
 

 
Investigation of wood burner emissions based on data collected in nine studies in New Zealand 

 

 

 

 

 

 

 

 

 

Guy Coulson, Richard Bian and Elizabeth Somervell 

 

 

www.niwa.co.nz 





Wood burner emissions in New Zealand 



 

 

 

 

Ten years of woodburning research 

Real-life in situ emissions testing 

Wood burner emissions in New Zealand 



Ten years of woodburning research 

Real-life in situ emissions testing 

Wood burner emissions in New Zealand 

Christchurch 2005, 2009, 2011 

Tamaranui 2007 

Tokoroa 2005, 2006  

Nelson 2007  
Rotorua 2007 
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Ten years of woodburning research 

Not just about emissions…but mostly 

Wood burner emissions in New Zealand 



 

 

 

 

Ten years of woodburning research 

Measured emissions from 51 burners totalling 390 days in ”real life” 

Variation is huge – These are average values 

Wood burner emissions in New Zealand 

Compliant = lab certified to ≤1.5g/kg 



 

 

 

 

Total emissions show a lognormal distribution 

Wood burner emissions in New Zealand 

Emissions Factor = 9.8g/kg (±2.4 g/kg) 

(geometric mean) 

Emissions Factor = 3.9g/kg (±3.8g/kg) 

Compliant = lab certified to ≤1.5g/kg 



 

 

 

 

Wood burner emissions in New Zealand 

The evolving question... 

 

Emissions factors for woodburners needed for emissions inventories 

 

What are the emissions?  

 

Measured some emissions – very high variability 

 

What is the variability? 

 

Measured some more emissions – still very high variability 

 

Can we reduce the variability? 

 

Supplementary question – why are they so variable? 



Factors influencing particulate emissions from NES compliant woodburners 

 

wood moisture, flue temperature, 

and oxygen explained 67% of the 

variability between households. 

(wood moisture = 43%) 

 

Wood burner emissions in New Zealand 

The most important variable is the operator 



Wood burner emissions in New Zealand 

Can we reduce the variability? 

 

Can we compare measurements across campaigns? 

All the distributions are apparently skewed to the right, but they have 

different means - some are wide spread while others are relatively tight.  



 

 

 

 

Wood burner emissions in New Zealand 

Can we reduce the variability? 

Kernel Density Estimate distributions for both mean and shape.  

The means vary 

but the shape of the distribution is always the same 

 



Wood burner emissions in New Zealand 

study sample size mean variance c.v. 

Ch_2005 43 20.82 346.97 0.89 

Ch_2009 100 7.27 61.14 1.08 

Nelson_2007 36 1.75 4.52 1.22 

Rotarua_2007 34 2.71 3.94 0.73 

Tamaranui_2007 22 8.94 154.93 1.39 

Tokoroa_2005 96 13.82 204.24 1.03 

Tokoroa_2006 59 4.74 17.75 0.89 
Ch_2011 102 8.56 153.78 1.45 

 

Will increasing sample size reduce variability?  

No – variability is not related to sample size 



 

 

 

 

Wood burner emissions in New Zealand 

Individual houses show a range of distributions  

some are very tight, while others are relatively wide. 

Clean one day – gross emitter the next 

Variation within one house can be as big as across whole dataset 

Only have a few days data at each house (avg 8, max 20, min 3) 

 is this a function of sample size?  



 

 

 

 

Wood burner emissions in New Zealand 

Real life vs lab 

155 lab tests under varying conditions yield similar distribution 

Xie S., Mahon K. and Petersen J. (2012). Effects of fuel and operation on particle emissions from 

wood burners, Air Quality and Climate Change Volume 46 No. 1. February 2012 

covariate association with the emission for the two datasets should be similar too.  



Recap - what have we learned? 

 

– Emissions highly variable, log-normal distribution, due to 

– Fuel quality/moisture 

– Human/maintenance (O2 supply)  

– Variability within a house also high (but not enough data to 

elucidate distributions) 

– Lab tests yield log-normal distribution too 

– Variability is inherent, more measurements will not reduce 

uncertainty 

– The emissions factors we have are as good as it gets  

Wood burner emissions in New Zealand 



• Emissions 

– Sampling large numbers of homes – low-cost sensors and remote 

sensing 

– Identifying gross emitters  

– Intra-household variability 

– Causes of variability, especially behavioural 

 

 

 

 

 

 

Towards the future… 

Wood burner emissions in New Zealand 



 

Thanks for your attention 

 
The research featured in this presentation was funded by 

Foundation for Research, Science & Technology 

Ministry of Science & Innovation 
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Auckland Council 

Environment Canterbury 

Any Questions? 

Wood burner emissions in New Zealand 
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