FACTA UNIVERSITATIS
Series: Working and Living Environmental Protection Vol. 19, N° 2, 2022, pp. 85 - 99
https://doi.org/10.22190/FUWLEP2202085I

Original Scientific Paper

POTENTIALS OF GRAPE POMACE FOR COMPOST
PRODUCTION ON THE TERRITORY OF THE THREE MORAVA
REGION: A CASE STUDY

UDC 663.26:631.879.4(497.11)

Milica lvanovié!, Gordana Stefanovi¢?, Dragisa Savi¢?,

tAcademy of Applied Technical Studies Belgrade —
College of Professional Technical Studies PoZarevac, Pozarevac, Serbia
2Faculty of Mechanical Engineering, University of Ni§, Nig, Serbia
SFaculty of Technology in Leskovac, University of Ni§, Nig, Serbia

Abstract. Stems, skins, seeds, and pulp are grape pomace (GP) components formed as
by-products during wine production. The GP share represents about 25% of the total
amount of processed grapes, which is a significant amount of organic waste (OW) that
can be treated in the composting process. The purpose of the paper is to consider the
possibility of their use by presenting the basic characteristics and potentials of GP and
other available fractions of OW of agricultural origin. First, based on the
representation of vineyards by regions on the territory of the Republic of Serbia and
locally available substrates, and using a previously developed mathematical model, the
quantities of observed fractions and composts were calculated. After applying the
mathematical model to the cities belonging to the Three Morava Region, it was
discovered that the optimal mixture contains 40% of GP when the co-substrates are
wheat straw (WS) and swine manure (SM). Next, using the mean values of the
percentage of co-substrates and GP, the model was applied to the territory of the
Republic of Serbia. The results showed sufficient quantities of all substrates and the
model criteria were satisfied.
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1. INTRODUCTION

The wine industry and its accompanying agricultural branch, viticulture, have traditionally
been among the most represented economic activities in the world. It is estimated that the
annual quantities of grape production are higher than 77.8 million tons [1]. The most
significant cultivation of grapes is in Europe, namely, Italy, France and Spain, amounting to
about 40% of the total production globally, followed by America and Asia [2]. A significant
amount of grape pomace (GP) waste is released during the winemaking process, representing
about 25% of the total grapes [3], which can amount to tens of millions of tons of GP
annually. The main components of GP are skins, seeds, stalks and a small amount of pulp
formed during the process. Some GP parts are used to obtain other products in the food and
pharmaceutical industries, such as grape seed oil or phenolic compounds. After grape
fermentation in wine production, GP is used to obtain alcohol or cellulose-based compounds.
After that, it remains a solid residue with altered characteristics, which in most cases is
rejected [4]. However, this type of organic waste (OW) should not be dismissed primarily
because of the significant content of essential nutrients, especially P and K. Some negative
properties of this waste, such as low pH value and the content of polyphenolic compounds,
can be eliminated by its biological treatment. The problem of the presence of polyphenol
compounds that have a phytotoxic and antimicrobial effect for use as an organic fertilizer is
solved by treating the GP process with composting [5]. The insufficiently good initial
composition of GP can be solved by co-composting.

Composting is a biological treatment where mesophilic and thermophilic microorganisms
are used to decompose complex compounds to obtain a stable end product that can be used
as a natural fertilizer. During the composting process, easily degradable components such as
proteins and sugars are first broken down and provide the necessary energy for the
reproduction and physiological activities of microorganisms and the transition to the next
phase. The second phase of the composting process is accompanied by high temperatures at
which more complex compounds from OW decompose. In the last stage, the decomposition
of more challenging to decompose compounds is completed, and after that, the process of
maturing the product begins and later the obtained compost is used.

Numerous factors affect the composting process: physicochemical properties of the
treated OW (pH value, moisture content, content of easily degradable compounds, particle
size and carbon-nitrogen ratio, C/N) and environmental conditions if the treatment is not
performed in controlled conditions [6]. The pH value changes during the process. At the
beginning of the process, the pH value is low due to the intensive decomposition process
and accumulation of organic acids. The process is slowed if the acid phase is too long. The
pH value increases in the second and third phases and ranges from neutral to slightly basic
[7]. Moisture content and particle size in the composting process are closely related. Too
small particles and high moisture content lead to anaerobic conditions, i.e. the expulsion of
air from the mass, and if the moisture content is insufficient, the process can be stopped.
Therefore, the moisture content must be optimal, usually 40% to 60%, [7,8]. To provide
energy for the development of microorganisms, raw materials treated by the composting
process should contain compounds with sufficient amounts of carbon and nitrogen in their
composition and other nutrients. The ratio of carbon and nitrogen (C/N) is the most critical
factor in the composting process. For the smooth running of the process, the C/N ratio
should be between 25 and 35. Higher values slow down the development of microorganisms
(there are not enough building blocks for proteins) while losing nitrogen in the form of
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ammonia [9]. The final value of the C/N ratio plays a significant role if the obtained compost
is further used as a fertilizer for soil treatment. A too high or too low C/N ratio harms the land
on which it is used [10].

