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This paper explores the integration of fleet management systems and drone technology in the agricultural sector as a
means to enhance operational efficiency, optimize resource utilization, and drive cost-effectiveness. The study assesses the
role of fleet management technologies in improving machinery transportation, fuel efficiency, and maintenance, while also
investigating the benefits of drone applications in precision agriculture, such as crop monitoring, health assessments, and
automated spraying. A key focus is placed on evaluating the financial implications of these innovations, including cost
reductions, profitability improvements, and return on investment.

The research primarily targets modern agricultural companies that have successfully progressed through previous
technological phases, including advancements in agricultural machinery, the GMO and green revolution, and are now
approaching the transition into the Digital agricultural revolution. These companies are at the forefront of adopting advanced
digital solutions and are well-positioned to integrate fully automated and data-driven agricultural practices.

To support the analysis, the study employs real-world data, case studies, and financial modeling to demonstrate
practical applications, challenges, and success factors in implementing these technologies. The research also identifies critical
barriers to adoption, such as high initial investment costs, infrastructure requirements, and regulatory constraints, and
proposes strategic solutions to mitigate these challenges. The geographical scope of this study includes regions actively
embracing technological innovations, particularly in the U.S., Europe, and parts of Asia, where digital transformation in
agriculture is gaining momentum.

By providing a comprehensive assessment of fleet management and drone technologies, this paper offers actionable
insights for agricultural businesses to leverage digital solutions for increased efficiency, sustainability, and long-term
profitability.
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Koctupko O. YnpapiaiHHsI aBTONAPKOM Ta BUKOPHCTAHHS JPOHIB y ClIbCLKOMY IOCIOJAPCTBi: MiABHINEHHS
onepaniifHol e)eKTUBHOCTI

JlocmiKeHO IHTEeTpallito CUCTEM YIPABIIiHHS aBTOMAPKOM Ta JIPOHOBUX TEXHOJIOTIH Yy CiIbCHKOMY TOCIIOIAPCTBI K
IHCTPYMEHT MiJBHILIEHHS ONepaIiiifHol e)eKTUBHOCTI, ONTUMI3alli BAKOPHUCTAHHS PECYpPCiB Ta 3HW)KEHHS BUTpaT. Po3ris-
HYTO POJIb TEXHOJIOTIH YIpaBJIiHHS aBTOMAPKOM y MOKPAIEHHI TPAHCIIOPTYBAHHS TEXHIKH, MiABUIICHH] MaIUBHOT eekTH-
BHOCTI Ta ONTHMIi3allii TEXHIYHOTO 00CITyrOBYBaHHS, a TAKOXX ITPOaHANI30BaHO MIEpEeBary 3aCTOCYBAaHHSI IPOHIB, 30KpeMa JUIs
MOHITOPHUHTY CTaHy KYyJbTYp, OI[IHKH IXHBOTO 30POB’ s Ta aBTOMAaTH30BAHOT'O OONPUCKYBaHHS.

Oco0suBy yBary npuijieHo jiHaHCOBUM aclieKTaM BIPOBADKEHHS iHHOBAIlil, 30KpeMa 3HW)KEHHIO BUTpAT, IiJBH-
LICHHIO MPUOYTKOBOCTI Ta pO3paxyHKy peHTa0enbHOCTI iHBecTHLIN. Jl0CiKeHHS Opi€eHTOBaHE Ha Cy4acHi arpapHi KoMma-
Hil, sIKi BK€ IPOMIILIN IIONEPEeAH] eTaly TEXHOJIOTIYHOTO PO3BUTKY (MexaHi3alis, BipoBakeHHI I MO Ta «3eneHa peBoo-
Lis») 1 HUHI HAOMIDKAIOTHCS [0 TMepexoly B enoxy udposoi arpapHoi peosonii. Taki kommauii € jgizepamMu y BIpoBa-
JOKEHHI IU(pOBUX pillleHb 1 TOTOBI 10 iHTerpalii HOBHICTIO aBTOMATH30BaHUX Ta KEPOBAHUX JAaHUMH IIPAKTHK.

Jns oOrpyHTYBaHHS pe3yabTaTiB BAKOPUCTAHO peanbHi JaHi, Kefc-cTaml Ta (hiHaHCOBE MOAETIOBAHHS, 110 TO3BOJISIE
IIPOJIEMOHCTPYBATH MIPAKTHYHI NPHUKIIAIH, BUKIUKY Ta (aKTOPH YCHiXy Y MpoLeci BIPOBAKEHHS IIMX TEXHOJOTIH. InenTu-
¢ikoBaHO KJIIOUOBI Oap’epy A iX MOLIMPEHHS, 30KpeMa BHCOKI ITOYAaTKOBI iHBECTHILi1, iIHYPaCTPYKTypHI BUMOTHU Ta PEry-
JSITOPHI OOMEKEHHsI, i 3aIPOTIOHOBAHO CTPATETIUHI MiAX0MH 10 1X mogonanHs. ['eorpadiuHi paMKu TOCTIPKEHHS OXOIUTIO-
IOTh PETIOHH 3 aKTUBHUM BIIPOBADKSHHSIM TEXHOJIOTTYHUX iHHOBawiil — CILIA, €Bpormy Ta okpemi kpainu A3sii, ae mupposa
TpaHcdopMallist arpapHOTO CEKTOpY Habupae o0epTiB.

