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Energy and moisturelossesduring poplar and black locust firewoed

logwood storage

Abstract

The main problem with firewood production is thengsas for other wood biofuels: storage.
Usually, firewood is stored in logwood. The goallus study was to determine the drying storage
dynamics of logwood used for firewood productiomenthe typicalwerk-conditions forest
practise of southern Europe. Storage dynamics exakiated for two differentforestry tree species
(poplar and black locust) with logwood disposedimtovered piles for a period of 180 days
(March—September). In this study, the effect ofdteneter of logs and their position inside the pil

on wood drying was evaluated—n-each-treatmend €haluation was performed considering the

main key drying physical parameters-were-moniteréginperature (T), moisture content (MC),
heating value (HV) and dry matter (DM).

The study found that initial values of key parameteere different for both forestry species, but at
the end of the storage period the values were derei to be similar{39°CF-19%MC14-30 MJ
kg*LHV.-re-DMesses). No statistically significariffdrences were pointed out between logs
with different diameter sizes and different positan the pile. For this reason, dryirg-firewood
logwood in uncovered piles can be considered a gomdge method irrespective of forestry

species, the diameter of logs and the positiongs in the pile.
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1. Introduction

Firewood is a form of energy wood that is still diseday globally as an alternative to fossil fuel
[1]. This biofuel is used especially in developoamuntries [2]. In industrialised countries, in fact
the widespread use of firewood is limited to onlyat areas [3]. In Europe, chopped firewood is
still used more than any other industrial energpavproduct [4], especially in northern countries
where its consumption covers between 20 and 25 tedfieating needs [5-6]. In southern Europe

(France and ltaly), firewood is used, but to adesxtent than in the rest of Europe [7].

Firewood is preferred to other biofuel becauseitgluction process is easier and requires lower
investments [8]. Biofuel preparation requires origss-cutting and splitting the logs extracted from
the forest [9]. This operation is even performedrmividuals and small businesses or farmers that
carry out this activity on a part-time basis [1@t only in northern Europe [11], but also in
Southern Europe [12]. Irrespective of the regiom@peonsidered, the production of chopped
firewood can play an important role in economice&lepment where coppice forests are diffused

[13].

The main problem with the commercialization ofieod is the same as for other wood biofuels:
the moisture content. When wood is harvested iestsrits moisture content is higher and not very
suitable for direct use in small boilers and domsestbves [14]. In fact, the quality of energy wood
is proportional to its calorific value, which isghier when the moisture content is lower [15].
Nevertheless, moisture losses can decrease sattiffdoy storing energy wood in piles for a short
period of time only [16]. Until now, many works refocused on the storage dynamics of
woodchips. Some of these have studied the influehtee forestry species used for woodchip

production — poplar [17], Salix [18] or pine [19)while others have analysed the effect of
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woodchip pile weight [18], drying methods [20] astdrage techniques used [21-22]. Little has

been done regarding the storage of energy logwood.

In contrast to woodchips, drying logwood shows biny matter losses (2% per year) [23] because
during the storage period, microbial activities laser than in comminuted wood [24]. Another
advantage of drying logwood is the economic benkfitact, drying wood for energy with this
method showed an increase in its market value @f01€t" after five months [16]. In recent years,
some experimentations were focused on logwoodgaitginamics, especially in terms of moisture
content [16, 25-26], but all of these were caroetlin northern Europe where the-werk-conditions

forest practises are different to those in soutli@nope. In fact, in northern Europe, firewood is

obtained from logs of 2—6 m in length, while in 8wrn Europe it is obtained from logs 1-2 m

long, due to the different extraction methods [3]-2

On the basis of this, the goal of this study waddtermine the drying storage dynamics of logwood
used for firewood production under the typicalwedrditions forest practises of southern Europe.

In particular, the storage dynamics of drying logdan piles were evaluated for two different

forestry tree species.

2. Materialsand methods

This experiment was carried out at Moncalieri imrifiditaly (45°00°31”N, 7°42’53”; 356 m above
sea level). The study was conducted during 2014tdasted for six months (March—September).