Due to its favorable properties, many studies have focused on monitoring the process
of co-composting GP with additional co-substrates. Research that has investigated the
advantages and disadvantages of composting GP and organic fraction of municipal waste
(OFMSW) has shown that the presence of OFMSW contributes to increasing the content
of P and N and reducing the acidity of the mixture [11]. A study conducted in Brazil
examining the use of compost obtained from GP showed that the final product contains a
high content of nutrients. Due to the presence of metals, it is necessary to include an
additional fraction of OW in composting [12]. A similar study was conducted in Chile,
where the parameters of quality and stability of compost obtained from GP and animal
manure were examined. The results showed that the obtained compost satisfies the
quality criteria through phytotoxicity, the absence of pathogens, and can be used as an
organic fertilizer [13]. Research that has been conducted with composting certain parts of
GP has shown that in the treatment of stalks and sludge, stalks contribute to achieving
higher temperatures, and C/N ratio at the end and beginning of the process. These results
were obtained for the case when the stalks were chopped [14].

This paper will present the potential of GP as a raw material for obtaining compost on
the territory of the Republic of Serbia. In addition to the potential of GP, the potentials of
other available fractions of OW are presented. According to their characteristics, they can
be used as co-substrates, such as animal manure, crop residues, and OFMSW. By applying
the previously developed mathematical model for obtaining the optimal mixture of various
substrates for composting [15], and based on known quantities of OW and characteristics, it
would be possible to determine the utilization of individual fractions of OW and the volume
of compost that can be produced in the Republic of Serbia. During the application of the
mathematical model, three criteria were introduced: the quantities and characteristics of the
co-substrate and their territorial proximity. Four cities in the Three Morava Region were
selected, with the most significant areas under vineyards and the most excrement that has
other available raw materials. After applying the mathematical model, an optimal mixture
was obtained, which consisted of 40% GP, 22.1% what straw (WS) and 37.9% swine
manure (SM). By applying the model to the territory of the Republic of Serbia and based on
the average values for the shares of substrates, it was shown that it is possible to satisfy the
mathematical model and that there are large surpluses of substrates.

2. MATERIALS AND METHODS

2.1. Grape processing process

The scheme of the process of obtaining red and white wine is shown in Figure 1 [16] [17].

As shown in Figure 1, in both cases, the GP at the end of the process is composed of
seeds, skins, stalks and small amounts of pulp. Table 1 shows some of the characteristics
of GP components that are important for the composting process, above all, the content of
carbon (C), nitrogen (N), pH and moisture content [19 - 30].



88 M. IVANOVIC, G. STEFANOVIC, D. SAVIC

Grape marc [ Destalking H Stalks ]
1 Grape marc
(o )y S
I

Pressing

Seeds .
Fermentation

Bottling

Fig. 1 Scheme of grape processing and separation of by-products [16,18]

Table 1 Characteristics of grape pomace

Parameter C.% N, % CIN pH Moisture, %
Component

Skins 4982-4736 208236 2398 6.80  60.90_ 64.40
Stalks 4823-4158 193-118 2498  958-7.77 68.90- 44.40
Pulp / / / 3.65 79.15
Seeds 5544 57.60  2.47 240  22.44 460  6.93—10.60

From Table 1, it can be seen that the C/N ratio of all components is higher than 20,
with stalks having the highest content, followed by skins and then seeds. If the moisture
content in the individual components is observed, all parts except the seeds are in the
required range, 40-60% (pulp has the highest moisture content, while seeds have the
lowest moisture content). Except for the stems (9.58), GP is also characterized by a pH
value (3.60 - 6.8).

Based on the characteristics shown in Table 1, it can be seen that if GP is considered
raw material for composting treatment, it does not have good initial characteristics. The
negative characteristics are, first of all, the low pH value, which slows down the process.
Also, the C/N ratio, which is higher than 20 for all components of GP, still does not meet
the lower limit of the minimum value of 25 for the smooth running of the process [8].
Furthermore, vineyards' seasonal presence and diversity are another negative feature of
GP as a raw material for composting.

Due to the previously described properties, additional components are added to GP — co-
substrates, to achieve optimal conditions for the smooth running of the composting process.
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2.2. Potentials of OW suitable for composting on the territory
of the Republic of Serbia

For the needs of compost production that has a quality such that when returning to nature,
it can meet the needs of plants, it is necessary to mix different substrates. Preliminary
theoretical and experimental research has shown that GP can be combined with different types
of substrates such as OFMSW [11, 13, 31] and crop residues such as WS and maize silage
(MS) [32].

Keeping in mind that there are many of them, the available potentials on the territory
of the Republic of Serbia were considered so as to be included in the composting process.
Therefore, in addition to viticulture, agricultural waste from the countryside (wheat and
maize residues), livestock (poultry, cattle, and pig manure), and municipal waste from the
city (food waste and green waste) were also taken into account.

2.2.1. Vineyard potentials

Viticulture in the Republic of Serbia is an essential agricultural branch that has constantly
grown in the last few decades.

On the territory of the Republic of Serbia, there are three wine-growing regions: the region
of Central Serbia, the region of Vojvodina, and the region of Kosovo and Metohija.

Within these three regions, there are 22 regions with 77 vineyards and several wine-
growing oases. According to the data from the 2012 census of agriculture on the territory of
the Republic of Serbia, the area under vineyards is about 25,000 ha [33]. Based on the
distribution of vineyards the most significant areas are located in the territory of Central
Serbia, about 17,118 ha, and in the region of Vojvodina 5,032.00 ha. The data for the part of
Kosovo and Metohija are not available.

Table 2 shows the distribution and areas under vineyards by regions in the Republic of
Serbia.

