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ANALYSIS OF THE TRANSSHIPMENT OF GRAIN AND FEED
PRODUCTS THROUGH THE SEAPORTS OF UKRAINE IN
SPECIAL CONDITIONS

Statement of the problem in general. In modern conditions, the
market needs changes in the logistics of food supplies (feed and grain)
based on an assessment of the capabilities of producers, ports and other
types of transport. In addition, the elevator capacity within the country
should allow the necessary reserves to be accumulated.

If we estimate the export potential of agricultural enterprises located
in a 300-kilometer zone, from where grain can be efficiently delivered by
road transport to the ports of the Sea of Azov (Mariupol and Berdyansk),
it amounts to 3.2...3.5 million tons [1]. For the period from July 2020 to
May 2021, grain exports (excluding processed products) from Mariupol
and Berdyansk amounted to 2.3 million tons through the ports of the Sea
of Azov, including the Mariupol port [2].

Analysis of recent researches and publications. According to the
State Statistics Service, in 2019 the production of feed (excluding premix-
es) in Ukraine amounted to 6348.6 thousand tons. This result is the lowest
in the last six years, if in 2013 it was 6751.4 thousand tons, then by 2019
decreased by 6 % or 402.7 thousand tons. During this period, there were
only 2 years (2014 — 6826.8 thousand tons and 2018 — 6632.7 thousand
tons) when production showed an increase in the total volume to him
(Fig. 1).

Over 6 years, the production of finished feed for pigs (20 %) and cat-
tle (21 %) decreased by a fifth, and by 2019 it amounted to
1107.2 thousand tons and 566.1 thousand tons, respectively. The produc-
tion of fodder not included in other categories decreased by almost half
(by 44%) — 452.5 thousand tons in 2019. And only fodder for poultry
showed a growth of 10 % over six years, and in 2019 it amounted to
4,222. 8 thousand tons. According to the Alltech Global Feed Survey, in
2020 the production of feed in the world decreased by another 1.07 %, to
1.13 billion tons [3]. African swine fever (ASF) and a reduction in pig
feed in the Asia-Pacific region are cited as the main cause. The nine lead-
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ing fodder producing countries are the USA, China, Brazil, India, Mexico,
Spain, Japan and Germany [4-7].
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Fig. 1. Dynamics of compound feed production in Ukraine for 7 years, min. tons

The USA is the largest fodder-producing country in the world, pro-
ducing 214 million tons of products. It is mainly feed for cattle
(61.09 million tons), poultry (48.53 million tons) and pigs (44.86 million
tons).

In the region of Latin America, the growth was 2.2 %, up to
167.9 million tons. Brazil remains the leader in the production of fodder in
the region and ranks third among world producers. The main types of
production are fodder for poultry (32.1 million tons) and pigs
(17.0 million tons). The top three, Brazil, Mexico and Argentina, continue
to produce the majority of feed in Latin America and account for 76 % of
regional production.

Europe remains a relatively sluggish region with a slight increase of
0.2 % compared to 2019. The top three feed producers in Europe include
Russia (40.5 million tons), Spain (34.8 million tons) and Germany
(25.0 million tons). At the same time, the production of fodder for pigs
leads in all three countries.

In 2019, feed production in the Asia-Pacific region fell by 5.5 %,
mainly due to African swine fever and a significant reduction in pig feed
production. In China, fodder production decreased by almost 20 million
tons, to 167.9 million tons.
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Africa continues its strong growth with a 7.5 % increase in produc-
tion, with all major species showing positive growth. The top five feed
producing countries in the region account for 75 % of feed production in
Africa and are South Africa, Egypt, Nigeria, Morocco and Algeria.

Poultry feed remains the number one product on the Ukrainian mar-
ket. In 2019, its share is 67 %, which is explained by both the develop-
ment of the Ukrainian poultry market and the growth of poultry meat con-
sumption. Fodder for pigs occupies 17 %, cattle — only 9 %. Mostly, the
main producers of compound feed in Ukraine are large agro-industrial
vertically integrated holdings. The TOP-10 companies produce almost
60 % of all compound feed in the country [8].

