
Chapter 10
Storage as the Weak Link
of the Biomass Supply Chain

S. Dumfort , C. Kirchmair, K. Floerl, C. Larch and M. Rupprich

Abstract Biomass such as wood, straw or agricultural wastes are a worldwide
abundant resource offering high potential for a decentralized energy production and
supply which is especially interesting for rural areas. However, substance and
energy loss caused by microbial degradation is one major reason for high feedstock
costs. As a consequence of the microbial activity and further exothermic processes,
heat is produced inside stored piles, leading to temperatures >200 °C, causing
partial pyrolysis and self-ignition. This work investigates the degradation process of
spruce forest residues in order to generate a better knowledge about underlying
processes and possible counteractions. Therefore, the microbial metabolic activity
has been described in dependency on the moisture content (MC), particle size
distribution and pH by respirometric tests. Respirometric tests revealed the
microbial activity over time showing a maximum within the first few days of
storage. Our results show that the moisture content is a key factor during wood
degradation. No microbial activity could be verified for a MC < 20%. A moisture
content of 46% led to a monthly dry matter loss of 5.4%. Raising the pH to an
alkaline environment reduced the monthly dry matter loss from 3.1 to 1.8% per
month proofing it´s influence on microbial metabolic activity. Further investigations
have to be conducted to clarify underlying mechanism and countermeasures.
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10.1 Introduction

For the generation of thermal energy, wood is the most commonly used biogenic
resource, offering various advantages including CO2-neutral energy production.
Especially in Europe, wood is an abundant resource applicable independently of
season and weather. In district heating plants especially, forest biomass in the form
of high-quality woodchips, as well as woody waste such as bark, sawdust or forest
residues, is a common combustible material. After harvest, the biomass is usually
stored over a period of time before utilization. During the storage, destruction and
conversion processes take place inevitably. Different bacteria and mold fungi col-
onize the biomass, causing its degradation. These microbes originate from the
natural microbial community present in the biogenic material as well as from
atmospheric deposition [1]. Basidiomycetes are the main wood rotters due to their
ability to degrade cellulose, hemicellulose and lignin. These fungi can overcome
difficulties in wood decay such as limited nutrient accessibility and the presence of
antibiotic compounds (essential oils) [2]. Moreover, they can grow over a wide
temperature and pH range. The degradation of the wood components is carried out
in aerobic conditions [3]. These degradation or respiration processes result in an
economical relevant dry-matter loss and consequently in a net-energy-value
reduction.

Data regarding the weight loss of woodchips differ widely, indicating fluctua-
tions due to different test setups used, unseasonal conditions and biomass proper-
ties. Also, the method being used for quantifying the dry-matter loss exerts great
influence. Several European research groups are focusing on determining the
behaviour of woodchips during storage and postulated an annual biomass loss of
10–40% [4–16]. Buggeln suggested a rule of thumb of 1% dry-matter loss per
month in outside storage, which is accurate for woodchips of high quality [9].
However, this value is underestimating the dry-matter loss of woodchips containing
bark or forest residues.

Primary factors influencing the degradation rate are the temperature, water
content and oxygen availability [11]. Also, pH and nutrient availability are the main
microbial growth factors either promoting or inhibiting microbial growth. These
factors are mainly influenced by the pile geometry, piling method, particle size,
comminution method, storage season, storage location and the tree species [3, 6, 10,
12, 13].

As an example, woodchips containing sawdust and fine materials such as nee-
dles offer a greater surface to be attacked by microbes and cause limited air passage,
leading to higher pile temperatures [6]. Pecenka et al. [10] showed a monthly
dry-matter loss of 1.0–3.6% for poplar woodchips of varying particle sizes,
showing higher dry-matter loss for smaller particles. The compaction of the pile
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leads to heat accumulation and affects the fungal growth negatively. The pile
geometry influences rainwater entry as well as pile compaction and heat dissipation
depending on the volume-to-surface-area ratio [13, 14]. All mentioned studies
proved a significant correlation between pile temperature and dry-matter loss.