Table 2 Distribution and areas of vineyards in Serbia [33]

Region Area[ha]  Grapeyield [t] GP quantity [t]
Subotica region 312.18 2,497.44 624.36
Telecka region 115.23 921.84 230.46
Potiski region 227.37 1,818.96 454,74
Banat region 132.03 1,056.24 264.06
Juzni banat region 1,730.69 13,845.52 3,461.38
Backa region 18.87 150.96 37.74
Srem region 2,215.55 17,724.40 4,431.10
Beograd region 1,129.55 9,036.40 2,259.10
Pocersko — valjevo region 190.62 1,524.96 381.24
Sumadija region 1119.79 8,958.32 2,239.58
Mlava region 814.37 6,514.96 1,628.74
Negotin region 978.04 7,824.32 1,956.08
KnjaZevac region 1,076.47 8,611.76 2,152.94
Tri Morave region 7,528.76 60,230.08 15,057.52
Catansko — kraljevo region 64.88 519.04 129.76
Ni§ region 1,311.85 10,494.80 2,623.70
NiSava region 470.88 3,767.04 941.76
Toplica region 764.73 6,117.84 1,529.46
Leskovac region 1,459.27 11,674.16 2,918.54
Vranje region 421.31 3,370.48 842.62

Total 22,082.44 176,659.52 44,164.88
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From Table 2, it can be seen that the most significant areas under vineyards are
represented in the Three Morava region, where the areas under vineyards are 7,528.76 ha.
The average grape yield is about 8,000 kg/ha [34]. Based on that amount, the amount of GP
for each region can be estimated. The total amount of GP on the entire territory of Serbia is
44,164.88 t (Table 2). Therefore, the GP quantities in the Three Morava region are
15,057.52 t. At the same time, in the other areas, the amounts are significantly smaller.

2.2.2. Livestock potentials

Livestock is the leading branch of agriculture in the Republic of Serbia. About 77.5%
of agricultural farms in Serbia are engaged in livestock production. According to the
number of conditional throats (CT) of all animals, the regions of Sumadija and Western
Serbia (39.8%) and the region of Vojvodina (34%), respectively, have the highest
percentages of livestock. It is less distinct in Southern and Eastern Serbia (20.7%) and
Belgrade (the smallest percentage).

The average density of livestock production, according to the 2012 census, was 0.6 CT/ha.
According to the structure of CT, the most represented are pigs (36.7%) and cows (34.7), while
poultry is slightly less represented (18.1%), with the other CT amounting to about 10% [35].

In Western Serbia and Sumadija region, cattle breeding accounts for 45.5% of
livestock production while swine breeding accounts for 33.8%.

In Vojvodina, livestock is represented by 27% of cattle breeding and 41% of swine
breeding. In Southern and Eastern Serbia, cattle and swine breeding is represented by about
20%. The lowest prevalence is in the Belgrade region, with about 6% for both species.
What characterizes poultry farming is a small number of farms with many CT concentrated in
different parts of Serbia. The highest concentration of poultry is in VVojvodina and Central
Serbia in the area of the Three Morava region.

2.2.3. Wheat and maize potentials

According to the 2012 census of agriculture, there is 3,347,423 ha of arable land on the
territory of the Republic of Serbia [36]. The structure of agricultural land is made up of arable
land and gardens, meadows, vineyards, orchards and backyards. The area under cereals has
the largest share in the structure of agricultural land, about 68%, i.e. 1,715,562 ha, of which
corn is 39% (976, 612 ha of land) and wheat 24% (602,804 ha of land) [36]. The most
significant areas under cereals are located on the territory of VVojvodina, hamely 940,597 ha,
and the smallest in the Belgrade region, 62,389 ha, Table 3 [36]. The average yield of wheat
residues is 3.50 t / ha, while maize yield is 3.85 t/ ha [37].

Table 3 shows each region's annual wheat and maize production based on these data.

Table 3 Areas of wheat and maize and biomass yield by regions of the Republic of Serbia

Region Wheat Maize
Area[ha] Annual production Area[ha] Annual production
[t/year] [t/year]
Belgrade region 26,523.00 92,830.50 35,866.00 102,113.55
Region of Vojvodina 330,293.00 1,156,025.50 610,304.00 1,271,628.05

The region of Sumadija and 117,478.00 411,173.00 185,952.00 452,290.30
Western Serbia
Region of Southern and 128,549.00 449,921.50 144,490.00 494,913.65
Eastern Serbia
Total 602,844.00 2,109,954.00 976, 612.00 3,759,956.20
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2.2.4. Potentials of the organic fraction of municipal waste (OFMSW)

On the territory of the Republic of Serbia, the amount of municipal waste (MW)
generated is 2,374,374 t, or about 0.87 kg per capita per day [38]. The largest share in the
MW is the organic fraction of municipal waste (OFMSW) with 42.48%, on average for
the whole of Serbia, which consists of garden waste (GW) (11.88% in the MW) and food
waste (FW) (30.6% in the MW) [38].

Taking all the above into account, Table 4 shows the available quantities of organic
matter on the territory of the Republic of Serbia that can be used for composting [33] [36]
[37- 40].

