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DATA JUSTIFICATION FOR FORECASTING FUEL CONSUMPTION BY VEHICLES DURING
THE GRAIN CROPS DELIVERY

The paper provides a justification of data for forecasting fuel consumption by vehicles during the
transportation of grain crops from agricultural enterprises to the elevator. In order to obtain knowledge about the
influence of the peculiarities of providing transport services and the conditions of using vehicles on the specific fuel
consumption, regularities have been established and correlations between individual sets of data have been identified.
To analyze data regarding the use of vehicles during the transportation of grain crops and to obtain additional
information, a database containing 14140 instances of data on orders for the delivery of grain crops from agricultural
enterprises to the elevator was used.

Factor analysis was performed and trends in the change of indicators characterizing these orders were
identified. The analysis showed that the specific fuel consumption during the transportation processes of delivering
grain crops from agricultural enterprises to the elevator is determined by a multitude of specific factors. Additionally,
each order for the delivery of grain crops from agricultural enterprises to the elevator has its own specifics.

The results revealed the following relationships between specific fuel consumption and identified factors: the
specific fuel consumption indicator is influenced by the location and method of vehicle loading, the vehicle model, the
type of cargo, distance, cargo turnover and cargo volume. The identified dependencies allow for the preparation of a
dataset and the correct interpretation of the results of machine learning models' work in order to increase the efficiency
of their forecasting.

Key words: specific fuel consumption, transportation process, transportation of grain crops, factor analysis,
machine learning

INTRODUCTION

Nowadays, transportation enterprises offer their services considering market conditions characterized
by fuel shortages and high costs. Fuel expenses in the provision of transportation services during the delivery
of grain crops from agricultural enterprises to the elevator are the primary resource determining the cost of
these services [1-3]. Therefore, forecasting fuel consumption by vehicles during such deliveries is highly
relevant today. Its resolution demands modern approaches that consider the factors and capabilities of
individual transportation enterprises.

Some transportation enterprises providing cargo transportation services, including the delivery of grain
crops from agricultural enterprises to the elevator, maintain their own databases regarding their activities in
previous years [4]. Intelligent analysis of this data serves as one of the primary sources of knowledge about
the peculiarities of providing transportation services and the conditions of vehicle usage.

ANALYSIS OF THE RECENT RESEARCH AND PROBLEM STATEMENT

There are numerous studies describing the influence of factors on the specific fuel consumption of
cargo vehicles [1-3; 5-6]. Furthermore, there are studies reflecting the peculiarities of the transportation
process of delivering grain crops [1; 6]. However, the use of modern approaches for forecasting specific fuel
consumption involves the use of large databases describing transportation processes at specific enterprises.
Among such approaches, machine learning methods are particularly relevant now [7-9]. Forecasting specific
fuel consumption using machine learning methods allows for establishing regularities and identifying
relationships between data. However, the application of these methods requires preprocessing and analysis of
data, which involves identifying patterns and key influencing factors on the target variable (specific fuel
consumption by vehicles in individual orders for the delivery of grain crops from agricultural enterprises to
the elevator). This, in turn, significantly speeds up the process and allows more accurate forecasting results
[10]. Therefore, there is a need to conduct an analysis of data characterizing the execution of individual
orders for the delivery of grain crops from agricultural enterprises to the elevator regarding the provision of
transportation services by the enterprise.

AIM AND THE TASKS OF THE RESEARCH

This study aims to establish patterns and identify relationships between individual data attributes to
gain insights into the impact of the characteristics of providing transportation services and the conditions of
vehicle use on specific fuel consumption.

The following tasks have been formulated to achieve the goal:

, 2024, Ne1 (22)



© V. Kotenko 2024 2024

1)to conduct a statistical analysis of data characterizing the execution of individual orders for the
delivery of grain crops from agricultural enterprises to the elevator regarding the provision of transportation
services by the enterprise.

2)to perform factorial analysis and identify trends in the change of specific fuel consumption
depending on the brand, cargo type, distance, and cargo turnover.

RESULTS OF RESEARCH

For the intelligent analysis of data regarding the use of vehicles during the delivery of grain crops
from agricultural enterprises to the elevator and extracting knowledge from them, we utilized a database of
an enterprise that owns its own fleet and provides services for delivering grain crops from agricultural
enterprises to elevators.

