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Investigations about the impact of norms of the fertilises and
cultivars upon the crop capacity biomass of industrial hemp

A. Adamovics, Slvanovs and V.Stramkale

Latvia University of Agriculture, Liela iela 2, L8001 Jelgava, Latvia
"Correspondenceemjons@apollovl

Abstract. Field trials were carried out in 2012014, on the Research and Study Farm
6PUterlauki 6 of the Latvia Univer siQagnabisf Agr
sativaL.)T6 Bi al obr zeski ed, O6Fut urdéBermbidok o &,F edFoerai mor
326, O6Epsilon 686, O6Tygrab6, O6Woj kod wld O6Uso
P 52mgkg?, K 128 mg kg, the organic matter contentiZb g kg?). The total seeding rate was

50kg ha'. The plots were feriited as follows: NL20, BOs- 90, KO- 150kg ha'. Hemp was

sown in the middle of May, in 104plots, triplicate. Hemp was harvested when the first matured

seeds appeared. The biometrical indices, the height and stem diameter, the harvesting time, the
amount of fresh and dry biomass and the fibre content were evaluated.

Yield of dry matter on average comprised 1506, depending on the cultivars. Cultivation

year and cultivar notably affected hemp biomass yield. In 2012, the highest yield of dasbiom

was produced from cul th vamd & TFwubabatiee lopesid. § 2 1 .
from 06Bi al obthabe Signifioardly highed average yield of dry biomass was
obtained from cul tthah)a,r sé ToyFduttaidr ,a( 6788008 ki(bddy . (7165 . -
and OEpsi | oha?),ahedowestl 6 BR &1 obr zeskied tha\d béUso
Meteorological conditions influenced the dry biomass yield.

The aim of this study was find productive cultivar of industrial he@gnfiabis sativd..) and

clarify nitrogen fertiliser rates impact for biomass production in Latvia.

Key words: Cannabis sativacultivars, biomass, fertilizers.

INTRODUCTION

Industrial hempCannabis sativd..) is a traditional industrial crop in manygiens
of Europe and of the World. For many centuries hemp has been cultivated as a source of
strong stem fibre and seed oil (Ehrensing, 1998). The cultivation of industrial hemp in
Europe declined in the 19th century, but recently an interest has beevedeime
Germany, France, the Netherland, the United Kingdom, Spain, Italy, and also elsewhere
in the world (Struik et al., 2000). Nowadays, industrial hemp has become very important
as a crop for biomass production. Environmental concern and recent shaftagmd
fibre have renewed an interest about hemp as a raw material for a wide range of industrial
products including textiles, paper, and composite wood products (Ehrensing, 1998).
Hemp is fasgrowing and suitable for Latvia's agebmate conditionsinterest for
possibilities of hemp growing in Latvia is increasing year by year (lvanovs et al., 2015).
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The hemp is considered to be one of the most promising renewable biomass sources
to replace nomenewable natural resources for manufacturing of widgeaaf industrial
products also in Latvia (Adamovics et al., 2012; lvanovs et al., 2014; Lekavicius et al.,
2015).

Nitrogen is the element that is most widely used in agriculture and it is the most
important element for limiting the plant growth and depetent (MasclawbDaubresse,
2010). Nitrogen fertilisation is an important environmental concern. Application of
nitrogentbased fertilisers has proven very effective for increasing yields, but at the same
time these fertilisers may be detrimental to the gbalustainable agriculture and may
raise the amount of nitrogen in ground water and surface water downstream of the
farmland, contributing to the degradation of aquatic ecosystems (Erisman, 2011).
Therefore, today the definition of fertiliser applicatioates is one of the major
challenges that the environmentally conscious hemp growers are facing.

Industrial hemp’s need for nitrogen is high, especially during the vegetative growth
period, and it should be available in the soil in sufficient quantita fyood growth and
development (Ehrensing, 1998). Additional fertilisation of nitrogen stimulates hemp
plant growth in field conditions (Amaducci et al., 2002; Amaducci et al., 2012). A lack
of nitrogen will result in a lower yield because steps of growithbe missed and
therefore will reduce the efficiency of radiation use (Struik et al., 2000). In the literature,
it was found that hemp fertilisation methodology varies in different countries according
to the existing soil and climatic conditions. For mxgde, in the United States quoted
nitrogen fertilisation rate is about & ha?, while in EU countries nitrogen fertilisation
rates vary between #200kg ha® depending on soil composition (Ehrensing, 1998).
Recommendations for hemp breeding developdfld are not considered to be suitable
for Latvian climate and soil conditions. In Latvia, the recommendations for suitable
nitrogen fertiliser rates for hemp breeding are not developed. Hemp is a contamination
free crop. At proper equipment support r@atrepreneurs can profitably use all the parts
oftheplants f i br e, sheave, | eaves, seeds. Hemp

The aim of this study was find productive variety of industrial he@gn(abis
satival.) and clarify nitrogen fertiliser ratdmpact for better biomass production in
Latvia.

MATERIALS AND METHODS

Field trials were carried out in 2012014, on the Research and Study Farm

6PUterl auki 6 (56A53 N, 23A71 E) that is
Agriculture (Fig. 1). Eleven cultivars of industrial henfpainabis sativa..) cultivars
i 6Bi al obbEaskiad, 75606, OFedora 176, 6Sant

6Fel ina326, OEpsilon 686, 6Tygrad, o6Woj ki
soil (pHci 6.7, containing available P 58gkg?, K 128mgkg?, the organic matter
content in the soilrfbm 21 to 259 kg™). The total seeding norm was k@ ha'or average
250 germinated seeds per £.rn the field rotation, industrial hemp followed the
previous crop spring barley.

The plots with hemp cultivars were fertilised as follows120, BOs-90, K>O-
150kg ha. I ndustrial hemp cultivars OFutura
under seven different nitrogen fertiliser application rates: contMOIPOKO; background
fertiliser (next in text marked as F) P80K112; F+N30; F+N60; F+N9F+N120;
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F+N150; F+N18kg ha'. Hemp was sown by usiyintersteigeiplot sowing machine
in the middle of May, in 10n? plots, triplicate. Hemp was harvested by a small mower
OMFO06 when first matured seeds appeared.

Field trials of hemp in Research and Study
farm ‘Péterlanki’, Latvia University of
Agriculture

Figure 1. Hemp field tests in spng and in autumn.

Biometrical indices of the hemp seedlings, height and stem diameter in the middle
thereof at harvesting time, amount of fresh and dry biomass, and fibre content were
evaluated.

The parameters of meteorological conditions (the meanmipte r at ur e, AC
rainfall, mm) were recorded by the weather station located on the trial field. In the years
2012 2014, the period for hemp seed emergence was favourable, but in 2013 there was
a lack of precipitation (thestten-day period of June) (Fi@). In 2006, the drought and
the warm weather were recorded in June, July, while in 2014 this period was much more
abundant in rainfall. The rainfall in June and July is important as it strongly influences
the yield. The mean air temperature in August wexy similar in all the years, but the
amount of rainfall differed markedly in 2014 it was twice as high as the |etegm
average, and in 2013 it was approximately twice as low as thedomgaverage. In
September and thé'tenday period of Octobehe weather was still warm, later on it
became cooler. In the hemp dew retting period the weather was quite dry (not favourable)
in all the years.
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Total height of hemp stalk was measured from the soil surface to the tip of plant.
No pesticides like inséicides, herbicides, desiccants were used. The yield of fresh and
dry biomass was evaluated at hemp harvesting time.
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Figure 2. Meteorological conditions during vegetation periood.

Hemp stalk samples from each plot were taken and dried. Before swetng
retting, the technical stalk part from the hemp stalks was prepared (cutting away the top
part of the plant containing panicle and leaves). The hemp stalk samples (average 2kg
per cultivars) was dew retting the grassland fb8 #veeks; then the drstraw was
weighed and broken by a seldnstructed tool (FigB).

Figure 3. An aggregate of selfonstructed tools for the production of fibre from the hemp stalks.
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The obtained material was shaken manually until the sheaves were withdrawn. The
obtaned fibre was weighed and the fibre content in the straw was calculated by the
formula:

F. =W, 100/W, (1)

where:F¢1 the fibre content in the stalks, % i the weight of the obtaineflbre, g;
Wsi the weight of the technical stalk, g.

Themain task of research was to evaluate the biomass potential of industrial hemp
cultivar OFutura 7506 under different nit
hemp biomass was calculated according to the data of fresh biomass and its moisture
content at harvesting in study years. The experimental data were subjected to ANOVA
analysis.

RESULTS AND DISCUSSION

Industrial hemp biomass depends on the applied cultivar, fertiliser rates and
meteorological conditions during the growing period (Ehrensl998; Jankauskiene &
Gruzdeviene, 2010; Ivanovs et al., 2014). Hemp grows better when an average daily
temperature varies betweenALZ armdC. 271t requires abundan:
the growing season, particularly during the first six weekgroivth (Ehrensing, 1998;
Jankauskiene & Gruzdeviene, 2013).

Yield of hemp dry matter acquired within the field trials under adjrnatic
conditions of Latvia on average comprised 15.06 (12328t ha'), depending on the
cultivar. Cultivation year andelected cultivar notably affected hemp biomass yield
(Tablel). The lowest fluctuations in the yields during the years of experiments were
observed for the sort OFutura756.

Table 1. Biomass yield from different industrial hemp cultivars, 20A@214

Dry biomass, t h&
Hemp \ariety (R) Years (f)

2012 2013 2014 Average

Bialobrzeskie 11.95 12.91 15.56 13.47
Futura 75 21.33 17.14 14.81 17.76
Fedora 17 18.23 13.32 12.78 14.78
Santhica 27 17.39 11.57 13.47 14.14
Beniko 19.27 13.30 11.96 14.84
Ferimm 18.59 13.09 12.93 14.87
Epsilon 68 12.89 18.47 14.47 15.28
Tygra 20.87 14.66 13.40 16.31
Wojko 19.91 14.83 11.79 15.51
Uso 31 17.38 11,40 11.98 13.59
Average 17.78 14.07 13.32 15.06
LSD(Fa) o,05variety 3.15

LSD(Fg) o,0syear 1.92

LSD(FAB) o,osinteraction 4.03
between variety and year
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In 2012, the highest yield of dry biom
(21.33thal) and o T ythat),avbile theldvesBf7r om cul ti var OBi
(11.95t ha?). Significantly higher eerage yield of dry biomass was obtained from
6Fut ur a thad)d, (O61T7y.grtBap, ( @ Wo B Rl @hF. DEpsi | c
(15.28t ha?), whereas the lowest f r om cul ti var s 6Bi al obr z
(13.53t ha?). Meteorological condibns influenced total volume of the dry biomass
yield.