Table 4 Quantities of organic mass on the territory of the Republic of Serbia

Type organic mass

Vineyard Area under vineyards Amount of GP perarea  Total amount of GP per area
[ha] [t/year/area] [t/year]

Grape pomace 22,082.44 2.0 44,164.88

Animal Number of heads ~ Amount of AM perhead  The total amount of AM

Manure (AM) [t/year/area] per head [t/year]

Cow 908,102.00 19.86 18,162,040.00

Swine 3,407,318.00 1.45 4,906,537.920

Polutry 26,710,921.00 0.06 1,736,209.865

Biomass waste (BW) Area Amount of BW perarea  The total amount of BW
[ha] [t/year/area] per area [t/year]

Maize 976, 612.00 3.85 3,759,956.20

Wheat straw 602,844.00 3.50 2,109,954.00

Organic fraction of Number of Amount of OFSMW per The total amount of OFSMW

municipal waste inhabitants inhabitant [t/year/inhabit] per inhabitant [t/year]

(OFSMW)

FW 7,041,599.00 0.1045 736,055.90

GW 7,041,599.00 0.0404 284,924.80

Table 4 shows that on the territory of the Republic of Serbia, there are large quantities
of OW derived from animal manure (cow, swine and poultry), biomass waste from
agriculture (maize and wheat straw), organic fraction of municipal waste (food and green
waste) and waste which occurs after processing grapes that can be composted. Most of
that waste is not treated but discarded. On the other hand, it can be seen that the presented
OW fractions are highly suitable when used as raw materials for the composting process
because they are readily available locally, plentiful, and nutrient-rich. By applying
composting to the presented fractions of OW, two goals are achieved: solving the problem
of waste and returning nutrients to the soil, i.e. the principle of circularity is completed.

2.3. Description of the mathematical model

For this research, a previously developed mathematical model [15] was used based on
multi-criteria optimization, which includes the lexicographic method applied in this paper.
The application of this method enables the monitoring of several parameters simultaneously
to obtain an optimal solution that will be within the range of given conditions. The formation
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of the model consists of several steps: the formation of equations, setting boundary
conditions and criteria, and the choice of priority criteria that we want to achieve.

The formation of equations was performed based on OW characteristics, carbon (C)
and nitrogen (N) content, as well as moisture content (M) and pH value.

Boundary conditions were formed based on the literature data related to mentioned
parameters that influence the composting process and the attitudes of decision-makers.

The first boundary condition in the model was that the sum of the observed fractions
is 1, i.e. that their sum is 100%.

The second boundary condition in the model is that the C/N ratio is 25 to 35, which is
the optimal ratio to start the process.

The third boundary condition in the developed model was that the moisture content is
50% to 60%. The fourth boundary condition in the model was that all observed OW
fractions participate in the optimal mixture for composting treatment.

The fifth boundary condition in the model was that the share of individual fractions
moves in different ranges. This paper assumes that the percentages range from 0 to 1, i.e.
up to 100%.

The criteria were set on the basis of optimal conditions for the beginning of the
process. The requirements set by the mathematical model serve to achieve the maximum
carbon content and the maximum pH value in the initial mixture for the given boundary
conditions. In the first step of this method, a solution that only meets the first criterion
(maximum content C) while adhering to the constraints is sought. After obtaining the
solution to the problem, if the resolution of the issue is not unique, the problem is solved
using another given criterion (maximum pH value), and an answer is obtained. As the
goal of optimization is to get an optimal solution according to both criteria, the next step
in the model is the choice of the priority function, i.e. which criterion is more important
to us. The maximum pH value was chosen as an important function in this study. This
choice was made based on considering the characteristics of OW and, above all, GP,
whose share in the mixture was monitored.

3. EXPERIMENTAL RESEARCH

To determine which fractions result in the highest inclusion of waste, especially GP,
the experimental research was done to address the issue of GP as the main component
and the inclusion of other available types of OW (crop residues, animal manure, and
OFMSW) as a co-substrate for compost production in a limited area.

3.1. Study area

The research was conducted on the territories of four cities, Jagodina, Krusevac,
Trstenik and Aleksandrovac, which belong to the Three Morava region. Data related to
the number of inhabitants, areas under WS and MS, and the numbers of CT are given in
the Table 5. Cities were chosen based on whether there is an area under vineyards,
agricultural areas under cereals, and animal farms in a particular area, in order to show
that it is possible to get compost by combining all raw materials with an aim of achieving
the best characteristics for the starting mixture and compost by using the previously
developed mathematical model.
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The quantities of available fractions found on the territories of the observed cities are
shown in Table 5.

Table 5 Quantities of available fractions on the territory of the observed cities

Type of OW GP Animal manure Biomass waste OFMSW
Cities CM SM PM MS WS FW GW
Jagodina 620.12 108,455.46 36,145.60 35,405.21 24,428.25 14,616.00 6,623.00 2,560.47
KruSevac 3,911.80 335,693.58 71,261.70 26,211.12 33,949.00 17,724.00 12,439.15 4,809.01
Trstenik 439840 97,472.88 29,72355 13,006.23 15,053.50 5,390.00 878.43 1,529.62

Aleksandrovac  3,061.00 85,556.88 24,607.95 26,095.22 9,871.40 5,166.00 2,461.07 95146

3.2. Optimization of the composting process

When optimizing the initial mixtures of substrates, the main goal was to use the
available fractions of OW to obtain a mixture that provides the necessary conditions for
the beginning and course of the composting process. Therefore, the mathematical model
was formed with four OW factions. GP was taken as the main component, and other OW
fractions were changed during the experiment. In each part of the experiment, one
fraction from the group of excrements and one fraction from the OFMSW group were
taken. Due to the similarity of WS and MS characteristics, only WS was observed.

Table 6 shows the basic characteristics of the above substrates in the observed cities
to model the composting process [8] [11] [19] [41 - 45].

