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Background: residential wood combustion

* increased firewood usage: political, ecological, economical reasons

* major source of air pollution in Europe areas, esp. during winter(-3)

* indication of substantial SOA formation potential®

e wood combustion aerosol: harmful effects on human health®-%
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Industry
Domestic fuel burning
Natural sources including soil dust and sea salt source (3)
Unspecified sources of human origin

http://www.waldeneffect.org/blog/Wood
_stove_pollution_and_health_effects/

(MGenberg 2013 ACP, P Pastorello 2011 Atm Environ, ¥Karagulian 2015 Atm Environ, ®Grieshop 2009 ACP, ®Jalava 2012 Atm Environ,

(6)Sehlstedt 2010 Particle Fibre Toxicol
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Advanced Combustion Technology

. . . Conventional Air staging
- air staging, fuel staging and flue gas combustion
recirculation EM

e substantial reduction in CO, VOC and PM1-3

* low primary air: volatilisation, fuel-rich gas

» excess secondary air: efficient combustion @‘T _ s | A<
DN NN L fuel-rich
cﬁgs . ; i 11 f' d 1. ) source: (2)
| —nse automatically-fired appliances:
[ e
PELLETS | - 1
i * pellet stove (room-space heating)
| \ H*‘“NW » pellet boiler (for warm water supply)

-

w LA * generally lower emissions than logwood stoves“?
o o= | e strong dependence on pellet quality / raw material
ABASIC WOOD PELLET STOVE and start-stop or continuous operation©?®

(WKhodaei 2017 Fuel, @ Nussbaumer 2003 Energy&Fuels , @Nuutinen 2014 Biomass&Bioenergy “Orasche 2011 Energy&Fuels,
®)Schmidl 2011 Atm Env, ©®Lamberg 2013 EnerQy&Fuels, 7’ Chandrasekaran 2013 Energy&Fuels, ©Win 2014 Energy&Fuels
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Purpose

emissions factors
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Campaign at UEF

modern masonry heater

 Hiisi 4, Tulikivi Ltd. (Finland), air staging

* massive soapstone, slow heat release
spruce

* beech, birch and spruce logwood -

* 6 consecutive batches (2.5 kg) a 35 min with
30min char-burning (3 time=4h)

pellet boiler
» PZ-RL Biotech (Energietechnik GmbH, Austria)
25 kW nominal load, air staging

e combustion scenarios:

* boiler starting phase (BSP)
* optimised combustion at nominal load (OPT)

* =30% reduced secondary air (RSA)
— proxy for old-type boilers
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Instruments Q® ~m SPI-TOFMS
7

THG gas cell

HR'AMS 4 mbar Xe
i z 355 nm, 40 mJ,
chemical analysis Nd:YAG (THG)
aerosol (TOF-MS) pump beam
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— OM/ NO3I SO4 ;vizi?;;:;g: controuey \ flux monitor | ~ Organlc Vapours
R | 9 PUMR VOC to SVOC
DeCarlo, Kimmel, Trimborn, et al., Anal Chem, 74 (2006), 8281-8289 ( !
1140 ppmv untargeted)
D,-toluene in N,
TOCA-REMPI-TOFMS Czech, Sippula, Kortelainen, et al., Fuel, 17 (2016), 334-342
— REMPI
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Diab, Sreibel, Cavalli, et al., Atm Meas Tech, Orasche, Schnelle-Kreis, Abbaszade, Zimmermann,
8 (2015), 3337-33353 Atm Chem Phys, 11 (2011), 8977-8993
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Carbonaceous Emlssmns
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* Insignificant effect of wood type on emissions except EC
e Essential oil-rich / resinous woods (birch, pine,...): EC? — OC/EC| (<1)
» Significant effect of combustion technology: logwood > pellet rsa > pellet

Czech, Miersch, Orasche et al., Sci Tot Environ, 612 (2018), 636-648
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Combustion Condition: Slow vs Proper Ignition
Spruce Birch

e primary decomposition products: ¢ PAH in general
levoglucosan and methoxy-phenols . ¢hift to larger PAHs

* PAH and OGC * no change in extractives
* extractives: resin components

REMPI Mass Spectra, Thermodesorption 25-280°C
- Spruce Birch
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Czech, Miersch, Orasche et al., Sci Tot Environ, 612 (2018), 636-648
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Molecular Markers for Wood Combustion

modern masonrv heater beech logwood orgamc vapours

pellet boiler organic vapours
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internal standard D3-toluene of 91ppb

1e1 L
o : 1200
2 1e0 :"‘\\/ . ,.,é (5 /Qj (Er‘“* L2 g0
i, r O
é 1e-2 1 0
1e-3 '_ 120
40 60 80 100 120 140 160 180 200 220 @ 80
m/z S
. L] o\o 40
» compared to conventional stoves substantial .
reduction of established wood / biomass 120
combustion markers per emitted OC 2 g
(o]
0 levoglucosan °\° 40
0 -

& mmeouiy ||| e levoglucosan (cellulose) 0
Lo B e furans (carbohydrates) BSP...
A * phenols (lignin) RSA..
@ IS...
= 10’