Hemp use is economically important for production of fiber and sheaves. Studies
showed that the content of them depends on the choice of cultivars, fertiliser, seed norm
and growing conditions. Depemdj on the growing method, the fiber content in sod
calcareous soil varied from 29.8 to 45.6% of dry matter yield.

14
12
10

Yield, t ha !
o N OB Oy 0
I

e LA o N 2 o YV N
A S N ¥ o > RN > )
(‘f?’c’ Ao X R %60\ 911\6\ & <« \xko\ &
& K\;:b <2 \.{\\"’b < _\\0(\ <2
RGN L &
o) < N c:rb &

H fiber @shives
Figure 4. The yield of fibers and shives for hemp cultivars.

An average vyield of fibre from the hemp cultivars was 4188'. A higheryield
during the testing yeariss.lavkes 6 Bi amoib hee <k
5.67tha'and 0 S a iig.58tiha’ &ig.2)7 e nitrogen mineral fertiliser had a
positive effect on the dry matter yield of hemp. This ensured also aofiélite. At a
minimal rate of the nitrogen fertiliser F+N30 kg'tae average yield of fibre for the
cultivar 'Futura75' was 4.2%a’. In contrast to the unfertilised variants NOPOKO, the
average increase in the fibre yield constituted 0I&%, or 25.7%. Increase in the
fertiliser rate to F+N150 kg Hansured a fibre yield 6.1%ha'. The increase constituted
2.72t hal, or 80.5%. Further increase in the fertiliser rates reduced a little the yield of
fibre and sheaves (Fig).

For biomass mduction, it is important to know the optimal plant density for
sowing. Under the conditions of elevated plant density and the consequential
interspecific competition, a part of the plants dies, the other stops growing, and only the
remainder, that growsonmally, contributes to the final product (Amaducci et al., 2012).

In 2012, the established plant density after full emergence varied between
223 269 plants M. The highest (g 0.05) plant density was found in the plots where
additional N fertiliser rat was not used (NOPOK®59 plants mi) and in the plots where
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fertiliser N60 rate was used (F+NB@62 plants m). The significant (< 0.05) lowest
plant density was found where fertiliser rate N90 was used (F#24Q plants ).

14
- 12 o e
@ 10
+ 8
Ee]
@ b6
> 1
N N R
0
) N\ O O 9 \) Q )
qur SN A
S Q}Q\Q« & & & & & &
Q

m fiber @ shives
Figure 5. Theyield of fibre and sheaves for cultivar 'Futura75', depending on fertiliser rates.

During vegetation period, the plant density decreases. At harvesting time, the
highest plant density was found under N60 fertiliser rate (239 plaf)tsnt the lowest
T under N180 fertiliser rate (212 plants’mSome authors report that plant biomass
yield decreases nesignificantly if density is low (about 390 plants n¥), while at high
density (180270 plants ni) about 5060% of the initial stand was lost. In t¢her
literature sources, it was found that nitrogen caused high industrial hemp plant mortality,
probably due to competitive effects in the initial phase of the cycle (Amaducci et al.,
2012; Ilvanovs et al., 2015). Considering the average results, theniodl of different
nitrogen fertiliser rates on the biomass decrease was modest argigmifinant
(p>0. 05) . On t he aver ag &2014dpariod, theghigleest pldnt e e
density was found in the plots where additional N fertiliser rate wea used (NOPOKO
T 380 plants m), but the lowest plant density was found where fertiliser rates N150 and
N180 were used (150 plantsnOn the average, the reduction in the density of fully
emerged plants varied betweeni@.8.6% in the trial year. &vertheless, the survived
plants showed a high growth intensity and produced a sufficiently high biomass yield.

Industrial hemp stalk length was significantly<}0.05) influenced by the applied
nitrogen fertiliser rate and cultivars. According to theeggch results, the plant height
gradually increases with increasing N fertiliser rate, compared with the control
(NOPOKO0), but this growth increase varies between tested cultivars. The highest stalk
| ength was observed fobrzéeéiekicad ti ¥@ant Hiud
nitrogen fertiliser rates, compared with other tested cultivars.

The highest stalk length (318 cm) was reached under the nitrogen fertiliser rate
F + N150 on the 138 growing day since sowing. The stalk length of othigarsiunder
the same nitrogen fertiliser rate was lower, cultivars 'Tygra' and 'Wojko25®'
centimetres (Figo).
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Figure 6. Average hemp stalk length, cm.

Analysed the relationships between hemp stalk length and biomass yield, we found
out a sigriicant (p< 0.05) close linear positive correlation<0.83; n=24) and it is
reflected in the regression equation

y=0.087- 8.76], )

In 2013, we found out a significant (p<0.05) linear positive correlatierD(b3;
n = 24) what is reflecteth the regression equation:

y=0.217X- 49461 (3)

Here we can conclude that hemp biomass yield depends not only on the nitrogen
fertiliser rate, but also on such factors as plant density, meteorological conditions and
other investigated factors tHaave not been studied.

The nitrogen fertiliser rate effect on the dry matter yield was significan0(f5)
for all years.

CONCLUSIONS

All explored hemp cultivars are productive and provide high biomass yield in
Latvian agroclimatic conditions. The ¢ul var s &6 Futura 756, 0Ty
6Santhica 276 were the most productive.

The nitrogen fertiliser rate effect was significan&(p.05) for biomass production.

The lowest dry matter yield was observed under NOPOKO fertiliser rate, but tlesthigh
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dry matter yield was obtained using F+N150 kg.H&hen N rate was increased up to
180 kg ha, the decrease of hemp fresh biomass and dry matter yield was observed.
Hemp biomass depends on stalk length. There were positive linear correlations found
for proof of this effect.
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Biogas potential from animal waste of Marmara Regionl urkey
A. Ayhan

University of Uludag, Faculty of Agriculture, Department of Biosystems Engineering,
TR16059 Ni | ¢f er , -Ralaman@uiudeg.ddety ; e

Abstract. The purpose of this study was to detare the biogas production capacity from animal

wastes in Marmara region of Turkéyr the years 200%2014. The wastes from the cattle and hen

in the region were considered the resource for biogas production taking the number of animals
and the collectabily of the wastes into the account. Three scenarios were evaluated to estimate

the biogas capacity by assuming that 100% (theoretical potential), 50%, and 25% of the total
animal waste could be used for biogas production in the region. For theoretiea prodguction

from cattle wastes, the greatest potenti al i
with 145.53Mm8, foll owed by ¢anakkal e, Bur s a, Sakar)
had the highest biogas potential in 2014 from tbeltpy waste, too, followed by Sakarya,

Kocaeli, Bursa, and other seven provinces. Biogas potential (100%) of Marmara region increased

by 15% from 2005 to 2014 with 1,242 .Mm3in 2014. The heat and electrical energy equivalents

of the biogas were found be 7,453.0%Wh and 2,608.56Wh, respectively. In the other two
scenarios, depending on the utilization rate of theoretical biogas potential: biogas amount, heat
and electric power values were determined proportionally.

Key words: Renewable energy, djas, animal waste, Marmara region.
INTRODUCTION

According to International Energy Agency (2013), energy supply of the country
was provided mainly by natural gas, coal, oil, hydro, biofuels/waste and
geothermal/solar/wind with 32.4%, 28%, 27.3%, 4.492%and 3.6%, respectively
(IEA, 2015a).

Total energy consumption of Turkey in 2015 was 83,633 ktoe (kilo ton of all
equivalent) and natural gas was responsible for 56% of the total energy used in the
country, followed by electrical energy with 27%, andsdiguel with 17% (Republic of
Turkey ministry of energy and natural resources, 2015a, 2015b). The total electrical
energy production was 259,69@3Vh while the consumption was 264,136.8 GWh in
2015 (TETC, 2016). Clearly, Turkey has an energy marketigr@ggpendent on fossil
energy sources. The instability of the costs of these sources and their environmental
effects make renewable energy sources more preferable.

The fossil fuels received subsidies/incentives about 550 billion USD in 2013, four
times grater than renewable energy incentives (IEA, 2015a). Despite the slow progress
in Turkey, the interest and the investments in renewable energy keeps increasing. In the
last decade, biogas, liquid biofuels, geothermal, solar, thermal, and wind energy
producton increased in Turkey. The greatest rises occurred in wind energy production
with 7,557 GWh and biogas energy production with 8,511 TJ, respectively (IEA, 2015b).
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Cooperatives and the agricultural industry show particular interest in biogas
utilization in Turkey since storage and discharge of animal waste is one of the most
important problems of agricultural enterprises (Dena, 2015). Another reason of interest
to biogas is that agricultural industry is faced with high energy costs.

Biogas is renewable ergy resource generated by digestion under anaerobic
conditions as a result of conversion of organic wastes by the use of microorganisms, and
primarily composed of methane and carbon dioxide. It is mostly used to generate
electricity and heat both for urbamd rural areas (Alfet al., 2014Li et al., 2014;
Oleszeket al., 2014Yingjiane t al ., Z2(0all, 2015). [ThelanintBwastes are
deposited and energy costs are reduced by producing biogas in the agricultural
enterprises.

A research projeatvas undertaken to determine the biogas potential of Turkey in
2011 (DBZF, 2011). Studies were also conducted focusing on specific regions and
provinces for different feedstocks to be used for biogas production in Turkey (Ediger &
Kentel, 1999; Evrendilek & r t e ki n , 200 3; Demir el et al .
Ulusoye t al ., 20009; DBZF, 2011; Al t ékat & ¢
Avcéeojlu & T¢rker, 2012; Ko-er & Kurt, 20
Previous studies shod¢hat the most appropriate feedstock are animal wastes for biogas
production for Turkey in terms of costs and management aspects.