In Italy, this period correspond to the usual fioed storage because the wood is harvested until

March and starts being used from September.
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Generally in Italy, firewood is produced by fromlphigh-density tree species, but in this work, in
order to establish eventual differences in dryigigainics, tests were carried out using both high-
density tree species (black locudRebinia pseudoacacia) and low-density tree species (poplar —
Populus x euroamericana). Hybrid poplar and black locust are most commoriNorth Italian
farmland and normally used for energy productiohicl is why they can be considered

representative of the two wood categories [29].

Storage dynamics were assessed through variahansisture and temperature taking into account
different logs’ diameter and position in the pilemperature and moisture content are reliable
indicators of wood storage performance used forggngroduction [30]. Therefore, moisture
content and temperature inside the logs were m@utover the whole storage period, which began

in March with the preparation of logs and ende8eptember with usage of the wood.

In order to maintain logs in the same position diaerwhole storage period, in this experiment
moisture content was not determined by gravimetethod, but was monitored by a digital
hygrometer (accuracy of %0) normally used in saws@ANN®Hydromette HT85T). This device,
designed for registering external moisture, presargrobe with two short steel electrodes (20 mm).
Since in the test the measurement point was D/2doh diameter class, specific probes with steel
electrodes of different lengths were made. In otdexbtain only the moisture measurement at the
top of the probe (half of the log diameter), thectélodes were covered with electrical tape up to 5
mm from its top. The probes were positioned atntigkdle length of the logs (about 1 m from the
head). All logs used in the test had a length oual2 metres because this is a common length that
is commercialized in unprocessed energy wood Iy |2].

The temperature was measured by thermocouplesdoteae the probes for determining moisture

content.
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The influence of log diameter on wood drying waaleated by monitoring the moisture content of
logs of different diameters (50, 100, 150, 200 260 mm).

All logs, equipped with thermocouples and probesienplaced outdoors on two transversal logs
positioned on the soil at a distance of 300 mmtapae logs were placed with their longitudinal
axis orientated south-north and left uncoveredHerentire storage period. Data were collected
every three days for the first 30 days, thereafery 15 days (Fig. 1).

For each diametric class and for each-forestrydpeeies, measurements were carried out on three

different logs (three repetitions). Table 1 repohis experimental design.

The influence of the position of logs in the pile drying wood was analysed by making two
uncovered piles (one of poplar and one of blackdtjcon naked soil and aligning their longer axis

in an east-west direction. The experimentation egalucted with uncovered piles made on naked

soil because this is the usually forest practie@uder logwood storage in all European countries

[25-26]. A single pile had a volume of approximst&0 nt (12 m long, 2 m wide and 3 m high).
The wood moisture content was measured by a pnaltetppe described in a previous test. Each
probe was placed halfway (1 m) along the logs aasl ¥50 mm in diameter and 2 metres in length.

The reading of moisture content was performed ahihe mid-diameter of the logs.

Logs with probes were placed in the pile, at sediferent heights above the ground (0, 0.5, 1.0,
1.5, 2.0, 2.5 and 3.0 metres). At each samplinghtehree logs were positioned at a distance of 1

metre apart (Fig. 2).

The complete experimental design consisted of plicades perferestry tree species (poplar and

black locust) (Table 2).
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Near the piles, a weather station was installeatdier to monitor air temperature (°C), air humidity
(%), precipitation (mm) and wind speed (fhat 1 h intervals. All measuring components were

installed at a height of 1.7 m to 2.2 m.

Finally, in order to establish the logwood storageefits, at the beginning and at the end of tbie te
period the heating value (lower and higher) andndagter losses of logs were determined. Heating
value was determined according to European StandldtdEN 14918 [31]. In detail, Higher

Heating Value (HHV) was tested using an oxygen bealbrimeter. For this measurement, the
wood sample taken from the logs did not show tlesgmce of bark. Dry matter losses were
determined for each log diameter class and foregtegies (10 treatments with 3 replicates). Each
log was weighed at piling, and then at the endhefstorage period. For this test, moisture content
was determined with the gravimetric method accaydmEuropean standard UNI EN 14774-2 [32]
because this is more reliable and accurate thdrepreet up for periodic measurements (previously
described) [33]. Initial moisture content was detieied using &utting an end portion of the logs

(150 mm) while the final value was determined by cuttingeatral portion (150 mm) of the logs.

