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EMISSION OF VOLATILE ORGANIC COMPOUNDS (VOC) FROM DRYING AND STORAGE OF BIOMASS.
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Växjö University, School of Biosciences and Process Technology, Division of Bioenergy

 S-351 95 Växjö, Sweden

ABSTRACT:
Replacement of fossil fuels by biofuels has become increasing important due to both economic and environmental reasons.
The emission of organic compounds of different green and dried biofuels that have been dried in hot air and steam medium,
were analysed. Gas Chromatography (GC) with a flame ionization detector (FID) and GC mass spectrometry (GC-MS) have
been used to identify the organic matter. The terpene content was significantly affected by the use of different biofuels,
changing the drying medium. Comparison between spectra from dry and wet fuels reveal that the main compounds emitted
during drying are monoterpenes- and sesquiterpenes-hydrocarbon, whilst the emissions of diterpenes-hydrocarbon seem to be
negligible. The drying medium, which was either steam or hot air, is known to influence the distribution between different
emitted terpene hydrocarbon matters. Hydrocarbon emissions from storing of biomass was compared during a storage period.
The precipitation has an effect on the emission levels and on the pile temperature.
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1  PROBLEM DEFINITION AND APPROACH

Biomass for energy conversion is usually considered as a
local resource, but drying and processing makes it
possible to store biofuels for longer periods of time by
preventing deterioration and fungal growth and in
addition facilitates long range transports by reducing the
mass. It has been indicated that processed biofuel can be
burned under more easily controlled conditions with less
negative impact on the environment and more effective
heat generation [1] [2] [3].

The major part of the biomass is transported directly to
the thermal power stations and is used within a few days,
but there is a need for a buffer stock for periods when no
wood is being chipped (public holidays, the breaking up
of the frost in the ground). Approximately 10% of the
total year’s production is stored for 5-10 months and
approx. 20% of the year production passes through the
terminal for a shorter period. Transports of more than 50-
100 km is not environmentally or economically viable,
therefor the terminal storage is often placed close to the
thermal power stations and close to villages or small
communities.

Various organic compounds are released during the
drying or storing of biomass and leads to the generation
of condensates or leachate as effluents into natural
watercourses or as emissions to the ambient air [4][5].
Besides water, the emitted compounds are organic
substances such as lightweight alcohols, carboxylic acids
and terpenes. These compounds not only constitute a
burden on the environment, but also decrease the energy
value of the biomass. The occurrence of bad odours has
been experienced as the largest inconvenience by people
living close by to biofuel plants or terminal storage. There
is a need for better knowledge as to environmental effects
and how both the drying process and the storage should
be integrated into different systems to reach a cost and
energy effective system.
Additionally, environmental benefits and regulatory
policies including possible carbon taxes will influence the
future planning for new biomass fired power plants [6]
[7] [8] [9] [10] [11].

There is little information available in literature
concerning emitted compounds from different biofuels.
The present study has focused on investigating how the
emission of organic compounds is altered using different
biofuels and even the same biofuels but from different
localities within Sweden.

2  EXPERIMENTAL

2.1  Choice of samples
The biofuels investigated were spruce wood chips, pine
wood chips and pellets. The wood chips were obtained
from two different locations in Sweden.

In general, spruce samples were dried with steam,
whereas pine samples were dried with both hot air and
steam. Three drying temperatures were used. The drying
temperature was kept around 140ºC, 170ºC and 200ºC
during this procedure. For comparison of the plant growth
locality, samples of green spruce wood chips from a
sawmill located in the south of Sweden were used
Two stored piles containing forest residue or bark and
wood chips were monitored, comparing temperature and
organic emissions during the storage period.

2.2 Chemical and Material.
The SPME experiments were performed using a manual
SPME device with a 100 �m polydimethylsiloxane
(PDMS) fibre assembly from Supelco (fig 1).
The SPME fibres were conditioned by inserting them into
the GC injector according to the manufacturer’s
instructions. Reference compounds was �-Pinene, 3-
Carene and D-Limonene from Fluka, and the reference
compound D-Longifolene from Aldrich Chem. Co.

