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Biomass burning: a strong impact on air quality

Sector contributions to PM emissions in Europe

Residential wood combustion FW. I -

= Significant source of PM and

black carbon (BC) in Europe Bcl I _

(EEA, 2021)
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Primary and secondary biomass burning emissions

v’ Large emissions of BC and primary organic aerosols (POA)
v’ Large emissions of volatile and semi-volatile organic compounds (VOCs and SVOCs)

= Significant formation of secondary OA (SOA)

Ireland and Great Britain

Central Europe

Scandinavia

Heringa et al., 2011
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Primary and secondary biomass burning emissions

v Large emissions of BC and primary organic aerosols (POA)
v Large emissions of volatile and semi-volatile organic compounds (VOCs and SVOCs)

= Significant formation of secondary OA (SOA)

Heringa et al., 2011
= SOA
m POA

O Large primary emissions and SOA formation for old m BC
logwood stoves

O Lower primary emissions and SOA formation for
modern logwood and pellets stoves

$

Emissions (pg/m3) / ppm CO,
N
\
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Only few studies about the secondary particle formation -
from pellets appliance emissions (n = 8) O st | faming | stat | flaming | ‘ 0

old logwood burner modern logwood burner

start stable
modern pellet burner
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Bertrand et al., 2017

Primary and secondary wood combustion emissions

Stove A

Woodlog
<2002

Stove B

Woodlog
2010

Stove C

Pellets
2010

O Lower primary emissions and SOA
formation for the modern logwood stove

O Low POA emission and low SOA formation
but very high BC emissions from the
pellets stove

Only few studies on the BC emissions from
pellets appliances (n = 6)
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Main objectives

1) Evaluation of primary and secondary emissions from different modern pellets stoves and boilers
a) Impact of working outputs
b) Impact of pellets composition (softwood vs hardwood)

2) Comparison with primary and secondary emissions from residential heating appliances using other
fuels (logs and oil)
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Residential heating appliances tested

3 x Pellets Wood Stove (PWS1 - 8 kW; PWS2 - 8 kW; PWS3 - 9 kW )

* 3 x Pellets Wood Boiler (PWB1 - 24.5 kW; PWB2 - 22 kW, PWB3 - 21.7 kW)
Amm et hilcal‘?aet:ffage N\
« 1 x LogWood Stove (LWS - 7 kW ) VERTE |atos = |7 (
XA XX AR K ‘

1 x LogWood Boiler (LWB - 30.5 kW)

* 1 x Condensing QOil Boiler (OB - 24 kW)
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Experimental conditions

Outputs
Pellets: 3 conditions (P\WS1 and PWB1) Logwood: 2 conditions Oil: 1 condition
= Nominal = i
= Reduced (30 %) Nominal
= Reduced

" Intermediate (50 %)
= Nominal (100 %)

Fuels

Pellets: 2 types Logs
= Beech or Oak (LWS)

= Softwood (conventional) —
= Wooden charm (LWB) A\J i

= Hardwood (GRAMIX project)
(PWS3 and PWB2)
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Experimental conditions

Outputs
Pellets: 3 conditions : 2 conditions Oil: 1 condition
0 * Nominal = Nominal
= Redueed{30-%}
= Reduced

= Intermediate (50 %)
= Nominal (100 %)

Fuels

Pellets: 2 types
= Beech or Oak (LWS)

= Softwood (conventional) —
= Wooden charm (LWB) A\J '

= Hardwood (GRAMIX project)
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Outputs

Pellets: 3 conditions (P\WS1 and PWB1)

= Reduced (15 %) (PWB3)
= Intermediate (50 %)
= Nominal (100 %)

Fuels

Pellets: 2 types

= Softwood (conventional)
= Hardwood (GRAMIX project)
(PWS3 and PWB2)