The aim of this study was to determine the biogas potential from animal wastes of
Marmara region, Turkey by analysing theerent data from 2005 to 2014. The cattle
and hen wastes were considered the resource for biogas production taking the number of
animals and the collectability of the wastes into the account.

MATERIALS AND METHODS

Marmara Region is situated on the Noifest part of Turkey with a surface areas

of 67,000 kmj, corresponding to 8.5% of t
and agriculture are strong in the region. About 30% of the land is arable and 11.5% is

forestry. The region consists of 11 pro nces ( Bal ékesir, Bil ec
Edirne, Kstanbul , Kerklarel i, Kocael i, R

region in energy consumption in the country (Wikipedia, 2015).

The numbers of cattle and hens in Marmara region of Turkiéneiperiod of 2005
2014 were obtained from Turkish Statistical Institute (TSI, 2015). Amount of daily
produced manure varies according to animal species. Furthermore, length of stay in the
shelter affects amount of collectable manure. While the manurebeaalmost
completely collected in poultry depending on the length of stay in the shelter, amount of
collectible manure is lower in feeder cattle, sheep and goats. In this study, the cattle were
classified as calf and mature animal, according to the T&l datl the corresponding
manure weights were determined based on this age classification. Length of stay in the
shelter for cattle was taken as 100% as the relatively larger enterprises are concentrated
in western part of Turkey and the animals are keghiglters rather than grazing in
pastures. Length of stay in the shelter of some animals and solid matter contents of
manures are presented in Table 1. In calculations, mean live weights were taken as
500kg forcattleand® g f or hens (Al -i1980K; & ADe miaky | 4
2006 ; Ko-er et al ., 2006 ; EIli -in et al . |
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Table 1. Time spent ratio in the shelter asolid matter content of the organic waste from various
animals (Alibakal 199@018ki DB8EZF, ; 2 & ktlak, 2P06ay a &
Ak teaat.,2015)

Animal type Time spent in the shelter (%) Solid matter content (%)
Mature cattle 100.00 15.00
Calf 100.00 15.00
Meat hen 99.00 40.00
Egg hen 99.00 40.00
Turkey 68.00 25.00
Sheep, Goat 13.00 25.00
Horse 29.0 20.00

The following equations were used to calculate the amount of biogas and its energy
value. The total amount of manure that can be produced by the animals per day was
determined by equation 1.

0 0 Y (1)

whered is obtanable daily total manure per head (kgy head}), 0 is wet based

daily total manure per head (kday head}), and"Y is the length of stay in the shelter

of animals (%). The amount of biogas that can be produced from the manure was
obtainedusing equation 2.

6 0 0 6 ™M@ (2)

whered is annual amount of biogas i), 0 is livestock population (number), and

0 is biogas coefficient which was determined by animal type and biogas amount in
mtL.Dry matter contents for cattll6%anthd he
040%, respectively. Manure of hen has significantly higher biogas potential than cattle
manure due to better feedstock qualities such as dry matter and protein dsktiahit(

& Dikici, 2004; Kaya et al., 2009; FNR, 200;ay a & ¥ z)t Eguation 3 wad 1 2
used to calculate the calorific energy value of biogas.

6 o6 0o (3)

where 0 is equivalent calorific energy value of biogas (MJ) andis calorific
coefficient which was determined by the rate of methane in the biogasT{MJ
Although calorific value of biogas varies according to its methane content, it is
approximately 2027MJm3 ( Al i baxk, 1996 ; Banks, 20009;
G¢ mé K- ¢ & 200y Brost & Gilkinson, 20l0Kay a & ¥z tFMr k, 2
Bioenergy, 2013).

Equivalent electrical energy varies according to methane content of biogas and
electrical conversion efficiency (Banks, 2009; Astals & Mata, 20BZF, 2011; Kaya
& ¥zt ¢r 8C, 2212)118 this study, methane content and electrical conversion
efficiency values were assumed to be 60% and 35%, respectively. The equivalent
electrical energy value of biogas was determined using equation 4.

6 o6 0 4)
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whered is equivalent electrical energy value of biogas (K\dndo is electrical
coefficient determined by the rate of methane in the biogas and conversion efficiency to
electricity (kWh m3).

Usually, the theoretal potential is reported in biogas potential determination
studies. However, it is unlikely to use all of the theoretical potential in practice due to
other uses of the animal waste in agricultural production, handling and logistics problems
of the wasts, cultural preferences, etc. It might be more realistic to assume that the
theoretical biogas potential can be utilized only partially. Therefore, in this study, three
different scenarios were considered for biogas utilization in the evaluations: 100%
(theoretical potential), 50%, and 25% use of theoretical potential of animal waste.

RESULTS AND DISCUSSION

According to TSI data, number of mature cattle, calves and eggrh&fermara
region increased 39%, 98%, and 46%, respectively in 2014 compare®3o Tk
changes in the animal populations in the region are given inlFagel 2. Based on
Fig. 1, both the mature cattle and calf populations kept increasing steadily from 2005 to
2013 with some reduction in 2014.
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g - 400000 8
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E L 300,000
®
= 4 000,000

U0, / L 250,000

900,000 ; ; ‘ ; ; ‘ . ; . 200,000

2005 2006 2007 2008 2000 2010 2011 2012 2013 2014
Year
—NMature cattle Calf

Figure 1. The change in cattle poilon in Marmara Region from 2005 to 2014.

Although the number of meat hens look similar in 2005 and 2014, there were
extreme variations in the number of meat hens from 2005 to 2007, and then 2007 to
2009. Therefore, yearly variations in hen productiausthhave serious implications in
terms of accessibility to the manure when the number of hens decreases sharply as shown
in Fig. 2. The production reduced further for meat hens until 2011, followed by small
recovery since then. Egg hen production, orother hand, has been increasing at a fast
rate since 2010.
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Figure 2. The change in hen population in Marmara Region between 2005 and 2014.

Bal ekesir, Edirne, and Bursa were the
2005, producing 35% of thetad mature cattle in the region. The three provinces with
the lowest mature cattle population were Yalova, Bursa and Kocaeli. Total number was
about 81,000 cattle in these three provinces which was less than that of Bursa province.
The three provinces with he hi ghes't number of ani mal

tanakkale and Bur sa, respectivel y. Whi | e
numbers were the same as 2005, the third
2014.

Bal ékesir halsf trhep uhliagthiessnt icn 2005 and
were the other provinces for the highest calf population in 2005 and 2014. These three
provinces produced more than half of the calf population in the region in 2014 with
Bal eékesir 31%, nBukahel2%%». andYalava, Bil e
lowest calf population between 2005 and 2014.

According to TSI data, meat hen population in the Marmara region decreased about
2 million in 2014 compared to 2005. However the highest first three pro\iKoeaeli,

Sakarya and Bal ékesir) increased approxi
The | owest provinces were Yalova, Ker kIl ar
number of hens in 2014, followed by Yal o

Inegghenprodut i on, the greatest share bel ong

in both 2005 and 2014 while Yalova, Bilecik and Edirne had the smallest share. In
general, number of egg hens in Marmara region increased by five million during the ten
year s6 t 05moe201h,r om 20
The obtainable manure calculated based onlEmnd numbers of mature cattle,

calf, and egg and meat hen were given in Table 2. Although the number of animals
increased 4%, the manure production increased 31.7% from 2005 to 2014. This rise
resuted from greater number of cattle and egg hens in this period. As a result, manure
production was more than 25 Mt in the region in 2014, 72% of which was produced from
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manure cattle, 18%, 7% and 3% from meat hen manure, calf manure, and egg hen
manure,

Table 2. Total manure production levels in Marmara region between 2005 and 2014

repectively.

Total Manure Production (t)

Year Mature cattle Calf Meat hen Egg hen

2005 13,098,485.81 897,607.93 4,698,148.65 504,527.13
2006 13,526,165.44 1,036,844.77 5,63,867.45 453,526.32
2007 14,541,271.50 1,128,627.45 6,767,244.43 604,413.04
2008 14,954,250.75 1,234,271.37 5,662,799.62 507,397.61
2009 15,350,011.13 1,316,769.77 3,842,423.42 501,415.63
2010 15,755,544,38 1,480,256.92 3,899,226.85 510,389.28
2011 16,767,173.81 1,625,985.21 3,658,991.80 616,432.79
2012 18,073,262.44 1,718,316.85 3,912,185.88 673,491.74
2013 18,759,485.25 1,838,659.18 4,098,879.28 660,175.09
2014 18,207,961.13 1,772,372.26 4,565,818.42 738,912.21

Calculated theoretical biogas potial of each province for the animal types studied
was given for 2005 and 2014 in TaBleAs expected from animal manure potentials,
Bal ékesir had the highest biogas potenti
were the other provinces for higlobas potentials in 2005. In 2014, Bursa was the third
| arge potential after Bal ékesir and Saka

Table 3. Theoretical biogas potential of the eleven provinces in 2005 and 2014
Theoretical Biogas Potential (Min

2005 2014
Province Cattle Hen Cattle Hen
Bal eke 84.82 166.65 145.53 288.36
Bilecik 10.11 18.82 10.68 11.40
Bursa 40.01 40.91 52.68 73.86
¢anakk 3591 110.76 56.99 48.20
Edirne 41.30 1.86 4453 1.95
Kstanb 1871 7.85 20.91 12.42
Ker kl a 26.32 2.23 42.49 2.22
Kocaeli 17.44 207.24 31.71 75.67
Sakarya 36.47 168.14 50.33 223.49
Tekird 36.34 3.29 40.52 478
Yalova 2.48 0.64 3.13 0.31
Total 349.90 728.37 499,51 742.66

The greatest increase in biogas production from 2005 to 2014 took place in
Bal ékesir pr oMnduetehiglievellof intr&aes i 2oth cattle and hen
manure. Balikesir itself could provide almost one third of the biogas potential of
Marmara Region in 2014. The increases in the biogas potential were high also in
Ker kl ar el i and B6.38%,aespectively. S&ibus eduébonaould be
seen in biogas production in Kocaeli (TaBl¢ . ¢anakkal e and Bi l
decreases in this period. All provinces, except three of them, increased the biogas
potential from 2005 to 2014.

e C
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While Bal ékesir l ead the biogas producti
province also had high biogas potenti al
foll owed by ¢anakkale despite the reduct |

Farm structure, storage capabilittesthe animal wastes, and transportation might
affect the utilization ratio from animal waste for biogas production. Biogas potential,
calorific energy and electrical energy values of Marmara region between 2005 and 2014
were shown in Tablé.