Table 6 Characteristics of OW on the territory of the observed cities

Parameter C N C/IN pH Moisture
Type of OW [%] [%] [%]
Vinyeard

GP 48.59 2.48 19.60 3.50 59.30
Animal manure

CM 39.90 2.40 16.62 7.90 78.20
SM 40.90 2.50 16.36 8.24 82.50
PM 43.83 5.02 8.73 8.17 71.10
Biomass waste

MS 44.18 0.53 83.30 7.40 5.00
WS 48.80 0.60 88.88 7.10 10.80
OFMSW

FwW 48.00 2.60 18.46 6.70 70.00
GW 47.80 3.40 14.05 6.60 60.00

Based on the available OW quantities in the observed cities (Table 5) and their
characteristics (Table 6), the optimal amounts of OW fractions in the compostable mixture
were obtained by applying the mathematical model. On that occasion, mixtures containing
GP, WS, PM and FW were considered (Table 7.1), and combinations in which GP, WS, PM
and GW were present (Table 7.2). While food and green waste are taken into account in
OFMSW, poultry, swine, and cow manure are taken into account in animal excrement.
Additionally, physicochemical characteristics of the resulting mixtures, such as the C/N ratio,
maximum pH values, and maximum carbon content are taken into account (Tables 7.1 and
7.2).
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4, RESULTS AND DISCUSSION

Considering the obtained results (Table 7.1 and 7.2), it can first be seen that the set
conditions of the set model were achieved according to the criteria of C/N and pH values
(C/N: 25-35, pH = 6).

Looking at the maximum share of GP in the mixture for the first substrate combination
(Table 7.1), it is 40% when the optimal mixture is composed of GP, WS and SM on the
territories of all observed cities.

If we observe the quantities of used fractions and the maximum share of GP in the
optimal mixture, based on the results, Table 7.1 shows that this is present on the territory
of the city of KruSevac with more than 30,000 t OW. In other cities, Jagodina, Trstenik
and Aleksandrovac, these quantities are slightly more than 10,000 t OW.

Table 7.1 Composition of optimal mixtures of components in the first research group

AM OFMSW Quantity

g’t?pone”t [f;] \[’(;)S] PM _SM__CM __FW _ CIN pH [t

[%]  [%] [%] [%]

3000 2860 1360  / /2770 25038 605 1101581
Jagodina 4000 1840 / 4150  / 0 2839 610  17,537.34
3500 3150 / /2980 350 2499 6.06  37,372.58
3500 27.80 2080/ /1620 2501 599 1376337
Kruevac 4000 2070 / 3929 |/ 0 2500 6.0  33.232.20
2500 3060 |/ /960 3417 2503 6.0 42.878.35
3000 28.00 1200  / | 2854 2535 604  4640.13
Trstenik 4000 2750 / 3240 |/ 0 2487 602  12,872.00
2500 30.00 / /1000 3400 2510 610  12.762.40
2500 2930 5 80  / /3970 2506 610 325581
Aleksandrovac  40.00 2400 / 3530  / 0 2480 606  11,150.80
2500 3000 |/ /1090 3300 2487 6.10  12.457.90

However, if we look at the quantities of mixtures obtained, based on Table 7.1, it can be
seen that this is achieved when the share of GP is 35% in the city of Jagodina and when the
percentage of GP is 25% in the city of Krusevac. In the other two cities, the maximum amount
of components participating in the mixture is when the share of GP is 40%.

In the next group of experiments, GW replaced FW, and the other co-substrates remained
the same, Table 7.2.

For the second combination of substrates, the maximum share of GP in the mixture is
40% when GP, WS and SM are included in the optimal mixture. This was achieved in all
cities but for different proportions of other substrates.

Table 7.2, which examines the number of substrates used and the maximum share of
GP in the optimal mixture, shows that this is the case on the territory of the city of Krusevac
with more than 30,000 tons of OW. In other cities, Jagodina, Trstenik and Aleksandrovac,
these quantities are slightly more than 10,000 t OW.
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Table 7.2 Composition of optimal mixtures in the second group of mixtures

AM OFMSW

g;’t?p"”em GP WS PM__SM CM__ GW _ CIN pH Q“?t’]t'w
[%]  [%] [%] [%] [%] [%]
2500 2210 940 /| /4341 2508 608 851161
Jagodina 4000 1840 | 4150  / 0 2839 610 17.537.34
3500 3030 |/ | 2841 625 2499 603  35606.96
3000 2330 1500 / /3123 2490 602 1081538
Krusevac 4000 2070 | 3929 0 2500 610 33232.20
2500 2200 /| | 560 4730 2500 600  25950.65
2500 2100 610 /[ 4745 2490 602  3.750.68
Trstenik 4000 2750 | 3240 0 2487 602 12872.00
2000 2100 / /450 5370 2478 640  7.201.28
2000 2000 34/ /5570 2463 610  3.06259
Aleksandrovac 4000 2400 / 3530  / 0 2480 606 11.150.80
2500 2200 / | 680 4570 2484 602 815441

However, if we look at the quantities of mixtures obtained, based on Table 7.2, it can
be seen that this is achieved when the share of GP is 35% in the city of Jagodina. In the
other three cities, the maximum amount of components participating in the mixture is
when the share of GP is 40%.

Comparing the obtained results in Tables 7.1 and 7.2, it can be seen that the best
results were achieved in both cases when the share of GP was 40% with the same co-
substrates WS and SM.

Based on the data shown in Tables 7.1 and 7.2, it can be seen that GP and SM have
the highest shares in the optimal mixture, with 40% and more than 30%, respectively. At
the same time, WS has the lowest share. Suppose we observe the quantities of fractions
that enter the optimal mixture (Tables 7.1 and 7.2). In that case, SM has the highest
utilization, followed by WS, while GP has the lowest.