Experimental conditions

Logwood: 2 conditions Oil: 1 condition
=  Nominal — boiler = Nominal
= Redueed

Logs
= Beech or Oak (LWS) R
= Wooden charm (LWB) A\J i

10
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Experimental setup

T~17-27°C

ﬂ RH~40-60%

Dilution PAM-OFR

ﬂ ' On-line instrumentation
: Potential Aerosol Mass —

Heating Oxidation Flow Reactor Diurnal chemistry

OH radicals

appliances

0O, + hu (185 nm) > 20(3P)
O(3P)+0, > O,

O, + hu (254 nm) - O('D) + O,
O('D) + H,0 > 20H

OH exposure: 3.5 x 1011 - 1.2 x 1012 molecules cm3s (~ 4.0 - 13.6 eq. aging days)

11
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__ Gravimetry, EC-OC, Metals

Y, ‘ and elements (K and Zn)

,

4

Dilution tunnel
or Ediluter
(dilution factor ~

‘ 20 - 50 times) |
@

! /

Gravimetry,

EC-OC
Potential Aerosol Mass q? 4
Oxidation Flow Reactor =
PAM-OFR e ﬁ Synthetic air

— =

Ambient T°C - RH = 40-60% [
Bypass sampling line Diluter (1:10)

| I
ol || | E
A S ol [B] |2
Daytime aging with el [&] £
. I (&) ¢
*OH radicals <

DMA + —J |
CPMA + CPC

n = 3-14 experiments by tested condition

Experimental setup

PWS, LWS
¥ 01-02/2021, 11-12/2021

(TC ETIAT PWB,LWB,0B
-t 09-11/2021
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BC emissions

2 measurement methods

0.1
PWB1 PWB2 PWB3 LWB OB PWS1PWS2 PWS3 LWS

e Equivalent BC (eBC) : aethalometer, absorbance at 880 nm

e EC:thermo-optical method following filter sampling

» No possible direct comparison

OB, large emissions = dysfunction

Large emissions for PWB3 (15%) and PWS2 ~ LWS

PWB << LWB =~ PWS (except PWS2) << LWS
Reduced/Intermediate output > Nominal output for pellets

Reduced output = Nominal output for LWS

13
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PM emission factors (EF): primary vs aged

Nominal output Intermediate/Reduced output

T T T T T T T T F T T T T T T

@ Primary
= Aged

Aged PM > or >> Primary PM

- Secondary particles formation

- ]
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?% 0 ]
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= ————————— v' 0B: High formation
s | I ]
It U v’ Pellets appliances: Low formation
g il
10 _ %ﬁ _ & . _éGravimetry
%.I.qg_m.* T s Lel” 3ig@* + ] v LWB and LWS: Low to very high formation
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number emission factors (EF): primary vs aged

T T T T
Nominal output

O Primary
[ Aged

A of PM number with aging
T (except LWS in reduced output)

-

‘%‘%%* é

Condensation processes of semi-
volatiles species and PM coagulation
i within the PAM-OFR

T T I T

Reduced/Intermediate ouptut
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PM size distribution, density and morphology: primary vs aged

250 Nominal 250 Intermediate 250 Reduced 25
© ) © - I [ |
o o o
- 200+ T 200F LWS NO, Primary
2003 » x Logwood stove A LWS NO. Aged
150 150 150 > 20 LWS RO, Primary
100k 1001 1001 E . —A- LWS RO, Aged
50 50 50+ 8
£ 0 2 46 00— 2 46 0—5="7% 2 4.6 = 15 -
2 10 100 1000 10 100 1000 10 100 1000 S
g =
§ —— Primary et
o —— Aged o 1.0 —
3 Nominal Reduced 8
Z 250 — 250 5
= ‘o <
200 3, 200+ 0.5 |
150 B . .
e 150 Shift towards larger | | |
- 100
50-A 50/ PM with aging 100 200 300 400
0 o] Aerosol mobility diameter (nm
10 2 %100 % ¥ %000 10 2 *%100 % * %000 y (nm)
Dlameter (m) 7 PM density with aging
Primary Secondary PM
Output PM Aged M (nucleation)
Logwood stove
Nominal 0.5 0.8 1.5
Reduced 1.2 1.3 1.5
Pellets stoves
. Nominal/Intermediate 1.2 1.6 nd
| Aging Reduced 1.0 11 nd
Logwood boiler
Nominal 1.0 1.4 1.5
Pellets boilers
4 Nominal/Intermediate/Reduced 1.9 1.9 nd
. . . o,
Soot + Numerous individual Reduced (15 %) = b;i?er 1.0 nd
SOOt + feW tarba”S Nominal 0.8 1.2 1.5

tarballs or agregates
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Secondary PM formation potential