Table 4. Biogas, calorific energy and electrical energy potential of Marmara region betweén 2005
2014 based on 100, 50, and 25% use of the total manure

Biogas Potential Calorific Energy of Biogas Electrical Energy of
(Mm3) (GWh) Biogas (GWh)
Year 100% 50% 25% 100% 50% 25% 100% 50% 25%

2005 1,078.28 539.14 269.57 6,469.66 3,234.83 1,617.42 2,264.3i 1,132.1! 566.10
2006 1,215.89 607.95 303.97 729534 3,647.67 1,823.84 2,553.3" 1,276.6! 638.34
2007 1,423.78 711.89 355.94 8542.68 4,271.34 2,135.67 2,989.9: 1,49497 747.48
2008 1,268.54 634.27 317.14 7611.24 3,805.62 1,902.81 2,663.9- 1,331.9" 665.98
2009 1,024.81 51240 256.20 6,148.84 3,074.42 1,537.21 2,152.0! 1,076.0! 538.02
2010 1,048.24 524.12 262.06 6,289.45 3,144.72 1,572.36 2,201.3: 1,100.6! 550.33
2011 1,058.39 529.19 264.60 6,350.33 3,175.17 1,587.58 2,222.6. 1,111.3. 555.65
2012 1,136.78 568.39 284.20 6,820.71 3,410.35 1,705.18 2,387.2! 1,193.6: 596.81
2013 1,181.22 590.61 295.31 7,087.33 3,543.66 1,771.83 2,480.5! 1,240.2{ 620.14
2014 1,242.17 621.09 310.54 7,453.02 3,726.51 1,863.26 2,608.5 1,304.2{ 652,14

Analysis of biogas production potential from animal waste in Marmara region
showed that despite the fluctuations in hen production, the total manure production in
Marmara region increasetbfn 2005 to 2015. Biogas potential increased in the region
significantly in 2006 and 2007. In 2007, theoretical biogas potential increased 32%
compared to 2005 with 1,423.%8n3. Then the biogas capacity reduced as a result of
sharp drop in the number oéihs in 2008 and 2009. However, the number of cattle was
not adversely affected. A trend with gradual increase was observed in the number of
hens and cattle since 2010. Biogas potential in 2014 increased %15 compared to 2005
with 1,242.17Mm?3. Biogas potermdls in 2014 were 621.09m? and 310.5Mm? if
50% and 25% of the theoretical potential could be used, respectively.

Calorific energy value in 2005 was 6,469®%/h and increased to 7,453.G2Vh
in 2014. Proportional to the increase in calorific energyeatlectrical energy potential
of 2005 (2,264.3&Wh) increased (2,608.56 GWhin 2014 (Tablet). In the other two
scenarios, i.e. for 50% and 25% use of the theoretical biogas potential, heat and electric
power values were determined proportionally.

The electrical energy produced from biogas is subsidized the Renewable Energy
Law in Turkey. The Law was put into practice in 2005 for the companies that have
license to produce biogas according to the subsidy policy from 2005 to 2015. The policy
imposes thiaany company conforming to the subsidy mechanism would sell electricity
at 0.133 USIkWh for ten years from the date of obtaining the license to produce biogas.
According to the calculations, the theoretical biogas potential of Marmara Region is
equivale to 347 million USD in terms of electrical energy.
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Although both cattle and hen rearing are developed in Marmara region, very small
portion of the biogas potential is currently used. Animal waste potential of Marmara
region is remarkable and farmers aimbestors can make benefits from biogas
technologies if properly guided and supported by policy makers.

Although the exact number of biogas facilities in Turkey is not known, based on
the project titled "Source Efficiency Of Animal Wastes Through Biogas IfEsnClimate
Friendly Usage Project" the number of active biogas facilities was 36 in 2011 and the
projected biogas facilities were 4BDBZF, 201). Even though more investments are
made in Marmara region compared to the rest of the country, limitedrmets were
made to benefit from biogas in the region (Fig 3). The main reason for this was related
to the lack of appropriate incentives for biogas production. Since the theoretical biogas
potential cannot be put into production, some realistic propartidrthe theoretical
potential should be targeted. As shown in Table 4, significant amount of electrical energy
could be produced even with the 25% of the theoretical biogas potential.

Marmara region

Al o Biogas plants
- gl | 1
3 N 2

=1
-
=y . 0

- w

Figure 3. Number of biogas plants in the provinces of Turkey.

Theamount of manure, and hence the potential for biogas and electricity production
may increase further given the trend in manure production from 2005 and 2014. Within
this scope, the biogas production should be considered one of the most important means
of utilizing the manure in the region. Furthermore, production and utilization of biogas
is an environmentallriendly method and is a strong candidate in meeting the rural
energy need. Awareness of public institutions and private sector should be raised and
investments should be further promoted to benefit from the biogas potential.

CONCLUSIONS

In this study, biogas potential from animal wastes of Marmara region of Turkey
was determined and calorific and electrical energy values of the theoretical biogas
patential were calculated. It was found that manure production increased from 2005 to
2014 and will probably increase further in the near future. Although the amount of hen
wastes reduced sharply in some of the provinces, the total manure production did not
reduce in the region. The farmers and entrepreneurs invested in cattle production from
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2005 to 2015, resulting in gradual increase in cattle population whereas significant drops
were observed in the number of hens from 2007 to 2011. In recent yearsnthe he
production has a tendency of increasing.

The animal waste produced in 2014 was about 25 Mt corresponding to a theoretical
biogas volume of 1,242.1Mm?3. Theoretical biogas can generate 7,45%02h of
calorific energy and 2,608.56 G\Aibf electrical enrgy. Putting a small segment of the
theoretical biogas production, such as 25%, into energy production would be important
to meet some of the energy requirements in rural areas.

In Turkey, the number biogas plants tends to increase, but anaerobic féionmenta
is yet to be used efficiently. More incentives and financial support is needed for investors
to take advantage of the existing biogas technology.
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Abstract. This Article is focusing on recycling waste paper, which became one of the main
collecting commodities for its widespread use in many economic regions. The intraductio
provides an overview of the development of a segment of waste paper in the EU. The article
presents information about product options, new materials from processed waste and waste paper.
The first part of the article describesthe situation in the CeBtlaémia region both in terms of
production and in terms of processing capacities. The next part of the article contains the practical
information and value gained from the process of production of briquettes from waste paper and
the description and analgsof technologies as well as description and analysis of achieved
physical characteristics of manufactured briquettes. Another mentioned option for using waste
paper is the application in substrate production technology as an input material with excellent
physical properties, which could become an indispensable component in the production of high
quality substrates. The resulting values indicate a higher absorption capacity of fluids that are
substrates of biodegradable materials. In both technologies éinerpresent variations of the
different samples and their ratios used to manufacture the final products and are shown in the
resulting comparison.

Key words: biodegradable municipal waste, material recycling, composting, production of
briquettes.

INTRO DUCTION

Today the comfortable life is paid with the expressive consumption of energy in all
its forms. The nomenewable energy source reserves are limited and they are to exhaust.
Nevertheless, they supply about four fifths of energy consumption. Iddaatles, the
renewable energy sources have been preferred. One of alternative forms of fuel, made
from renewable sources, is the fuel on the basis of paper waste. First of all, it is
recommended to recycle this raw materi&b use it as a material (Mciiey 1995).

From the results of works published be
2013), it followsthat compared to briquettes from wood waste, briquettes made from
recovered paper and board are of low moisture content, high density, high mechanical
durability and relatively high force is necessary for their rupture. But at the same time,
they have high ash amount and low gross calorific value.

The constant industrial activity rise and world population growth are directly
related to the increase o¥erall energy consumption, and it is estimated that in 2025,
energy demand will surpass by 508te current need¢$Ragauskas et al., 2006).
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Nowadays, al most 80% of the worl dbés ener (
al., 2007) with harmful impastto the environment.

In the Czech Republic, 800,000 tons of waste paper is collected anually in average
via separate sorting, but out of this amount only 315,000 tons is processed, and the rest,
i.e. approx. 60% out of the mentioned total amount, is bekmprted abroad at the
expense of the environment and the Czech economy. Although a paper consumption in
the Czech Republic is estimated at 1.5 million tons, only 900,000 tons of paper is
produced there. Out of this quantity, 700,000 tons is exportedtaimeously, which
means that it is necessary to importhiBt ons o f new paper (Bar
figures clearly confirm that 85% of the paper intended for consumption must be imported
to the Czech Republic.

In recent years recorded, one of the ngmsious problems in the environmental
field is an increased soil erosion and the associated degradation of the total agricultural
l and fund (Pl2va et al ., 2016) . The pap
recycling of waste paper in order to maratifse substrates, which are going to replace
thelossof humus in the soil. Through application of produced substrates into the soil,
other negative phenomenons, e.g. decreasing infiltration capacity of soil, can be
prevented. Low infiltration results iropr water penetration into the deeper section and
thus there is a constant destocking of groundwater.

The paper presents two ways of processing the waste paper and its consequent
potential use. There are two groups of experiments that A) lead to the todoic
briguettes and determine their bulk density with a focus on the future use in the
production of substrates as substitutes for e.g. behind wood chips, and B) lead to the
production of thesubstratein which the waste paper is going to be a Higiaity
irreplaceable commodity. During the production of the substrate, the sludge from sewage
treatment plants (STP) is utilised at high extent, which brings another positive effect to
recycling of problematic waste materials.

The experiments focus on thealjtative characteristics of the products produced.
Both products are going to be applied to the soil in the next trial period and are going to
be tested on their ability of rainwater retention in the soil profile. Based on the results,
the beforementionel primary experiments are going to be expanded with the content
percentage adjustment in order to determine the optimum ratio of waste paper and added
secondary waste materials that would ensure maximum dwell time of rainwater in the
soil profile and wouldeduce risk of water erosion due to extreme precipitation.