10° Czech, Miersch, Orasche et al., Sci Tot Environ, 612 (2018), 636-648

In.a. I | |

beech birch spruce pellet

Czech, Pieber, Tiitta et al., Atm Environ, 158 (2017), 236-245
Czech, Sippula, Kortelainen et al., Fuel, 177 (2016), 334-342
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Aerosol Toxicity: beech logwood vs pellets

2 . . .
_ 10 : Emission factcor of total phenolic species
I—J
= : Beech Birch Spruce Pellet
2 10° : mg/MJ mg/gOC mg/MJ] mg/gOC mg/MJ mg/gOC  mg/MJ mg/gOC
||.|_Cj : Czech 2018 72 3.7 20 34 8.4 1.4 0.59 34
1
T 2 |
g 10 ! Orasche 20122 2220 150 - - 690 62 18 26

S & o?’\‘;.é:\ Q‘;?‘ \g % \gﬁ g \\s g ‘\8 aTschamber Energy & Fuels 2016 (air staging wood stove)
MO o O\(\ bOrasche Energy & Fuels 2012 (conventional stove)

* PAH-TEQ suggest lower carcinogenity with combustion technology

 Beech logwood (73 ngPM cm~) vs Softwood Pellets (27 ngPM cm):
transcriptome and proteome analysis of A549 cells in Air-Liquid-Interface
* dose: OCp;=8XOC ey Phenolsy, ., =8xPhenols ey, 3XZnpeey=Zn et
e significant DNA damage for both exposures
 addressed to absence of antioxidants in pellet combustion aerosol

Czech, Miersch, Orasche et al., Sci Tot Environ, 612 (2018), 636-648
Kanashova, Sippula, Oeder, et al., ] Clin Mol Med, 1 (2018), 23-35
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SOA Formation from Modern Wood Combustion

Smog Chamber: spruce logwood s T 4 U

e SOA formation doubled POA after ~ “g - ; 40 oty R
8-12 h photochemical age 20 jo el I

 higher SOA for slow ignition S 10- f" 0 f e

e slightly lower ER, than @ o= 0 L
conventional wood stoves Bl SOA (Slow ignition) A SOA (Fast ignition)

* enhancement ratio of OA lower for

dark ageing, but substantial increase Slightly lower ERg, + lower EF

after additional UV exposure — lower SOA-EF
PAM: softwood pellets NS
* no significant increase in OA for pellet boiler sl s/
OPT despite decrease in H:C and increase in O:C e/
 doubling of POA after 18 h photochemical age for £ 1f X°* ™™=
R H . . f{{:} f’{/.
SA | high SQA yields from Py—— g I (DR VARED N
effective aromatic precursors ® OPTaged [l RSA aged SN\ S
Tiitta, Leskinen, Hao et al., Atm Chem Phys, 16 (2016), 13251-13269 00/ 0’; 1 1 5 2
Czech, Pieber, Tiitta et al., Atm Environ, 158 (2017), 236-245 ' 0:C '
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Summary:

. o Combustion technology R
* Reduction of emissions compared to (W os EElvvH =16 RoA 176077

stoves / pellet boilers without advanced 100
Lm IL

air staging technology
VOC POA

* Reduction of SOA at similar level as POA
and VOC

* SOA-formation for pellet boiler under
optimised conditions even not detectable 0

40 r

emission factor [a.u.]

]
[=]

* decreasing importance of wood type at higher quality of combustion

» significantly lower emissions of molecular markers of wood combustion
— complicates identification in source apportionment

* efficient combustion reduces antioxidant content (phenolics)
— indication of missing scavenging effect of intermediates in PAH
metabolism
— comparable level of DNA damage for logwood pellet combustion
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Supplemental slides
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- organic vapours

Basic Experimental Setup
raw exhaust (VOC to SVOC)
filter Sp
-
- OC, EC and OM
- SVOC to (E)LVOC

filter
|
filter sampling

AMS

- gases

-VVOC

FTIR

O, CO, CO
NO, SO, THC

Precyclone
[ —— PTD —

ED (x2)

— 1
pellet
boiler
?f/{, T’I

.||:

modern
masonry E i
heater \j l
5;?:;;:: Porous tube diluter 1st ejector
11 diluter (ED) 2nd ED
e
e s 3 ™ e Tr e
DR =10 DR =10

]
i

@b Loy =t Lo, s Lo
{ Heated
samp-
DR =3...13 DR=3
Reda, Czech, Jakobi, et al., Energy & Fuels, 29(6) (2015), 3897-3907
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Dynamic Emissions from Logwood Combustion

12+ time-resolved SPI mass spectra of one combustion

3 experiment with beech logwood

> 5 »  *dynamic emission pattern

@ - . . .

g 4] e emission maximum at
' introduction of new batch

150 o bag " g 120
/ s S 90
m'z 200 Ty 60 time [min]

* >50% of emissions during first 70min (first two batches)

orders of magnitude

aldehydes, in exposure studies

« within one batch concentrations of single species change over 2-3

— consideration possible exceedance of threshold values, e.g. for

Czech, Sippula, Kortelainen et al., Fuel, 177 (2016), 334-342
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