Hanaroun KOMIUTEKCHY OLIIHKY TEXHOJIOT1H yIpaBIIiHHS aBTOMAPKOM Ta APOHIB, 3alIPOITOHOBAHO MPAKTHYHI peKOMe-
HJAMIT U1 arpapHOro 0i3HEeCY 010 BUKOPUCTAHHS HU(PPOBUX PillIeHb 3a]Ts1 MiABUILCHHS e(EKTHBHOCTI, CTaJIOr0 PO3BUTKY
Ta JJOBFOCTPOKOBOT IIPUOYTKOBOCTI.
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Kurodosi ciioBa: onepaniiiHa epeKTUBHICTb, YIPABIIHHS aBTOIAPKOM, BAKOPUCTaHHS JPOHIB.

Problem statement. The agricultural sector is
undergoing a digital transformation, where technology
is playing a pivotal role in enhancing operational effi-
ciency. Fleet management systems and drone technol-
ogies are at the forefront of this revolution, offering so-
lutions to issues such as inefficient machinery utiliza-
tion, high transportation costs, and suboptimal field
management. These technologies have the potential to
significantly reduce operational costs and increase
productivity.

However, many agricultural businesses face
challenges in effectively integrating these technolo-
gies. High initial implementation costs, a lack of ex-
pertise in digital solutions, and resistance to change in
traditional agricultural practices limit the widespread
adoption of these advancements. Addressing these
challenges is critical for improving the profitability
and long-term sustainability of the agricultural sector.

This research aims to bridge the gap between the
potential of these technologies and their practical im-
plementation, with a focus on large agricultural enter-
prises that are on the verge of the digital agricultural
revolution.

Recent researches and publications on the
problem. The adoption of fleet management and drone
technologies in agriculture has been extensively stud-
ied in the scientific society. Sorensen and Bochtis
(2009), in their research paper Conceptual Model of
Fleet Management in Agriculture describe the poten-
tial benefits of implementing a dedicated fleet manage-
ment system in agriculture, including cost reduction
and enhanced productivity. They highlight that imple-
menting advanced fleet management practices, such as
optimizing machinery allocation and scheduling, leads
to decreased fuel consumption, maintenance expenses,
and labor costs. Additionally, this study emphasizes
the importance of using advanced information and
communication technology (ICT) systems to achieve
these efficiencies and improve overall productivity in
farming operations [2]. Researchers from China Agri-
cultural University in Beijing provide a detailed anal-
ysis of the development of a cloud-based fleet manage-
ment system from a technological perspective. Their
study examines the impact of such system on opera-
tional efficiency in agriculture, highlighting the im-
provements in real-time data collection, decision-mak-
ing processes, and cost efficiency associated with its

adoption [3]. Vanhuyse, Bailey, and Tranter from the
University of Reading discuss the relationship between
adopting effective management practices, including
fleet management, and improved financial perfor-
mance. Their research indicates that farms employing
structured management strategies tend to exhibit better
financial outcomes, demonstrating a positive correla-
tion between efficient fleet management and profita-
bility [4]. Furthermore, Costa (2019) explores the con-
tribution of effective fleet management to financial
risk management by ensuring optimal utilization of
machinery and timely maintenance, thereby reducing
the likelihood of unexpected expenses and operational
disruptions [5]. In addition to academic studies, several
reports from business consulting firms have empha-
sized the value of digital solutions in agriculture.
McKinsey (2020) highlights the potential of advanced
technologies such as fleet management systems to im-
prove labor efficiency, reduce input costs, and opti-
mize machinery operation and maintenance [6; 7].
Deloitte (2017) examines the rise of fleet management
in Europe, emphasizing its strategic importance in a
rapidly changing agricultural landscape [8]. Similarly,
the Boston Consulting Group (2020) advocates for the
adoption of digital solutions and automation, including
fleet management, to enhance efficiency and profita-
bility in agriculture [9].

The goal of the research. The research aims to
assess the impact of fleet management systems and
drone technology on agricultural efficiency, focusing
on cost reduction, resource optimization, and produc-
tivity enhancement while identifying adoption barriers
and strategies. The study employs quantitative analysis
of financial and operational data, qualitative case stud-
ies and expert interviews to evaluate the benefits, chal-
lenges, and feasibility of implementing these technol-
ogies in agriculture.

Presenting main material. For finding best ag-
ricultural companies which can benefit most from
adopting fleet management and drone technologies,
it’s important to understand their classification and
cost structure.

Cost structure of agricultural enterprises differs
depending on size, type or other criteria, and may in-
clude labor, machinery and equipment, fuel and oil ma-
terials, seeds and fertilizers, pesticides and herbicides,
irrigation, feed, veterinary services.
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Table
Classification of agricultural companies based on different criteria
Category and criteria Description Examples

Category: Size
Small farms Family-owned, covering less than 50 hectares, limited Local organic farms, small dairy
mechanization. farms.