Factorial analysis was performed with a database of 14140 instances characterizing the execution of
individual orders for the delivery of grain crops from agricultural enterprises to the elevator, and trends were
identified. A histogram of the number of orders (Figure 1) for the delivery of grain crops from agricultural
enterprises to the elevator by types of cargo was constructed (Figure 2). The majority of all orders have been
established for transporting wheat — 7316 orders (51.74%). Additionally, rapeseed was transported in 4213
orders, which constitutes 29.79% of the total.

All other types of cargo, characterizing the sample for the delivery of grain crops from agricultural
enterprises to the elevator, accounted for less than 5%.
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Figure 1 — Histogram of the number of orders for the delivery of grain crops from agricultural
enterprises to the elevator by types of cargo

Based on the analysis of the obtained data, a histogram of specific fuel consumption by vehicles has
been constructed for the execution of individual orders for the delivery of grain crops from agricultural
enterprises to the elevator (Figure 3).

Cargo Type X
Ul'lique Values Ascending Value -
Search

Rye 631 (4.46%)

Grain 3(0.02%)

Grain product 2 (0.01%)

Grain mixture 1(0.01%)

Comn 240 (1.70%)

Oat 26(0.18%)

Wheat 7316 (51.74%)

Rapeseed 4213 (29.79%)

Rapeseed\Wheat 2(0.01%)

Soy 885 (6.26%)

Soy in Big-Bags 1(0.01%)

Barley 729 (5.16%)

Millet 11 (0.08%)

Wheat, corn 1(0.01%)

Filter/Sort Values Summary Stats

(14140 rows, 7 cols)

Figure 2 — Characteristics of orders for the delivery of grain crops from agricultural enterprises to the
elevator by types of cargo
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Figure 3 — Histogram of specific fuel consumption by vehicles for the execution of individual orders
for the delivery of grain crops from agricultural enterprises to the elevator

Based on the obtained histogram, it can be observed that the specific fuel consumption by vehicles for
the execution of individual orders for the delivery of grain crops from agricultural enterprises to the elevator
varies in a wide range — from 16.9 liters/100 km to 99.7 liters/100 km. Although according to the technical
specifications of the vehicles used, this range should be from 18.2 liters/100 km to 29.7 liters/100 km.

In the vast majority of cases, during the execution of individual orders for the delivery of grain crops,
this indicator is significantly higher. The indicators of normative and actual specific fuel consumption by
vehicles have been compared for the execution of individual orders for the delivery of grain crops from
agricultural enterprises to the elevator (Table 1).

Table 1 — Comparative indicators of normative and actual specific fuel consumption by vehicles
during the execution of individual orders for the delivery of grain crops from agricultural enterprises to the

elevator
Specific fuel consumption, liters/100 km
Ne Brand and model of vehicle (engine) . Actual
Normative — -
minimum maximum

1 DAF 85.300 (WS295M) 21,8 29,5 96,2
2 DAF 95.380 (279 kW) 21,4 27,8 89,8
3 DAF CF85 (316 kW) 20,0 27,1 93,75
4 DAF CF85.410 (301 KW) 21,0 27,4 71,7
5 DAF CF85.430 (316 kW) 20,0 18,4 73,14
6 DAF FT CF 85.410 (301 KW) 21,0 21,97 98,8
7 DAF FT XF 105 (340 kW) 22,4 16,8 97,7
8 DAF FT XF 105.410 FTXF (300 kW) 22,3 45,5 60,8
9 DAF ET XF _10_5.460 (340 kw, 12 20,6 20,3 98,2

automatic transmission)
10 DAF FT95.430 (W5315M) 24,7 34,97 82,4
11 DAF XF 105.460 FTXF (340 kW) 22,4 30,2 88,5
12 DAF XF95.480 (355 kW) 22,9 32,4 99,7
13 Freightliner FLC-120

(Detroit Diesel S60, 351 kW) 29,7 351 69,3
14 Mercedes-Benz Atego818 (175 kW) 18,2 17,1 23,3
15 KAMAZ 45143-012-15