MATERIALS AND METHODS

The goal of the research is the confirmation of waste paper usability, especially in
the view of its low apparent density and high ability to bind water. In this paper, the
primary results thadealwith the verification of biodegradation properties and structural
transformation of waste paper after shredding and crushing are presented.

A) Production of briquettes

Thevolumeof shredded paper was determined using measurimgley$ of known
volume and weight of the material. There were chosen 3 kinds of waste paper for the
experiment:
1  office paper shredded with the Fellowes MS 450Ms paper shredder,
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shredded paperboard (FR&),

shredded waste paper (a mixture of magazinesspepers and other paper
packaging), shredded using the HSM DuoShredder 5750 at WEGA recycling Ltd.
The material was scattered into a 1,6@0measuring cylinder. The material was

not compacted, just sprinkled into the measuring cylinder of the same height.
Subsequently, the material was sprinkled on a scale and the weight of the material was
measured in [g]. There were 10 measurements performed for each material and the mean
value was determined, from which the specific weight of input shredded material was
calculated.

Other devices:

1 the measuring cylinder with a volume of 2,000 ml,
9 laboratory scale KERN PFB 20with weighing range up to 2,0@0with a

0.01g accuracy.

The material was inserted into the reservoir of briquetting machine BrinkStar CS25
with a matrix of 65mm, and three types of briquettes were produced depending on a
waste paper. Maximum operating pressure of the briquetting machine vaBal8
(180bar). Materials for pressing had to meet the following conditions: moisture content
from 8 t015%, dimensions smaller than @Bn and bulk density of at least K§ m3.
Briquette height was measured in two spots and the average value was calculated. Using
the matrix diameter 681m, the height and the weight of the briquettes, the resulting bulk
dersity was calculated. The briquettes were also analyzed to obtain a combustion heat
and heating value according to ISO 1928. According to the manual of the briquetting
machine, the briguettes should have had a shape of a cylinder of diammeiar;, Bhgth
from 30 to up to 5@m, and the heating value from 15 toM8 kg. The compression
coefficient was calculated as the ratio between the density of the material prior to
entering the briquetting machine and the density of the resulting briquettes.

= =4

B) Production of substrate using waste paper

The aim of the experiment was to verify the possibility of processing raw material
composed ofardboardand of sludge from sewage treatment plants in a high percentage
share by technology of composting in order to veitify material degradation, and to
produce a substrate.

In order to create piles for substrate production, composters showed Invwege
stocked with the raw materials listed in Tabld&=ormation of raw materials was carried
out according to the standdeiN 14 045.

Figure 1. Establishment of piles of row material.
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Table 1. The parameters of individual components and of the total

. Volume  Weight C:N
| Material used [m?] k] [
sludge from STP 0.325 229.474 8.3:1
cardboad (2x2) [cm] 0.114 3.911 150:1
fresh grass matter 0.311 89.364 30:1
“ total 0.75 322.746 14.4:1
sludge from STP 0.325 229.474  8.3:1
¢ cardboard (10x10) [cm] 0.114 3.911 150:1
4 fresh grass matter 0.311 89.364 30:1
total 0.75 322.746 14.,4:1
# sludge from STP 0.325 229.474  8.3:1
& cardboard (3x25) [cm] 0.114 3.911 150:1
fresh grass matter 0.311 89.364 30:1
total 0.75 322.746 14.4:1

Due to the fact that the piles had the same weight of individual components, the
speed and qualitpf gradual decomposition of waste paper according to its original
sample size could have been observed during the proseske Imiddle of the
experiment, i.e. after 30 days, observations of the decomposition were carried out

according

tEOl 14045. rAfrer theSdécomposition assesment, substrate

production was accomplished under the conditions of autumn outdoor temperature
The temperature during decomposition was measured using electronic

thermometers Testo 175 able to record measured data (Pliva et al., 2016). Upon entering
the experiment, the thermometer recorders were programmed to measure hourly the
temperaturat theend of the probes (inside the pile), and also ambient air temperature.
Thermometers were placed in the composters for the whole duration of the experiment,
with the exception of compost rearrangement.

The oxygen content was measured by an electrochemme#thiod using the
Testo 327 with a penetratigmobe and an electric gas pump.

For the detection of density, a method weightigh the known volume of raw
materials was used. From the weighted value, the values in desired umitg] jkgre
calculated. Thstandardscale of up to 3@g was used for weighting as well as a vessel
with calibrated volume. The procedure f
al., 2016) was as follows:

1) A sample of the raw material was chosen for determination of bulitge

2) After filling the measuring vessel with a defined volume of 0.088the
container with the material was weighed, and the weight of the measuring vessel was
subtracted from the detected value afterwards.

3) The weighing was carried ofar a total ofthree samples taken from the total
amount of raw material.
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4) The detected density in kg was calculated with the following formula (1):
— m+m +
m, = deM;Z—”E [kg M D)
where: ki conversion coefficient [rf]; m. T sample weight [kg].

When determming the humidity of raw material, a sample of abguivas taken
and was subsequently spread on a mat, and larger lumps were broken down. Dividing
the sample reduced it to 5§0and it passed then through a sieve having a mesh size of
5 mm. After this agistment, 20y of compost was collected from the original sample
(accuracy o 0.05g) into weighed dry containers and the sample was dried aA 105
to a constant weight. After cooling in a desiccator, the sample was weighed and the

moisture contentwasal cul ated in % (Pl 2va, et al .,
The gravimetrianoisturecontent was calculated using the formula (2):
m,.100
X= [%6] (2)

where: mi sample weight loss by drying [g]; imweight of the sample before
drying[g].

RESULTS AND DISCUSSION

A) Production of briquettes

In the first part of the research, the density of selected materials was calculated, and
it was found out that the cardboard had the highest density. It is due to a higher proportion
of pulp after multiple recycling that the diwoard containes compared to other types of
waste paper.

In the nextpartof the experiment, the production of briquettes of cylindrical shape
with a diameter of 65nm (Fig.2) using a briquetting press was performed. The tested
waste material was continusly inserted into the reservoir, and after the briquettes had
been produced, the entire reservoir was cleaned before being used again for another
tested material.

Figure 2. Briquette production process: a) a container with the material; b)egon of the
briquettes; c¢) briquettes produced.
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Twenty pieces oproducedbriquetteswere testedor each measured type of the
waste paper. Each briquette was measured at two spots to calculate the height and its
average value. Furthermore, the volumehef briquettes was calculated, as was their
weight and their bulk density. At the end, the compression ratio of the mentioned types
of waste paper was calculated (Tab)e

Table 2. Calculation of compression ratio of measured types of waste paper

Bulk density of Bulk density of ~ Compression
Input . d : .
material input n;aterlal briquettes ratio

[kg m] kg m] [-]
separate paper 66.322 278.343 4.20
cardboard 76.202 252.322 3.31
office paper 55.622 258.126 4.64

The briquettes were analyzed to obtain a loostion heat and heating value
according to ISO 1928 (Tab®. The heating value of briquettes made of paper fell
bellow the interval indicated by the manual of the briquetting machine. The cardboard
briquettes demonstrated the highest heating valueaplplbecause of the content of
chemical binders.

Table 3. Chemical analysis, heating vaue and combustion heat of the briquettes

_ Humidity Ash C H N s o Combustiol Heating
Materials heat value
gravimetric % MIkg!  MJIkg?

office paper 4.13 12.68 36.175 5.107 0.060 0.041 44.146 12.941 11.821
separate pape4.225 20.408 35.305 4.769 0.086 0.032 37.221 13.194 12.152
cardboard 4.820 11.580 39.348 5.408 0.135 0.050 41.183 14.717 13.535

The aim of the experiment where briquettes were producedelsgipg three types
of waste paper was to assess quality of the compression and possibility of further
material use after its shredding. It is well known that there is a large amount shredded
waste paper in office buildings that is according to currerttipeadisposed of mainly
together with a mixed municipal waste to a landfill. The briquettes produced can be used
both in the process of energy production via combustion, and in the compost production
process where they can significantly reduce the costaokportation thanks to the
compression ratio. This is going to be the subject of further reflection and
experimentation. The size of manufactured briquettes is in accordance with data
reporting the size of wood chip material from various wood chipggpstéin et al.,
1997), and corresponds to the commonly used sizes exploited in composting plants as
mentioned bysoucek & Burg (2009).

The bulk density othe paper briquettes is up to 4 times lower than the density of
briquettes made from herbaceous phygs, and there is no problem of increased level
of nitrogen that is generated by energy utilization of herbal phytomass as indicated by
e.g. Theerarattananoon et al. (2011), Hutla (2012), or Zajonc & Frydrych (2012).
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B) Production of substrate using wasteaper

Measurement of gradual decomposition of waste paper in the pile

The controlled microbial decomposition in composters was used as for a
technology of substrate production. All the raw materials were measured for determining
their humidity, weight and ehsity. Tablel showes the resultingalues During the
composting process, important indicators, i.e. temperature and oxygen content, were
monitored. Bulk density and humidity were measured also in the final compost. Input
material and the resultirmpmpat were subjected to chemical analysis in an accredited
laboratory. The effectiveness of sanitation was assessed, and quality parameters were
specified.

Table 4. Raw materials for the production of substrate from waste paper, and from sludge of
sewage tratment plants

Weight of the samples of given volume 0.G688[kg] Density  Humidity

Material 1 2 3 Average [kg m?]  [%]
cardboard 1.22 1.19 1.50 1.30 34.30 1.60
grass 10.50 11.20 10.90 10.87 286.97 40.51
sludge (STP) 27.60 26.20 26.80 26.87 707.02 79.80

Based on thehotographgFig. 3), it can be stated that sample Savith cardbord
size of 3x 25 cm demonstrated the fastest decomposition process. It showed signs of the
highest decomposition of the superficial layer, and of disintegratto three parts. The
reason seems to be the largest contact area with the other compost components, and thus
absorbtion of the highest amount of moisture from the surrounding environment.

Figure 3. The gradual disintegration of waste paper indbmpost after 30 days of composting
(from left to right samples No. 1, 2, 3).