Data were processed with the SPSS statistical aodtvadopting a significance level of a = 0.05, in
order to check on the statistical significancewdrdgual differences between treatments. In detail,
the SSPS software was used to perform typical aisadf variance (ANOVA) in order to see how

the sum of square was divided between main effetesactions and residuals.

3. Results

During the investigation period of 180 days, amperature ranged from 5 to 25 °C, with a mean

value of 17 °C. The mean wind speed was 0.52 dusing the test period. The maximum wind

speed was 6.71 iand the dominating wind direction was from theteeast. The relative
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humidity was fairly constant, with a monthly avesagf between 75% and 83%, and highs during
rain events (Fig. 3). In all periods consideredy diquid precipitations were felled. In all, a &btof
370 mm was absorbed. Rain was distributed acrdszen main events, each contributing about 9—

27 mm precipitation.

The differentfoerestry tree species tested shoviéerent initial moisture content: approximately
60% for poplar and about 45% for black locust. Nthadess, both species displayed a similar
moisture loss trend in which the higher values vadrgerved in the first 30 days. At the end of the

storage period considered, irrespective-ef-foragivgstigated tree species, all logs had an average

moisture content of about 19% (Fig. 4).

In the firsts 30 days of storage, moisture loseepdplar logwood were inversely proportional to
the diameter of the logs. In fact, the highest iedse (61%) was observed for the smallest
diameter (50 mm), while the lowest moisture (46%¥swbserved for the biggest diameter (250
mm). Considering a storage period between 60 afdlags, the moisture losses were similar for

all diameters (Table 3).

This trend was also true for black locust logwadddwever, in this case, moisture losses were
lower (from 14% to 26%) than for same-diameter pofags due to lower initial moisture content
(25%). After 60 days of storage, the moisture conté about 20% of the logs was tested and no

difference between logs with different diameters whserved (Table 3).

In the “log position” test carried out with pophpod a significantly different moisture loss from
logs placed at different heights from the grounthmfirst 30 days of storage was observed.
Nevertheless, this difference was clearly visibié/on the first 10 days where logs near the soil

were highlighted as lower drying (35%) than thossifioned at a higher height (42%). Also in this
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case, after a storage period of 60 days, all lbgsved a similar moisture content below 20% (Table

2).

Similar results were obtained using black locugsldn fact, considering the same storage period of
10 days, the moisture loss variance between logisthe soil and others placed at a higher level
was similar (5%) to that of poplar (7%). No diffeoces between the moisture content of logs were

observed after 60 days of stacking (Table 4).

At the end of the storage period considered (188)laata processing highlighted no statistical

differences between the-forestry tree species, eli@nsize and position in the pile of logs (Table 5

Similar values were also obtained after 60 daygtafage, but in this case there was a significant
difference between the-ferestry tree species wther@oplar wood showed a higher moisture

content than the black locust (Table 6).

During the test, all logs showed similar interreahperature values to air temperature values in all
treatments tests. Initially, internal log temperatuwere about 3 °C, while at the end of the storag
period the temperatures increased to about 20 °C.

No statistical differences between values recotdethermocouples placed among the poplar logs
and values read by the weather station were ob$envather test type performed (“log diameter”
and “log position”). The same dynamics were recdndéh the black locust logs. Data processing
also showed no significant value differences betwssplar and black locust (Tables 7 and 8).
Table 7: Air temperature and internal temperatdilegs of 100 mm in diameter of different
forestry species placed at different heights inpie during whole storage period.