Application of the model to the territory of the Republic of Serbia

The mean values of the percentage fractions were determined based on the obtained
results for the composition of the optimal mixture when GP participates with the largest
share (Tables 7.1 and 7.2). After the calculation, the mean values for the observed fractions
were 40% GP, 22.1% WS, and 37.9% SM.

Applying the average shares on the territory of the Republic of Serbia (RS), it was
obtained that the optimal mixture includes 17,665.95 t GP, 466,299.83 t WS, and
1,859,577.87 t SM.

Calculating the amount of compost obtained

Table 8 shows the quantities of OW fractions that enter the optimal mixture for the
case of the cities in the Three Morava region and the amounts for the entire territory of
the country.
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Table 8 Quantities of individual fractions entering the optimal mixture

Biomass Animal

Type of OW GP Amount waste manure Total Amount ob;?\nr?: duzz)%fost
[t WS Amount  SM Amount [t It

Cities [t] [t]

Jagodina 248.04 2,289.30 15,000.00 17,537.34 8,768.67
Krusevac 1,564.70 3,668.80 27,998.70 33,232.20 16,616.10
Trstenik 1,759.40 1,482.20 9,630.40 12,872.00 6,436.00
Aleksandrovac 1,224.40 1,239.80 8,686.60 11,150.80 5,575.40
RS 17,665.95 466,299.83  1,859,577.87  2,343,543.65 1,171,771.82

The amount of compost obtained at the end of the process for each city was calculated
using the obtained quantities of OW that are part of the optimal mixture, and assuming
that the mass of the initial mixture is reduced by 50%, after the composting process.
Thus, the amount of compost obtained after treatment in Jagodina is 8,768 t, in the city of
Krusevac 16,616.1 t, while in the cities of Trstenik and Aleksandrovac 6,436 t and 5,575 t,
respectively. Therefore, the amount of compost that would be obtained on the territory of
the Republic of Serbia is 1,171,771.82 t.

5. CONCLUSION

The Republic of Serbia has a significant potential for organic waste of agricultural
origin. Large areas of arable land are represented on the country's territory, and there are
many farms. GP, which is present in large quantities, represents a particular type of
agricultural waste. The potentials of GP and other types of agricultural organic waste that
are readily available and have qualities that make them suitable for composting such as
animal manure, waste biomass, and organic fraction of municipal waste for producing
compost are discussed in this paper. By applying the previously developed mathematical
model for obtaining the optimal mixture on the territories of cities located in the Three
Morava region, it was shown that the highest share of GP in the mixture is 40%. The
composition of the optimal mixture includes WS with 22.1% and SM with 37.9%, on
average. The resulting substrate mixture meets the required initial parameters, such as
C /N 25, a pH value of 6.00, and a moisture content between 50% and 60%, which is a
good initial condition. After applying the mathematical model to the territory of the

Based on the average participation of individual components in the optimal mixture, it
was determined that there are sufficient amounts of observed substrates. Moreover, SM
has the highest utilization, followed by WS, and then GP. It can be concluded that the
previously developed model is favorable and acceptable because, in addition to GP, it
includes all the listed and most accessible OW fractions. Further research will consider
the possibilities of transport of the observed substrates.



Potentials of Grape Pomace for Compost Production on the Territory of the Three Morava Region: A Case Study 97

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

REFERENCES

Statistical Report on World vitiviniculture, www.oiv.int/en/oiv-life/oiv- 2019-report-on-the-world-
vitivinicultural-situation, 2019.

Ahmad, B., Yadav, V., Yadav, A., Rahman, M. U., Yuan, W. Z., Li, Z., & Wang, X.: Integrated
biorefinery approach to valorize winery waste: A review from waste to energy perspectives, Science of
the Total Environment, Vol. 719, 137315, 2020.

Beres, C., Costa, G. N., Cabezudo, I., da Silva, J., N. K., Teles, A. S., Cruz, A. P., Freitas, S. P.: Towards
integral utilization of grape pomace from winemaking process: A review. Waste management, Vol. 68,
pp. 581-594, 2017.

Paradelo, R., Moldes, A. B., & Barral, M. T.: Utilization of a factorial design to study the composting of
hydrolyzed grape marc and vinification lees, Journal of agricultural and food chemistry, VVol.58, No5, pp.
3085-3092, 2010.

Bustamante, M. A., Pérez-Murcia, M. D., Paredes, C., Moral, R., Pérez-Espinosa, A., Moreno-Caselles,
J.: Short-term carbon and nitrogen mineralisation in soil amended with winery and distillery organic
wastes, Bioresource technology, Vol. 98(17), pp. 3269-3277, 2007.

Epstein, E.: The science of composting, CRC press, Boca Raton, Florida, US, 2017.

Diaz, L. F., De Bertoldi, M., Bidlingmaier, W. (Eds.),: Compost science and technology, Elsevier, 2011
Kumar, M., Ou, Y. L., Lin, J. G.: Co-composting of green waste and food waste at low C/N ratio,Waste
management, VVol.30,No.4, pp. 602-609, 2011.

Proietti, P., Calisti, R., Gigliotti, G., Nasini, L., Regni, L., Marchini, A.: Composting optimization:
Integrating cost analysis with the physical-chemical properties of materials to be composted, Journal of
Cleaner Production, Vol.137, pp.1086-1099,2016.

