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Introduction�

Problems associated with the storage of high-moisture biomass:	  	  

§ 	  	  Deterioration in quality 
	  	  	  	  	  	  	  Degradation of biomass   
       Lower calorific value 
       Dry matter losses 

�

o 	  	  High moisture content 
o  Gas emissions 
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Objectives �

•  To study the gas emissions from different types of 
woody biomass residues under different storage 
conditions 

 
•  To determine the percent change in dry matter 

during the storage period �



Experiments �
Materials 

•  Series #1 tests: Western red cedar chips (10-20 mm; no barks) 
•  Series #2 tests: Douglas fir chips (5-30 mm; < 1% bark)  
•  Series #3 tests: Fresh Douglas fir greens (needles) 

Apparatus 

•  Reactors:  2L glass containers fitted with valves and sampling ports 

Controlled environment 

•  Aerobic conditions      vs.  Non-aerobic conditions 
     (air pumped into reactor daily)    (sealed airtight) 

•  Temperature 
     5   20   35   50 oC 
     (~ cool to hot climates) 

•  2-month storage tests 



Results �



Western red cedar 
chips (MC = 50% wet basis) 

CO2 emission under non-aerobic conditions  

CO emission two orders  
of magnitude less than CO2 

O2 and CO2 concentrations 
are in opposite trends 

 
Maximum CO2 emission at 20oC 



CO2 emission under aerobic conditions  

Again…  
 
Maximum CO2 emission at 20oC 

CO emission two orders of  
magnitude less than CO2 

However… 
 
Higher O2 concentrations 
were maintained during 
the storage period 



Volatile Organic Compounds VOC 
Terpenes, indole, aldehydes, acetone, ethers and esters;  benzene and its 
derivatives, furan; acids, methanol, alkanes 
	  

Cumulative concentration of 
TVOC from aerobic reactors 

TVOCs from  non-aerobic reactors after storage 

5oC	   20oC	   35oC	   45oC	   50oC	  

TVOC	  conc.,	  
ppm	  

11	   89	   237	   429	   560	  

Total VOC (TVOC) concentration 

measured at the end of the test period 

measured daily with a TVOC meter   



CO2 emission under aerobic conditions  

     

  

 

DF	  chips	   DF	  greens	  

Douglas fir (DF) residues 
chips and greens (MC ~ 50% wet basis) 

 



CO2 emission under non-aerobic conditions  

     

  

 

DF	  greens	  

DF	  chips	  

By comparison, 
CO and CH4 emissions were  
two orders of magnitude less than CO2 



Correlation between dry matter loss and CO2 emission 
(Western red cedar and Douglas fir materials) 

Non-‐aerobic	  condi.ons	   Aerobic	  condi.ons	  

R2=0.91 

R2=0.89 



When chemical oxidation mechanism is dominant, the emitted gases will 
generally increase with temperature according to the Arrhenius relationship 
for the temperature dependence of chemical reaction rates.  

When biological mechanism is dominant, responses to temperature can 
be categorized in terms of the three cardinal temperatures (minimum 
temperature, optimum temperature, and maximum temperature).  



The CO2 emission factors from the WRC wood chips  
and DF wood chips were ~ 10 times greater than the 
emission factors derived from wood pellets with 
moisture content  below 10%  





Higher temperature can induce more release of 
VOCs due to the breakdown of organic matter 



Dry matter loss ranging from 0.7- 1.5% per month reported in previous studies 
on woody biomass piles or bundles with initial moisture content 40-55% 

Western red cedar chips had a small percent dry matter loss, which reaffirms its decay-
resistant characteristics. The CO2 emission observed could be due to microbial respiration 
rather than biomass decomposition. 



•  The variation of CO2 emissions with temperature differed with the 
type of high-moisture woody biomass residues during storage 
(Western red cedar vs Douglas fir; wood chips vs greens).  

•  CO2 emission from stored DF greens could be dominated by 
biological mechanism (biodegradation), whereas the CO2 emission 
from stored DF chips could be dominated by chemical oxidation 
mechanism.  

•  Aerobic conditions led to higher CO2 and VOC emissions than non-
aerobic conditions over the same storage period.  

•  Total bacteria counts and CO2 emission results were compatible. 

•  Storage of biomass in confined spaces can be dangerous if not 
properly ventilated when CO2 and VOC exceed threshold limits that 
are of health and safety concerns. 

Conclusions�



•  Emissions of CO and CH4 were negligible as compared to CO2 
emission. (Also negligible when compared to wood pellets in previous 
studies)  

 
•  The total concentration of VOC was higher at higher temperatures for 

both aerobic and non-aerobic storage conditions.  

•  The greens had much larger percent dry matter loss compared to the 
wood chips at the end of the tests.  

•  Dry matter loss has a positive correlation with total CO2 emissions from 
the various materials. 

•  These findings would be useful for feedstock management in the supply 
chain from the field to the biorefinery, during which the net calorific 
value may decrease due to dry matter loss with impact on potential 
revenue. 
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