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Factors affecting the cost of grain transportion in Northern Kazakhstan

Abstract: The article considers the factors influencing the cost calculation for thegrain
transportation in the conditions of Northern Kazakhstan. Grain production is the leading
branch of agriculture in Kazakhstan. Therefore, it has great strategic importance in
implementing priority state programs aimed at developing the agro-industrial complex
and rural regions. In turn, the sustainable development of agriculture is the provision of
the food security strategy of Kazakhstan.

The grain industry is costly due to substantial production volumes, the involvement of
many human resources, technical support, and transportation.

Minimizing grain transportation costs by identifying factors affecting them will increase
competitiveness and accelerate the development of grain logistics. When planning for
harvesting and transporting grain, it is necessary to consider the peculiarities of
transporting agricultural goods. Finally, implications for pricing, capacity, and
understanding the basis of pricing are discussed.
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Introduction

Crop production is the basis of agriculture. Crops such as spring wheat, oats, barley, corn, millet,
buckwheat, and rice are grown on the territory of the Republic of Kazakhstan.

The main branch of agriculture in Kazakhstan is the production of grain. To date, the total crops
of grain occupy about 80% of the sown area of crops. At the same time, as seen in Figure 1, based on the
data for three years (2019, 2020, 2021), the main areas for grain production are three regions of
Kazakhstan: Akmola, Kostanay, and North Kazakhstan regions, which are adjacent to each other. These
regions are distinguished by the presence of chestnut, black soil, forest loamy soils, and a temperate
climate [1].
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Figure 1. Gross grain harvest (wheat) for 2019-21

The average annual growth rate of gross crop production in the Republic of Kazakhstan for 2012-
2020 amounted to 31.6%. In 2020, gross crop production reached 3,606 billion tenge, an increase of 27.9%.
The share of crop production in the country's total GDP is 5.1% at the end of 2020. In 2020, investments
in agriculture, forestry, and fisheries increased by 12.6% compared to the previous year, amounting to
573 million tenge. The average annual growth rate for the period 2016-2020 equal to 22.8% [1].

At the end of 2020, the main grain-growing regions: North Kazakhstan, Akmola, and Kostanay,
sent 242 billion tenge to the industry, which amounted to 42% of the total agricultural investment,
forestry, and fisheries. 88% of assets were directed to cultivating one- or two-year-old crops [1].

This amount of work implies a significant role of transport in agricultural production. As a link
in a single technological agro-industrial output chain, it provides material flows of various farm products
at all stages of production. In addition, it acts as an integrator of the production activities of agricultural,
processing, and service enterprises [2].

Reducing the cost of agricultural products and increasing the profitability of enterprises of the
agro-industrial complex is possible by reducing the total labor costs for production, transportation, and
handling operations, which reach 40-45%, and fuel costs up to 50% [2].

The main tasks of vehicle transport used in the harvesting of grain crops are: timely and safe
transportation of grain from specialized machines to granaries; creating conditions for the rational use of
harvesting equipment, reducing downtime in the process of loading and unloading vehicles; ensuring
traffic safety and fire safety; creating conditions for the introduction of advanced methods of organizing
the work of the harvesting and transport process and, on this basis, reducing labor and material costs [2].

To solve the problems of uninterrupted provision of the harvesting and transport process by
vehicles, it is necessary to take into account the yield of grain, the area of the harvested territory, the
distance from the field to the granary, the number and technical characteristics of each harvester, as well
as the carrying capacity of all vehicles involved in grain logistics [2].

Due to the emergence of software and hardware, it has become possible to increase the efficiency
of harvesting and transport processes and improve harvesting technologies. So, for example, scientists
studying transportation in agriculture found their specific features, the constituent elements of which are
characterized by patterns inherent in the conditions of only this transportation. In addition, the operations
that make up the transportation process are heterogeneous and differ in duration. Some operations, when
combined, create certain stages of this process, each of which performs its tasks. Separate operations and
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stages of the process depend on each other (for example, before transporting, it must be loaded, etc.).
Thus, this process is multi-stage and multi-operational, with a considerable technological and economic
heterogeneity of operations.

Moreover, it is cyclical. This means that the movement of goods is carried out by repeated
production cycles, following one after another. The rhythm of these cycles is determined by their
frequency, which, in turn, depends on the average duration of one cycle. The cycles of individual
transportation processes fluctuate over time [3].