(KamAZ 740.31 240, 176 kW) 26,0 2738 98,6
16 MAZ 543205-020 (6581.10) 24,4 23,7 67,8
Range of variation 18,2...29,7 16,8...45,5 23,3...99,7
Exceeds normative values, times — 0,75...2,04 1,28...4,76

, 2024, Ne1 (22)




© V. Kotenko 2024 2024

The obtained indicators provided in Table 1 indicate that the minimum actual specific fuel
consumption by vehicles ranges from 16.8 to 45.5 liters per 100 km, while the maximum actual specific fuel
consumption during the execution of individual orders for the delivery of grain crops from agricultural
enterprises to the elevator ranges from 23.3 to 99.7 liters per 100 km. In the majority of cases, the minimum
actual specific fuel consumption by vehicles exceeds the normative values, while the maximum values
exceed them by 1.28 to 4.76 times. However, there are individual orders where the actual minimum specific
fuel consumption by vehicles (DAF FT XF 105, Mercedes-Benz Atego818, and DAF FT XF 105.460) is
lower than the normative values.

Further analysis of the data describing orders with maximum specific fuel consumption by vehicles
revealed that the main reasons for the significant increase in specific fuel consumption by several times
include the prolonged operation of the vehicle during direct harvesting from the field and the minimal
distance for order execution (up to 17 km).

Regarding the specific fuel consumption by individual brands and models of vehicles during the
execution of individual orders for the delivery of grain crops from agricultural enterprises to the elevator, it
also varies (Figure 4).

The variation in specific fuel consumption has been observed among different brands and models of
vehicles involved in the transportation processes during the execution of orders for delivering grain crops
from agricultural enterprises to the elevator. Specifically, the smallest range of variation in specific fuel
consumption is observed for deliveries of grain crops by Mercedes-Benz Atego818 trucks, amounting to 6.2
liters per 100 km or 36.25%. Meanwhile, for deliveries of grain crops by DAF FT XF 105 trucks, the largest
range of variation in specific fuel consumption is observed, amounting to 80.9 liters per 100 km or 481.5%.
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Figure 4 — Range of variation in specific fuel consumption by different brands and models of vehicles
during the execution of individual orders for the delivery of grain crops from agricultural enterprises to the
elevator

The trends in specific fuel consumption by vehicles during the delivery of various grain crops from
agricultural enterprises to the elevator have been analyzed (Figure 5).
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Figure 5 — Range of variation in specific fuel consumption by vehicles during the delivery of different
grain crops from agricultural enterprises to the elevator
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The smallest range of variation in specific fuel consumption is noted for corn delivery, whereas the
largest range is observed for rapeseed and wheat delivery. This is mainly associated with the harvesting
technologies of these grain crops. Specifically, the delivery of these grain crops from grain flows at
agricultural enterprises to the elevator results in the lowest specific fuel consumption. However, when
vehicles transport grain crops directly from the fields after harvesting, these fuel consumption rates
significantly increase. This is due to multiple loading of vehicles in various parts of the fields and the
operation of vehicles in low gears. In some cases, vehicles operate full shifts in fields with periodic
relocations, leading to a significant increase in fuel consumption. Additionally, the condition of roads, which
are often in poor condition in field conditions, also significantly affects fuel consumption.

The trends in specific fuel consumption by vehicles over different distances for the delivery of grain

crops from agricultural enterprises to the elevator have been analyzed (Figure 6).
Distance, km, Fuel consumption, | /100km (first 1000 rows) scatter plot
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Figure 6 — Trends in the variation of specific fuel consumption by vehicles for different total delivery
distances of grain crops from agricultural enterprises to the elevator

The analysis of various total delivery distances revealed that the highest specific fuel consumption by
vehicles occurs for orders with short delivery distances of different grain crops from agricultural fields to the
elevator. In general, all transport orders are executed within a distance of up to 100 km. As the transportation
distance of grain crops increases, the range of variation in specific fuel consumption by vehicles decreases.
For total distances of 150 km and more, the range of variation in specific fuel consumption by vehicles
remains unchanged, indicating that the distance has no influence on fuel consumption.

