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Abbreviations:
PICS – photoionisation cross section; med – median; 5thP – 5th percentile; 95thP – 95th percentile; OGC – organic gaseous carbon; VOC – volatile organic compound; PRP – propene; AA – acetaldehyde; VA – vinylacetylene; BTD – butadiene; BENZ – benzene; TOL – toluene; STYR – styrene; IND – indene; NAP – naphthalene; MNAP – methylnaphthalene; BSP – boiler starting phase; OPT – optimised combustion of softwood pellets; RSA – combustion of softwood pellets at reduced secondary air; BBP – optimised combustion of birch bark pellets
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Fig. S1. Size distribution derived from SP-AMS for RSA (top) and OPT (bottom) with UV switched on and off
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Fig. S2. Experimental setup and instrumentation for primary and secondary emission measurements (PTD: porous tube dilutor; ED: ejector dilutor)


Table S1
Photoionisation cross sections (PICS) relative to toluene and references
	VOC
	m/z nominal
	PICS
	Reference

	propene (PRP)
	42
	0.46*
	Adam & Zimmermann, 2007

	acetaldehyde (AA)
	44
	0.24*
	Adam & Zimmermann, 2007

	vinylacetylene (VA)
	52
	1.29**
	Cool et al., 2008

	butadiene (BTD)
	54
	0.71*
	Adam & Zimmermann, 2007

	benzene (BENZ)
	78
	1.18*
	Adam & Zimmermann, 2007

	toluene (TOL)
	92
	1
	base

	styrene (STYR)
	104
	1.33*
	Adam & Zimmermann, 2007

	indene (IND)
	116
	1.96**
	Zhou et al., 2009

	naphthalene (NAP)
	128
	1.12*
	Adam & Zimmermann, 2007

	methylnaphthalene (MNAP)
	142
	1.92**
	Zhou et al., 2009


*calculated with ratio benzene/toluene of 1.18 from Adam & Zimmermann, 2007
**calculated with absolute PICS for benzene of 31.8·10-22 m2 from Cool et al., 2005

Table S2
Mean concentrations (in %, O2 and CO2) and EFs (mg/MJ) with their respective median (Med), 5th percentile (5thP) and 95th percentile (95thP) of all measured data points from all experiments under one condition
	
	BSP
	OPT
	RSA
	BBP

	
	Mean
	Med
	5thP
	95thP
	Mean
	Med
	5thP
	95thP
	Mean
	Med
	5thP
	95thP
	Mean
	Med
	5thP
	95thP

	O2
	14.64
	14.63
	10.67
	20.52
	11.96
	11.95
	10.90
	13.07
	11.76
	11.76
	10.49
	12.96
	11.84
	11.82
	10.23
	13.48

	CO
	557.34
	208.91
	58.20
	1449.32
	43.09
	37.02
	21.56
	84.15
	347.30
	113.12
	34.57
	1213.14
	320.97
	143.14
	36.24
	908.55

	CO2
	5.99
	6.01
	0.01
	9.74
	8.53
	8.54
	7.43
	9.58
	8.58
	8.58
	7.45
	9.77
	8.27
	8.27
	6.70
	9.87

	NOx
	64.22
	64.23
	45.44
	76.20
	64.21
	63.59
	60.37
	69.93
	58.18
	58.42
	53.81
	61.55
	96.96
	69.01
	52.84
	155.79

	OGC
	51.96
	7.74
	2.48
	143.37
	1.30
	1.26
	1.03
	1.69
	2.91
	1.61
	1.15
	7.77
	3.66
	2.45
	1.36
	8.42

	PRP
	6.284
	0.326
	0.046
	24.950
	0.037
	0.033
	0.010
	0.077
	0.055
	0.046
	0.018
	0.116
	0.102
	0.049
	0.016
	0.363

	AA
	18.933
	1.877
	0.433
	87.131
	0.238
	0.221
	0.109
	0.430
	0.297
	0.259
	0.133
	0.569
	0.291
	0.221
	0.112
	0.732

	VA
	1.396
	0.050
	>0.001
	5.724
	0.011
	>0.001
	>0.001
	0.025
	0.035
	0.019
	>0.001
	0.100
	0.029
	0.019
	>0.001
	0.087

	BTD
	2.255
	0.102
	0.012
	9.992
	0.016
	0.014
	>0.001
	0.037
	0.031
	0.023
	>0.001
	0.078
	0.071
	0.042
	>0.001
	0.237

	BENZ
	3.434
	0.232
	0.040
	11.716
	0.023
	0.019
	>0.002
	0.049
	0.215
	0.059
	0.018
	0.775
	0.151
	0.077
	>0.001
	0.416

	TOL
	0.836
	0.070
	>0.002
	2.915
	0.007
	>0.002
	<0.002
	0.017
	0.018
	>0.002
	>0.002
	0.044
	0.020
	>0.002
	>0.002
	0.062

