» Most efficient phase (high m,)
AU ’
Time
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Poly-aromatic hydrocarbons (PAHS)

Pollutants

Black carbon, BC. o
* Short lived climate pollutant .:M/ﬁ'

zone Particle nucleation  Surface growth Aggregation
and coagulation
Y 1 .'
3 - ' l '. .
o o®

; Ve . ® .‘ 1 a
200nm

* Direct heating effect
* High temperatures, High fuel/O, ratio

Organic carbon, OC.

* Contributes to particle mass

* Secondary organic aerosol (SOA)?
* Low temperature

* Molecular structures preserved

Brown carbon, BrC.
Organic compounds that absorb light
e Substituted aromatic compounds, PAHs

Reaction Time : “

http://www.forbrf.Ith.se/english/research/measurement-methods/laser-induced-incandescence-lii/

B 1500
Fi
|nl —
-;:I:‘.l 60 | e Heteroatoms
: - {:0 e Furans
=] Oy, aliphatics
t]' 40 — B Terpenss
R Aliphatics
= T Oxy. arom
8 Ar I

E 204 omatics
L1y
E 7 ':Hq. —
- #

G =

Long-lived gases NMOG | Hatch et al., 2017.
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XY Norwegian standard NS3058-2

Experiments and set-up

@"“"’“‘"’;m N
. .. Hood oo | Tt %g
« Chemical composition, == B
b
« Optical properties §?%§"“*"“"" —

8

« (Gas particle partitioning, morphology, alkali Fill K E— @'

content, ice nucleation i 42\ \ ot

Scate (1F Used) R Demeers \ | ) Some

Instruments

« FIGAERO-ToF-CIMS
— Speciated oxygenated organics (OVOCs)

— Gas and patrticle phase

* Photo accoustic soot spectrometer
(PASS-3)
— Aerosol optical absorption (equivalent BC)
— 405 nMm & 532 nm & 781 nm

« SMPS — particle size distributions
« GC-MS for offline filter analysis of PAHs
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Overview

Pellets Logs
300 -1.00 -
Pellets O 500 02 8E2  Aco,
emissions = mpfw gzgé‘g% ~ ACO; + ACO
0.85 = 8
are cooler o= —————— % [T P
than logs 5000 20 ogs as efficient as
£ 6000 15 pellets 15-30 %
< 4000 10 | of the time
O 2000 s Y
0 0
- 1000 T 30000
Pellets - 20000 £ Log emissions
P 2 & & 500 2
emissions o L 10000 follow fuel
are constant £ > cyclin
—0 11 12 13 14 15 16 17 11 12 13 14 15 16 17 O — Y 5

Hour of day Hour of day
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Particle sizes
Pellets Logs

Median diameter
1000 Pellets: 94 nm
Logs: 244 nm

[
o
LN

dM/DLog(Dp)
pugm=3

=
o
N

[
o
o

Log particle
diameter / nm
-
<

[
o
P

10 11 12 13 14 15 16 17 10 11 12 13 14 15 16 17
Hour of day Hour of day

Assumed density of 1.2 g cm™3
Assume spherical morphology (bad for logs)
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Emissions are very different
depending on the RWC appliance

Pellet emissions

GOTEBORGS UNIVERSITET

Spherical

90% organic material

Likely BC core

Low temperature combustion
preserves organics e.g. aromatics
Brown particles!

Log emissions

Amorphous structure

1:1 Organic:BC

BC coated in organics

High temperature combustion: lose
organics and form more BC and PAHSs

1000 1

EF (mg/M])

EF (mg/M])

100 ;

10

10

0.1

Pellets Logs
(high load) (efficient)

I PAHs

I Aromatics, particle

I Aromatics, gas

Al

L

Pellets L:::'gs

(high load) (efficient)




Wood log stoves emit more
material than pellet stoves

Pellet emissions

GOTEBORGS UNIVERSITET

Spherical

90% organic material

Likely BC core

Low temperature combustion
preserves organics e.g. aromatics
Brown particles!

Log emissions

Amorphous structure

1:1 Organic:BC

BC coated in organics

High temperature combustion: lose
organics and form more BC and PAHSs

1000 1

EF (mg/M])

EF (mg/M])

100 ;

10

10

0.1

Pellets Logs Logs
(high load) (efficient) (inefficient)

I Aromatics, particle

z PAHs
I Aromatics, gas

[l I

Pellets L:::'gs L:::'g S
(high load) (efficient) (inefficient)




The lower pellet loading is more polluting than higher loading

Pellets (high load) Pellets (low load)

300 1t g | -1.00 ,
Decrease the 005 Decrease In
& 200 ] MCE

pellet loading ~ _U%EE % |
by 40% from 100 fw j ‘/,,——-’f-—-é 085 = 5 £ |Increasein CO
1.15 kg/h to N - e Decrease in CO,
0.70 kg/h. _ 20000
_g o | 115000 E " Increase in
g ; £ 40 ' 110000 @ ;,_ «f THC and
5 200 . MW\W 5000 £ = Incr(_ease IN
T o particle mass

0
1000 = Median dp 120 nm 10° .
e | ‘ _ Incr_ease In
i ST ] particle
g 2= 10°8 2 diameter