Similar trends are observed regarding the variation in specific fuel consumption by vehicles for
different cargo turnover rates during the delivery of grain crops from agricultural enterprises to the elevator
(Figure 7).

Freight turnover, tkm, Fuel consumption, I1100km(first 1000 rows) scatter plot

Fuel consumption, 11100 km

Freight turnaver, tkm
Figure 7 — Trends in the variation of specific fuel consumption by vehicles for different cargo turnover
during the delivery of grain crops from agricultural enterprises to the elevator
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The trends in the variation of specific fuel consumption have been analyzed by vehicles for different
cargo volumes in individual orders for the delivery of grain crops from agricultural enterprises to the elevator
(Figure 8).

Cargo volume, t, Fuel consumption, 11100 km (first 1000 rows) scatter plot

consumption, 1100 km

Fuel

Cargo volume, t

Figure 8 — Trends in the variation of specific fuel consumption by vehicles for different cargo volumes
in individual orders for the delivery of grain crops from agricultural enterprises to the elevator

The specific fuel consumption by vehicles can be divided into three clusters, which are determined by
the volumes of grain crop delivery from agricultural enterprises to the elevator. The first cluster corresponds
to cargo volumes up to 30 tons and is characterized by requiring only one trip since the cargo volume does
not exceed the load capacity of the vehicles. It also has a range of specific fuel consumption between 20 and
70 liters per 100 km. Cargo volumes exceeding the load capacity of the vehicles characterize the second and
third clusters. The second cluster corresponds to cargo volumes from 30 to 60 tons and has the widest range
of specific fuel consumption, between 30 and 99 liters per 100 km. The third cluster corresponds to cargo
volumes exceeding 60 tons and has the narrowest range of specific fuel consumption, between 40 and 70
liters per 100 km.

DISCUSSION OF RESEARCH RESULTS

The analysis of the data indicates that the specific fuel consumption during the transportation
processes of delivering grain crops from agricultural enterprises to the elevator is influenced by a multitude
of specific factors. Fully considering them using analytical models is impossible because fuel consumption
has a stochastic nature and depends on a variety of variable production conditions during the transportation
process. Additionally, each order for the delivery of grain crops from agricultural enterprises to the elevator
has its own specificity.

The obtained results reflect the following relationships: the indicator of specific fuel consumption is
influenced by the location and method of loading the vehicle; the vehicle model (engine type); the type of
cargo, which determines the method of harvest collection; distance and cargo turnover (an increase in these
indicators leads to a tendency to decrease the target indicator); cargo volume. The identified dependencies
allow for the preparation of a dataset and the correct interpretation of the results of machine learning models
to enhance the efficiency of their forecasting.

CONCLUSIONS

1. The database concerning the execution of orders by the enterprise responsible for grain crop
delivery was used for the analysis of data regarding the use of vehicles during the transportation of grain
crops from agricultural enterprises to the elevator and obtaining additional information. Factorial analysis
was conducted to identify trends in the indicators characterizing these orders based on 14,140 instances of
data regarding executed orders for the delivery of grain crops from agricultural enterprises to the elevator.

2. The analysis of the number of orders for the delivery of grain crops from agricultural enterprises to
the elevator by cargo type was performed. Trends in specific fuel consumption by vehicles were analyzed:
for the execution of individual orders, by specific vehicle makes and models, by varying total delivery
distances, by varying cargo turnover, and by varying cargo volume in individual orders during the delivery
of grain crops from agricultural enterprises to the elevator. It was found that specific fuel consumption
during the execution of transportation processes for delivering grain crops from agricultural enterprises to the
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elevator is influenced by the location and method of loading the vehicle, the vehicle model, the type of cargo
determining the method of harvest collection, distance and cargo turnover, and cargo volume.
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B. Komenko. OOrpyHTyBaHHSl JaHUX [Jisl NPOrHO3YBAHHSI BHTPAT MNAJUBA TPAHCIIOPTHUMU
3ac00aMu M/l Yac J0CTABKH 3€PHOBUX KYJbTYP.