Poplar, with an average of 18.74 MJ*%kghowed an initial HHV higher than black locushieh

obtained only an average value of 18.04 M3.kgn the other hand, initial LHV was high for black
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locust (7.75 MJ k{) and low for poplar (7.05 MJ Kg. At the end of the storage period, no
significant variations were obtained in HHV valuesiile substantial variations were observed in
LHV values. In detail, final LHV values were similfor all forestry tree species and-treatment test
reaching an average value of 14.40 M3.Kbhis values trend highlighted an LHV increase of
approximately 100% for poplar and of 84% for bléméust. Diameter size and log position inside

the pile did not influence the final LHV values @les 9 and 10).

Table 11 shows the mean dry matter weight of logis @ifferent diameters at the beginning and at
the end of the storage period. No differences betvieitial and final values were statistically

significant for either of the-ferestry tree spediested.

4. Discussion

With regard to the initial moisture content of théferentforestry tree species tested, the values
obtained in this work are in line with another stwarried out with the same-forestry tree species
[21]. The significant difference in logwood moisturontent between the poplar and black locust in

the first 60 days of the storage period is sintitathat found by Gautam et al [34] in Ontario.

In this work, the moisture content of logs rapidbcreased in the first 30 days of storage. These
results are also comparable with the findings @ftlaer study carried out in Michigan [26], but in
contrast, the wood moisture content decreasedlfstomage period. This is probably due to the
drier climate of Italy, which makes water trandfetween wood and air easy and does not permit
remoistening of the biomass [35-36]. A similar ttemas also observed in woodchip storage where
experiments carried out in Italy [17, 21] showettdreresults in terms of wood moisture content

than-werks practices performed in northern Eur@ye3s].
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Values obtained-in during the first 20 days arelamnto those reported by Petterson and Nordfiell

[39] in Sweden during a storage forestry loggirgjdees and young tree storage in summer.

In this study, the moisture content was uniformfrimp to bottom of the piles for most of the
storage period (30—180 days). In contrast, Gingiledl [35] found that the top of the pile has a
higher moisture content, while Roser et al [40Jorégd that the wood moisture content of a pile
decreases from top to bottom. This could be atiedbto a wetter climate where the experiment was
carried out: rainfall can heavily affect biomassistiare content [41]. In contrast, in another study
was pointed out that the bottom layers of the gllewed a higher wood moisture content due to
lower ventilation and soil moisture [42]. On thesizaof this, it is possible to assert that the
environmental conditions influenced the dryinglué biomass because they interact significantly

with water evaporation and wood moisture conte8}.[4

Moreover, in this work it is pointed out that thamdeter of logwood did not interfere with wood
drying when the storage period was more than 38 bang. Also, in this case, results are similar to
those found by Gautam et al [34], although in teandy only branches with diameters higher and
lower than 40 mm were compared. In this regardjeeamust remember that the short length (2
metres) of the logs considered in this experimeay hmave facilitated the water evaporation from

wood irrespective of diameter.

No treatments tests showed any difference betwedanaperature and temperature values inside
the logs. This can be considered as an indicafidimeoabsence of biological activities inside the
logs/piles, which can be the main cause of dryenddisses [37]. In fact, in this study no dry matte
losses were observed in the whole storage perioch Storage dynamics were foreseeable because
in previous works drying logwood showed low dry teatosses (2% per year) [23] due to low

microbial activities [24].
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In this study, initial HHV values are in line withose found by Carmona et al [44]. In light of the
absence of statistical variation between initial &nal HHV values for both forestry species tested
it is possible to assert that during the storagegehe wood energy content does not change. This
values trend is similar to that observed in othgreeiments [34, 26], but in contrast with other
studies [45-46] where authors assert that the H¥viaintained only during the first 4 months and
later decreases because the biodegradation pratasges the chemical composition of the wood.
Results obtained in this work are supported byeffectively restricted microbial activity due to

fast wood drying that caused a biomass moistureeabvif lower than 20% after only 60 days [47].

In general, logwood storing was carried out veffyciently because of the biomass increasing its
LHV by between 83 and 100 % in six months respedtifor black locust and poplar. These values
were obtained irrespective of the diameters angbmitions in the pile. Similar values were found

in other works carried out with hardwood [34, 48].

