
Summary of Literature 
Review for Wood Species 

Impact on Emissions

R. Trojanowski, T. Butcher



Basics of Species

▪ Hardwood (deciduous)

• Broad leaf, shed leaves in the fall

• Higher density but not always

• Have vessels elements that transport 

water (“pores”)

▪ Softwood (conifers)

• Needles, all year

• Medullary rays and tracheids* 

transport water and produce sap

• Faster growing, lower in value

* Long, thin longitudinal cells that serve to carry sap – 90% of the volume 

of the tree.



Soft wood structure

Medullary Rays

▪ Sheets extending through tree 

perpendicular to growth rings.

▪ Consists of parenchyma cells 

which allow transfer of sap 

▪ Key component to the process 

of wooded plants healing

Tracheids

▪ Element of plant vascular 

tissue

▪ Consists elongated narrow 

tube like cells with cell wall 

with lignin

▪ Helps transport water from 

roots to rest of plant









Some wood densities from CSA B415 (dried)



Wood Side Hardness (from Wood Handbook)

Species Side Hardness (N)

Ash, Black 3800

Beech 5,800

Birch 4,000-6,500

Oak, Red 4,700

Oak, White 6,000

Doug-fir 3,200

Pine, Eastern White 1,700

Spruce 1,600-2,600



Overview of literature

▪ Many European studies

• Different wood species/types (cordwood, pellet, “garden 

biomass”, etc.)

• Modern stoves & boilers

• 𝑃𝑀10, 𝑃𝑀2.5, 𝑃𝑀1, EC, OC, odor data

• Results show high inter-species variability
- Location of tree & growth conditions

- Combustion environment



Applicable literature

▪ “Evaluation of methods for the physical

characterization of the fine particulate emissions

from two residential wood combustion appliances”,

John S. Kinsey, Peter H. Kariher, Yuanji Dong

(2009)

• Non-catalytic wood stove
- 3 burn phases

• Northern red oak & Douglas fir cord wood
- Two different moisture levels

• Wind tunnel with dilution stack sampler & dilution tunnel
- TEOM, MM5G, Dekati ELPI (particle # conc. & size)

- 𝐶𝑂, 𝐶𝑂2, 𝑁𝑂𝑥, 𝑂2



Total particle mass emissions

based on: (a) test average

from time-integrated Teflon

filter sampling; and (b)

average by burn phase from

wind tunnel TEOM corrected

to an equivalent Teflon filter

value. Also shown in (b) are

comparable results from prior

testing of the same appliance

and the test-averaged

emission factors from (a) as

dashed lines.

“Evaluation of methods for the physical

characterization of the fine particulate

emissions from two residential wood

combustion appliances”, John S. Kinsey,

Peter H. Kariher, Yuanji Dong, Atmospheric

Environment 43 (2009) 4959-4967



▪ Chemical Characterization of Fine Particulate

Emissions from Fireplace Combustion of Woods

Grown in: Northeast, Midwest, West & Southern US

• Philip M. Fine, Glen R. Cass, Bernd Simoneit

• Identified top 21 wood species in US
- 18 selected for testing

- Divided into four groups based on geographical location



Northeastern fuel
Tree species Moisture content (DB %)

Red maple 11

Northern red oak 14

Eastern white pine 11

Eastern hemlock 30

Paper birch 9

Balsam fir 9

Midwestern and Western fuel

Tree species Moisture content (DB %)

American beech 13

Douglas Fir 19

Only showing species relevant to our research



Methodology

Northeastern

▪ Moisture content

• Oven-drying method

• 9% - 30% MC- dry basis

▪ Conventional residential 

masonry heater

• 6-12” length

• 3-5” diameter

• 7-9 crumped newspaper

• Burn time: 82-136 mins

• 5-7 kg wood burned

▪ Sampled at 4 m above 

fire

Midwesten/Western

▪ Moisture content

• Oven-drying method

• 9 – 54 % MC- dry basis

▪ Conventional residential 

masonry heater

• Burn time: 95-153 mins

• 5-10 kg wood burned

▪ Sampled at 4 m above 

fire



Measurement

▪ Dilution source sampler

• Ratio ~ 20-30

• Cyclone separators

▪ Looking for:

• Fine particulate emission rates

• EC & OC

• Ion species

• Elemental species

• Series of 6 sampling trains operating in parallel
- 2 for EC/OC

- 2 for gravimetric mass determination

- 1 L/min, Teflon filter

- 2 for gravimetric mass, IC and XRF analyses

- 15 L/min, Teflon filter1



Applicable results

Species Fine Particulate 

Emissions (g/kg)

Northern Red Oak 5.7 ± 0.6

Paper Birch 2.7 ± 0.3

American Beech 9.3 ± 1.0

Douglas Fir 4.0 ± 0.8

Only showing species relevant to our research

• Uncertainties based solely on analytical & measurement 

errors

• There was no observed correlation between wood moisture 

content & fine PM rate. 

• Believed increased emissions were a result of sap 

inclusions within wood

• Average particle size distribution showed little variation 

from wood to wood
• Peak 100- 200 nm
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OMNI / Fairbanks Study, Measurement of Space 
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