10 11 12 13 14 15 16 17 10 11 12 13 14 15 16
Hour of day Hour of day
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The lower pellet loading is more polluting

- : 1000
than the higher loading )
< 100/
E
L
Lowering the load . —
Pellets Pellets
« Less complete combustion (high load) — (low load)
* More organic material remains
L . 10
« Greater contribution to particle mass I PAHs
Z Aromatics, particle
« Particles become more optically absorbing i.e. browner = 4 2 Aromatics, gas [
. 3 I
« Greater PAH and BC emissions suggests lack of O, E [
* Indicates O, injection not optimal 5 I
Pellets Pellets

(high load) (low load)
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RWC is a significant source of air pollution

Comprehensively characterized emissions from two RWC appliances
— Morphology, optical and chemical properties

Emitted particles are very different depending on RWC appliance
Wood log stoves emit more material than pellet stoves
Pellets stoves become more polluting as loading decreases

Studies on ageing
— E.g. SOA formation, BrC bleaching

Toxicological effects of different particle characteristics

Reporting emission factors
— Less than optimum conditions

— Additional species

GOTEBORGS UNIVERSITET
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Pellet particles

Cubic relation between mass and

50 - diameter
5 15 - ‘
:-‘?: 1 o
@© 1.0 - e
= ] y = 7E-07x308  ,7°
0.5 - ..:.
OO :—q’-.-.'..ll S
25 50 75 100 125

Mobility diameter (nm)
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Pellet particles

Effective density increases when
pellet particles are heated to

T 400°C

S 2500 -

é .

> ]

o 2000 -

@ |

o i

= ]

® 1500 -

= _

LLI . Room temperature
] Heated

1000 +—F—™W———F— 71—

20 70 120

Mobility Diameter (nm)

Effective density (kg/m3)

2500

2000

1500

1000

High Load NTD o High Load TD
® Low Load NTD O Low Load TD

70 120
Mobility Diameter (nm)

N
o
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Log particles

Scanning transmission
xray microscopy (STXM)

(a) 280 eV (b) 285.5 eV

Various states of carbon

(c) 295 eV (d) 297 eV
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Volatility

Pellets Logs
>001(@) {(d)
Compounds are 3 i Mo
grouped by their + 7 | g oac Spruce Freh :E
volatilities (C;*) $210 2, L= e 5
W90 - 02
0....HHH. .HD.M
C") (ug in‘:} Ch T I_-logfu{t?l“} {ifg in‘:} e

Greater

gas phase Increasing volatility

component
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Fuel and 02 consumption

Fuel consumption

high load low load e low load 0.69 kg per hour

WWNWWWPMN * high (full) load 1.16 kg per hour

o

hJ

02 consumption %
N

l=)
c
3
2
%
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Overview

Pellets Wood

| 1 I |
high load pellets low load pellets Birch Spruce

300 ] - L 100
200 - ] 095w ACO,

| S ~ ACO, +ACO

S o

T T 080
20

cCO/
pm
5
o)
%

PM2.5 /
pgm=>

1k

_[

[ [
L =
Hgm =3

._.
=
dM/DLog(Dp)

. | n‘
10 n 12 13 14 15 16 17 15 16 w 1 1 13 14 15 la 17 w 1 12 13 14 15 1] 17

Hour of day Hour of day Hour of day Hour of day

=
(=]
T
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High load

Overview

Low load

_J\j\ﬂLﬁfL~”bf“

Spruce

[}
"
i
I [ |
i i
[H1 i
H
H

| e
. W i
0 25 0 25 0 25

25



Human health and associated costs of RWC
Revealed: air

pollutionmaybe |
damaging ‘every

organin thebod : :
g *| Exclusive: Comprehenalveanal}si Health |mpaCt5 Of WOOd burnlng COSt

finds harm from head to toe, including

dementia, heart and lung disease, E U a n d U K € 1 7 bi I I io n a Vea r

NewScientist ‘Total health-related costs to

News Podcasts Video Technlogy Space Physics Hesitn More v shop courses ments  SOCIELY O Outdoor air pollution due to
residential heating and cooking

activities by households in Europe

amounted to €29 billion in 2018.”

fertility problems and reduced
intelligence

Wood-based home appliances are responsible for 63 per cent of the health costs

from air pollution related to heating and cooking in homes in the European Union

Air pollution may be damaging every organ and vi and UK
human body, according to a comprehensive new g

E—— () O © © O “A conservative estimate of the current
. etes ndcl mnn .ndfnml p‘bl msa HEALTH 30 March 2022 ] i )
A contribution of biomass smoke to
%’ 'Jeuropeon alliance ABOUT US ~ POLICY CLUSTERS ~ CAMPAIGNS ~ ACTIONS p rem a‘tu re m O rtal |ty

in Europe amounts to at least

40,000 deaths per year

Replacing fossil fuels and biomass with cleaner
alternatives in residential heating and cooking can
decrease the social health costs, say researchers

by European Public Health Alliance | Mar 31, 2022 | Clean Air | Publications

GOTEBORGS UNIVERSITET



GOTEBORGS UNIVERSITET



