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Stove Efficiency Testing
• Water boiling test
• Effective calorific value 

of the fuel varies with 
moisture content (MC)
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Wood Moisture Content - Defined
• The amount of water 

moisture present
• Expressed as a 

percentage
• Wet or dry basis
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Methods of Determining MC
• Oven-dry (ASTM 

D4442)
• Capacitance methods
• Resistance methods

http://www.extechstore.com/ProductImages/407777.jpg
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Oven-dry Method - Limitations
• Weighing a sample before and after drying
• Directly calculates MC
• Destructive test
• Impractical for field use
• Can require more than 24 hours
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Commercially available MC meters
• Most are expensive 

($300)
• Display MC directly 

(for a specific species)
• MC for other species by 

using a conversion table
• Most do not include 

temperature 
compensation

http://www.extechstore.com/ProductImages/407777.jpg
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Resistance MC Meters – How they work
Wood Biology
• Bound / free water
• Stored in cell wall or 

cell cavities (lumens)
• Fiber saturation point 

(fsp)
• Absorption / desorption
• Relative humidity
• Governs swelling / 

shrinking
http://www.geocities.com/Yosemite/Campground/5660/a1di.jpg
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Resistance MC Meters – How they work

• Electrical resistance varies consistently below the 
FSP

• Electrical resistance is temperature and species 
dependant

• Good regression models (R2>0.9)
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James, 1988
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Resistance Measurement Techniques
• Differ only from a standard ohmmeter by the large 

resistance values (700,000 M Ohms)
• Voltage divider circuit and high impedance 

voltmeter (expensive)
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Buffer Op-amp Solution
• An inexpensive, high impedance op-amp can be 

added to the circuit, allowing the use of a standard 
digital multi-meter
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Testing Results
• Performed well
• Signs of degradation at 1 T Ohm

Test

Meter 
Range V

Vab 
(meas.)

Vab 
(theo.)

Min V 
(-tol)

Max V 
(+tol)

Calculated 
Resistance 

(M Ohm)
% Error

Max % 
Error Notes

1 5,000 1% A 5,000 1% 10.06 5.02 5.03 4.98 5.08 5,020 0.40% 2.01%
2 15,000 1% A 5,000 1% 10.06 2.50 2.52 2.48 2.55 15,120 0.80% 1.88%
3 25,000 1% A 5,000 1% 10.06 1.68 1.68 1.65 1.70 24,940 0.24% 1.94%
4 35,000 1% A 5,000 1% 10.06 1.26 1.26 1.24 1.28 34,921 0.23% 1.61%
5 40,000 1% A 5,000 1% 10.06 1.12 1.12 1.10 1.14 39,911 0.22% 1.82%
6 45,000 1% A 5,000 1% 10.06 1.01 1.01 0.99 1.02 44,802 0.44% 1.80%

7 1,000,000 10% A 5,000 1% 10.02 0.07 0.05 0.04 0.06 710,714 28.93% 24.75%
Op-amp 
performance 
degrading

Experimental Data

Rwood R
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Other Factors – Measurement Location

• MC constantly 
changing – RH 
constantly changing

• Average MC at 1/3W, 
1/3L, 1/3H

• Insulated electrode 
shafts required
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Other Factors
• Direction – negligible 

(with the grain)
• Heartwood vs. sapwood 

– minimal effect
• Electrode size –

negligible (nail size)
• Electrode spacing –

negligible (1.25”)

http://www.nrru.ac.th/web/ancient/wood/images/wood05.jpg



January, 2007 2007 ETHOS Conference 15

Species Characterization
• United States and European species-

resistance values are well known
• Central and South American species-

resistance values are not well known
• Characterized by correlating a resistance 

with a MC
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Equilibrium Moisture Content (EMC)
• Samples should be at 

EMC
• MC at which neither 

absorption / desorption 
occurs

• Temperature and RH 
dependant

• MC depends on 
direction (absorption / 
desorption)

http://en.wikipedia.org/wiki/Image:Hysteresiscurve.png
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Sample Conditioning
• Wood samples conditioned according to 

ASTM D4933
• Use water-acid or saturated salt aqueous 

solutions to maintain constant RH
• Endpoint determined by constant mass
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Testing Procedure
• Condition samples from the same direction 

(all undergoing absorption or desorption)
• Measure resistance value parallel to the grain
• Calculate MC based on oven-dry method 

(ASTM D4442)
• Generate regression constants
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Conclusions
• MC significantly affects 

stove efficiency calculations
• Most commercial MC 

meters are expensive
• Commercial MC meters 

require species and 
temperature corrections

• Inexpensive method 
developed using a standard 
multi-meter

• Species testing to be 
implemented in classroom
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