PM enhancement ratio = Aged PM / Primary PM
7 I I I I I I I I I I I I I I I I
O Gravimetry Nominal output Intermediate/Reduced output 16.4 1
6 B SMPS L
al ** i v LWS=~1-16
4 N 4 OB=5-6
v ~
3l i 1 L LWB = 3
, = v' Pellets appliances~ 1 -2
] B e
_ = - ..%.* (PWB and PWS)

0
PWB1 PWB2 PWB3 LWB OB PWS1 PWS2 PWS3 LWS PWB1 PWB2 PWB3 LWB OB PWS1 PWS2 PWS3 LWS

LWS > OB > LWB > PWB and PWS
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Secondary PM formation by nucleation processes

O Gravimetry
Bl SMPS

PWB3 NO LWB NO

OBNO PWS2NO PWS3NO LWSNO PWB3RO PWS2RO PWS3RO LWSRO

LWS > or >> PWB and PWS

LWS nominal =~ OB

OB: High SO, formation (~ 50 % of PM)

= SO, converted in sulfate

1 Significant nitrate fraction for LWB while NO, emissions ~

other appliances = nitro organic species

EF nucleation processes = EF primary emissions

EF nucleation processes < EF aged emissions (x 2 - 10)

Significant heterogeneous reactivity
processes (gas/particles)

George et al., 2015 18
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Secondary PM formation by nucleation processes: effective density
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plateau” at 180 nm morphology with PM size

El Mais et al., 2023
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Conclusions

Black carbon
Emissions of pellets appliances 10-100 times < logwood and oil appliances

Emissions +++ pellets boiler in very reduced output (15 %) = need of restricting the operating range by the manufacturers

1/3 pellets stoves = large emissions ~ logwood stove = high heterogeneity in the emissions = further works requested

Secondary PM

Pellets appliances = Low formation (x 1 - 2)

Logwood appliances (notably stove) = High formation in reduced output (up to x 16, OM), and comparale to pellets
appliances in nominal output (x 1-3), larger emissions than pellets appliances anyway

Oil boiler = High formation (x5 -6, OM and SO,) but low primary emissions

Softwood pellets

No impact on primary, secondary PM and BC but A in CO and, in a lesser extend, in total VOCs and NO, sz

PM effective density and morphology a8

Changes in the effective densities (A) and morphologies (larger PM, soot = tarballs) of the PM due to aging Leskinen et al., 2023
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Thank you for your attention !

alexandre.albinet@ineris.fr

Abd El Rahman EL MAIS, Nicolas KAROSKI, Adrien DERMIGNY, Vincent FUVEL, Yannick DUPUIS,

I N E'RI S Ahmed ABIDA, Christophe RICHET, Medhi DIONIGI, Serge COLLET, Arnaud PAPIN, Ahmad El

MASRI, Serguei STAVROVSKI, Farid AIT BEN AHMAD, Nathalie BIANCHINI, Valérie MINGUET,
Rachel GEMAYEL, Robin AUJAY-PLOUZEAU, Céline FERRET, Alexandre ALBINET

» Laboratoire Chimie Céline DEGRENDELE, Brice TEMIME-ROUSSEL, Grazia Maria LANZAFAME, Barbara D’ANNA,
O Environnement  Henri WORTHAM

(59}2,2,4] Nicolas DANTHONY, Pedro JORQUERA-FERRAT

ensemble, innover et valider

Fundin A E IS TERE ITION
5 . (@ | Isabelle AUGEVEN-BOUR, Manon VITEL ~ + ECOLOGIQUE .
(EPOCHAG prOjeCt) sescs o Lo DES TERRITOIRES



mailto:alexandre.albinet@ineris.fr