Measurement of temperature

The temperatures in individual compost
thus Fig.4 presents the measured and recorded temperatures of enbf ttrem. The
curve of air temperature has large aberrances, because three daily measurements are
plotted. Accordingly, the temperature fluctuates compared to the temperature in the
compost piles where only one average value per day is charted. Eiglardigee crearly
discernible in the graph. Due to autumn period, temperatures were relatively low.
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Figure 4. Graph of the temperature development in the composter in autumn 2015.

Measurement of oxygen content
Concerning oxigen content, data retriefeoim the composters No. 1 to 3 are

shown in an abbreviated form in Fhy. Eight digovers were performed. After each
digover, the amount of oxygen in the compost increased.
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Figure 5. Measuremens of the average oxygen content in the piles in autumn 2015

Aerating the substrate and securing aerobic conditions are the key requirements
material decomposition through composting technology. Microorganisms that transform
organic matter have high demand of aerial oxygen. The technology has to enable an
exchang of gasses between the maturing substrate and its environment, so that there is
enough fresh air containing oxygen in the pile. Oxygen content in the aerial pores of
maturing compost should reach at | east 6%9
etc.). As the measured values plotted in Figure 5 show, the development of the oxygen
content in the piles was optimal. At the beginning of the process, it did not decrease
below the threshold of 6.8%, and at the end, it continuously approached common level
of aerial oxygen, i.e. 20.9%.
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Evaluation of the substrate produced

The quality of the substrate produced was evaluated from the perspective of
CSN645735 in an accredited laboratory. Overall characteristics and heavy metal
content were assessed. Basigalgy characteristics of sludge input were also
established. The results are shown in T&ble

Table 5. Quality parameters of the input sludge and the resulting substrate and evaluation of
concentration of hazardous elements in the input sludge ane sulistrate produced

Quality parameters Sludge  Substrate  Limits Unit
humidity 79.80 59.89 min. 40.0; max. 65.0 [%]
combustibles in dry sample  54.72 34.5 min. 25 [%0]

C* 27.36 17.3 - [%]

N* 3.30 1.28 min. 0.60 [%6]
C:N Ratio 8.29 135 max. 30:1 [-]

pH - 7.47 from 6.0 to 8.5 [-]

Cd* 0.7 0.93 max. 2 mgkg*
Pb* 34 28 max. 100 mg kg
As* 6.7 12 max. 20 mg kg
Cr* 25 33 max. 100 mg kg
Cu* 62 57 max. 150 mg kg
Ni* 15 21 max. 50 mg kg
Hg* 2.4 0.93 max. 1 mg kg
Zn* 410 360 max. 600 mgkg*

* in dry matter

The production of substrates of sewage sludge was already covered by a number of
authors, for example by Laurik et al . (2
guality of the substrate on the growth of some crops was observed bynVetlsl.
(2002); Dubskl & Gr&mek (2008) and Carl il
sludge is added commonly into substrates, but forms generally only 20% of their weight.
Sludge contains a high level of nitrogen. Therefortn@tase of its lgher share in the
substrates, it is necessary to adjust the C:N ratio by adding the raw material with a
sufficient carbon content. The fresh gr a:
chips are more suitable from this respect. According to Ragdavsk 2 0 0 8 ) t he
dewatered sewage sludge to wood chips should amount to 60:40.

The results of the experiment, where the experimental raw mix consisting of fresh
grass cuttings, sewagéudgein a high share (71% of the total compost weight), and of
the addition of structural material in the formahall pieces of cardboard underwent
decomposition, confirmed the ability to combine these materials and showed partly
favorable results. Quality characteristics of the fiaglsubstrate resulting from the
conversion of the raw materials met the requirements of the standard@33185
0l ndustrial substratebo. The prescribed
though the temperature of 8%5C r equi r e d beyreasneraof sluglge fen f o r
sewage treatment plants was not. Apparently, the narrow C:N ratio achieved caused this.

It did not constitute a major problem, because the experiment was focused on possibility
of decomposition of waste paper mixed with high amiai sewage sludge, and further
utilization of the resulting substrate was not presumed in an agricultural fielda at this
stage of the experiment. The fact that the decomposition was attained even at the lower
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temperatures and that the temperature ofptloeessed material increased after each
digover can be assessed as positive. Chemical risk assessment of the elements contained
in the compost showed belawreshold concentrations of tracked elements (Table

CONCLUSIONS

Concerning the experiment ofitpuette production, the cardboard waste that had
undergone several recycling processes attained the lowest compression ratio, and thus
pressing had the lowest effect. The highest compression ratio and therefore the highest
pressing efficiency were achievavith the paper of higher quality, i.e. the paper from
primary production, or once onfecycled at most, which when shredded, disintegrated
into smaller particles compared to shredded cardboard. Properties of the briquettes with
the lowercompressiomatio can be exploited for example in the mentioned composting
technology where it can lead to a faster decomposition of the briquettes used. The
briguettes can serve as a substitute material in order to adjust the C:N ratio and moisture
duringcompostngawsas reported by Soulek & Burg (:

The results of the experiment, where the experimental raw mix consisting of fresh
grass cuttings, sewagéudgein a high share (71% of the total compost weight), and of
the addition of structad material in the form ofmall pieces of cardboard were
processed, confirmed the ability to combine these materials. The tested paper waste
could substitute wood chips. It demonstrates a sufficiently high percentagéar.cér
prepared at a high quality with regard to the desired particle size, it can serve also as a
structural material. In the basis of the experimental substrates, only a small amount of
cardboard was used (about 1.5% of the total substrate weightingiaoisture also did
not reach optimal values. Smaller water content and a more appropriate ratio of carbon
to nitrogen substances would have most likely ensure better results of the process of
substrate production. It is possible to continue the expatiim this area with testing
higher mass loads of waste paper even with the presumption that the higher amount of
waste paper will form a problem when attaining the desired substrate moisture. But this
can be madified during the composting process maigyghan in the case of excessive
moisture.

Based on the previous, the further research is going to be focused on an analysis of
physical properties of substrate made from waste paper in relation to the higher ability
to retain water in the soil. This dduhelp e.g. during intensive precipitation, and in
general to protect soil against erosion.
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Abstract. In electric vehicles electric vacuum pumps are used instead difidrel vacuum
generation deviceisthe vacuum pump or the intake manifold that are specific to vehicles with
internal combustion engines. A special driving cycle has to be designed to identify the
effectiveness of electric vacuum pumps. The initial eixpents were carried out on a real road,
intensively applying the breaks and exploiting the vacuum generation devices as long and
intensively as possible. Basing on these experiments brake test cycle was developed. It consists
of three braking regimes thiavolve smooth and uninterrupted braking, interrupted and repeated
braking and multiple activation of the brake pedal. Using this cycle, it is possible to conduct
research on the performance of various automobile components during braking.

Key words: vacwm booster, brake system, brake regimes, test cycle, braking time.
INTRODUCTION

The key purpose of the main brake system is to ensure the automobile stops within
the shortespossible distance after the driver has activated the brake system. The brake
system is one of the structural elements of automobiles on which focus is placed both
during annual roadworthiness tests and when undergoing a certification procedure for a
new automobile.

A group of scientists of the Faculty of Engineering, Latvia Universit
Agriculture, developed an electric automobile within an EU project. The electric
automobile was built up by converting an internal combustion engine autorhatsile
standard internal combustion engine was removed and replaced with an electric motor.
One of the elements changed in conversion was the brake vacuum generation device.
Modern cars mainly use two types of engines: petrol and diesel engines. For petrol
engines, vacuum is created by connecting
manfold, whereas for diesel engines vacuum is provided by a special vacuum pump. In
electric automobiles vacuum is provided by a special electric vacuum pump.

When reviewing the conversion design for the automobile, inspectors of the Road
Traffic Safety Diretorate of the Republic of Latvia raised a question about the
productivity of vacuum pump in various operation regimes for the electric automobile.
For this reason, it was necessary to conduct tests on a roll test bench, simulating the
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driving conditions. $ice no special driving cycle for testing the brake system on a roll
test bench had been designed, such a cycle had to be developed. The purpose of a driving
cycle is active and multiple use of the brake system under the most disadvantaged
operation regimefor the brake vacuum pump.

There are two ways of developing a driving cycle. Modal or polygonal cycle is
composed from various driving modes of constant acceleration, deceleration and speed,
for example, New European Driving Cycle (NEDC). The other tgpderived from
actual driving data and is referred- as 61
75 (Federal Test Procedure) cycle. The 01
the more rapid acceleration and deceleration patterns expstiehging on road
conditions (Tzirakis et al., 2006).

In this particular case the second method is most suitable. Cycle development
methodology is already developed and approved at the Faculty of Engineering in
previous studies investigating the use ofiéts (Dukulis & Pirs, 2009).

Brake booster vacuum systems

A brake booster is a device that reduces the force to be applied to the brake pedal
during braking by means of vacuum generation devices. Operational parameters of
vacuum pumps that are poweredihternal combustion engine shafts depend on the
engine crankshaftés rotation frequency,
parameters are not affected by the main electric motor.

In the European Union, the key document that stipulates braksgtesocedures
is Commission Directive 98/12/EC regarding brake systems for vehicles of certain
categories and their trailers (Commissio
a methodology for calculating braking distances if the speed, decetesatib other
parameters of a vehicle are known. Braking tests have to be performed with the engine
both engaged and disengaged. Also, brakes have to be tested if their temperature is below
100AC or exceeds it. In a tes¥); category vehicles with the engirengaged have to
make a deceleration of not less tBa8m s?, while with the engine disengaged it has to
be not less thah.0m s2. The force applied to the brake pedal does not have to exceed
500N ( Commi ssion Directiveé, amm&hdlgy fof he I
determining the | oad on the vehiclebs ax|
on how to perform tests for brake boosters.

In the Republic of Latvia, the legal act that stipulates the technical condition of
vehicles is MinisterCabinet Regulation Nel 6 6 o f 29 April 200 -
Regarding Roadworthiness Tests for Vehic
(Regul ationsé, 2004). Clause 405.1 stipul
pedal does not have to exce500N. Nothing is mentioned regarding brake booster
tests, while for def ec fignacceptabté tha Regulattom al u a:
states that the amount of force applied to the brake pedal may not exceed that set by law.