It is impossible to save all the harvest in the country. Almost half of
the agricultural products produced in Ukraine are export potential, which
must now be realized in order to prevent hunger in the world and ensure
the inflow of foreign currency to Ukraine. Therefore, with the help of the
UN and Turkey, "grain corridors™ through the Black Sea ports are open
and functioning.

The main domestic manufacturers of compound feed are presented in
Fig. 2.
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Fig. 2. Distribution of the feed market among companies in Ukraine, %

The top 10 feed producing countries in the world in 2020 according to
the Alltech version [3] look like this (Fig. 3):



2022 — Ne 44 CyOHosi enepeemuyni ycCmaHo8Ku 8

24,9 22°

aChina

=sUSA

nBrazil

alndia

sMexico
sSpain

sBaltic Country
mJapan
sGermany

mArgentina

Fig. 3. Distribution of the world compound feed market in 2020, million tons

In the modern conditions of socio-economic development of the agro-
industrial complex of Ukraine, the feed industry occupies a special place.
The production of compound feed is an intermediate link in the produc-
tion chain: supplier of raw materials (agricultural enterprises, farms) —
processor (compound feed enterprises) — consumer (poultry and livestock
complexes). Therefore, the compound feed industry is one of the founda-
tions of providing the population with meat products. The underestimation
of the importance of the compound feed industry and the decline of the
entire agro-industrial complex of Ukraine for 90 years of XX century had
a negative impact on the economic efficiency of the compound feed in-
dustry, the destruction of the industry's capacities, a decrease in produc-
tion volumes, reorientation to other types of activities, bankruptcy and the
closure of most enterprises.

Therefore, research and the search for ways to increase the economic
efficiency of the functioning of feed industry enterprises are particularly
relevant today. There is a growing need to apply a comprehensive ap-
proach to the formation of new mobile small and efficient enterprises en-
gaged in the production of compound feed. During the last ten years, the
agro-industrial complex was engulfed by crisis phenomena. They were the
most destructive in animal husbandry and the industries that provide it,
fodder production and in the production of compound feed. Low-quality
compound feed: grain components make up more than 70 % on average,
which is much higher than the recommendations of EU standards.
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The development of the compound feed industry is an integral condi-
tion for raising domestic animal husbandry to the level of competitiveness
of economically developed countries. Increasing production efficiency is
an economic consequence of the process of continuous improvement of
production factors, the source of which can be both intensive and exten-
sive factors of the reproduction process. Based on the fact that the combi-
nation and interrelationship of the main components, reserves, directions
and factors of increasing the efficiency of the development of the feed
industry can be considered as ways of its growth, we note that the growth
of the final production results should be achieved by increasing its main
factors and increasing their return. The compound feed market has
changed significantly: many new companies have appeared recently.
Fierce competition in the market has a positive effect. The main stimulat-
ing factor today is "price-quality"” [9].

According to experts, the growth of fodder production will be ade-
quate to the growth of animal husbandry needs. And their deficiency will
still be covered by the import of feed components. In modern conditions,
fodder producers need to find any form of integration with livestock com-
plexes. This is explained by the fact that the mass share of compound feed
consumed in the country falls on agricultural complexes. Feeding with
compound feed is economically beneficial for them. Speaking about the
prospects of domestic fodder production, it is worth noting that in many
respects the industry depends on state support: effective subsidies, effec-
tive lending rates, and risk insurance in animal husbandry.

The development of the enterprise development strategy should be
based on the economic assessment of the production activity of business
entities. In the conditions of an ever-increasing shortage of resources (es-
pecially energy) and an incredible increase in their cost, it is necessary to
take into account the effect of the release of resources. In addition, it is
advisable to use the level of risk based on the estimate of the break-even
volume of sales as the main evaluation criterion for the formation of a
favourable ratio of the cost to the sale price. The economic mechanism of
enterprises must develop continuously, smoothly and without sudden
changes.

