energies
Article

Sieving and Covering of Wood Chips Improves Storability
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Abstract: Minimising dry matter losses during storage of comminuted forest fuels is desirable from
both an economic and a sustainability perspective. This study examined fuel quality and amount
of recovered energy during the storage of forest wood chips stored at full industrial scale at three
locations, and the effect of sieving and covering piles with a water-resistant, vapour-permeable
fabric. Sieving wood chips before storage, that is, reducing the number of fines smaller than 8 mm,
reduced the cumulative dry matter losses to <2%, while cumulative dry matter losses after storage for
4–6 months using current practices, that is, unsieved and uncovered, reached 10.6%. The combined
effect of storage management led to a value loss of 11.5%, while both covering and sieving led to
lower losses, with the combination of sieving and covering giving a 1.3% value increase, and thus,
increased storability.
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1. Introduction
The use of forest residues and forest industry byproducts for heat and power generation has substantially contributed to the developing transition to a fossil fuel-free society in
Sweden and Finland. Storage of solid biofuels intended for heat and power is an essential
step within the supply chain to secure the supply of fuels, as there is an irregular seasonal
demand for energy [1]. Both logistic and economic considerations influence storage methods and location within the supply chain. On the one hand, transport and comminution
affect supply chain costs [2,3], but the uneven demand leads to inefficient equipment
utilisation. On the other hand, more efficient equipment use increases storage capacity
requirements for comminuted fuels.
In general, forest residues (LR) dry during storage [4–6], leading to lower moisture content (M), and increased net calorific value (Q). This is valid also for compacted residues [7,8].
Drying of stacked residues can be improved if the stacks are covered [4,9,10]. Storage of
comminuted LR is associated with increased risks for extensive dry matter loss (DML) due
to the degradation of biomass and spontaneous ignition caused by biological and chemical
processes leading to self-heating [11]. DML of around 1–4% per month has been reported
for comminuted LR of coniferous species [12–14] in Sweden and Finland. Similar DML
rates were found in our earlier large-scale trials of coniferous fuel chips [15–17]. Their DML
is similar to the result for coniferous wood chips stored in Germany [18], but not for poplar
chips [19,20]. Poplar also has high rates of dry matter loss in Italian studies [21–23]. Dry
matter losses seem to be generally higher for the storage of deciduous wood chips [24–26].
Initial fuel properties, such as M, readily available nutrients, particle size distribution
and chip size and storage conditions such as pile properties (pile height, pile shape and
degree of compaction) all affect the biological activity in storage piles [12]. The biomass, M,
directly affects the conditions for biological degradation during storage [27], so methods
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reduced by using a semi-permeable cover that protects the fuel agains
the same time, allows for heat transfer and water vapour dissipation
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Figure 1. Particle size distribution for unsieved and sieved woodchips from the three study sites.
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fines. Chip size distributions were analysed with a generalised linear model (GLIMMIX)
in SAS using a logit link function on chip size proportions (S) using the factors’ Site’ and
‘Chip size class’ (Equation (1)). The use of the logit link is necessary since it transforms the
primary range of proportions (S) from the interval [0,1] into the interval [–∞, ∞], assuming
normal distribution. The test criteria are the interaction of ‘Chip size class’ with ‘Site
location’ (Site Location × Chip size class) and so, if the effect of ‘Chip size class’ is found to
be independent of the interactive factor ‘Site location’, it can be assumed that site does not
affect chip size distribution [32].
Logit S = Study site + Chip size_class + Study site × Chip size_class + ε.

