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ABSTRACT Aspen is from poplar family of trees that grow naturally in Northern climates including 

Canada. Because of its adaptation to cold climates, aspen trees can be grown and harvested on a 
short rotation program for bioenergy. Little is known about harvesting and handling of regenerated 
young and bush type aspen. An experimental harvester baler combination was used to cut and bale 
suckers of naturally grown 7-year old aspen plants in Alberta in 2011. Four bales were transported 
to Vancouver, BC, where the bales were stored from June 2011 - May 2012. The storage 
configuration consisted of two bales under a canopy and two bales in the open. The bales in each 
group were oriented E-W or N-S. Monthly measured parameters included bale diameter and length, 
mass, moisture content, ash content, calorific value and color. After one year, bales initially at about 
20% wet basis mc averaged 48% mc for uncovered and 18% mc for the covered bales. The dry 
matter loss in 3 bales was 6.6-7.9% and in one bale (uncovered North South) was 24.7%.  
Orientation to S-N or E-W did not seem to have a significant effect on the final color of bales. Both 
covered and uncovered bales became slightly darker at the end of storage. Ash content of the 
bales ranged from 0.75-2.75% dry basis, and the values fluctuated from month to month over one 
year.  Calorific values ranged from 16.2-19.7 MJ/kg with little change over the storage period. 

Keywords: Aspen bale (Populus tremuloides), storage, moisture content, ash content, calorific 

value, color value, dry matter loss 
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INTRODUCTION Efforts are underway to develop adequate blends of feedstock from herbaceous 

and woody sources for bioenergy. Residues for agricultural and forestry operations are touted as 
immediate feedstock candidates. Woody residues are already used for the production of heat and 
power. Woody biomass  is also used as feedstock for wood pellets in Canada. Herbaceous crops 
are potential feedstocks but their low bulk densities are problematic.  Adverse climate conditions 
can limit the yield and availability of herbaceous crops as a reliable feedstock. Woody biomass, on 
the other hand,  are comparatively denser and easier to chip and handle.  Because of their higher 
lignin and lower sugar content, woody biomass are more stable during storage than grassy 
materials.  Examples of short rotation and fast growing hardwoods include poplar and willows.  

Aspen is one of the species of poplar that grows naturally in Northern climates like Canada. Aspen 
contributes to soil and water conservation, thus providing abundant habitat for many wildlife species 
(Bates et al. 1991). Traditionally, mature aspen is harvested for production of pulp and paper, wafer 
boards, and lumber. Aspen is regenerated on the roots of trees that are more than 6 years old. 
Harvesting stimulates the generation of suckers as well as coppicing around the tree stump. A new 
harvester baler combination has been developed that can cut and bale thin stem trees and under 
story bushes. This baling system seems to be suitable for harvesting young aspen trees with stems 
up to 25 mm thickness. The bales are dense and can be handled and stored similar to bales from 
herbaceous crops.  

The objective of this research was to monitor and report the quality of aspen bales stored for one 
year. Physical data measured included bale dimensions, mass, moisture content, ash content, 
calorific values, and changes in the color of bales during storage. 

 

LITERATURE REVIEW Published research and practice on storing herbaceous biomass 
(especially hay) for animal feeding is readily available (Pitt 1990). However, data on storing woody 
biomass in the form of round bales is scarce and little is known about harvest and storage of 

regenerated aspen bales. Rider et al. (1979) classified different portions of round hay bale according to 

the susceptibility of each portion of a round bale to deterioration when stored outside and on the 
ground. As the round bale settles, approximately one-third of its circumference contacts the ground. 
A substantial amount of moisture is absorbed through this contact area, resulting in spoilage as far 
as 30mm into the bale. Furthermore, if the weather affects the outer 150 mm of the round bale that 
is not in contact with the ground plus an additional 150 mm at the bottom, as much as 42% of the 
total bale volume can be affected and eventually unusable. Huhnke (1988) stored large round bales 
of alfalfa hay outside for 8 months in central Oklahoma. Quantitative and qualitative losses were 
minimized when bales were elevated above the ground and covered. Bales stored on pallets and 
under covers had less than 2% dry matter loss while bales in direct ground contact without covers 
averaged 13.1% dry matter loss. Schodt (1989) concluded that small diameter bales spoil  more 
often than larger diameter bales. The later also reported that in Western Canada round bales that 
were kept in outdoor storage had a loss of 4-8% of dry matter. Buckmaster et al. (1989) found that 
dry matter loss was directly related to the moisture content of the stored bales, but less dependent 
on the bale density. Protection from precipitation was the most important factor affecting storage 
losses. Based on literature review, it may be concluded that the qualities of bales stored outside are 
weather dependent, and the dry matter loss can range from 10% to 40% in a year when biomass 
storage is unprotected.  