There is considerable competition in the regional market for trans-
shipment of grain and oil cargo, some of whose players use not always
honest methods in their work. In Ukraine, Mykolaiv ports, elevators of the
Nibulon company in the Zaporizhia region, and river terminals in the
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Dnipropetrovsk and Zaporizhia regions take on large volumes of grain
cargo [10].

As for the European compound feed market, it should be noted that
the share of grain crops in the total amount of raw materials is about 50 %
(in Ukraine, 65...70 %). Thus, according to Toepfer International, about
80 million tons of European fodder grain were used for the production of
compound feed. The main producers of compound feed products on the
European market are: France — 15 % of the total output, Germany —
14.5 %, Spain — 13.2 % [11].

Europe is the second largest compound feed market in the world. The
total volume of feed production in Europe in 2019, according to the Al-
letch global survey, amounted to 249.4 million tons, and in the Asia-
Pacific region — 367.6 million tons. In total, the countries of the European
Union (EU) produced 153.4 million tons of fodder, and the rest
(96 million) by countries that are not part of the EU-28, including Baltic
Country (29 million) and Turkey (19 million) [3].

Considering the size of the livestock and animal feed sector, the EU is
the second largest feed consumer after China and far ahead of the US and
Brazil. Grains make up the majority of feed in the EU, accounting for
around 70 %, followed by oilseeds around 25 %. The EU accounts for
18 % of all feed grain used worldwide, and although the volume of feed
grain in the EU has slightly increased over the past 10 years, other regions
have shown higher growth rates [12].

According to Strategyie Grains estimates, about 60 % (166 million
tons) of grain was used for feed in the EU in 2019/20. The rest was fed
directly on farms.

Over the past four years, the amount of wheat used in feed has in-
creased from 45 million tonnes in 2016/17 to 54 million tonnes in
2019/20, with the majority of wheat grown in the EU.

In addition to cereals, 56 million tons of oilseeds are used for feed in
the EU, which makes the EU the second largest consumer of oilseeds in
the world after China.

The amount of oilseed meal and meal consumed in the EU increased
by 1 % per year during the last five years. However, other countries such
as China (+3 %) and the US (+2 %) showed stronger growth.

Soy flour, cake and meal make up 58 % of all oil products used in the
EU. Soybean production in the EU has doubled over the past four years to
2.4 million tonnes, but this is enough to meet only 5 % of soybean meal
needs. In 2019/20, the EU imported 21 million tonnes of soybean meal, of



2022 — Ne 44 Cyonosi enepeemuyti yCmanosxu 11

which 60 % came from Argentina, 33 % from Brazil, 5 % from Paraguay,
and the rest from the USA, India and China.

In addition, almost 13.5 million tonnes of soybeans are imported and
processed in the EU, with around 50 % coming from Brazil and almost
30 % from the US.

The production of rapeseed in the EU decreased, therefore the import
of agricultural products increased, exceeding 4 million tons in 2016/17
(+20 %). At the same time, in 2019/20, the total consumption of rapeseed
decreased in favour of rapeseed meal — 13 million tons.

The European animal feed industry also buys 2.5 million tons of palm
oil from Malaysia, less than 500 thousand tons of fish, flax and cotton
meal, as well as 3 million tons of gluten, a by-product from the wet grind-
ing of corn for the starch industry, and another 3.5 million tons of distill-
er's dry grains from the ethanol industry.

In recent years, the volume of purchases of protein mixtures by the
EU has increased and is increasing its share. In 2019/20, about 2.2 million
tons of them were used, which is 1.8 million tons more than the year be-
fore [11, 12].

The Guardian notes that according to the Food and Agriculture Or-
ganization of the United Nations (FAQ), wheat production in the Europe-
an Union is expected to fall by millions of tonnes compared to last year,
with far greater losses in the south of Europe than the north. Agricultural
production in France has been severely affected — losses of more than
20 % of the grain harvest are expected. Italy could lose 13 % of wheat,
and Great Britain — 12 %. Across the EU, wheat production is forecast to
decrease by 10 million tons, or about 10 %. In 2022, Ukraine will lose its
crops by 30...50 % due to the war [13].