(1)

2.2. Field Trial Structure and Sampling
The experimental setup consisted of three blocks (locations) and four treatments:
unsieved/sieved and uncovered/covered. Two separate triangular-shaped piles were
constructed with wheel loaders at each block on paved surfaces, one with sieved chips
and one with unsieved. The pile height (5.5 m) and base (12.0 m) were identical at each
location, but the length varied. The total volume of each pile (Table 1) was calculated with
photogrammetry (Agrifoft Metashape, Agisoft LCC, St. Petersburg, Russia) from pictures
taken with a drone (DJI Mavic 2 pro). The estimated pile volumes were confirmed by
reference measurement of objects with known volumes to a precision better than 99.9% and
an accuracy of 0.1 m3 .
Table 1. Initial volume (m3 ) of wood chip piles.
Location/Block

Unsieved Wood Chips

Sieved Wood Chips

Block 1
Block 2
Block 3

618
975
1185

781
1100
1315

The piles were oriented with their longest side perpendicular to the prevailing wind direction, which also maximised sun exposure of the piles over the storage period (Figure 2a).
During the experiment, one half of each pile (shown in grey in Figure 2b) was covered with
a semi-permeable material, Toptex® , with a specific weight of 200 g m−2 , while the other
half was left uncovered as a control (Figure 2b). Each half was divided into three vertical
sectors (Figure 2b) containing sample points (Figure 2c). During the construction of the
stacks, a general sample (10 L) was collected at each sampling point. Half of this sampled
material was saved for further analysis of the initial characteristics of wood chips, while the
other half was placed into net bags (2.8 mm mesh size), weighed (0.0 g accuracy), and then
returned to the stacks. All samples were evenly distributed between the sampling points,
with an approximate distance of 1.5 m between sampling bags, as shown in Figure 2c. Each
zone within the piles contained nine samples. The temperature within piles in sectors, labelled Sampling 3 (Figure 2b), was monitored using TinyTags (TGP-4500, intab, Stenkullen,
Sweden) with a sampling rate of 1 h at 3.0 m and 4.5 m height, at sampling points 7 and 9
respectively (Figure 2c).
Initial and changed fuel characteristics, based on M (% w.b), gross calorific value
(MJkg−1, d.b), net calorific value (MJkg−1 w.b, Q) and particle size distribution, were
determined using standard procedures (Table 2). At the same time, DML expressed as mass
loss (%) on a dry weight basis was calculated from the net bag samples. During resampling,
samples from exposed sections (Figure 2b) were collected as shown in Figure 2d, and the
section was immediately restored.
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TinyTags ® temperature sensors were placed at sampling points 7 and 9, (d): sampling time.
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2.3. Meteorological Data for the Storage Sites
Throughout the storage period, meteorological data, including measurements of
temperature and precipitation, and historical data (30-year averages) for local weather

temperature and the 30 year average value obtained from SMHI were small, except
during December to February in block 1, where the ambient temperature was 5–7 °C
higher than the average (Figure 3a). The cumulative precipitation during the storage
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temperature obtained from SMHI, and (b): monthly cumulative precipitation during the storage
temperature obtained from SMHI, and (b): monthly cumulative precipitation during the storage
trials and 30-year average precipitation obtained from SMHI.
trials and 30-year average precipitation obtained from SMHI.
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During the same period, the Tsum in sieved and covered wood chips reached 411 °C in
block 1 and 930 °C in block 3. At the end of the storage trial, the Tsum in chip piles, stored

following the reference method, reached 10,162 °C in block 1 and 5698 °C in block 3,
while during the same period, the Tsum in sieved and covered material reached 829 °C in
block 1 and 2155 °C in block 3. Notably, the temperature at 3.0 m and 4.5 m heights was
Energies 2022,
15, 2953
periodically
below 0 °C in the sieved and covered material stored at the terminal6 ofin11block
1.

Figure 4. The average
during storage
of wood
chips
ininblock
(a)and
and
block
Figure temperature
4. The average temperature
during storage
of wood
chips
block 11(a)
block
3 (b).3 (b).
3.2. Moisture Content (M)

3.2. Moisture Content
(M)
Sieving of the produced chips entailed homogenisation and reduced the initial M from
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At resampling event 2, after 73–84 days of storage, there was an 8% difference in
average M between unsieved and sieved piles. The M in uncovered reference piles
increased during the rainy period in July (Figure 2b), while the M in covered piles
decreased (Figure 5). Additional storage neither increased the average M in unsieved
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biomass from different origins, comminution using different types of equipment and,