On storing woody material in a packaged form, Pettersson and Nordfjell (2007) examined fuel 
quality (moisture content, ash content and calorific value) of compacted birch and both 
uncompacted and compacted logging residues of Norway spruce in Sweden.  The moisture content 
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of logging residues dropped from approximately 45% to 28.6% when stored in small piles during 3 
weeks in May. Drying continued after compaction into cylindrical bales (length 3.4 m, diameter 0.7 
m) and during 9 and 12 months storage in windrows, the moisture content fell to 18.2–20.7% for the 
covered and 18.8–24.9% for the uncovered material. Dry matter losses ranged from 8.4% to 18.1% 
for the compacted logging residues. Remoistening during winter was higher for the loose bales 
rather than the compacted bales. Klepec and Rummer (2009) reported on the characteristics of the 
bales which were made by the FLD model WB55 Bio-baler while working in a pine plantation in 
southeast Georgia. The mean of the bale weight was 500 kg and the mean bale density was 300 
kg/m3. Field moisture content of sampled bales was 38.1% (wet-basis). The relations between initial 
moisture contents and dry matter losses were also reported by Wihersaari (2005) who found that 
the higher the initial moisture content, the higher the dry matter losses. Wihersaari (2005) also 
showed that the dry matter losses were twice as high for fresh forest residues versus dried forest 
residues (15.5% and 6.6% respectively). At the University of British Columbia we have been 
conducting extensive research on storage of woody biomass (Bedane et al. 2011, and Afzal et al. 
2010) and wood pellets (Tumuluru et al. 2010, Kuang et al. 2009). Spontaneous heating within 
stored woody biomass may potentially cause fire and economic losses (Guo 2013). The 
surrounding environmental conditions including temperature, relative humidity, solar radiation and 
precipitation are the major factors that would affect the fuel quality during storage. Moreover, 
characteristics of biomass such as the type of feedstock, initial moisture content and particle size 
determine the storage stability of woody biomass (Nurmi 1999).  
 

MATERIALS AND METHODS The Canadian Wood Fibre Centre and the Alberta-Pacific Forest 

Industries have established and managed immature regenerating trembling aspen stands to 
enhance the available volume of biomass. The 24.8 ha experimental site is located in central 
Alberta 250 km North East of Edmonton. After seven years of natural regeneration, the stand 
consisted of trembling aspen, balsam poplar and white birch.  Harvesting of the juvenile hardwood 
biomass was done in April 2011 using a baler that harvests and bales the biomass in one process. 
This baler was the most recent T19-BIOWB55 BioBaler manufactured by Anderson Group of 
Chesterville Quebec (Klepac and Rummer 2009). It was mounted behind a Fendt 818 tractor. Four 
of these bales were wrapped in clear plastic and transported in a covered truck from Alberta to 
Vancouver, British Columbia on May 5, 2011. All 4 bales were trembling aspen, cut from the same 
location to provide two representative samples for each storage treatment, i.e. covered and 
uncovered storages. Bales were each placed on a pallet to prevent direct contact with the ground. 
A 4x4 m canopy with an impervious top and netted sides was installed over two bales to minimize 
direct exposure to precipitation. The other two bales were left uncovered in an open area but on 
pallets. The two bales in each group were oriented one in the direction of East West (E-W) and the 
other in the direction of North South (N-S).  Table 1 summarizes the placement and orientation of 
four tested aspen bales.  

Table 1. Storage conditions and orientation of the four tested Aspen bales 

Bale number and designation Covered or open (not covered) Orientation 

Bale 1 (UC) E-W Open East-West 

Bale 2(UC) N-S Open  North-South 

Bale 3(C) E-W Covered East-West 

Bale 4(C) N-S Covered North-South 

C = Covered, UC=Uncovered, E-W = East-West, N-S = North-South 
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MEASUREMENTS 

Bale dimensions, weight, and particle size The bales were not perfectly circular and did not 

have well defined corners. The bales became oval as time progressed. A large right-angled L- 
shaped ruler was used to measure both the length and diameter of each bale from at least eight 
locations. A portable frame equipped with an electronic force transducer (1000 kg +0.2 kg) was 
constructed from which a bale could be suspended for weighing. For weight measurements, a 
pallet with a bale on it was moved to the scale. The bales contained small to medium size stems up 
to 20 mm in diameter with a small portion of grass mixed in with the bales. About 100 g of sample 
was removed from the surface of each bale and another 100 g was taken from the core. Samples 
were taken in a way to have the same representative materials for all four bales. The diameter and 
length for each piece was measured using a calliper or a ruler. The average mass of the stem 
particles were measured using an electronic balance (1000 g +0.01 g). 

