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Storage Problems of Poplar Chips from Short Rotatio
Plantations with Special Emphasis on Fungal Developent
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Abstract — There are several problems storing wood chips freshly harvested from short tiota
plantations, which result in quality losses as vedlin dry matter and energy losses. The factors
influencing the degradation of raw material arenaixeed in this paper with special focus on fungal
development. An excessive growth of fungi is come@do dry matter losses and also to an increased
health risk during raw material handling.

The following factors were measured during 6 momstosage of poplar wood chips depending on
particle size: box temperature, moisture contedtyplue, appearance of fungi in the storage and the
concentration of fungal particles in the air. Theults show a close connection between particée siz
temperature and attack of fungi. During the stonagsophilic and termophilic species of the genera
Alternaria, Aspergillus, Cladosporium, Mucand Penicilliumappeared. The concentration of fungal
particles is the highest for fine chips and de@sds bigger particles. There was a special focus o
the investigation of the properties of coarse ckp$0), which represent a good compromise between
handling, storage losses and health risk due tgaiuthevelopment.

wood chips / poplar / storage / temperature / fungi

Kivonat — ROvid vagéasforduldju nyar apriték tarolas problémai, kilonds tekintettel a kifejlédé
gombakra. Frissen kitermelt révid vagasforduldju fafajokteddallitott apriték tarolasa soran szamos
probléma merul fel, melyek eredménye @#ség-, szarazanyag- €s energiaveszteség. Ebben a
tanulmanyban a nyersanyag-degradaciot befolyaéalfettk kerlltek vizsgéalatra, kilonos tekintettel
a kifejlodé gombakra. Ezek rendkivili elszaporodasanak kostérehszarazanyag-veszteség mellett
a nyersanyag kezelése soran fdllépegnodvekedett egészségugyi kockazat is.

Nyar faapriték hat honapos tarolasa folyaman adtéionéret fliggvényében a kovetkez
tényedk mérése zajlott: a taroldn belllbmmérséklet, nedvességtartalom, pH, a taroléban resjje
gombak és azok szdma a leflegn. Az eredmények szoros 6sszefliggést mutatnddndden az
apritékméret, admérséklet és a gombak szama kozt. A tarolas soemofih és termofil gombak
fejlédtek. A kovetke#t nemzetségekhez tartozo fajok voltak megfigyélkelternaria, Aspergillus,
Cladosporium, Mucor, PenicilliumA gombak szama a finom apritéknal volt a legmadgasaini az
apritékméret ndvekedésével csokkent. A kutatdsafodn kilonds szerepet kapott a kdzépfinom
apriték tulajdonsagainak vizsgalata (G 50), melyngmmisszumos megoldast jelent a kezelés,
tarolasi veszteségek és a kibejp gombaknak készonhieegészségligyi kockazatok kozott.
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1 INTRODUCTION

The demand for wood chips from short rotation cr¢pRC) such as poplar and willow
for bioenergy has increased in recent years dueanmually increasing total energy
consumption and high prices for fossil resourc&C&hips have several advantages such
as harvesting in winter, low fertilisation and ni&imance needs, but some disadvantages
as well (Jirjis 1995, Scholz et al. 2004, 2009pr&ge at high moisture content influences
the quality and storage losses of wood. Severdbfathave effects on storage processes.
Many studies have shown that the biggest influemdactors are particle size, height of
pile, air permeability and rain protection (JirR®05, Scholz et al. 2005, Scholz — Idler
2005). Temperature development and moisture cormethte storage pile, dry matter loss,
quantity of fungal particlésin the air vary depending on the layout of theage (Scholz

— Idler 2001, Idler et al. 2004). The aim of thienw was to determine the influence of the
particle size on storage of poplar chips, to idgnoptimal forms of raw material
preparation and storage design for minimum eneogg land health risks for operators.
We also wanted to find an optimal length of chipbere the quality and mass losses are
not as high as in common fine chips (G 30), butokhare still easy usable for medium
sized heating systems. Earlier studies have shtwanhthe minimum energy loss and the
lowest health risks for operators were reachedtbsirsy wood as chunks instead of chips
(Scholz-Idler 2005, 2007). But chunks have to bmewnuted before they can be burned
and they are difficult to handle. Therefore, thisdy was done with special focus on
coarse chips, which are still easy to handle amtaily ensure lower mass losses during
storage and reduced health risks than fine chips.