However, detailed knowledge about what factors influence the degradation
process to what extent are still missing, and further investigations have to be carried
out for a better understanding of the underlying processes.

A woodchip pile by itself is an inhomogeneous system consisting of different
layers, offering varying growth conditions for microorganisms leading to difficulties
in the dry matter loss determination [16].

Against this background, a method has been implemented in the laboratory to
simulate different storage conditions and pile layers in order to describe the
degradation process according to its dependency on ambient conditions. Generally,
the biodegradability of organic compounds is tested by respirometric tests, where
the carbon dioxide (CO2) produced during the degradation process is quantified.
This method offers an accurate determination of the degradation rate under certain
ambient conditions and can visualize the microbial activity. In this study, respiro-
metric tests have been conducted for forest residues from spruce, aiming to describe
the degradation process. The influence of the moisture content, particle size dis-
tribution and pH on the dry-matter loss has been investigated.

10.2 Materials and Methods

10.2.1 Respirometric Tests

The biodegradability of spruce woodchips and forest residues was tested via a
modification of ISO-14852, where the CO2 produced during the degradation pro-
cess was quantified [17]. Figure 10.1 shows the experimental setup. The reactors
were filled with 500–1000 g fresh woodchips and were incubated at varying
moisture contents, particle sizes and pH values.

All reactors were covered with glass wool and aluminium foil as insulation and
to keep dark test conditions. In order to keep aerobic conditions, air was continu-
ously pumped into the reactor at a flow rate of about 0.01 m3/h. Before entering the
reactor, the air was passed through an absorption bottle with soda lime to remove
atmospheric CO2 and a bottle with either water for tests with moist material or silica
gel for tests with dry test material. CO2 that was produced during the test was
flushed through three absorption bottles with 0.5 M sodium hydroxide, forming
sodium bicarbonate. The concentration of CO2 was determined by means of a
two-step titration with hydrochloride acid, phenolphthalein and methyl orange as
indicators. For calculating the wood degradation (%) it has been assumed that
mainly hemicellulose is attacked and degraded within this period of time. Thermal
gravimetric tests confirmed this assumption (data not shown).
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10.2.2 Samples and Test Conditions

Prior to the test, fresh spruce woodchips were sieved according to ÖNORM EN
15149-1, and the reactors were filled with a defined quantity of each fraction [18].
The moisture content of the material was determined by drying three samples at
105 °C to constant weight at the beginning and at the end of each experiment.

In order to better understand the influence of the particle size distribution and the
fine-material content on the degradation process, experiments were conducted with
coarse, medium and fine woodchips according to Fig. 10.2. The coarse material
contained a fine-material content (<3.15 mm) of 0%, medium 10% and fine
woodchips 20%. A medium particle size distribution was selected for all other
experiments.

The influence of the pH was investigated by adding 5 and 10% (w/w) of calcium
carbonate to fresh forest residues and incubating for 45 days.

Fig. 10.1 Experimental setup of the respirometric test
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10.3 Results and Discussion

10.3.1 Influence of the Moisture Content

Respirometric tests have been conducted with forest residues with a moisture
content of 46, 30, 20 and 17%, respectively. The moisture content was lowered
from 46% by means of a convection dryer at 20 °C. Figure 10.3 illustrates the CO2

production rate over time and the dry matter losses at varying water contents.
Taking a look at the different curves, an increase of microbial activity with

increasing moisture content is seen. Forest residues with a MC of 20% showed very
low activity. Below this value, no activity could be proven, marking the minimum
water availability needed for microbial growth. After 10 days the activity started to
decrease for all test conditions. However, as our results showed, at 35% MC the

Fig. 10.2 Particle size distribution of fine, medium and coarse forest residues (n = 1)

Fig. 10.3 CO2 production rate in g/h and per kg dry matter (left) and dry matter losses (right)
along incubation time for forest residues at a test temperature of 20 °C

10 Storage as the Weak Link of the Biomass Supply Chain 121



CO2 production decreased steadily, whereas at higher moisture contents, there was
still a high CO2 production rate, which remained static at 0.1 g (h−1 kg−1).