Other researchers solve the task of grain transportation logistics by determining the number of
cars and start by assessing the volume of grain transportation from each specific field. Harvesting grain
is inseparable from the transport process [2]. When harvesting grain crops, harvesters with storage bins
are used, necessitating vehicles' uninterrupted arrival. Therefore, the determination of the required
number of vehicles for the transportation of grain from combines must be carried out, taking into account
the performance of the technological machine [2].

Thus, the main results of grain transportation research are the development of software products
based on which various compilations and modeling of transport and technological processes are possible.

Problem statement

Grain production, as one of the main directions in the agricultural production of Kazakhstan,
requires sustainable modernization. The concept "from field to counter" is a complex multi-stage system
that includes many factors that affect both the quality of the final product and its cost. One of these factors
is the transportation of raw materials.

The aim

The purpose of the study is to consider the features and factors that affect the cost of transporting
grain in the conditions of Northern Kazakhstan.

Research methodology

One of the fastest way to increase the efficiency of the use of vehicle transport in agriculture is to
improve the system for transporting crops from the fields.

Transportation of agricultural goods has a number of features:

- the main feature is the seasonality of harvesting;

- due to seasonality - significant fluctuations in the volume of traffic, which in turn leads to a
change in the need for the number of vehicles;

- high coefficient of repetition of transportations;

- fluctuations in yield;

- uneven distribution of the volume of agricultural production in the regions of the country;

- sometimes severe road conditions, especially in spring and autumn;

- short terms of harvesting and its removal from the fields, which leads to the hard work of road
transport.

Cereal crops are transported mainly in bulk. Vehicles are loaded with grain directly at the place
of harvesting from the bunkers of combines that move across the field within a particular rectangle.

There are several transportation schemes:

1) harvester—threshing-floor - grain-receiving enterprise (elevator);

2) harvester - threshing-floor- elevator;

3) harvester — threshing-floor.

The need to deliver grain to the threshing-floors is because the main grain receiving points could
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be overloaded due to the short harvesting time.

The choice of crop transportation scheme depends on the geography of the harvesting site, the
distance to the elevator, and the availability of transport and harvesting equipment.

Also should be considered a factor as the presence of many small non-commercial farms. About
200 thousand agro-formations operate in the agriculture of Kazakhstan, of which 94% are individual
entrepreneurs and peasant (farm) enterprises. Small farms mainly produce a small volume of agricultural
products. In the structure of gross output, they account for 31%; on average, one peasant farm accounts
for 6.9 million tenge.

Further, using the example of one of these medium-sized agro-formations, how the costs of grain
logistics are formed could be considered.

Pobeda Taiynsha LLP is located in the North Kazakhstan region, Taiynshinsky district,
Chermoshnyanka village. The sown area of the enterprise is 9 thousand hectares. The yield at the
enterprise varies on average from 13 to 15 q/ha. On this farm, wheat is subject to transportation.

AkZhar&Co LLP is a grain-receiving enterprise located in the North Kazakhstan region,
Taiynshinsky district, the village of Bolshoy-Izyum. It is engaged in accepting, handling, drying, storing,
and shipping grain.

1. The average transportation radius is calculated by Formula 1:
S

mR? =215 1)
where R is the average radius of cargo transportation;
So is the area of agricultural land, m?
0.8 - the average share of agricultural land in the area of land use;
1.5 - increase in the average distance of on-farm transportation due to the inadequacy of the

territory, the curvature of roads, and the location of crop rotation fields [5].

2. The average distance from the farm to the elevator is 25 - 30 km.

The route for the transportation of grain crops in the direction of the enterprise - grain-receiving
enterprise is shown in Figure 2.
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Figure 2. Wheat transportation route in the direction of grain-receiving enterprise in Tayynshinsky district
Compiled by the authors based on the source “Yandex maps”.

3. Transport work could be carried out throughout the year, while from August to November and
April-May, 60% of the total volume of transported wheat is produced.

4. There are three units of equipment for transporting grain on the farm: 1 dump truck Kamaz
45143-6012-50, carrying capacity of 22.4 tons; 2 dump trucks Kamaz 65115-6059-50 with a carrying
capacity of 14.5 tons.

Transportation of grain in bulk from the enterprise is carried out by trucks of the Kamaz dump
truck brand with an average service life of 8 years. However, since some vehicles have a carrying capacity
of only 14.5 tons, this leads to an increase in the number of trips with a load.

