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Wood Chip Size and Shape
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Wood Chip (Definition)

Definition: Small wood pieces of unspecified
size that are broken or cut from trees, logs,
or larger woodpieces
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or larger woodpieces



Typical (Standard?) Sizes and Shapes

� Wood chips sizes can vary depending on 
production methods

� Quality wood chips are consistent in size 
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� Quality wood chips are consistent in size 
and shape

� Typical range: 1” x 1” x 1/8” (thick) to 2 
1/4” x 2 1/4” x 1/4” (thick)

� Square and flat work best for most energy 
applications



Wood Chip Screening (Sizing)

� If wood chips are not consistent in size 
and shape, they may need to be screened

� Screening can “filter” oversized and 
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� Screening can “filter” oversized and 
undersized materials

� Screening, even if single-pass, is still an 
additional step and added expense



Wood Chip Quality
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High Quality Chips?



Key Aspects of Wood Chip Quality

� Chip size, shape, and consistency
� Tree species (density, specific gravity, 

http://csfs.colostate.edu/cowood Slide: 8 / 30

� Tree species (density, specific gravity, 
wood oil, softwood vs. hardwood, etc.)

� Moisture content
� Mineral (ash) content
� Dirt and other chip contamination



Green versus Bone Dry Chips

Green wood chips: Contain moisture

Bone dry chips: Completely free of moisture
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“Clean” versus “Dirty” (Whole Tree)Wood Chips
Clean chips: Produced from clean, debarked wood

Dirty (whole tree) chips: Produced from the entire tree
and may include the main stem, bark, branch wood,
leaves/needles,and roots
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leaves/needles,and roots

Clean Wood Chips Whole Tree Wood Chips



Existing Wood Chip Quality Guidelines

� Some quality guidelines based on boiler 
installation size have been published
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� Larger boilers tend to have more lenient 
guidelines

� Colorado guidelines??



Wood Chip Specifications for 
Canon City Co-Firing Project
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� Wood chip specifications:
• Green
• Maximum length of 1.5”
• Minimal fines (dust)
• Bark and needles acceptable



Energy Content of Wood Chips
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Thermal Energy Terms
� The British thermal unit (Btu) is the unit of heat 

energy used in the U.S.

� A Btu is defined as the amount of heat required to 
raise the temperature of one pound of water by 1 
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raise the temperature of one pound of water by 1 
degree Fahrenheit.

� In most other countries, it has been replaced by 
the SI unit, the Joule (J) 

� In the energy world, we typically discuss energy 
content in terms of  million Btu or MMBtu



Higher Heating Value (HHV)

� HHV is defined as the amount of heat released by a 
specified quantity of fuel (initially at 25 � C) once it is  
combusted and the products have returned to a 
temperature of 25� C
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temperature of 25� C

• HHV is usually measured experimentally using a 
bomb calorimeter

• HHV of wood is usually reported per pound of bone 
dry wood

• Moisture in wood reduces the amount of recoverable  
heat  from combustion



Higher Heating Value of Selected Wood Species

Higher Heating Value

Species Wood Bark
(Btu/Oven-Dry 

lb)
(Btu/Oven-Dry 

lb)
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Ponderosa pine 9,100 - 9,400 9,600

Lodgepole pine 8,600 9,400 - 10,800

Douglas-fir 8,800 - 9,200 9,400 - 10,100



Recoverable Heat

� Defined: Heat that is captured from a 
combustion system for useful purposes
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� Heat that is not lost or does not escape 
in stack gases is generally assumed to 
be recovered



Recoverable Heat
Factors the affect the amount of heat   
recovered include:

� Fuel moisture content
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� Fuel moisture content
� Fuel hydrogen content
� Quantity of excess air admitted to 

furnace
� Temperature of stack gases exiting 

system



Wood Moisture Content (Definitions)

� The amount of water contained in wood

� Includes both water bonded to the wood 
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� Includes both water bonded to the wood 
cell wall material and free water within 
the hollow of the cell lumens

� It is expressed as a weight percentage



Calculation of Wood Moisture Content 

Based on green weight:

MC(%) = (Weight of Water/Green Weight of Wood) x 100
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MC(%) = (Weight of Water/Green Weight of Wood) x 100

Based on oven-dry weight:
MC(%) = (Weight of Water/Oven-dry Weight of Wood) x 100



Species Moisture Content
Heartwood Sapwood

Aspen 95% 113%
Douglas-fir 37% 115%

Typical Moisture Content Values for 
Green Wood of Selected CO Species

Douglas-fir 37% 115%
Engelmann spruce 51% 173%
Lodgepole pine 41% 120%
Ponderosa pine 40% 148%
White fir 98% 160%

Source:  USDA Forest Products Laboratory



Moisture Content of Standing Dead Beetle-
Killed Trees

� Dead lodgepole pine’s sapwood moisture content 
can fall from a range of 85 to 165% to 16% within 
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can fall from a range of 85 to 165% to 16% within 
a year after death

� Based on a study by Reid (1961), trees attacked 
and killed in July had a MC of 40% by the end of 
August and hit the FSP within the following year

Reid, R.W. 1961. Moisture changes in lodgepole pine before and after attack by 
the mountain pine beetle. Forestry Chronicle 37(4): 368-375



The Impact of Moisture on Wood Chip 
Utilization

� Moisture in wood reduces recoverable heat
of combustion
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of combustion

� Moisture increases transportation costs
(water in wood is heavy and reduces wood
payload)

� Green chips are more difficult to store



Wood Mineral (Ash) Content
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� Ash is the residue left 
after the combustion 
of wood



What is wood ash comprised of?

Composition:

� For domestic wood species, normally 0.1 to 0.5 
percent of the ovendry wood weight is ash 
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� Bark usually has a higher ash content, typically 
up to 2% or more

� Alkaline earths such as calcium, potassium, and 
magnesium account for up to 70% of ash

� Ash content is influenced by the type of wood 
and combustion temperature



Species Ash
(% OD Weight)

Aspen 0.4
Douglas-fir 0.2

Ash Content of Selected Colorado 
Tree Species

Douglas-fir 0.2
Engelmann spruce 0.2
Lodgepole pine 0.3
Ponderosa pine 0.5
White fir 0.4

Source:  USDA Forest Products Laboratory



Percentages and components of ash in 
selected domestic wood species 

Misra MK, Ragland KW, Baker AJ (1993). "Wood Ash Composition as a Function of Furnace Temperature". Biomass and 
Bioenergy 4 (2): 103.



Ash Disposal/Uses

� Wood ash is often disposed of in landfills

� Clean wood ash has been used as a soil amendment and 
does recycle nutrients back into the soil
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� Wood ash has limited use as a fertilizer because it lacks 
nitrogen and acts as a limiting agent increasing soil pH

� Potassium hydroxide (used to make soap) can be made 
from wood ash

� Wood ash can also be used as an ingredient for making 
century eggs 



Summary

� Wood chip size and quality are important 
attributes for most applications

� There are not currently general guidelines for 
wood chip size and quality in Colorado
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wood chip size and quality in Colorado

� Recoverable heat from wood chip combustion 
is significantly impacted by wood moisture 
content

� Ash content for domestic US wood species 
typically ranges between 0.1 and 0.5 percent



Thank you!
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Any questions?