"Everything that is raw material costs two or three times more than it
did a year and a half ago," warned Rafael Neves, administrator of Ovopor,
a Milagres company in the municipality of Leiria, which, in addition to
egg production, produces animal feed. The administrator of the company
since its foundation in 1984, Rafael Neves, watches with some disbelief
the "crazy expenses" that are fixed from 2021.

If at the end of 2020 the price of grain, namely corn, was about
180 euros per ton, then a year later it was already at the level of “200 and
many, almost 300 €", the increase is explained by the increase in demand
for due to the easing of restrictions, imposed by the pandemic, the in-
crease in logistics costs, Russia's military aggression in Ukraine, the ener-
gy crisis, climate problems affecting grain production in South America,
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as well as the supply of a large amount of grain from China on the way to
self-sufficiency in meat production [14].

"With this crazy war we are living in, we had an increase of 200 and a
lot to be now at 400 euros per ton," he told the Lusa Rafael Neves agency.
According to the head of Ovopor, the animal feed sector in Portugal is
"very dependent on corn and wheat from Ukraine", and for many months
of the year "a large part of the corn consumed" is Ukrainian corn.

Jaime Pizarra, Secretary General of the Portuguese Association of
Compound Feed Producers (IASA), said that the war in Ukraine only
exacerbated the "crisis" that the sector was already experiencing. He men-
tioned that 30...40 % of grain produced in Ukraine is in Portugal.

"It was a time when we imported a lot of corn from Ukraine and were
waiting for corn from Brazil, which arrives in June. We have an obligation
— and we do — to contact suppliers to find alternatives to this corn and
other raw materials,” such as canola or sunflower.

"Since we have raw materials as the main cost item, it affects the en-
tire food chain. If we don't have viable businesses with profitability that
can survive, they will collapse," he warned [15].

In the case of Avenal, a pet food (dog and cat) company based in
Aroeira, in the municipality of Leiria, the increased costs are already felt
in the final product.

If in January 2022 the prices for animal fodder were already revised,
then this month they increased by about 20 %, company administrator
Ulisses Mota said. The company, which is estimated to make €30 million
this year, is growing by "double digits" annually, and is recording ever-
shrinking margins in the face of rising costs [16].

Formulation of the problem. Mobilization and use of significant
available reserves for improving the efficiency and development of the
feed and elevator industry of the south-eastern region of Ukraine, as con-
firmed by analytical calculations, make it possible to increase the produc-
tion of high-quality and cheap basic types of food by 2.5...3 times, to form
the necessary fund of food products for further meeting the needs of the
domestic market and creating their powerful export potential.

Presentation of the main research material. Today, the feed indus-
try of Ukraine has the opportunity to produce high-quality products that
would meet the requirements of modern foreign breeding. However, nega-
tive factors restrain the development of the industry. The way to solve this
problem is the development, adoption and introduction of the Law of
Ukraine "About Feed", which should become the basis for the further
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development of the regulatory and technical base and the compound feed
industry, this law will open unlimited horizons for the production of high-
ly profitable poultry and livestock products.

In the eastern regions of Ukraine, the total gross harvest of grain and
leguminous crops is 30...35 % of the total volume of production in the
country and has increased by 21 % over the past few years. The expansion
of the acreage under grain crops and the increase in their yield contribute
to the increase in the production of grain crops in the region. In 2020/21, 5
regions of eastern Ukraine — Donetsk, Zaporizhzhya, Luhansk, Dniprope-
trovsk, Kharkiv — collected a total of 15.2 million tons of grain: wheat,
barley, corn and peas. About a third of this figure will be used for domes-
tic consumption, the rest — the export potential of the region, which is up
to 10 million tons. That is, a total of about 10 million tons per year can be
exported only from these 5 regions.