According to the methodology used in the farms, the calculation uses the tariff for transporting
one ton of grain per one kilometer of the distance traveled. The transportation tariff includes the costs of
fuel and lubricants, drivers' salaries, and maintenance and repair of transport [6].

When transporting grain on the h-the model of a vehicle from the i-th field to the k-th temporary
storage point, the economic costs are found by the Formula 2:

Pign = Tign * L - Qp tenge 2)
i=1,...;k=1,...; h=1,...,

where Tikh is the tariff for grain transportation in the unit of the h-th vehicle model from the i-th
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field to the k-th temporary storage point, t/t-km;

L is the distance from the field to the storage point, km;

Qh is the carrying capacity of the h-th model of a vehicle, tonnes.

The tariff for the transportation of grain during the harvesting period in 2021 was 93 t/t-km, which
is the average for the North Kazakhstan region, where it fluctuates between 80-100 t/t-km.

Results and discussion

Substituting the data in Formula 1, the following mathematical expression becomes:
R 1,25-5,-15  [1,25-9000-10000-1,5 7330
I 3,14 -

where 10,000 are square meters of 1 ha;
9000 - area of agricultural land, ha [5].

Thus, the average transportation radius of goods from the field: is r =7.3 km.

The tariff for grain transportation in this case was equal to 96,1 t/t-km. For harvesting an area of
9000 hectares, the optimal number of combine harvesters for two weeks, considering the variation in
yield, is 30 units.

P; =96,1-30- 14,5 = 41,803.5, tenge.
P, =96,1-30-22,4 = 64,579.2, tenge.

Substituting these values into formula 2, we get that the economic costs of transportation from the
farm to the grain-receiving enterprise amounted to 64,579.2 tenge when using Kamaz 45143-6012-50 (P,)
while using a Kamaz dump truck with a carrying capacity of 14.5, economic costs amount to 41,803.5
tenge (P;). Thus, on average. The financial costs of transporting grain using all types of transport on the
farm will be 53,000 tenge per 1 trip.

In the studies of many scientists, ways to improve the efficiency of grain production are analyzed.
For example, some offer timely and high-quality fieldwork [6], and others reduce crop losses during the
harvesting period, choosing the optimal plan for harvesting and transporting grain [5].

Since grain crops are distributed throughout the territory of Northern Kazakhstan, it is necessary
to make zoning of the territory to identify the required costs and time for moving combine harvesters to
the harvested fields, evenly load all available granaries, harvest various crops as they ripen [6].

As the main grain-growing regions, Akmola, North-Kazakhstan, and Kostanay regions need to
be equipped with modern agricultural equipment, most of which is obsolete.

According to the Ministry of Agriculture of the Republic of Kazakhstan, agricultural machinery
in Kazakhstan is outdated and worn out by 70%. The percentage of equipment renewal in this sector is 2-
4%. At the same time, to ensure the industry's normal functioning, at least 8-10% of machines must be
updated annually, depending on the types of equipment.

In turn, using worn-out and obsolete equipment increases the cost of repairs and fuels and
lubricants by an average of 20%, which ultimately leads to an increase in the price of production.
Furthermore, the depreciation of agricultural machinery also leads to severe crop losses and mechanical
damage to grain during harvesting. Also, it prevents the use of innovative technologies in the grain
industry of agriculture in modern Kazakhstan [8].

Conclusion

Ensuring sustainable and balanced development of agriculture is one of the priority areas of food
security in Kazakhstan. Crop production is the basis of agriculture; in turn, grain production is
Kazakhstan's leading branch of agriculture. Occupying 80% of the cultivated area of crops, the grain
industry has large production volumes, requiring a large amount of service, particularly transportation
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and, accordingly, the cost of it. The impact of transport costs on the competitiveness and sustainable
development of agriculture is clear.

The transportation of agricultural goods has several features: seasonality of harvesting, a high
recurrence rate of transport, fluctuations in yield, uneven distribution of the agrarian production volume
across the regions of the country, sometimes difficult road conditions, short harvesting time, and its
removal from the fields, which leads to hard work of transport.

Grain transportation also includes many variable factors that affect its cost, in addition to the
following features: transportation volume, distance (average transportation radius), transport turnover,
condition, number and carrying capacity of vehicles, grain transportation tariff, fuel and lubricants cost,
methods and time loading-unloading.