5. Conclusions

The study found that the initial value of moistaoatent was different for poplar and black locust,
but at the end of the storage period the values wensidered to be similar{approximately-19%).
In addition, logs placed in different layers obtdra uniform moisture content because ground soil
and rainfall did not increase the presence of watténe bottom and top of the log pile. No
statistically significant differences were pointaat either between logs with different diameters.
Moreover, the study has pointed out that wood cbeldonsidered dried after only 60 days of
storing because the values observed in this paredimilar to those recorded after 180 days.
Similar performances were also obtained in heatalge evaluation; in fact, over six months the

low heating value can increase to 100%.
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On the basis of these considerations, it is passiassert that drying firewood logwood in
uncovered piles showed a good performance in tefm®isture content, heating values and
energy content irrespective of log diameter siz# @osition in the pile. Nevertheless, the results

obtained in this work are valid only in a dry clirealosed to southern Europe.
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Figures

Logs placed on the soil
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Fig. 1: Placement of logs during the test.
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Tables

Table 1: Experimental design for determining thtuence of logs’ diameter on wood drying

Diameter logs (n°)

(mm) Poplar Black locust
50 3 3

100 3

150 3

3

3

200
250

W w ww




1 Table 2: Experimental design for determining thtuence of logs’ position in the pile on wood

2 drying
Sampling logs (n°)
height (m) Poplar Black locust
0.0 3 3
0.5 3 3
1.0 3 3
15 3 3
2.0 3 3
2.5 3 3
3.0 3 3
3



1 Table 3: Moisture content of logwood with differ&ehéémeters during whole storage period

’ Diameter Storage days (n°)
Species i m) 1 5 10 20 30 60 120 180
50 Mean 60a 42a 35a 30a 23a 20a 19a 19a
D 0.58 152 0.58 2.00 1.00 152 152 0.58
MCR (%) - 31 43 50 61 66 68 69
100 Mean 60a 40ab 37b 32b 25b 19a 18a 18a
D 0.58 115 1.00 0.58 0.58 1.00 0.58 1.00
MCR (%) - 33 40 47 59 69 70 70
150 Mean 6la 44h 39¢c 31b 28bc 20a 19a 18a
Poplar D 1.15 1.00 1.00 1.74 152 0.58 1.00 0.58
MCR (%) - 27 36 49 54 66 69 71
200 Mean 6la 47c 41c 35¢ 3lcd 2la 19a 18a
D 1.15 1.00 152 0.58 1.00 1.00 1.00 0.58
MCR (%) - 23 32 43 49 65 69 70
250 Mean 6la 48¢c 44d 36¢ 33d 22a 20a 19a
D 0.58 0.58 0.58 0.58 1.00 1.00 152 0.58
MCR (%) - 20 27 40 46 65 68 69
50 Mean 46a 34a 30a 25a 21a 19a 18a 18a
D 0.58 0.58 115 0.58 1.00 0.58 1.00 1.00
MCR (%) - 25 34 45 54 59 61 61
100 Mean 45a 34a 3lab 27b 23b 18a 18a 18a
D 1.00 152 1.00 0.58 115 1.00 0.58 152
MCR (%) - 24 31 41 50 60 59 59
150 Mean 45a 38b 34c 30c 27c 20a 19a 18a
Black D 1.00 1.00 0.58 1.00 0.58 0.58 0.58 0.58
locust MCR (%) - 16 25 33 39 56 59 59
200 Mean 46a 42¢ 36d 33d 29cd 20a 19a 19a
D 0.58 0.58 2.08 1.00 152 0.58 0.58 1.00
MCR (%) - 9 20 28 36 53 59 59
250 Mean 46a 43c 38e 34d 30d 2la 19a 19a
D 1.00 1.00 1.00 1.15 0.58 1.00 0.58 0.58
MCR (%) - 7 17 27 34 54 59 57

2 Notes: SD = Standard Deviation; MCR = Moisture @ontReduction
Different letters indicate significariffdrences between treatments éor 0.05.