Moisture content, ash contents, and calorific value This procedure involved drying about 

100 g of cut out pieces in a forced air convection oven at 103°C for 24 h to obtain the bone dry 
biomass according to ASABE Standards - S358.2 (ASABE 2010). For ash content, samples from 
each bale were grinded and sieved through a 0.5 mm screen. Four replicates of almost 0.8 g of 
each ground sample were placed inside a muffle furnace (Lindberg/Blue M 1100°C Box Furnace, 
BF51800 Series, Thermal Product Solution, White Deere, PA). The furnace was programmed to 
burn the sample according to the NREL/TP‐ 510‐ 42622 procedure (Sluiter et al. 2008). The higher 
heat value HHV (or gross calorific value GCV) for wood sample was measured using a Parr 
Calorimeter model 6300 (Parr Instrument Company, Moline, IL) and following the ASTM Standard 
D 2015-96 (ASTM 2010).  

Color The color of each ground sample was measured using a spectrophotometer (Model CM-5, 

Konica-Minolta). The color was characterized using the 3-dimenstional (L*a*b*) scale. L* ranges 
from (0, black) to (+100, white); a* represents (-50, deep green) to (+50, deep red); b* represents (-
50, deep blue) to (+50, deep yellow).   

RESULTS AND DISCUSSION 

Weather data Daily weather data was retrieved from the UBC Department of Earth and Ocean 

Sciences. Table 2 lists average daily data for maximum, minimum dry bulb temperatures, wind 
speed and relative humidity. The values for precipitation and solar radiation are summed for each 
month. Maximum temperatures were the highest in June-September (19-22oC). Minimum 
temperatures were the lowest in November-March (2-4oC). The annual average temperature for 
the entire storage period was 10.7oC, almost identical to the annual average temperature recorded 
by the Weather Network for Vancouver at 11oC. Similarly the total precipitation of 1129 mm 
recorded during the year was not much different from the annual average of 1199 mm recorded by 
the Weather Network.  The snowfall was not recorded by the UBC weather station but according to 
Weather Network (2013) Vancouver received a total of 430 mm of snowfall during November-
December 2011. Table 2 lists the number of days in a month that precipitation was recorded. 
August recorded only one rainfall event, and January recorded 23 days. The total of 174 rainy days 
in 2011-2012 compared well with the published long-term average of 161 days. Frequent 
precipitation occurred in the months of November, January, February and March. As expected, 
solar radiation was the highest during the months May-August and the lowest in December-
January.  Despite being near the ocean, Vancouver’s relative humidity was moderate. It fluctuated 
around 70% during summer and 85% in the winter.  
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Table 2. Monthly average or total values of the climate parameters during storage of aspen bales in 
Vancouver, BC (June 2011-May 2012) 

 
Average 

temperature 
Precipitation 

Avg. wind 
speed (km/h) 

Solar rad. 
(W/m

2
) 

Relative 
humidity (%) 

 
Max (

o
C) 

Min 
(
o
C) 

Total(mm) Days 

June-11 18.7 11.8 41.0 8 4.4 170537 73.3 

July-11 20.6 13.9 33.6 11 3.3 164804 72.9 

Aug-11 21.9  15.5 17.8 1 4.0 160578 72.8 

Sept-11 20.4 14.1 60.5 9 4.1 103157 73.7 

Oct-11 13.0 8.8 75.8 21 3.4 56856 85.1 

Nov-11 7.9 3.7 167.0 18 5.3 29816 81.8 

Dec-11 6.2 3.6 93.3 16 3.8 20721 84.9 

Jan-12 5.8 2.0 177.6 23 5.9 21934 82.8 

Feb-12 7.4 3.6 157.9 21 5.2 40407 82.3 

Mar-12 8.1 3.5 142.5 19 6.4 75442 78.0 

April-12 13.0 7.0 105.0 16 4.5 113402 75.8 

May-12 16.0 9.4 56.8 11 4.5 175536 68.6 

Bale dimensions, volume, and weight Each bale was measured at a minimum of eight 

locations for its diameter and its length. The initial diameter and length averaged between 1241 mm 
and 1240 mm.  The final diameter and length averaged between 1225 mm and 1136 mm 
(measured in May 2012). The corresponding volume reduction was from 1.50 m3 to 1.34 m3. The 
length and diameter measurements varied considerably from month to month. Figure 1 shows the 
monthly variations in the volumes of the four tested bales. The line through the data represents a 
linear fit to the monthly-calculated volumes, with a R2 value of 0.63. It shows a general downward 
trend of volume reduction with time. 