References

1. Rastenievodstvo v Respublike Kazahstan. TOO «Deloit TSF», 2021.

2. Esin K. S. Logistika perevozok zerna programmnoe obespechenie rascheta optimalnogo kolichestva
transportnih sredstv / K. S. Esin A. L. Sevostyanov // Vestnik Tihookeanskogo gosudarstvennogo
universiteta. — 2014. — Ne 1, 32, p. 117-124. - EDN RZCHHL.

3. Aldoshin N. V. Modelirovanie tehnologicheskogo processa perevozok gruzov / N. V. Aldoshin A. S.
Pehutov // Vestnik Federalnogo gosudarstvennogo obrazovatelnogo uchrejdeniya visshego
professionalnogo obrazovaniya "Moskovskii gosudarstvennii agroinjenernii universitet imeni V.P.
Goryachkina". - 2012. — Ne 2(53). — p. 41-44. - EDN RBFFLZ.

4. Modelirovanie processov funkcionirovaniya transportnih i tehnologicheskih mashin na primere uborki
zernovih kultur / E. V. Puhov, V. K. Astanin, V. A. Sledchenko [i dr.] // Vestnik Voronejskogo
gosudarstvennogo agrarnogo universiteta. —2019. - T. 12. — Ne 3(62). — p. 19-25. — DOI 10.17238/issn2071-
2243.2019.3.19. - EDN SJQFJD.

5. Korsun N. F. Modelirovanie i optimizaciya v agropromishlennom komplekse. Praktikum uchebno
metodicheskoe posobie / N.F. Korsun, A.S. Markov, M.M. Kondrovskaya. — Minsk, BGATU, 2019. — 252
p. ISBN 978-985-519-977-0.

6. Esin K. S. Povishenie effektivnosti ispolzovaniya avtotransportnih sredstv pri perevozke zerna v
regione na primere Orlovskoi oblasti, specialnost 05.22.10 "Ekspluataciya avtomobilnogo transporta"
avtoreferat dissertacii na soiskanie uchenoi stepeni kandidata tehnicheskih nauk / Esin Konstantin
Sergeevich. — Orel, 2016. — 22 p. - EDN ZPYRWL.

7. Stepnih N.V. Rezervi povisheniya effektivnosti zernovogo proizvodstva // AVU. 2017. Ne6 (160).
Available at: https://cyberleninka.ru/article/n/rezervy-povysheniya-effektivnosti-zernovogo-
proizvodstva. [in Russian]. (accessed: 05.09.2022).

8. Rustembaev B.E., Shulenbaeva F.A., Tleubaev A.B. Tehnicheskii park zernovogo podkompleksa
Kazahstana: sostoyanie i perspektivi. Problemi agrorinka. 2022; (2):13-25. Available at:
https://doi.org/10.46666/2022-2.2708-9991.01

9. Korjakin V. M., Muhaev E. O. Sravnitel'nyj analiz pravovogo regulirovanija perevozok gruzov v
prjamom smeshannom soobshhenii v stranah tamozhennogo sojuza //Pravo i gosudarstvo: teorija i
praktika. — 2013. — Ne. 10. - S. 54-60.

. Mu3auo6ekos!, C. beko6ocbriros!, /. AbITKMHa?
T Kasax yammulx sepmmey azpapAvlx yrusepcumemi, Aavamol, Kasaxcman
2Boponex Memaekemmik uHxeHepAIK mexHoA0usAap yHueepcumemi, Boporex, Peceii

Coarycrik Kasakcras >xargaiblHAa acTBIK TacbIMaaaay KYHBIHA dcep eTeTiH pakTOopaap

Andamna.Makasaga Coarycrik Kasaxcran >kafgaliblHAAQ acTBIK TacbiMaaday Ke3iHJe KeaiK
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IIBIFBIHAQPBIH  eceriTeyre acep eTeTiH (akTopaap KapacThipblaraH. ACTHIK ©HAipy KasakcTaHHbIH
aybLAIIapyalllbLAbIFBIHBIH JKeTeKIIIi calachl O0ABII TaObL1aAbl JKoHe MeMAeKeTTiH AOK cazasapbiH >KoHe
aybLAABIK ©HipAepAi AaMbITyra OarbITTadraH OachIM OaFdapaaMadapblH icKe acelpy MoaceaeciHae
CTpaTernsAbIK MaHbI3b! Oap. O3 KeseriHge ayblAIlIapyalllbLABIFBIH TYPaKThl 4aMbITy KazakcTaHHbBIH a3bIK-
TYAiK KayiIci3Airi crpaTernscelH KaMTaMachl3 eTy OOABII TaObLA1aAbl.