Figure 1: The SPME instrument



2.2  Sampling procedure
The green and dried samples were placed in 4ml

vials, exposing the SPME fibre to the headspace.  The
vial was filled to approximately two/thirds of the total
volume. The sample was heated for 30 min at 50�C, after
this the fibre was exposed and headspace vapour sampled
for 10 min. After exposure, the fibre was desorbed for 5
min at 250�C in the injection port of either a Varian CP-
3800 gas chromatograph equipped with a flame ionisation
detector (FID) or a Varian Saturn 2000 gas
chromatograph equipped with a Saturn II ion trap detector
mass spectrometry (MS). The collection and treatment of
the samples were similar to the earlier reports using solid
phase microextraction [12] [13] [14] [15] [16].
The stored biomasses were sampled in the field exposing
the fibre directly above the piles.
 The moisture content of all samples were determined by
standard procedure, oven dried at 103�2�C for 24 h.

2.3  Characterisation methods
The emissions from the biomasses were analysed on

a Varian Saturn 2000 gas chromatograph (GC) equipped
with either a Flame Ionisation Detector (FID) or a Mass
Spectrometer (MS). Chromatographic separations were
performed using a Chrompack CP-Sil 8 capillary column
(30 m � 0.25 mm I.D. � 0.25 �m film). An initial splitless
injection was used for the first 5 min, followed by split
injection (ratio 1/100) for the remainder of the GC
program. When a sample was injected, the oven
temperature was kept constant at 30�C for 5 min, then
increased to 110�C (with a temperature increment of
20�C/min) and held for 5 min, then increased further to
160�C (at 10�C/min increment) and held for 5 min, then
to 280�C (at 20�C/min) and held for 5 min. Nitrogen was
used as carrier gas, the injector temperature was 250�C
and the FID temperature was kept at 300�C.
GC-MS  Varian Saturn 2000 gas chromatograph equipped
with a Saturn II ion trap detector  was used to analyse
emissions from  different biomasses.

3 RESULTS

3.1  Identification
Different organic compounds have been identified,

mostly terpenes and terpenoids (figure 2).
Monoterpenes(C10H16) have a retention time between 5
and 15 minutes, sesquiterpenes (C15H24) have a retention
time between 15 and 25 minutes and diterpenes (C20H32)
have a retention time between 25 and 35 minutes.

Figure 2: Examples of compounds identified in wood
chips.

3.2 Emissions after drying
The pine wood chips contain higher levels of

terpenes than the spruce wood chips. Drying of all the
samples reduces the levels of terpenes. The monoterpenes
are more effected than the sesquiterpenes or diterpenes.

Steam drying of pine wood chips at 170�C or 200�C
reduces the monoterpene level more effectively than
steam drying at 140�C (figure 3).

Hot air drying of pine wood chips reduce the mono
terpene level in the samples to approximately the same
level at all three temperatures (figure 4). The sesqui- and
diterpene levels are not effected as much as monoterpene
levels. Steam drying reduces the terpene level in the
samples more than hot air drying
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Figure 3: Analysis of hydrocarbon emissions from
bio fuels by means of GC-FID; (a) green pine wood
chips (b) pine wood chips steam dried in 140� C (c)
pine wood chips steam dried in 170� C d) pine wood
chips steam dried in 200� C



3.3  Emissions during storage
Two different wood chip piles were studied during a

storage period. The ambient temperature, the temperature
directly above the piles, the precipitation and the organic
emissions from the piles were studied (figure 5). There
was no correlation between the ambient temperature and
the emission level. After high amounts of precipitation,
the emissions increased. The pile consisting of bark and
root reducing wood chips was more sensitive to high
amounts of precipitation than the pile consisting of forest
residue.

4 CONCLUSIONS

 Drying of biofuels reduces the VOC content, but
mostly effects the monoterpene content.
The organic emissions during the storage period of
biofuels increase with high levels of precipitation.
Further studies of both drying and storing of biofuels is
recommended.
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Figure 5:  Comparison of ambient temperature, pile
temperature and emission levels from stored
biofuels.

Figure 4:  Analysis of hydrocarbon emissions from bio
fuels by means of GC-FID; a) green pine wood chips
(b) pine wood chips hot air dried in 140� C (c) pine
wood chips hot air dried in 170� C d) pine wood chips
hot air dried in 200� C
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