1 Table 4: Internal moisture of logs of 100 mm inrdeder of differentforestry tree species placed at

2 different heights in the pile during whole storgggiod

’ Height Storage days (n°)

Species () 1 5 10 20 30 60 120 180
0.0 Mean 6la 50a 40a 33a 26a 20a 20a 19a

D 152 152 1.15 1.00 152 0.58 1.00 0.58

MDR (%) - 17 35 46 57 66 66 69

0.5 Mean 60a 48b 37b 31b 25ab 19a 18a 18a

) 0.58 0.58 1.00 0.58 0.58 2.00 0.58 0.58

MDR (%) - 20 38 47 59 68 69 69

1.0 Mean 60a 42c 35¢ 30b 23b 19a 18a 18a

D 0.58 1.15 1.00 0.58 0.58 1.00 0.58 1.00

MDR (%) - 31 42 50 61 69 70 70

1.5 Mean 59a 41c 36bc 31b 23b 19a 18a 18a

Poplar S 1.15 0.58 0.58 0.58 1.00 1.52 0.58 0.58
MDR (%) - 30 39 47 61 67 70 71

2.0 Mean 60a 41c 35¢c 30b 24b 19a 17a 18a

D 0.58 1.00 1.00 0.58 0.58 152 0.58 0.58

MDR (%) - 31 41 49 60 68 71 70

2.5 Mean 60a 41c 34c 31b 24b 20a 18a 19a

D 0.58 1.00 0.58 1.00 0.58 1.00 0.58 0.58

MDR (%) - 32 43 49 61 67 70 69

3.0 Mean 59a 42c 34c 31b 23b 20a 19a 18a

D 0.58 1.00 0.58 0.58 1.15 1.15 0.58 1.00

MDR (%) - 29 42 47 62 67 69 70

0.0 Mean 44a 39a 32ab 26ab 23a 20a 20a 19a

D 1.15 0.58 0.58 1.00 1.15 0.58 1.15 1.00

MDR (%) - 11 28 40 48 55 54 58

0.5 Mean 45a 37b 31b 26ab 22a 18a 18a 19a

D 1.00 152 0.58 1.00 1.00 1.00 0.58 1.00

MDR (%) - 17 32 42 51 60 59 58

1.0 Mean 45a 34c 31b 27a 23a 18a 18a 18a

D 1.00 152 1.00 0.58 1.15 1.00 0.58 152

MDR (%) - 24 31 41 50 60 59 59

Black 15 Mean 44a 39%a 31b 26ab 23a 18a 18a 18a
locust D 1.52 1.00 1.00 1.52 1.15 1.52 1.00 1.00
MDR (%) - 21 29 40 48 60 59 59

2.0 Mean 45a 35bc 30b 25b 2lab 18a 17a 19a

D 0.58 1.15 1.00 1.15 0.58 1.52 0.58 1.15

MDR (%) - 22 33 45 54 60 61 58

25 Mean 44a 33c 31b 26ab 22a 18a 18a 19a

D 152 115 0.58 1.15 1.15 115 0.58 0.58

MDR (%) - 24 30 40 49 60 58 56

3.0 Mean 45a 35¢ 30b 25b 20ab 18a 19a 19a

D 115 0.58 152 0.58 0.58 0.58 115 152

MDR (%) - 22 32 45 54 59 58 58

3 Notes: SD = Standard Deviation; MCR = Moisture @ontReduction
Different letters indicate significatifferences between treatments dor 0.05.



1 Table 5: ANOVA table for diameter and position ofi$ at end of storage period (180 days)

DF SS % F-Value P-Value

Log position  Species 1 2.380 6 2.43 0.129
Position 6 7.286 19 1.24 0.314
Interaction 6 1.285 4 0.21 0.967
Residual 28 27.333 71

Log diameter  Species 1 0.592 2 0.65 0.423
Size 6 5.282 15 0.97 0.456
Interaction 4 1.764 5 0.49 0.742
Residual 30 27.000 78

2 Statistically significant interval = 0.05



1

Table 6: ANOVA table for diameter and position of$ 60 days after pile building

DF SS % F-Value P-Value
Log position  Species 1 20.024 24 11.68 0.014
Position 6 11.000 14 1.06 0.404
Interaction 6 2.809 3 0.27 0.944
Residual 28 48.000 59
Log diameter  Species 1 1.333 2 0,82 0,026
Size 6 15.750 21 1,63 0,173
Interaction 4 8.117 11 1,25 0.307
Residual 30 48.333 66