	STYR
	0.283
	0.038
	>0.002
	0.941
	0.004
	>0.002
	<0.002
	0.011
	0.011
	>0.002
	<0.002
	0.027
	0.002
	>0.002
	<0.002
	0.029

	IND
	0.137
	>0.003
	>0.003
	0.482
	0.002
	<0.003
	<0.003
	>0.003
	0.005
	>0.003
	<0.003
	>0.003
	0.003
	<0.003
	<0.003
	>0.003

	NAP
	0.297
	0.101
	0.034
	0.889
	0.010
	>0.003
	<0.003
	0.020
	0.070
	0.040
	>0.003
	0.194
	0.035
	0.021
	>0.003
	0.095

	MNAP
	0.047
	>0.003
	>0.003
	0.152
	0.005
	>0.003
	<0.003
	>0.003
	0.009
	>0.003
	<0.003
	>0.0039
	0.005
	>0.003
	<0.003
	>0.003
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Fig. S3. Time series of selected m/z corresponding to acetaldehyde (m/z 44, blue), C3-carbonyl (m/z 58, red), C4-carbonyl (m/z 72, black) and butenedial / 2(H5-)furanone (m/z 84, magenta). Solid lines indicate a significant (p < 0.05) increase from UV off to UV on.
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Fig. S4. Average AMS spectra for OPT (left) and RSA (right) with UV off and on



Table S3
Comparison of mean EF in mg/MJ for soft wood pellets with literature data of pellet stoves and boilers with nominal power between 5 and 40 kW
	
	Sippula 2007
	Lamberg 2011a
	Boman 2011
	Keller 2012
	Orasche 2012
	Win 2012
	Ozgen 2014
	Krugly 2014
	This study (OPT)

	CO
	142
	63
	130
	59.8b
	17
	13
	350
	77
	43

	NOx
	56
	81
	57
	
	81
	95
	71
	83
	63

	OGC
	 12c
	
	2.6
	4.0b
	2
	  1.7d
	   1.3e
	
	1.3

	PRP
	
	
	
	
	
	
	
	
	0.037

	BTD
	
	
	0.006
	
	
	
	
	
	0.016

	BENZ
	1.5
	
	0.16
	
	
	
	
	0.08
	0.023

	TOL
	0.6
	
	0.02
	
	
	
	
	0.06
	0.007

	STYR
	0.1
	
	
	
	
	
	
	
	0.004


aequal pellet boiler to this study
bconverted from mg/kg-CO2 assuming carbon content of 0.5 and lower heating value of 20 MJ/kg
ctotal volatile organic compounds (TVOC) as toluene equivalent
dtotal organic carbon (TOC) equivalent methane
enon-methane volatile organic compounds (NMVOC)

Table S4
Properties and changes from primary to aged particles
	
	EROA
	O:Cprim
	O:Caged
	H:Cprim
	H:Caged
	OM/OCprim
	OM/OCaged
	Slope
H:C vs O:C
	OSCprim
	OSCaged
	

	OPT
	1.55
	1.07
	1.78
	1.21
	0.88
	2.39
	3.44
	-0.44
	0.88
	2.68
	

	RSA
	2.02
	1.12
	1.37
	1.31
	1.20
	2.60
	2.93
	-0.47
	0.93
	1.55
	



Table S5
Enhancement ratios (ER) of single ions with significance (p < 0.05) indicated by asterisk
	
	C3H7+
(m/z 43)
	C2H3O+
(m/z 43)
	CO2+
(m/z 44)
	C4H9+
(m/z 57)
	C2H4O2+
(m/z 60)
	C6H5+
(m/z 77)

	OPT
	1.85
	8.1*
	1.48
	1.32
	1.78
	1.77

	RSA
	0.66
	8.3*
	1.91*
	0.56*
	2.78*
	0.57*
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