AcTBIK casachl ©HAIPICTIH y/AKeH KedeMiHe, ajaM pecypcTapblHbIH KOIl MeAlllepiH IalizalaHy¥Fa
>KoHe TexXHMKaABIK KaMTaMachl3 eTyre Oaill1aHbICThI, COHAA-aK TackiMaAAay KbIMOaT OOABIIT TaObLAaABbL.

ACTBIKTBI TacbIMaagay Ke3iHAe oJapra ocep eTeTiH (paKTopaapAbl aHBIKTay eceOiHeH Keaik
IIBIFBICTAPBIH  OapbIHINIA a3aliTy Oocekere KabiAeTTiAiKTi apTTBIpyFa >KoHe KOAiK AOTMCTVMKaCBHIH
AAaMBITYABI >KeaeaeTyre MYMKIiHAIK Oepeai. ACTBIKTHI >KIMHAy >KoHe TacbIMaljay >KOCIapbIH >Kacay
Ke3iH/e ayblAIlapyalllbLAbIFbl JKYKTepPiH TackiMaajay epeKIleAikTepiH eckepy KaKer.

Tyitin ce3aep: Keaik IIBIFBIHAAPDI, acTBIK TachIMaAjay, >KYK KOTeprIillTiri, >KyK aiiHaAbIMBI,
Ouaaii, TackiMaajay MapIIpyTHI.

. Mu3zau6ekosl, C. bek6ocbrHOB1, /. ABITKIMHA2
IKasaxckuil HAYUOHAALHDLIL UCCACOO0BAIMEAbCKUT azpapHbLil yHusepcumem, Aavamol, Kasaxcman
2Boponexckuti 2ocydapcmeeHotil YHUSepCUmem uHxeHepHvx mexrorozuii, Boporesx, Poccust

®aKTOPHI, BAUSIONVe Ha CTOMMOCTD IIepeBO3KM 3epHa B yca0Busax CeBepHOTO
Kasaxcrana

AnnpoTtamist: B cratee paccMoTpeHsI (PaKTOPHI, BAMSAIONINE Ha pacdeT TPaHCIIOPTHBIX pacXoA0B
npu 1nepeposke 3epHa B ycaosusax CesepHoro Kasaxcrana. IIpomssoacTBo 3epHa sBAseTCsA BeAyllei
OTpacAblO0 CeAbCKOro Xo3sayicrBa Kasaxcrana m mmeer BaKHOe CTpaTermMyeckoe 3HadeHue B BOIIpOce
peaamsanuy IIPUOPUTETHBIX IIPOrpaMM TOCyJapcTBa, HalleAeHHBIX Ha passutie oTpacaent AlIIK u
CeAbCKUX permoHoB. B cBoOIO oudepesab ycTOMMBOE pas3BUTHE CEABCKOTO XO3SICTBA sBASETCS
obecrieyeHneM cTpaTerny poA0BOALCTBeHHOM DesonacHocTy Kasaxcrana.

3epHOBasl OTpacab sBASETCS 3aTpaTHOM B CUAY OIPOMHBIX OOBEMOB IIPOM3BOACTBA,
3a4eliCTBOBaHMsI 00ABIIOTO KOAMYECTBa 4eA0BeUeCKIX PeCcypCoB I TEXHMIECKOTO ODecIieueHns, a TakKe
TPaHCIOPTUPOBKM.

MuHnMusaIms TpaHCIIOPTHBIX PacxXoA0B IPH IlepeBO3Ke 3epHa 3a cyeT BhLABAeHMs (PaKTOPOB,
BAMSIOIIVIX Ha HUX IO3BOAUT IOBBICUTH KOHKYPEHTOCIIOCOOHOCTb U YCKOPUTDb pa3BUTIE TPaHCIIOPTHOM
aoructukn. ITpm cocrabaennn maana yOOpKM M TPaHCHOPTMPOBKM 3epHa HEOOXOAMMO YYUTHIBATh
0COOEHHOCT! ITePEBO30K CeAbCKOXO0351/ICTBeHHBIX I'PY30B.

KaroueBble ca0Ba: TpaHCIOpPTHBIE pPacxoAbl, IIepeBO3Ka 3epHa, TIPYy30IOAbEeMHOCTD,
rpy30000pOT, IIIeHNn1]a, TPaHCIIOPTUPOBKA, MapIIpPyT.
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