A fifth of all elevator capacities of Ukraine is located in the east. Of
the 25 granaries built in the country last year, 9 new elevators and one
river terminal appeared in the eastern region. Most of them are in the
Dnipropetrovsk and Kharkiv regions, many companies are building eleva-
tors and production facilities in the Ukrainian-controlled territories of the
Donetsk and Luhansk regions [17].

The mobilization of reserves for increasing the efficiency and devel-
opment of elevator capacities of Ukraine will ensure the delivery of high-
quality food. Last season, 2020/21, Ukraine exported 48.8 million tons of
grain and oil crops. In the current 2021/22 season, as of February 23,
Ukraine exported 43 million tons of grain and legumes. Such data are
provided by the Ministry of Agricultural Policy. Overload volumes are in
Table 1.

Before Russia's attack on our country, the main volumes of grain ex-
ports in Ukraine were sent to buyers through the ports of Mykolaiv and
through the ports of Southern Odesa and Chornomorsk. In total, this is
95 % of grain cargoes exported by sea. Mariupol and Berdyansk account-
ed for another 5 %. For the most part, grain was transported to seaports by
rail. Export of grain to the EU, which takes place by rail and road
transport, according to USA, accounts for 5 % of all Ukrainian grain ex-
ports (by land and sea). Since the beginning of hostilities on the territory
of Ukraine, the export of grain through port terminals has been stopped.
Despite the fact that ports in these conditions are inferior in logistics to
rail and road transport, sea transportation is in demand due to its low cost
and connection between continents.
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In Ukraine, according to Elevatorist.com Map of Elevators [1], the to-
tal elevator capacity before the start of the Russian aggressor’s attack on
our country amounted to more than 57 million tons. And the grain and oil
crop harvest in 2021, according to the State Statistics of Ukraine, reached
107.38 million tons (as of December 1, 2021) and it still needs to be de-
livered from the field to various consumers. That is, even if you use all
these capacities plus the possibility of storage "in sleeves”, it is impossible
to save the entire harvest in the country without export. Now, due to the
war, the storage capacity will be significantly reduced. The map of mili-
tary operations is constantly changing, so it is difficult to predict which
elevators may be in the "gray zone".

As of March 22 of this year, the elevators of Sumy region, parts of
Kharkiv region, Chernihiv region, Zaporizhzhia, Donetsk regions,
Luhansk region, and parts of Kyiv region can be excluded from the logis-
tics chain. All the capacities located in the war zone are estimated to be
more than 22 million tons. Competition among agricultural producers
within Ukraine also has a negative impact.

The elevators of the western regions will be the most interesting for
storage, if the existing situation on the fronts is maintained. As of March
22, they have the following capacities: Transcarpathian region —
111.45 thousand tons; Chernivtsi region — 234 thousand tons; Volynsk
region — 887 thousand tons; Lviv region — 1,050 thousand tons; Rivne
region — 1,054 thousand tons; Ivano-Frankivsk region — 527 thousand
tons; Ternopil region — 1,837,000 tons; Khmelnytsk region  —
3,000 thousand tons.

That is, the total storage capacity of the western regions is about 9
million tons. Now, regardless of the war, elevators are being built in these
regions, but this will not significantly change the situation.

According to the Ministry of Agricultural Policy, the remaining
amount of grain to be exported is 17 million tons. Of these, approximately
10 million tons are corn, and about 6.7 million tons are sunflower and its
processing products (oil, meal, husks). 730,000 tons of soybeans remain,
these are residues that, in addition to the necessary consumption, can be
processed into meal and oil. That is, if we talk about agricultural goods,
17 million tons should be exported, mainly through sea ports.

To export all this grain, there are several challenges to overcome.
First, it is necessary to distribute cargo transportation from three to
12 border points. Secondly, to solve the problem of transshipment of grain
and oil from Ukrainian broad-gauge wagons to European narrow-gauge
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wagons. Separately, the Ministry of Agricultural Policy together with the
Ministry of Infrastructure are working on simplifying the procedure for
the export of grain by motor vehicles [1].