There have been remeh studies on the optimisation and modelling of regenerative
braking for electric automobiles (Yeo et al., 2004). Extensive research studies have been
conducted on the effects of brake system components on braking parameters (Maciuca
& Hedrick, 1995). Tlse studies analyse the effect of vacuum brake boosters of various
structures on braking and develops an algorithm for a mathematical model for reading
controller parameters, which includes vehicle speed control, brake torque control, wheel
brake pressureontrol and actuator pressure control modules.
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Specific research studies and research methodologies on brake boosters are
available in a limited number. A research study conducted within a doctoral dissertation
at the University of Bradford can be mentidrees one of the research studies on brake
system vacuum boosters. The research focusethernnfluence of braking system
component design parameters on pedal force and displacement characteristics (Ho,
2015). Thigesearch extensively analysed vacuum teragructures as well as the brake
pedal 6feelingd for various brake systen
also analysed a mathematical model for the brake vacuum booster, pointing that modern
automobiles usually used such boosters at aelivakster ratio ranging from 4:1 to 6:1.
Characteristics were determintat everybraking system componerh the research,
the brake pedal was tested at a load within a rang&@fF 245.25N. A test was
performed also for the brake pedal together Withbrake cylinder. The test showed a
linear increase in braking fluid pressure in the master cylinder within a rang&3if@r
at the force applied to the brake pedal within a rang&@@N. The research analysed
an association between change irkbrang pr essure and the br a
A brake activation robot was used to activate the brake pedal.abvacuum pressure
generated by an electric vacuum pump was used to operate the vacuum booster in all
tests on the whole braking systehhe tests on the whole braking system produced data
on the effect of the brake pedal 6s displ
with and without the vacuum booster. The maximum pressure in the brake pipe ranged
from 50 to 59 bar. The tests watene also on a Honda automobile, recording braking
parameters. The braking was done both by the brake activation robot and by a human.
The data acquired were employed in the mathematical model. A mathematical model for
the vacuum booster was developeddsmne of the elements of the system researched.
Characteristic curves both for boosters at various brake booster ratios and for the
situation with no booster were acquired by means of this model.

An analysis of available information sources leads torlasion that no data on
brake system vacuum boosters tested on a roll test bench at various braking regimes are
available, and so far no custeadjusted driving cycles have been designed to test
vacuum boosters at various braking regimes. For these sasmnuseful to design a
driving cycle for testing brake system vacuum boosters. The cycle has to ensure that a
brake can be tested under the most disadvantaged regimes for the vacuum booster.

MATERIALS AND METHODS

Choice of regimes to research brakgacuum booster pump parameters
One of the key tasks of researching a brake vacuum booster is the choice of regimes
of braking. The key criteria for choosing a braking regime are as follows:
1  multiple operations of smooth braking have to be performed, satthabrake
vacuum booster is engaged a number of times;
9  braking regimes have to be developed in a way to be precisely simulated on a roll
test bench in the regime simulating real road conditions;
braking regimes may be repeatedly employed for all vehiek=arched,;
braking regimes have to be universal and appropriate for vehicles of any kind of
engine and fuel.

=a =
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To select test regimes when developing the initial test programme, an approximate
driving cycle algorithm was chosen (FIQ.
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Figure 1. Algorithm for one regime of the driving cycle.

stages

One stage of the driving cycle starts with an automobile being parked at point A.
The automobile starts accelerating at Stagd3.AStage BC is characterised by
depressing clutch movement at a speed 8 km hl. It starts braking at point C. Stage

A C refers to preparing the test regime, while Stage directly relates to braking. At
Stage CE, the brake is activated several times. At point E, the automobile is stopped
and is at a standstill. The particulangt presented in Fid.is used to read speed
characteristics for the driving regimes in the road tests. By choosing various maximum
speed and brake activation timing and frequency regimes, different characteristic curves
are acquired. A driving cycle ofrdking regimes is acquired by placing these different
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characteristics. A draft regime protocol is drawn for tests, which is used during the road
tests for simulating a pécular regime.
The following braking regimes are envisaged in the initial test programme:

smooth braking starting at a speed ok&0h™ through to a complete stop;

the braking regime in which the brake is activated multiple times at a specific speed
of the automobile. The brake is activated to slow down from 80 tar60?, then
braking is interrupted and activated again to reach a speedkaf B8, the brake

pedal is released and pushed down again to slow down to a speekhoh20the

brake pedals released and activated until the automobile comes to a complete stop;
braking is started at a speed ofk@0 h! and the brake pedal is activaté®2imes;

when a speed of 3n h is reached, the brake pedal is again pushed dé&n 2

)l
)l

times.

All the mentioned driving regimes were used in the road tests.
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Devices and vehicles used for the road tests

A compact passenger daenault Trafiowith a 2.0l diesel engine was used in the
road tests. The car was equipped with data reading and recording déVviedsey
parameters to be recorded in the road tests were speed, time, engine crankshaft
frequency, brake pedal position and vacu!
pipe. The key characteristics of the devices used in experiments are givereit. Tabl

Table 1. Technical characteristics of the devices used in experiments

No Characteristics Technical parameter
Automobile Renault Trafic

1. Engine capacity, cfn 1,995
2. Engine power, kW 66
3. Gross weight, kg 2,835
4, Weight during road testsgk 2,130
5. Maximum speed, krir? 150

Pressure sensoffrafag 8472.77.8817
1. Measuring range, bar (accuracy) 0.. 065 (N
2. Voltage supply, V 10...30
3. Output voltage, V 0..5
4. Output amperage, mA 4...20
5. Operating temperatur e, A-25...125

Data loggerDashDyno SPD
1.  Speed, km i (accuracy) 0é250m.2( N
2. Simple recording time, s 0.2¢é1
3. Engine RPM (accuracy) 0é100®mP (N
4, Accuracy of distance measuring, m N1
5. Ambi ent operating temper-10..55
Additional adaptation unit
1. Unit model CAN Interface Module
450FT0292301
2. Number of analog signals 2
3. Number of binary signals 13
Roll test bench MD-1750

1. Maximum measured power, k{dccuracy) 1,281 (N
2. Maximal measured speekin h'! (accuracy) 362023 N
3. Diameter of roller, m; 1.27
4, Roller face length, m 0.71
5. Inner track width, m 0.71
6. Outer track width, m 2.13

A data loggerDashDyno SPDwas used to record parameters, which received
signals from the aut omobi | diréctly franithe OBD pe t |
diagnostic socket. A signal regarding change in vacuum system pressure was received
from a pressure sensborafag 8472.77.881{Fig. 2).
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Figure 2. Scheme for connecting the devices to the automobilezak OBD connector; B daa
logging systenDashDyno SPD31 CAN signal modifier for clutch and brake pedal position;
47 pressure sensor;i5car vacuum pump; 6 one way valve; 7 vacuum booster; B turbine
pressure control valve line.

Methodology for the road tests

The testsvere performed in December 2015 at an ambient temperatureASf +6
on a general purpose road between Tuski and Kalnciems. Before the tests, the devices
were mounted on the automobile and checked for their functionality. Air pressure in
tyres was also chked and adjusted to the nominal tire inflation pressure. Driving the
automobile, its engine was warmed up to operating temperature. The data recording
devices were turned on and test braking was done before starting the tests. After the data
were saved, #ndata were checked for their consistency with the regime chosen.

The driving regimes were chosen according to the description given above.
Measurements were done by two operators: a driving regime operator or the driver of
the automobile and a data redogloperator. The driver, taking into consideration the
road conditions, gave a signal about his readiness, and the data recording operator
activated the recording devices.

As an example Fig@ shows one of the acceleration and braking regimes. The
automolile was accelerated from its initial speed to the speed of the chosen regime,
which was 1km h* greater than the initial braking speed (Fga period from the 18
to the 4% second). Braking was done with the engine disengaged. The transmission was
shifted to neutral or the clutch pedal was pushed down and braking was done according
the regime chosen (a period from th&' #48the 5% second). The data recording device
was stopped after the automobile came to a full stop.

Each test was repeated fithmes. When processing the data, three data series with
the highest correlation were selected. Bpeed change in time and moments of the
activation and deactivation of the brake pedal were selected as the key data.
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Figure 3. Screenshot of the testtdefrom the logger.

RESULTS AND DISCUSSION

In developing the cycle, the following principles that could differ from the real
driving conditions in road tests were taken into account:

1 the roll test benchMustanghas not been designed for brake systertstes
particular; therefore, no hard braking was allowed, which could cause poorer
traction for the test automobile;

1 no too fast acceleration was allowed for an automobile during the acceleration
phase in order to test automobiles of all kinds.

As an exarle of the cycle development the sectiaking mode when the brake
is activated multiple times at a specific speed is discussed! Bigpws the timspeed
curve of three repetitions. Correlation between these data series of more than 99%.

For each secahan average speed was calculated. Extreme phases were removed,
and minor adjustments to speed curvesb
theoretical speed curve for a 140 second cycle was builtgFig.
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Figure 5. Cycle speed curves, gear changing and braking points

Since theMustangsoftware interface and menu did not provide an option to add a
new driving cycle, then the system software core was investigated, variables were
identified and the current cycle parameter files were analysed, while theamidfcycle
was programmed. Its fragments are given in Table
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Table 2. Program code fragments

Cycle general information

Speed points

Gear switching points

[General] [SpeedPoints] [ShiftPoint1]
Name=Beak test Pointl =0 TimelntoTest=7
RunningTime=140 Point2 =0 FromGear=1
MaxSpeedToShow=60 Point3 =0 ToGear=2
SpeedErrorLimit=2 Point4 =0 [ShiftPoint2]
SpeedErrorTimeRange=1 Point5 = 6.2758684 TimelntoTest=9
WarningToViolationTime=2 Point6 = 10.56333652 FromGear=2
MaxDistanceError=0.05 Point7 = 11.806082 ToGear=3
HPIntegrationWindow1Start=55 Point8 = 14.29157294 [ShiftPoint3]
HPIntegrationWindow1lEnd=81 Point9 = 18.95186847 TimelntoTest=15
HPIntegrationWindowl1Tolerance=0.5 Point10 = 21.74804578 FromGear=3
HPIntegrationWindow2Start=189 Point11 = 22.68010489 ToGear=4
HPIntegrationWindow2End=201 é é
HPIntegrationWindow2Tolerance=0.5 é é

LR_MinSE=0 é é

LR_MaxSE=2 Point131 = 26.03551767 é
LR_Minm=0.96 Point132 = 14.97508295 [ShiftPaint20]
LR_Maxm=1.01 Point133 = 7.145786471 TimelntoTest=131
LR_MinR2=0.97 Point134 = 1.429157294 FromGear=0
LR_MaxR2=1 Point135 =0 ToGear=0
LR_Minb=-2 Point136 =0 [ShiftPoint2L]
LR_Maxb=2 Point138 =0 TimelntoTest=133
MaxISEPercent=1 Point139 =0 FromGear=0
MinPurgeFlow=1 Point140 =0 ToGear=0

A screenshot of the developed cycle in the test mode is shown & Filge figure
shows the test benchds monitor screensh
automobile accelerates. Lines around the centrakdndicate considerable deviations
in the speed and time curve. In case a significant deviation from the programmed curve
was observed during the cycle, the cycle had to be repeated.