The present study shows the moisture content is a key factor of the wood
degradation process. The decomposition of sugars and other wood components
occur predominantly in the thin liquid films on the wood’s surface. Optimal
microbe growth takes place at a moisture content between 30 and 60%. A minimum
of 20% is crucial for the growth of different fungi [2]. As we could show, drying the
biomass has a great effect on the storage stability (low dry matter loss, low risk of
self-ignition) but humidification has to be prevented by either a semi-permeable
fleece or by storing the biomass in a hall.

10.3.2 Variation of Particle Sizes

In order to investigate the influence of particle size distribution on the microbial
activity, varying particle sizes were prepared. Figure 10.4 shows the correlation
between the microbial activity and the fine-material content over a period of
30 days. The activity of fine and medium woodchips was very similar. On the
contrary, the coarse material showed the highest activity and dry matter loss with
4.9%. In this test run, the CO2 production rate showed strong fluctuations, which
probably is due to changes in temperature (22 ± 5 °C). Further experiments have
to be conducted including single particle size fractions.

10.3.3 Variation of the pH

Figure 10.5 shows the CO2 production rate and dry matter losses over time. Adding
5% (w/w) CaCO3 increased the pH value to 8.5 and 10% (w/w) CaCO3 increased
pH to 9.0.

Fig. 10.4 CO2 production rate in g/h per kg of dry matter (left) along incubation time for fine,
medium and coarse forest residues and the dry matter losses (right)
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A clear difference in the microbial activity was seen within the first two weeks of
incubation. Adding CaCO3 to the woodchips led to a suppression of fungal growth
and activity. The dry-matter loss (in w/w) in the first month amounted to 3.1 for 0%
CaCO3, 2.5 for 5% CaCO3 and 1.8 for 10% CaCO3. However, no repetition of the
experiments have been done so far. Further long-term tests and different additives
as well as concentrations have to be investigated. However, a rise in pH did inhibit
most of the mold fungi, leading to minimal wood degradation. Thus, adding
alkaline substances to the woodchips during storage might suppress the initial
temperature increase and lower self-ignition risk. Our previous investigation
showed a direct link of microbial activity and a temperature rise within the first
week of storage. This assumption has to be investigated in a further project.
Additives such as chalk and dolomite not only have the potential to inhibit fungal
wood decay but also are used as agents for the combustion of agrarian residues,
such as straw, leading to a higher ash melting point.

10.4 Conclusion and Outlook

Respirometric tests on spruce forest residues were conducted under different
moisture contents (15–50%), particle sizes (fine, medium, coarse) and pH values
(addition of 5 and 10% of CaCO3). The moisture content played a major role during
the degradation process. Drying the woodchips to less than 30% reduced the
microbial activity and dry-matter loss significantly. At below 20%, no activity
could be verified. Increasing the pH to a minimum value of 9 inhibited fungal
growth significantly, offering a good alternative for conserving biomass. The
influence of the particle size distribution was less distinct as expected but further
experiments are crucial for gaining more insight into this.

It can be concluded that respirometric tests provide an accurate way to determine
the wood degradation rate, showing a high potential to investigate the wood
degradation process. Further improvements have to be completed especially if

Fig. 10.5 CO2 production rate in g/h per kg dry matter and dry matter losses along incubation
time for forest residues with 0, 5 and 10% CaCO3 (temperature 20 °C, moisture content 47%)
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different test temperatures will be investigated. It is possible to determine the
microbial activity over time, with the highest activity occurring within the first few
days of storage. This initial activity is responsible for the very high temperatures
inside the woodchip piles, which could reach up to 80 °C. Further experiments will
be conducted with different test materials and under varying test conditions. In
parallel, soil-block decay tests will be conducted and the wood degradation will be
investigated by chemical and thermal gravimetric analyses. Additionally, the
degraded biomass will be tested in a small scale gasification plant do investigate the
influence on the gasification and combustion process and the obtained product gas.
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