 

 

Fig. 1. Monthly variations in bale volumes  (June 2011-May 2012).   
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The weight of bales ranged from 270 kg to 314 (average 277 kg, Table 3) in June 2011. The bale 
weights fluctuated throughout the year. Initially, it decreased through August-September. The 
average weight then increased to a maximum of 374 kg in January. The final bale weight ranged 
from 255 to 305 kg (average 286 kg) in May 2012.  The correlation coefficient between number of 
rainy days in a month and the average mass of bales was high at 0.80. The differences between 
the bale weights were larger during the cool and rainy season from November 2011 to February 
2012.  

Bale moisture content and dry mass loss The initial moisture contents (mc) measured in 

June 2011 averaged 10.4% (wet basis, wb) (Table 3). The mc fluctuated throughout the year. It 
measured 36% (wb) in November 2011 and decreased to 22.8% in May 2012. Monthly measured 
mc had a good correlation with the bale weight throughout the year with a correlation coefficient of 
0.82. Table 2 lists the dry mass of the four bales. Initial dry mass in June 2011 ranged from 224.7 
to 293.7 kg. The dry mass was reduced to 207.0 to 222.9 kg by May 2012. The drop in percentage 
of dry mass ranged from 6.6% to 24.7% (averaging 12.4%). Bale 1 (7.2% dry matter loss) and bale 
2 (24.7% dry matter loss) were in an open area while bale 3 (7.9% dry matter loss) and bale 4 
(6.6% dry matter loss) were under canopy. These data suggests that the overall dry matter losses 
for the covered bales were less than the dry matter loss for the open bales. No sign of moldiness 
was observed in either covered or exposed bales after one year of storage.  In general aspen bales 
showed a lower dry matter loss than the published data on dry mater loss for herbaceous biomass.  

Table 3. Initial and final weights, moisture content (mc), dry mass, and percent dry matter loss of stored 
aspen bales.   

 

 

Bale 1(UC)E-W Bale 2(UC)N-S Bale 3(C)E-W Bale 4(C)N-S Average 

June 
2011 

wet mass (kg) 269.5 314.4 255.0 269.4 248.6 

mc (% wb) 10.9 6.6 11.9 12.4 217.8 

dry mass (kg) 240.2 293.7 224.7 235.9 248.6 

bale density (wet) 186.5 203.0 173.9 174.1 184.4 

bale density (dry) 166.2 189.6 153.2 152.4 165.4 

May 
2012 

wet mass (kg) 305.0 258.0 325.0 255.0 285.8 

mc (% wb) 26.9 14.3 36.3 13.6 22.8 

dry mass (kg) 222.9 221.0 207.0 220.2 217.8 

bale density (wet) 225.1 200.3 221.4 204.4 212.8 

bale density (dry) 164.5 171.6 141.0 176.5 163.4 

% dry mass loss 7.2 24.7 7.9 6.6 12.4 

Bale density Table 3 lists the calculated wet density in June 2011, which ranged from 173.9 - 

203.0 kg/m3 (average 184.5 kg/m3). In May 2012 (end of the storage period) the wet density was 
200.3 - 225.1 kg/m3 (average 212.8 kg/m3). The increase in density was due to an increase in 
moisture content but also due to a decrease in volume of bales over the storage period. The dry 
density obtained from the calculated dry mass and measured volume ranged from 152.4 - 189.6 
kg/m3 (average 165.4 kg/m3) in the beginning, indicating a slight decrease to 141 – 176.5 kg/m3 
(average 163.4 kg//m3) after one year.    
Figure 2 plots the pooled data (48 data points) on wet bale density vs. wet basis moisture content. 
Though the data shows large variations and the coefficient of determination is weak at R2=0.55 for 
a linear relation, a general increasing trend between density and moisture content was observed for 
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the bales. Although the coefficient improved slightly to R2=0.60 when a second order polynomial 
was fitted to the data. 
 