= Driver's Trace Test [Break test] X
File  Options Start Test o Lt Fan

|Waiting For Test Start Command
Weight: [ 1200 B3y Pwr @50 MPH 86 ey Simulated Inertia:

‘lﬂ

Figure 6. Screenshot of the developed cycle in the test mode
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The key characteristics of any driving cycle are maximum speed, average speed
and cycle duration. The mentioned characteristics for the developed cycle are
summarised in Tabl8.

Table 3. Key characteristics of the brake vacuum booster for the test cycle

No Paameter Measurement unit Value
1. Distance covered km 1.727
2. Total duration of the cycle S 140
3. Maximum speed km H? 85

4. Average speed km H? 44.41
5. Movement duration in the cycle S 118
6. Stopping duration in the cycle S 22

After the expemental cycle was developed, its quality was tested on a chassis
dynamometet roll test benciMustang MD1750Initially insignificant corrections were
made in geashifting duration.

To determine whether a model (developed cycle) corresponds to thirivaad,
three test repetitions were made on the chassis dynamometer. Typically in such
evaluation a comparison of the total cycle distance and average speed is performed. On
the chassis dynamometer these parameters can be determined directly fronthhe ben
software. Real driving data were obtained by cutting out the corresponding data
(accelerationand all braking modes) from the logger raw data. The results are
summarized in the Tabke

Table 4. Model quality verification results

No Parameter Road test Laboratory tests Difference, %
1. Distance covered, km 1.75 1.73 1.14
2. Average speed, kntth 44.10 44.40 0.68

These results qualify as a high rating and developed cycle can be used in future
experimental studies.

CONCLUSIONS

Brake tests in roa@sts on general purpose roads are dangerous, as the hard braking
regime can negatively influence the smooth flow of other vehicles on the road. For this
reason, it is useful to perform such experiments on a test bench or special testing grounds.

With regad to the effectiveness of brake system vacuum boosters, the EU
legislation stipulates standards only for the force to be applied to the brake pedal at
500N. No other parameters of this system are set.

The purpose of the road tests was to examine chanbeke system vacuum
pressure depending on the driving regime chosen and to identify an appropriate speed
and time regime for the movement of an automobile. During the experiment, the vacuum
pressure of the brake pump changed from 0.24 to 0.87 bar dependinrn t he eng
operation regime.
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An original driving cycle to test brake system components was developed based on
the data for various braking regimes that were obtained in the experiment.

The developed brake test cycle consists of three braking regima¢ involve
smooth and uninterrupted braking, interrupted and repeated braking and multiple
activation of the brake pedal. The regimes developed include the majority of potential
brake exploitation regimes.

Using the developed driving cycle, it is pddei to conduct research on the
performance of various automobile components during braking. The following
parameters of brake system components may be identified on a power test bench in
experimental research: change in the vacuum pressure of a vacuuatigargevice,
change in brake system pressure and change in the force applied to activate the brake
pedal.
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Abstract. Olive harvesting is one of the miblaborious and expensive agricultural practices.
Indeed, it absorbs 50% of the product value, and this is due to the continuous increasing of labour
from one hand and to the lake of labourers from the other hand. Traditional olive orchards are
characteded by the presence of large, century old trees and a very low planting density. These
conditions make it difficult to plan sustainable and highly productive harvesting models, and
therefore require the employment of partially or fully mechanized hargesyistems. In this
context, experimental trials were carried out in a traditional olive orchard, situated in Calabria
(Southern Italy), in order to assess technical and economic aspects of a commonly used harvester
named olipicker. This machine allows @k harvesting from tree canopy thanks to a spiked
cylindrical comb mounted on a hydraulic articulated arm. Particularly, data about operational
working time as well as working productivity were collected for technical purposes, whereas
economic evaluatiooonsidered harvesting cost expressed in terms of cost per hour, cost per unit
of product (1kg of olives) and average cost per hectare. The obtained results highlighted that
working productivity referred to the operative time, was 0.37 tnéegorker?, while the cost per

kg of harvested olives was 0.2kg?. From the conducted studiy,emerges that encouraging
results may be reached by mechanizing harvesting operation even in century old orchards.

Key words: Olive orchard, mechanization, gdicker,harvesting costs.
INTRODUCTION

Olive growing represents a key sector for the entire Mediterranean Basin. It
contributes to the natural landscape formation, and has been largely spread in natural
systems at least from the IV millennium B.C. to the amtierperiod, both as wild variety
0 0| e ®led earopda var. sylvestrand as cultivated on®lea europea var. sativa
(Zohary et al., 2012)in Calabria, Southern Italy, olive orchards are spread over 188
thousand hectares and produces more than 148ahduons of oil per yedISTAT,

2013) This patrimony is of a noticeable importance, however, it is charaeteby a
high variability, due to the eexistence of extensive orchards with few trees per hectare
and intensive ones havingone than 600 trees per hectare.

Most of these orchards do not enable to reach high and constant yields from
gualitative and quaitative point of view due to their traditional structure. Indeed, big
century old trees with irregular layouts and scaled fruit ripening characterize them. This
determine a low unitary productivity, high production costs and consequently the
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marginalizatio of extended areas with low levels of adaptation, conversion and
mechanization (Sol&uirado et al., 2014).

Due to their historical, monumental and landscaping importance, as well as to the
existing regulation limitations, it is difficult to carry out tbenversion of these orchards
into new intensive ones (Famiani et al., 2014). Therefore, it is hard too to settle efficient
and economically sustainable mechanized models for most of olive farms present in the
territory.

However, it is still possible to ¢din good quality olive oil from these olive trees if
harvesting techniques from the canopy substitute olive harvesting from the ground (Vieri
& Sarri, 2010 CastreGar c2 a et al ., 2012, Debol i et
fact, this type of olivegrowing belong to the latest P@Dil of Calabri@for which a
transitory protection regime is currently in vigour atagional level.

In this context, experimental trials were carried out in a century old olive orchard
situated in Calabria, where truskakers are difficult to use due to trunk diameter, in
view to assess technical and economic aspects of a commonly used mechanical beater
(oli-picker, Mipe Viviani s.r.l.) mounted on a tractor for olive harvesting from the
canopy.

MATERIALS AND METHODS

Experi ment al trials were carried out o
which represents the typical cultivar of the lonian versant of Reggio Calabria. It is
featured by a high vigour and an assurgent growth. The trees had the same dimensional
and morphological features and were planted on & 12m layout. Dimensional
features of olive trees, canopy volume determined according to C.O.l. method
(International Olive Council, 2007), fruit detachment force (FDF) and total yield per tree
are reportedh Tablel.

Tablel.Par ameters of noetqiiaxtile rarige e es ( medi an Ni

Trunk Trunk Canopy Tree Branches Canopy FDF Total yield
circumferenceheight  diameter height volume per tree
(cm)_ m _m _ m ) @) (N (k)
340N 45 1.6N0.3 11.3N1.6 5.0N0.4 4N1 332.4N114 45N0.8 190N60

Harvesting was carried out using the-milcker Mipe Viviani s.r.l. having 82Rg
of mass. It consists in a spiked cylindrical comb mounted on a hydraulic articulated arm
of seven meters long, which can tamound its axle providing the brushing action that
allow olive detachment (Fid.). The olipicker was mounted in the back of aldd
agricultural tractor that moved only when the entire production of the tree is harvested.
Two operators composed the hastieg site. The first one drived the tractor, while the
second one was responsible of net handling.

In order to asses harvesting site working productivity referred to the operative time,
working time of each carried out operation was measured accordii@Q8TA
requirements (Bolli & Scotton, 1987). The operative time includes the effective time
during which the activity is carried out as well as the accessory time needed for moving
and excludes the idle time.
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Furthermore, technical and economic data wew®nded. An estimation model
based on Miyata (1980) was applied in order to calculate the machinery cost per hour
(e.g., agricultural tractor cost) and the equipment cost (e.gpiatder), taking into
account also thoperatoimachine labour cost.

Figure 1. Mipe Viviani Oli-picker Olidb08 during harvesting trials.

Fixed costs (e.g. interest, insurance and depreciation) and variable ones (e.g. fuel
and oil consumption of tractor, maintenance and labour cost) were considered as
operating costs. The haasting costs expressed in terms of cost per hour, cost per unit
of product (1kg of olives) and average cost per hectare were determined.

In order to determine the harvesting cost pkg bf olives, the total cost per hour
was divided by the harvestingeld per hour. Furthermore, the harvesting cost per kg
was multiplied by the harvesting yield per hectare to caleula average cost per
hectare.

Table2 reports the operating costs items of harvesting work site considered in the
economic analysis, acaing tothe following assumptions:

- work remuneration was evaluated in terms of opportunity cost and was equal to the
employment of temporary workers for manual (net handling) and mechanical
operations (Strano et al., 2015), by adopting current hourly Wwagjeding social
insurance contributions). Particularly, qualified workers were employed for
mechanical operations, considering a compensation ofi&4ewhile the salary
for generic workers was considered equal to .51
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