Guo, R., Li, G., Jiang, T., Schuchardt, F., Chen, T., Zhao, Y., Shen, Y.: Effect of aeration rate, C/N ratio
and moisture content on the stability and maturity of compost, Bioresource technology, Vol.112, pp.171-
178, 2012.

Hungria, J., Gutiérrez, M. C., Siles, J. A.,Martin, M. A.:Advantages and drawbacks of OFMSW and
winery waste co-composting at pilot scale. Journal of Cleaner Production, Vol.164, pp. 1050-1057, 2017.
Ferrari, V., Taffarel, S. R., Espinosa-Fuentes, E., Oliveira, M. L., Saikia, B. K., Oliveira, L. F,: Chemical
evaluation of by-products of the grape industry as potential agricultural fertilizers, Journal of Cleaner
Production, Vol. 208, pp. 297-306, 2019.

Salgado, M. M. M., Blu, R. O., Janssens, M., Fincheira, P.: Grape pomace compost as a source of organic
matter: Evolution of quality parameters to evaluate maturity and stability, Journal of Cleaner Production,
Vol. 216, pp. 56-63, 2019.

Bertran, E., Sort, X., Soliva, M., Trillas, I.: Composting winery waste: sludges and grape stalks,
Bioresource technology, Vol. 95, No.2, pp. 203-208, 2004.

M. Ivanovi¢, G. Stefanovi¢, P. Rajkovi¢, B. Milutionovié.: Optimization of the composting process of the
mixture of different fractions of organic waste, XIV International Conference on Systems, Automatic
Control and Measurements, SAUM, Ni§, Serbia, pp. 179 — 182, 2018.

Sirohi, R., Tarafdar, A., Singh, S., Negi, T., Gaur, V. K., Gnansounou, E. Bhartiraja, B.:Green processing
and biotechnological potential of grape pomace: Current trends and opportunities for sustainable
biorefinery, Bioresource Technology, Vol.123771, 2020.

Galanakis, C. M. (Ed.).: Handbook of grape processing by-products: sustainable solutions, Academic
Press, 2017.

Zhang, N., Hoadley, A., Patel, J., Lim, S., Li, C. E.:Sustainable options for the utilization of solid
residues from wine production, Waste Management, VVol.60, pp.173-183, 2017.

G. Toscano, G. Riva, D. Duca, E. Foppa Pedretti, F. Corinaldesi, G. Rossini,: Analysis of the
characteristics of the residues of the wine production chain finalized to their industrial and energy
recovery, Biomass and Bioenergy, Vol. 55, pp. 260-267, 2013.

Abdrabba, S., & Hussein, S.: Chemical composition of pulp, seed and peel of red grape from Libya;
Global Journal of Scientific Researches, Vol. 3(2), pp. 6-11, 2015.

El Achkar, J. H., Lendormi, T., Hobaika, Z., Salameh, D., Louka, N., Maroun, R. G.,Lanoisellé, J. L.:
Anaerobic digestion of grape pomace: Biochemical characterization of the fractions and methane
production in batch and continuous digesters, Waste Management, VVol.50, pp. 275-282, 2016.

Bertran, E., Sort, X., Soliva, M., Trillas, I.: Composting winery waste: sludges and grape stalks,
Bioresource technology, Vol.95, No.2, pp. 203-208, 2004.

Xu, R., Ferrante, L., Briens, C., Berruti, F.: Flash pyrolysis of grape residues into biofuel in a bubbling
fluid bed, Journal of Analytical and Applied Pyrolysis, VVol.86, No.1, pp. 58-65, 2009.



98

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

3r.

38.

39.
40.

41.

42.

43.

44,

45.

M. IVANOVIC, G. STEFANOVIC, D. SAVIC

Ozdemir, 1., Sahin, M., Orhan, R., Erdem, M.: Preparation and characterization of activated carbon from
grape stalk by zinc chloride activation, Fuel processing technology, Vol. 125, pp. 200-206, 2014.
Sanahuja-Parejo, O., Veses, A., Navarro, M. V., Lépez, J. M., Murillo, R., Callén, M. S.,Garcia, T.:
Catalytic co-pyrolysis of grape seeds and waste tyres for the production of drop-in biofuels, Energy
Conversion and Management, Vol. 171, pp. 1202-1212, 2018.

Sélyom, K., Kraus, S., Mato, R. B., Gaukel, V., Schuchmann, H. P.,Cocero, M. J.: Dielectric properties
of grape marc: Effect of temperature, moisture content and sample preparation method, Journal of Food
Engineering, Vol.119, No.1, pp. 33-39, 2013.

Portinho, R., Zanella, O., & Féris, L. A: Grape stalk application for caffeine removal through adsorption,
Journal of environmental management, Vol. 202, pp.178-187, 2017.

Abdrabba, S.,Hussein, S.: Chemical composition of pulp, seed and peel of red grape from Libya, Global
Journal of Scientific Researches, Vol. 3, No.2, pp. 6-11, 2015.

Ferndndez, F. J., Sénchez-Arias, V., Villasefior, J.,Rodriguez, L.: Evaluation of carbon degradation
during co-composting of exhausted grape marc with different biowastes, Chemosphere, Vol.73, No.5,
pp.670-677, 2008.

Diaz, M. J., Madejon, E., Cabrera, F., Jimenez, L.,De Bertoldi, M.: Using a second-order polynomial
model to determine the optimum vinasse/grape marc ratio for in-vessel composting, Compost science &
utilization, Vol.12, No.3,pp. 273-279, 2004.