2 MATERIALS AND METHODS

The raw material used for this investigation wavésted from an 18 year old SRC plantation of
poplar (Japan 105, 2 year rotation cycle) at thibriie Institute for Agricultural Engineering
Potsdam-Bornim (ATB, Germany) in January 2012. Thevested material was chopped to
different lengths immediately after they were félend before storage. Three different particle
sizes were produced and classified according to BM® 7133 for storage tests: fine chips G
30 (tractor mounted disk chipper FARMI CH150), eeachips G 50 (tractor mounted ATB
mower-chipper), and chunks G 100 (Chunk chopperMBER). The chips and chunks where
stored immediately after harvest and preparedparsée rectangular boxes 2.5 m high and 2.0 m
wide (V=10 nT) with thermally insulated sides and rain-protecén the ATB Eigure 1).

Figure 1. Storage boxes for poplar chips and ckuwfldifferent length (G 100, G 30 and G 50)

! hyphae, infested wood particles, spores
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During the storage, the temperature (outside asidanof the boxes), humidity, moisture
content, pH, wind speed, fungi on the wood and ewotnation of fungal particles in the air were
measured and analysed for a storage period of és@d" January 2012 — $uly 2012).

The temperature inside of the box was measuredffataht heights Figure 2 by an
electronic pick thermometer. Ambient temperature data outside the box were provided by
the weather station of ATB.

The temperature measurements untif' March showed a bigger fluctuation because of
manual measuring. After this date an automatic orgag system was installed and air
ventilation influences on the measurements have beeided.

The moisture content, pH and the concentrationuofyél particles were measured on
sampling days. At the beginning of the experimes&nples were taken every two weeks
after the second month of storage samples wera g every month because many studies
show that after two months the values do not chaageally (Scholz — Idler 2001, Idler —
Scholz 2001). Due to the weather conditions, méagwras not always possible. Therefore,
in some cases fungi were not countable in the szsnpl
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Figure 2. Design of boxes for measuring and samgpli

Samples for the determination of moisture content quality of the wood chips were
taken from six different places per bdxdure 2. They were measured on a digital scale for
moisture analysis immediately after sampling andewdried at 105 °C to constant weight.
The moisture content was calculated from measurgdnthtter content. Wind speed was
measured by a cup anemometer (Ahlborn, Germany).

Samples were processed to analyse pH and fungi.pFhevas measured by a pH-
electrode Sen Tix 41 with temperature compensafiditwW, Weilheim, Germany). The
concentration of fungal particles was determingidgithe spread plate method. 20 g samples
were shaken for 30 minutes with a rotary shakel8& rpm in 180 ml of Ringer solution
(Merck, Darmstadt, Germany), which then was matte andecadic dilution series. An aliquot
was put on special nutrient plate. Mesophilic fungire measured by using substrate DG 18
(Oxoid, Darmstadt, Germany) and thermophilic fubgi using Malt Extract Agar (Merck,
Darmstadt, Germany) with 0.01% chloramphenicolteBlavere incubated for five days at 20 °C
and for two days at 37 °C. Then the number of tienies that developed was counted and the
concentration of fungal particles in a log colooynfiing units per g fresh madg ¢fu/g FM was
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calculated. The identification was made microscalprqPitt 1991, Samson et al. 2000, Klich
2002). The concentration of fungal particles ia #8ir was measured directly on the top of the
boxes using the Airport sampler MD8 (Sartorius, tgen, Germany) and the MAS 100 eco
(Merck, Darmstadt, Germany). The Airport sampler 8Bample volume: 1000 liters,
flow rate: 50 I/min), using the gelatine membraiferf method, was applied at air relative
humidity under 80%. Above this value MAS 100 ecaswaed (sample volume: 1000 liters,
flow rate: 100 I/min) which is based on the impawtprinciple. The control samples were taken
at a height of 1.50 m. The samples of Airport MD&evdissolved in 10 ml warm (30 °C) sterile
saline solution (0.9% NaCl + 0.01% Tween 80) andevahaken for 30 minutes with a rotary
shaker at 180 rpm at 30 °C. Then a decadic dillg@ies was made. The identification and the
counting of mesophilic and thermophilic fungi welene in the same way as for the examination
of fungi on the wood samples. The measurementMA&B 100 eco is a direct method. For every
sampling four nutrient plates were used, two DGsBstrates for examination of mesophilic
fungi and two malt extract agar ones with 0.01%om@rhphenicol for identification of
thermophilic fungi. Plates were incubated for filagy/s at 20 °C and for two days at 37 °C.