 

Fig. 2.  Wet bale density vs. bale moisture content.  

Ash content Figure 3 shows the maximum and minimum ash contents for each of the four bales 

(with 4 replicates from each bale). Again, the data indicated large variations in ash contents among 
the samples, ranging from a low of 0.75% to a high of 2.75%.  The samples drawn from bales were 
a mixture of different sizes and likely different compositions (e.g. bark content). Stems with bark 
would have higher ash content and very small particles that may have been soil particles were 
present. Thus, ash content is seen to fluctuate from month to month over the year. The overall 
mean of the ash content of bales was 1.59%, with one standard deviation of 0.37 (n=48) that 
yielded a coefficient of variation  (standard deviation/mean*100) of 23%.  

 

 

Fig. 3. Maximum and minimum ash contents (%, dry basis) of bales. 

 

Calorific value Figure 4 shows the maximum and minimum gross calorific value (GCV) in units of 

MJ/kg (db), with 4 replicates from each bale. Overall, the calorific value ranged from slightly less 
than 16.0 to nearly 20.0 MJ/kg.  More fluctuations in the calorific values were observed in the first 5 
months (June - October 2011). However, the values stabilized by November 2011 and the 
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differences among the bales decreased as time progressed.  The plotted data indicates an increase 
in the GCV values up to midway of the storage period (November-December 2011) and then 
decreased slightly towards the end of the storage period. The overall mean of GCV was 18.2 MJ/kg 
(db) with a standard deviation of 0.7 and coefficient of variation of 4.0% (n=48). The variations in 
GCV were much smaller than other properties measured for the stored bales.  

 

Fig. 4. Gross calorific values of aspen bales during storage. 

Color As it was explained earlier, the color of a solid object is characterized as 3 coordinate 

values. The value for coordinate a* starts from (-50,deep green) to (+50, deep red). The values 
recorded for coordinate a* did not indicate any trend, averaging +5.3 (std dev. = 0.8, c.v.= 15%, 
n=48). The value for coordinate b* starts from (-50, deep blue) to (+50, deep yellow). Similar to a*, 
the value for coordinate b* did not vary among bales and storage months, averaging +16.3 (std 
dev. = 1.9, c.v. = 12%, n = 48). The value of coordinate L* starts from (0, black) to (100, white). 
Figure 5 shows the values for coordinate L* for the four bales during the year of storage.  L* is seen 
to decrease from an initial value of 65 down to a final value of 55, thus the color of bales became 
darker as the storage progressed. Visual observations indicated that the exposed bales (bale 1 and 
bale 2) became deeper in their color than the bales under canopy (bale 3 and bale 4). Figure 5 
corroborates with this observation where bales 1 and 2 (darker) have a L* slightly lower than that 
for bale 3 and 4. Nevertheless, similar to other properties measured and reported in this study, the 
variations in recorded L* were large.  

CONCLUSION This paper presented data related to four round aspen bales stored for a period of 

one year (June 2011-May 2012) on campus of the University of British Columbia, Vancouver, BC, 
Canada. The bales were made from 7 year old suckers (juvenile aspen) grown naturally in Central 
Alberta. A modified forage baler that is called bio baler was used to cut and form the bales in one 
step. Two of the bales were stored under a canopy and two were stored in the open exposed to 
weather elements. Parameters measured on a monthly basis included bale diameter, bale length, 
bale mass, material moisture content, ash content, heat value and three color coordinates L*a*b*. 
Weather data included min and max dry bulb temperature, precipitation, wind speed, total solar 
radiation and humidity were recorded daily. The following overall conclusions can be drawn from 
this study. Unlike bales made from grassy forages, physical properties including mass, moisture 
and other properties of the juvenile 7-year old aspen suckers in the bale showed large variations. 
Variations in volume among the four bales were large but the volume trend was downward showing 
a general reduction (about 7%) during one year of storage. The data shows large variations in ash 
contents  among the four bales. The ash contents ranged from a low of 0.75% to a high of 2.75%. 
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The dry basis calorific values ranged from 16 to 20 MJ/kg, and the differences among samples 
decreased as time progressed during storage. The wet bale density showed a positive correlation 
with the moisture content of the bales. The color coordinates did not correlate with storage time, but 
the brightness (whiteness) did. The bales became darker with storage time. Exposed bales had 
seemingly darker color.  

 

Fig. 5. The change in L* (0=black, 100=white) of the four bales during  one year storage. 
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