Bustamante, M. A., Paredes, C., Marhuenda-Egea, F. C., Pérez-Espinosa, A., Bernal, M. P., Moral, R.:
Co-composting of distillery wastes with animal manures: Carbon and nitrogen transformations in the
evaluation of compost stability, Chemosphere, Vol.72, No.4, pp. 551-557, 2008.

Ferndndez, F. J., Sanchez-Arias, V., Villasefior, J., Rodriguez, L.: Evaluation of carbon degradation
during co-composting of exhausted grape marc with different biowastes, Chemosphere, Vol. 73, No.5,
pp. 670-677, 2008.

Ivani§evi¢, D., Jaksi¢, D., Kora¢, N,: Vinogradski atlas, census of agriculture 2012, Published and printed
by: Statistical Office of the Republic of Serbia, Belgrade, 2015.

Pereovié, J. , Optimizacija procesa hidrotermalne karbonizacije komine grozda i primena dobijene
hidro¢adi, Doktorska disertacija,[ Optimization of hydrothermal carbonization process of grape pomace
and application of obtained hydrochar], Faculty of technology and metallurgy, Belgrade, 2017.

Popovi¢, R., Stogarsvo u Republici Srbiji, census of agriculture 2012 Published and printed by: Statistical
Office of the Republic of Serbia, Belgrade, 2019.

Statistical Yearbook of the Republic of Serbia, 2019, Published and printed by: Statistical Office of the
Republic of Serbia, Belgrade, Milana Rakica 5, ISSN 0354-4206

Curkekovié, A, Jovanovié, Lj., Supi¢, D., Raspolozivi potencijali Zetvenih ostataka za proizvodnju biomase na
teritoriji opstine Becej, Srbobran, Kula i Vrbas, Ministarsvo poljoprivrede, Sumarstva i vodoprivrede,
PSS Vrbas, Univrzitet Edukons Sremska Kamenica, 2021.

Stepanov, J. Model za evaluaciju sistema upravljanja komunalnim ¢vrstim otpadom primenom metode
ocenjivanja zivotnog ciklusa [Model for Evaluating Municipal Waste Management System Applying the
Method of Life Cycle Assessment] Doktorska disertacija, Faculty of Technical Sciences, Novi Sad, 2018.
https://www.ctahr.hawaii.edu/oc/freepubs/pdf/GHGS-02.

M. Ivanovi¢, G. Stefanovi¢, P. Rajkovi¢, Multicriteria Optimization of AD Process Using Different
Fractions of Organic Waste, 3rd Sout East Conference on Sustainable Development of Energy, Water
and Environment Systems — SDEWES, 30.06 - 04.07.2018, Novi Sad, Srbija.

Chen, Z., Bao, H., Wen, Q., Wu, Y., Fu, Q.: Effects of H3PO4 modified biochar on heavy metal mobility
and resistance genes removal during swine manure composting, Bioresource Technology, Vol. 346,
126632, 2022.

Gomez-Brandén, M., Lazcano, C., & Dominguez, J.: The evaluation of stability and maturity during the
composting of cattle manure, Chemosphere, VVol.70, No.3, pp. 436-444, 2008.

Karak, T., Sonar, I., Paul, R. K., Das, S., Boruah, R. K., Dutta, A. K.,Das, D. K.: Composting of cow
dung and crop residues using termite mounds as bulking agent, Bioresource technology, Vol. 169,
pp.731-741, 2014.

Petric, 1., Avdihodzi¢, E.,Ibri¢, N.: Numerical simulation of composting process for mixture of organic
fraction of municipal solid waste and poultry manure, Ecological engineering, Vol.75, pp. 242-249, 2015.
Petric, I, Sestan, A.,Sestan, I.: Influence of wheat straw addition on composting of poultry manure.
Process Safety and Environmental Protection, VVol.87, No.3, pp. 206-212, 2009.



Potentials of Grape Pomace for Compost Production on the Territory of the Three Morava Region: A Case Study 99

POTENCIJALI ISKORISCENJA KOMINE GROZDA
ZA PROIZVODNJU KOMPOSTA NA TERITORIJI REGIONA
TRI MORAVE: STUDIJA SLUCAJA

Stabljike, koZice, semenke i pulpa su komponente komine groida (KG) nastale kao
nusproizvodi tokom proizvodnje vina. Udeo KG predstavija oko 25% ukupne kolicine preradenog
grozda, Sto predstavija znacajnu kolicinu organskog otpada (OO) koji se moze tretirati U procesu
kompostiranja. U radu su prikazane osnovne karakteristike i potencijali KG i drugih dostupnih
frakcija OO poljoprivrednog porekla sa ciljem sagledavanja mogucnosti njihove upotrebe. Prvo,
na osnovu zastupljenosti vinograda po regionima na teritoriji Republike Srbije i lokalno dostupnih
supstrata, a koriscenjem prethodno razvijenog matematickog modela, izracunate su kolicine
posmatranih frakcija i komposta. Primenom matematickog modela na gradove koji se nalaze u
oblasti regiona Tri Morave, pokazano je da najveci udeo KG u optimalnoj smesi iznosi 40% kada
su supstrati pSenicna slama (PS) i svinjski eksrementi (SE). Zatim je, koriste¢i srednje vrednosti
procenta kosupstrata i KG, model primenjen na teritoriju Republike Srbije. Rezultati su pokazali
dovoljne kolicine svih supstrata i kriterijumi modela su bili zadovoljeni.

Kljuéne reci: kompostiranje, potencijali, poljoprivredni otpad, otpad od grozda, zatvaranje petlje