3 RESULTS

3.1 Temperature

During the examination the air temperature andté¢ingperature in the boxes were measured
at four different levels because this factor shawslose connection with development of
fungi. The measurements show characteristic diffege in relation to the length of the wood
chips Figure 3. The temperatures are given as averages of ightsefrom T1 to T4Kigure 2.
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Figure 3. Development of average temperature (PGhe storage boxes of
wood chips of different size

Average temperatures in the box of chunks (G 186jved a very close connection with
ambient temperature. However average temperatuheibox of fine (G 30) and coarse chips
(G 50) rapidly increased in the first two weeks aedched their peaks at about 55 °C. Data
started to drop off in the box of fine chips afs¢orage two months and in the box of coarse
chips after 10 weeks. The temperature decreaseddireear to ambient temperature.

Temperatures in the box of chunks showed almostasivalues at all levels. In the box
of fine chips. the highest temperature was measairéite second level (T2) similar to coarse
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chips(Figure 4. In the box of coarse chips, the temperaturecased rapidly in the first of
two weeks of storage and reached its temperatua&spef about 60 °C. This began to
decrease after 11 weeks. Approximately 4 weeks, ltite temperature started to approach the
ambient temperature.
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Figure 4. Development of temperature (°C) at ddférheights in coarse chip piles (G 50)

3.2 Moisture content, pH, fungi

In every box the same genera of fungi were foundsaphilic Cladosporium ssp., Mucor
ssp., Penicillium ss@and thermophilidspergillus ssp

In the box of chunks (G 100), the number of medapand thermophilic fungal particles
rose after one montlrigure 5.
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Figure 5. Average values of moisture content (¥stirmass), pH, temperature (°C) and
development of fungi (log colony forming units géresh mass)
during the storage of chunks (G 100)

The quantity of mesophilic fungal particles in a@chips (G 50) increased in one month
and the order of magnitude did not change till $heh month, while the concentration of
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particles with thermophilic fungi rose rapidllyigure 6). This was the tendency until the third
month and then it started to sink. The moisturdeandecreased after the second month.
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Figure 6. Average values of moisture content (¥stirmass), pH, temperature (°C) and
development of fungi (log colony forming units gdresh mass)
during the storage of coarse chips (G 50)

The number of mesophilic and thermophilic fungatipkes in the fine chips (G 30) rose
for half of a month and the order of magnitude widd change until the third month, when it
started to dropHigure 7). The moisture content was almost constant ovemthole storage
period of 6 months.
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Figure 7. Average values of moisture content (¥stirmass), pH, temperature (°C) and
development of fungi (log colony forming units géresh mass)
during the storage of fine chips (G 30)
In the storage box of chunks and coarse chipgplthshowed little fluctuation, but in fine
chips the pH increased from 6.58 to 7.91 due teioessive growth of fungi.
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3.3 The concentration of fungal patrticles in the air