Statistically significant interval = 0.05
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Table 7: Air temperature and internal temperatdidegs of differentferestry tree species placed at

different heights in the pile during whole storgugziod

Storage (days)

Height (m) 1 5 10 20 30 60 120 180

Air mean 3.0 8.9 8.9 128 138 155 197  19.3
00  mean 2.5 8.8 83 123 133 156 200 195

D 044 026 046 0.31 0.46 0.17 0.20 0.20

05  mean 2.7 8.7 8.4 125 135 155 197 196

D 036 040 026 0.32 0.42 0.46 0.31 0.10

1.0  mean 2.9 8.8 8.5 129 132 157 197 192

D 025 038 032 0.30 0.35 0.40 0.26 0.15

Poplar 1.5  mean 3.0 9.1 8.6 9.6 134 156 199 195
D 01 042 015 552 0.47 0.06 0.12 0.26

20  mean 2.8 8.4 8.6 125 135 155 197  19.2

D 021 025 006 0.46 0.31 0.15 0.10 0.10

25  mean 2.8 8.9 8.2 126 134 157 198 191

D 020 025 010 0.30 051 0.26 0.10 0.25

3.0  mean 2.9 8.8 8.1 125 136 154 195 193

D 025 026 020 0.10 0.20 0.20 0.06 0.47

00  mean 2.4 85 8.1 124 134 155 199 195

D 015 010 040 0.59 052 0.35 0.25 0.15

05  mean 2.5 8.8 8.5 124 136 153 196 195

D 051 025 006 0.42 055 0.31 0.32 0.32

1.0  mean 2.9 8.6 8.3 127 133 154 196  19.3

D 031 055 015 0.21 0.46 0.40 0.26 0.15

Blacklocust 15 mean 2.7 8.7 8.4 9.4 134 154 197 195
D 053 042 030 5.37 0.40 0.35 0.42 0.21

20  mean 2.8 8.8 8.4 124 138 153 195 193

D 021 036 029 0.32 0.15 0.25 0.36 0.12

25  mean 2.5 8.7 8.3 125 135 154 196 191

D 036 047 025 0.28 058 0.40 0.38 0.29

3.0  mean 2.8 8.5 8.1 124 138 152 193 192

D 032 045 021 0.25 0.15 0.35 0.26 0.35

Note: SD = Standard Deviation; statistical analgsisld not detect any significant difference betwesadings taken inside the logs placed at
different heights in the pile and by the weathatigh (air); values in the table represent the ayeiof the three individual readings obtained in
three different logs for each treatment.
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Table 8: Air temperature and internal temperatddegs with different diameters and of different

forestry tree species during whole storage period

Storage (days)

diameter (mm) 1 5 10 20 30 60 120 180

Air mean 3.0 8.9 8.9 12.8 13.8 15.5 19.7 19.3
50 mean 2.7 8.7 8.5 12.6 13.6 15.4 19.8 19.3

S} 0.51 0.36 0.52 0.40 0.15 0.46 0.35 0.12

100 mean 2.9 8.6 8.3 12.8 31.3 15.6 19.5 19.4

D 0.32 0.25 0.23 0.40 0.46 052 0.31 0.32

Poplar 150 mean 2.8 8.7 8.8 12.8 13.4 15.4 19.6 19.1
S} 0.17 0.44 0.42 0.38 0.47 0.40 0.49 0.25

200 mean 2.9 8.8 8.7 12.8 135 15.7 19.6 19.3

S} 0.38 0.57 0.15 0.52 0.36 0.06 0.53 0.40

250 mean 2.6 8.9 8.7 12.7 13.4 15.7 19.5 19.4

D 0.35 0.25 0.21 0.59 053 021 0.32 021

50 mean 2.9 8.6 8.2 12.5 13.7 15.4 19.8 19.3

D 0.30 0.15 0.46 0.45 0.35 0.38 0.36 0.15

100 mean 2.7 8.7 8.4 12.6 134 15.1 195 19.3

S} 0.53 0.12 0.12 0.44 0.59 0.12 0.06 0.25

Black locust 150 mean 2.8 08.8 8.2 12.6 135 15.2 19.8 19.3
S} 0.23 0.57 0.12 0.06 0.55 0.16 0.23 0.15