VY cTarTi mpoBeseHO OOIPYHTYBaHHS IAaHUX JUIS TPOTHO3YBAaHHS BHUTPAT MalMBa TPAHCIOPTHUMH
3aco0aMu MiJl 9ac TOCTAaBKU 3€PHOBUX KYJBTYP BiJl CUTBCHKOTOCHOAAPCHKHX MiANMPHUEMCTB IO €lieBaTopa. 3
METOI0 OTPHMAaHHS 3HaHb MO0 BIUIMBY OCOONMBOCTEH HAJaHHA TPAHCIIOPTHUX MOCIYr Ta YMOB
BUKOPHCTAaHHS TPAHCIIOPTHUX 3acO0iB Ha MWTOMY BHTpPaTy TNalliBa BCTAHOBJICHO 3aKOHOMIPHOCTI Ta
BUSIBJICHO B33a€MO3B’SI3KM MK OKpeMHUMH Habopamu AaHux. /s aHanizy HaHMX CTOCOBHO BHKOPHCTAaHHS
TPaHCHOPTHUX 3aco0iB MiJ Yac JOCTABKH 3€pHOBUX KYyJIBTYp Ta OTPUMAaHHS J0AaTKOBOI iH(opmarii
BUKOPHCTAaHO 0a3y naHuX, mo Hamiuye 14140 exk3eMmmuisipiB HaHWX BUKOHAHWX 3aMOBIIEHB 13 JOCTaBKH
3ePHOBUX KYJBTYP BiJl CIIIbCHKOTOCTIOJAPCHKUX i IIPUEMCTB JI0 €IeBaTOPA.

Bukonano ¢aktopHuii aHai3 Ta BCTAHOBIICHO TEHJACHII 3MiHM TOKA3HUKIB, IO XapaKTEPU3YIOTh i
3amoBieHHs. [IpoBeneHuii anani3 MoKkas3as, 1[0 ITUTOMI BUTPATH MaJMBA i Yac BUKOHAHHS TPAHCIOPTHUX
MPOIIECiB JOCTAaBKA  3€PHOBUX KYJIBTYp Bil CITCHKOTOCIIONAPCHKUX IMIMPHEMCTB A0 €JIeBaTropa
3YMOBIIOIOTECS. MHOKMHOIO crieluiyHux YWHHUKIB. OKpiM TOro, KOXKHE i3 3aMOBJICHb Ha JIOCTaBKY
3ePHOBUX KYJBTYP BiJ CIIbCHKOTOCIIOIAPCHKUX TiIMIPUEMCTB JI0 €J€BaTOpa Ma€ CBOIO crenuQiky.

OTprMaHO pe3yNbTaTH, IO BiAOOpPaKAFOTh HACTYITHI B3a€MO3B’S3KH MK MHATOMHMH BHUTpaTaMH
MaJIMBa Ta BUSABICHUMU YMHHUKAMU: TIOKa3HUK MTMUTOMOI BUTPATH MAajlMBa 3yMOBJICHUI MICIIEM i CIIOCOOOM
HABaHTaXEHHS TPAHCIOPTHOro 3aco0y; MOJEIII0 TPAHCIOPTHOTO 3aco0y (THUIIOM JBUTYHA); THIIOM
BaHTaXy, SKHA BU3HA4Yae croci®d 300py Bpokaw; BIJCTAHHIO Ta BaHTK000irom (i3 3pOCTaHHIM ITHX
MTOKA3HUKIB CIIOCTEPIraEMO TEHJCHINIO 10 3HWKEHHS IIJThOBOTO MOKAa3HUKA); 00CSITOM BaHTaxy. BuspieHi
3aJIeKHOCT1 JI03BOJISIIOTH MPOBECTH MiITOTOBKY HAOOpy JaHUX Ta MPaBUIBHO 1HTEPIPETYBATH PE3yJIbTaTH
poboTH MoJIeNel MaIMHHOTO HABYaHHS 3 METOIO i IBHIICHHS €()EKTUBHOCTI 1X IPOTHO3yBaHHS.

KuaiouoBi ciioBa: muroma BHUTparta mannBa, TPAHCIIOPTHUI MpOLEC, TIEPEBE3CHHS 3€PHOBUX KYJIBTYD,
(hakTOpHUH aHaJi3, MAlTUHHE HABYAHHS.
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