The number of mesophilic fungal particles in thewaas always higher than that of thermophilic
fungal particles, except in the fine chipsgure 8.
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The concentration of fungal particles in the aicrdased with increasing distance. The
number of mesophilic fungi was slightly higher be top of the boxes than in the control samples
and the order of magnitude was the same for afjthesnof the wood chips. The number of
thermophilic fungi increased until the second moathstorage, and then it started to sink.
Numbers grew with decreasing length of the woogd<hi

The following genera of fungi were foundliternaria, Aspergillus, Cladosporium, Mucor
andPenicillium

4 DISCUSSION AND CONCLUSIONS

Particle size is one of the most important inflieefectors in the storage of freshly harvested
short rotation poplar in unventilated boxes. Terapges in piles of coarse and fine chips can
increase to nearly 60 °C during storage. The higteesperature was measured in fine chips.
In every pile, the highest temperatures were resmid the first period of storage; then the
values start to decrease. The heating was dueestadtivity of microbes, residual respiration
of wood cells and the restricted air flow within3® wood chip piles because of their lower
bulk porosity. The temperatures in the box of clumkere lowest and corresponded to the
ambient temperatures. This was due to the godtbairbecause of the coarse bulk structure.

The moisture content of chopped wood depends onrdlative humidity and the
temperature in the boxes. It does not fall belowo4fdr coarse and fine chips and reaches
approximately 30% for chunks after storage for ths.

The pH runs from 6 to 8 and chunks have the lowaktes. There is a close connection
between values of pH and growth of fungi.

During storage, mesophilic and termophilic fungivelep of the generalternaria,
Aspergillus, Cladosporium, MucandPenicillium

The growing of fungi corresponds to the temperaiaréhe box and the outside air
temperature, but it does not depend on the moistargent of the wood as long as it is
between 30 and 60%. The number of mesophilic fulogis not show a relationship to the
length of the wood chips, but there is a close eotian between the number of particles of
thermophilic fungi and the length of the chipsgure 9).
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During the examination a special focus was put e development of thermophilic
fungi, because they may be allergen, toxic and dsngathogenic. The most important
thermophilic fungusAspergillus fumigatusbecause it is one of the most pathogenic, can
cause allergy reactions and cancer. The highastvalere found in fine chips (8.4 Ig cfu#iyl),
which is one order of magnitude higher than in seachips, and five orders of magnitude
higher than in chunks.

The development of the concentration of fungal ipl@d in the air has a very close
connection to the concentration of fungal partigtethe boxes, and to the temperature in box.
The number of mesophilic fungal particles in theisirelated to the relative humidity of the
air in the box, but this is not the case with theypimlic fungal particles in the air. The highest
value ofAspergillus sspin the air was measured for fine chips (4.6 Ig g¢fiéM), which is
one order of magnitude higher than for coarse ¢lapd two orders of magnitude higher than
for chunks. At present, there is no regulationtfe limit of fungi content in the air of wood
chips storages neither in Germany nor in Hungatyeré&fore, the orientation value limit
according to TRBA 430 (compost processing) of 4.6fu/g should be used.

Storage of coarse chips of poplar from short rotahias several advantages compared to
fine chips. During the 6 months of storage the trmafure in coarse chips was similar to fine
chips, but the moisture content after the seconatimof storage is less than in fine chips, and
after 6 months it reaches approximately 30%. Thewarhof mesophilic fungal particles in a
box of coarse chips is similar to fine chips, e humber of thermophilic fungal particles is
one order of magnitude less than in fine chipssTéndency was also found in fungi content
in the air above the top of boxes. Storage of churds the most advantages, but this length
of wood is not easy to handle. Compared to gerferal of storage fine chips, coarse chips
have a better quality and are still convenientdaadte. Further improvements are needed to
reduce the concentration of fungal particles indbe of coarse chips as well as fungi content
in the air and to speed up the drying of stored dvd®eration with ambient or heated air
could be solutions but this would increase prodaunctosts.
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