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Using wood and wood waste in the U.S.

• Wood is used in homes throughout the United States for 
heating as cord wood in fireplaces and wood-burning 
appliances, and as pellets in pellet stoves.

• In 2017, wood energy accounted for about 2% of total 
residential energy consumption, 16% of which consumed in 
the residential sector

• In 2015, about 12.5 million U.S. households, or 11% of all 
households, used wood as an energy source, mainly for space 
heating, and 

• 3.5 million of those households used wood as the main 
heating fuel

Source: U.S. Energy Information Administration https://www.eia.gov/energyexplained/index.php?page=biomass_wood

https://www.eia.gov/tools/glossary/index.cfm?id=Cord%20of%20wood
https://www.eia.gov/energyexplained/index.php?page=biomass_wood


Test Methods of Residential Wood Heaters

Three burn rate segments



Test Methods of Residential Wood Heaters

Four burn rate categories
Weighting factors used to calculate annual average values 



Research Question
• Fueling and operating pattern has great influence on emissions

• Fueling and operating protocol should represent real-life use 
pattern of the wood heaters

• Different method to quantify real-life use patterns:
– In situ measurements
– Assessment of typical real life user behavior by a survey

• What can we learn from stack temperature data 
about real-life use pattern on wood burning 
devices?



Methodology
• Stack wall temperature 

measurement
• Type K thermocouples with ±1°C 

accuracy

• Four Outdoor Wood Boilers (OWB)

• 11 Indoor Wood Stoves (IWS)

• All in New York State

• Meteorological data was obtained 
from the nearest station, Massena 
Airport (WBAN ID: 94725), 



Data Logging

Logger ID Village/City Data logging period

OWB1 Potsdam 10-31-15 to 2-14-16
OWB2 Morristown 11-17-15 to 2-13-16
OWB3 Dickinson Center 11-08-15 to 12-11-15
OWB4 Potsdam 10-31-15 to 2-11-16

Logger ID City/Village Data logging period

IWS_N1 Canton 1-19-15 to 3-2-15
12-16-15 to 4-7-16

IWS_N2 Potsdam 1-17-15 to 2-16-15
IWS_N3 Potsdam 1-22-15 to 2-27-15
IWS_N4 Canton 1-17-15 to 2-26-15

IWS_N5 Potsdam 1-17-15 to 2-27-15
12-15-15 to 3-22-16

IWS_N6 Hermon 1-14-15 to 2-26-15
IWS_N7 Colton 1-18-15 to 2-26-15

IWS_N8 Potsdam 1-18-15 to 2-26-15
9-17-15 to 4-5-16

IWS_N9 Potsdam 1-17-15 to 2-26-15
12-19-15 to 3-19-16

IWS_N10 Potsdam 1-17-15 to 2-27-15
12-15-15 to 3-22-16

IWS_N11 Ogdensburg 1-17-15 to 2-26-15



OWB Stack Wall Temperature Time Series
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OWB Temperature Range



OWB Temperature Profile
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Different Forms of OWB Re-load Events
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Event Identification Results - OWB

Logger ID Season
Number of 
Data Logging 
Days

% of Time 
Active

Number of  
Start-ups

Reload 
events per 
week

OWB1 winter 83 0.99 2 3.4
OWB2 fall 45 0.99 1 2.2
OWB2 winter 35 1.00 1 3.2
OWB3 winter 33 0.99 1 3.0
OWB4 fall 62 0.50 4 1.0
OWB4 winter 42 0.95 2 4.7

weekly sum of the Heating 
Degree Days

Weekly average of daily 
minimum dry bulb 

temperature

Logger ID Number of 
data points

Pearson 
Correlation 
Coefficient

p-value
Pearson 
Correlation 
Coefficient

p-value

OWB1 14 -0.82 <0.001 0.75 0.0019

OWB2 12 -0.50 0.01 0.47 0.012

OWB3 5 -0.83 0.071 0.67 0.097

OWB4 20 -0.71 <0.001 0.64 0.0026



Correlation Between Environmental Parameters 
and Number of OWB Reload Events
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IWS Stack Wall Temperature Time Series
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IWS Temperature Range



IWS Re-load Events
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IWS Start-up and Re-load Events
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Event Identification Results - OWB

Logger ID Year Season Active Inactive Reload events per-
day

IWS_N1 2015 winter 54% 46% 1.5
IWS_N1 (16) 2016 fall 39% 61% 0.9
IWS_N1 (16) 2016 winter 54% 46% 1.2
IWS_N2 2016 winter 56% 44% 1.8
IWS_N3 2016 winter 54% 46% 1.5
IWS_N4 2016 winter 51% 49% 0.9
IWS_N5 2015 winter 64% 36% 1.7
IWS_N5 2016 fall 72% 28% 1.7
IWS_N5 2016 winter 56% 44% 1.8
IWS_N6 2016 winter 56% 44% 1.3
IWS_N7 2016 winter 54% 46% 1.5
IWS_N8 2015 winter 52% 48% 1.0
IWS_N8 2016 fall 27% 73% 0.3
IWS_N8 2016 winter 76% 24% 1.1
IWS_N9 2015 winter 57% 43% 1.1
IWS_N9 2016 fall 53% 47% 0.8
IWS_N9 2016 winter 54% 46% 1.2
IWS_N10 2015 winter 62% 38% 1.8
IWS_N10 2016 fall 49% 51% 2.0
IWS_N10 2016 winter 62% 38% 1.9
IWS_N11 2016 winter 57% 43% 1.9



Correlation Between Environmental Parameters 
and Number of IWS Reloads

0

2

4

6

8

10

12

14

16

-20 0 20 40 60

N
um

be
r o

f r
e-

lo
ad

s i
n 

a 
w

ee
k

weekly average of daily minimum dry bulb 
temperature 

R2 = 0.15
p-value < 0.001

0

2

4

6

8

10

12

14

16

0 200 400 600 800 1000

N
um

be
r o

f r
e-

lo
ad

s i
n 

a 
w

ee
k

weekly sum of Heating Degree Days

R2 = 0.24
p-value < 0.001



Summary

• Stack temperature is representative of changes in combustion modes inside the 
unit, and therefore can be used to understand variations in emission rates.

• In this study, we developed two numerical algorithms to analyze stack wall 
temperature time series of 4 OWB and 11 IWS units over two fall and winter 
seasons.

• Events such as re-load and start-up were defined and identified in the data.

• Relationship between the frequency of reload events and environmental 
factors were examined (weekly average of daily minimum dry bulb temperature 
and weekly sum of the heating degree days)

• The developed algorithms are useful for identification and classification of 
combustion events in boilers and stoves.

• The results of this study can be used to design better test procedures that are 
more representative of typical in-use wood burning device operation. 
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