According to the website Elevatorist.com [1], the certified elevator
capacity in Ukraine is about 45...50 million tons. Currently, 65...70% of
elevators are morally and physically outdated and do not meet modern
requirements for grain storage, efficiency of receiving and shipment, etc.
In recent ten years, Ukraine has confidently entered the top five world
grain exporters, which allows our country to steadily replenish its gold
and currency revenues [18].

A modified exponential equation [19] can be used as time trend mod-
els:

y =k +aexp(-bx), 1)
where y — estimated (forecasted) value of grain transshipment vol-

ume, thousand tons;

k, a, b — empirical coefficients determined by the method of the
smallest squares;

x — time factor (year).

The basis of structural analysis and synthesis to increase the accuracy
of data processing is based on a typical equation of numerical values, for
example, of the form [20], which is an equation of excess dimensions with
a linear function of the transformation of dimensions:

{Xil}: {XO}{UQI,(X1+X0)}_{U1/(X0)}’ (2)
U300+ )= U5 (%)

where xi, X2, X3, — physical values of measurements with dimensions:
{x}={xo},

{x}={xi} and {xs}={xi}+{xo}; {Xir} — mykana izuuna BenuunHa;

Ui, Uz, Uz — BcraHoBIIeHI 00’ €1HaHI (TIepeTBOpEHi 3MiHHI) BETUUNHH
BUMIDIB.

At the same time, structures of the implicit form are equations of ex-
cess dimensions, represented by independent variables xi, Xo, Xi+Xo, ... and
functions Ui, Uz, Us, ..., which are connected by an equation of the form
F(Xi, Xo, Xit+Xo, ..., U1, Uz, Us, ...):0.

Ukraine is traditionally the leader in food supplies in the world. It is
necessary to end the military conflict in Donbas region as soon as possi-
ble, to return to control all captured territories of Donetsk, Luhansk re-
gions, and Crimea, and then carry out humanitarian demining of these
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territories. The return of the temporarily occupied territories to the control
of Ukraine will add 1...2 million tons to the existing export potential and
will improve the entire supply chain from the field up to the seas in the
region and in the whole country [8].

Conclusions and prospects for further researches.

1. According to experts, the export potential of agricultural enterprises
of the Sea of Azov region alone is 3.2...3.5 million tons of cargo.

2. According to the State Statistics Service, for 2019, the production
of fodder in Ukraine amounted to 6,348.6 thousand tons. It is impossible
to preserve all this product in the country, it is necessary to export it to
consumers all over the world, primarily to Africa and Asia.

3. The Top 10 companies — leaders in the production of compound
feed in Ukraine were demonstrated. The top three includes: MBP, Ukrain-
ian grain, Ukrlandfarming.

4. The world market of grain and fodder production is analyzed. It is
expected that in 2022, production in Europe will decrease by millions of
tons, primarily in Ukraine by 30...50% due to the war, in the EU coun-
tries, wheat production is predicted to decrease by 10 million tons, or by
about 10 %.

5. Companies are forced to look for other ways of supply and other
suppliers of food raw materials to meet the demand for agricultural prod-
ucts.

6. About 20 % of all elevator capacities of Ukraine are located in the
East of Ukraine. Of the 25 granaries built in the country in 2021, 9 new
elevators and one river terminal appeared in the eastern region.

7. Analyzed volumes of transshipment of grain cargoes through the
sea ports of Ukraine over the past seven years. In total, more than 90 % of
these cargoes were exported by sea.

8. The total elevator capacity of Ukraine before the start of hostilities
amounted to 57 million tons, and all capacities located in the war zone are
estimated to be more than 22 million tons, that is, more than a third.

9. According to the Ministry of Agricultural Policy, the remaining
amount of grain to be exported is 17 million tons, however such of prob-
lems must be overcome.

10. The return of the temporarily occupied territories to the control of
Ukraine will add 1...2 million tons of grain to the existing export potential.
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