200 mean 2.8 8.7 8.5 9.5 137 155 195 19.4

S} 0.58 0.25 0.32 0.54 0.12 0.46 0.44 0.31

250 mean 2.6 9.1 8.3 12.5 13.6 15.5 19.3 19.4

D 0.06 0.15 0.25 0.45 0.35 0.45 0.32 0.23

Note: SD = Standard Deviation; statistical analgsisld not detect any significant difference betwesadings taken inside the logs with different
diameters and by the weather station (air); valudise table represent the average of the threeiéhdl readings obtained in three different
logs for each treatment.
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Table 9: Initial and final values of HHV and LHV lafgs of different sizes and-ferestry tree species

Diameter Initial values (MJ kd) Final values (MJ kd)
(mm) HHV LHV HHV LHV
50 18.69a 7.05a 18.65a 14.49a
100 18.72a 7.06a 18.74a 14.21a
Poplar 150 18.83a 7.02a 18.76a 14.32a
200 18.65a 7.07a 18.61a 14.31a
250 18.68a 7.09a 18.51a 14.28a
50 18.05b 7.83b 18.06b 14.48a
100 17.98b 7.84b 18.01b 14.26a
Black locust 150 18.12b 7.89b 17.97b 14.72a
200 18.09b 7.93b 18.04b 14.36a
250 18.01b 7.85b 18.06b 14.44a

Notes: HHV = Higher Heating Value; LHV = Lower Heag Value
Values in the table represent the average of tiee tindividual readings obtained in three differéogs for each treatment; different letters
indicate significant differences between treatmémts = 0.05.
No statistical differences were obtained betweéialiHHV value and final HHV value referring todrsame-forestry tree species.



2 Table 10: Initial and final values of HHV and LHY logs of differentferestry tree species placed

3 in different layers in the pile

Height from ground _ Initial values (MJ kg) Final values (MJ kd)
(m) HHV LAV HHV LAV
0.0 18.72a 7.06a 18.72a 14.42a
0.5 18.69a 6.99a 18.62a 14.39a
1.0 18.82a 6.98a 18.82a 14.23a
Poplar 15 18.74a 7.01a 18.71a 14.24a
2.0 18.78a 7.08a 18.76a 14.34a
2.5 18.83a 7.05a 18.79a 14.47a
3.0 18.78a 7.07a 18.73a 14.33a
0.0 18.03b 7.75b 18.08b 14.54a
0.5 18.05b 7.54b 18.06b 14.36a
1.0 18.10b 7.62b 18.02b 14.41a
Black locust 1.5 17.97b 7.91b 18.01b 14.39a
2.0 18.08b 7.41b 18.06b 14.45a
2.5 17.98b 7.65b 18.04b 14.56a
3.0 18.05b 7.39b 18.09b 14.57a

Notes: HHV = Higher Heating Value; LHV = Lower Hewa Value
Values in the table represent the average of tiee tindividual readings obtained in three differéogs for each treatment; different letters
indicate significant differences between treatmémts. = 0.05.
No statistical differences were obtained betweéialiHHV value and final value HHV referring todrsame-forestry tree species.
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1  Table 11: Dry matter at the beginning and at the @frthe storage period

Diameter Dry matter (kg) p-Value
(mm) Beginning End
50 1.69 1.64 0.932
100 6.79 6.83 0.901
Poplar 150 14.11 14.23 0.898
200 27.31 27.25 0.941
250 41.23 41.05 0.902
50 2.42 2.26 0.889
100 11.08 11.21 0.884
Black locust 150 22.98 22.57 0.912
200 42.12 41.95 0.956
250 61.51 61.41 0.945