Energies 2022, 15, 2953

9 of 11

combinations could be demonstrated. Overall, this means the general comparison between
treatments becomes more valid and robust and easier to generalise.
Comminution was carried out in connection with the trial in block 1 and block 3, while
chips had been pre-stored in block 2. This may explain why sieving did not affect the initial
M in block 2, since the pre-stored chips were homogenised before the storage trial. Biomass
is hygroscopic and easily affected by precipitation. Thus, precipitation affects the result,
which explains why the uncovered material, especially at the piles’ surface, was rewetted
when there was precipitation. In addition, fines have a higher surface-area-to-volume
ratio and are more easily rewetted than larger fractions. The initial freshness of biomass
affects biological activity as an effect of the amount of easily degradable sugars. However,
microbes are already established and the degradation is ongoing in pre-stored biomass;
thus, it is initially faster.
The temperature development reflects the combined effect of the activity within piles.
Most of these are linked to biological and chemical degradation, which leads to DML. Heat
transfer dynamics are affected by the airflow within piles, which is a function of many
parameters, notably particle size and particle shape [36]; the permeability in unsieved
chip piles is low. This, combined with a high surface-area-to-volume ratio, makes the
material easily rewetted, and more readily available sugars create optimal degradation
conditions. The temperature development illustrated higher activity within unsieved piles,
and the obtained DML confirmed the results. Sieving increases permeability and reduces
the number of fines, making the biomass less prone to decomposition. The use of an
additional cover prevented rewetting but when combined with sieving, only added extra
value for unsieved chips in these trials.
Sieving improves fuel quality, homogenises the fuel, increases its initial value and
increases storability. However, it introduces an extra cost and creates a side stream of
less-valuable fine fraction (rejection) for which there must be a provision. The price for
the sieving operations studied in conjunction with the current storage trial was just under
€ 2 per MWh or about 10% of the value of the chips [31], but there is potential to reduce this
through better work organisation and the use of stationary equipment. More concerning is
that in four out of five trials, 21 to 27% of the residue chips were separated as fines, and in
block 1, an extremely high 46% were fines. Kons et al., (2015) [37] reported corresponding
values of 15% ± 3 SD–19% ± 5 SD for comminuted fresh and stored LR chips, respectively.
This rejected fraction can be used as a fuel in some boilers. Other alternative uses, such as
briquette production, pyrolysis and as an additive to biogas production and other biomass
services, are also conceivable. Storage of fines is not recommended due to high M, A and
nutrient content. An advantage is that M was reduced in the accepted fraction compared to
the unsieved chips in two of the three trials, which in itself increases the economic value of
that fraction by 5% per dry ton.
Increased storability of the sieved and covered chips implies reduced storage risks,
leading to new options for improvements within the supply chain. Assuming the use of
reject fines as fuel, this improved storability may only cover sieving costs. Combining
increased storability with reduced risks associated with storage, such as a lower risk of
self-ignition, and enabling a higher utilisation of chippers and chip trucks in the supply
chain would both improve the supply chain system and reduce costs. However, as both the
sieving and covering of the chips comes at a price, it might not be economically feasible to
do both. The demand for the value of the fines probably will be the deciding factor between
treatments.
5. Conclusions
Sieving improves fuel quality and storability, reducing losses and the risk of selfignition. Sieving has to be carried out just after comminution to obtain the maximum
benefit. Our study did not show that combined sieving and covering yielded any significant reduction of DML, but the effect of treatment was significant for M. However, the
combination of sieving and additional covering resulted in an average of 29.7% lower
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DML compared to sieving, and increasing the number of replicates would much likely
result in a significant difference at p levels < 5%. The effect reduces over time, which
indicates that covering is more justified for short storage times. However, these indicative
findings call for performing replicates. The value added by sieving may not prove sufficient
motivation alone, without combining increased storability, reduced risks and supply chain
improvements that come from enabling a higher utilisation rate of chippers and chip trucks.
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