Medium-size farms  |Covering 50-500 hectares, partial mechanization, some Independent crop farms, poultry

advanced technologies.
Industrial-scale operations, over
mechanized, global supply chains.

Large agribusinesses

Category: Type
Crop farming

Livestock farming
Mixed farming
ciency.

Agroforestry

Category: Level of technology adoption
Traditional farming

Mechanized farming

Digital agriculture
culture.

Focuses on growing crops like wheat, corn, soybeans.

Involves raising animals for meat, dairy, or eggs.

Uses basic machinery like tractors and harvesters.

farms.
500 hectares, fully|Cargill, Archer Daniels Midland
(ADM), Bayer Crop Science.

John Deere-supported wheat farms,
Monsanto-linked corn producers.
Tyson Foods (chicken), Dairy Farm-
ers of America.

Combination of crops and livestock to maximize effi- European farms integrating wheat

and cattle production.

Combining agriculture and forestry for sustainability. |Rubber plantations, cocoa farms in

Africa.

Manual labor-based, low-tech, minimal mechanization.|Smallholder rice farms in Southeast

Asia.
Eastern European wheat farms with
John Deere tractors.

GPS-based fleet management, drones, precision agri- US corn farms using Al-driven John

Deere machinery.

Fully automated farm- Autonomous tractors, IoT sensors, Al-based monitor-| Vertical farms in Japan, automated

ing ing.
Category: Production volume

dairy farms in the Netherlands.

Subsistence farming |Produces just enough for local consumption, not for Rural African and Indian villages.

sale.

Commercial farming Produces large-scale crops/livestock for national or in-|US soybean farms supplying inter-

ternational markets.
Industrial farming

niques.
Other

national markets.

Mass-scale production using factory farming tech- Tyson Foods (poultry), Smithfield

Foods (pork).

Supply Chain Integra- Vertical integration where a company controls multiple Nestlé (controls milk production to

tion stages of production.
Sustainability focus

farming.

distribution).

Companies prioritizing eco-friendly and regenerative Danone (sustainable dairy prac-

tices).

Organic certification Farms that avoid synthetic fertilizers, pesticides, and Whole Foods Market suppliers.

GMOs.

Export-oriented farms Farms primarily producing for export markets.

By adopting fleet management systems and
drone technology, agricultural enterprises can target
specific cost areas for reduction, leading to improved
profitability and sustainability. Based on the two crite-
ria— highest positive impact on cost savings and lowest
effort required for implementation (Pareto approach) —
the following groups of agricultural companies have

Brazilian soybean farms exporting
to China.

the highest potential for adopting fleet management
and drones:

1. Positive impact on cost savings. Crop
farming company types would benefit the most from
cost reduction due to high operational expenses, fuel
costs, and labor-intensive processes. Labor expenses
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for planting, maintenance, and harvesting can be re-
duced by drones monitoring and spraying, expenses on
machinery and equipment can be reduced by auto-
mated maintenance checks, fuel and oil costs can be
reduced by automated efficient route planning. Live-
stock farming enterprises can benefit from implement-
ing fleet management which will reduce the operating
cost of machinery and vehicles.

2. Less efforts required for implementation.
Companies already utilizing mechanization and digital
tools will find it easier to implement fleet management
systems and drones: merchandized and digital farms
which already use GPS and automated machinery and
global export-oriented businesses with complex sup-
ply-chains.

Best candidates for fleet management and drone
adoption are the ones which lie on intersection of both
criteria (high savings + low effort): large agribusi-
nesses which are already digitalized, can scale cost re-
ductions quicky, industrial crop farms (corn, wheat,
soybeans) with high logistics and machinery use, and
large dairy & livestock farms with costly animal mon-
itoring and feed transport can be automated. Projected
cost efficiencies may differ, but these are indicative
numbers: drones equipped with multispectral sensors
provide real-time insights into crop health, enabling
targeted interventions which can lead to a 25 % in-
crease in crop yields, drones precise application of fer-
tilizers and pesticides can lead up to a 20 % reduction
in fertilizer use. Together with financial, safety and en-
vironmental benefits may be present, like performing
tasks by drones in challenging environments, reduced
environmental impact would be a direct result of opti-
mized fuel reduction [13; 14].

These benefits come with related challenges:
high initial costs for purchasing drones and implement-
ing fleet management systems, technical challenges
and absence of required expertise, regulatory and pri-
vacy concerns, environmental and safety risks [15].
Additionally, dependencies should be considered: in-
frastructure readiness (e.g., reliable internet connectiv-
ity and power sources), data management (e.g., effi-
cient systems for data collection, storage, and analysis)
and economic scale, — larger operations may realize
more significant benefits from these technologies due
to economies of scale.

Conclusions. The integration of fleet manage-
ment systems and drone technology offers substantial
opportunities for improving efficiency, reducing costs,
and enhancing productivity in agriculture. As the sec-
tor faces rising operational costs, labor shortages, and

pressure to meet global food demands, these technolo-
gies provide scalable solutions. Fleet management op-
timizes resource allocation, minimizes fuel consump-
tion, and improves machinery uptime, while drones en-
able precision in crop monitoring, field assessments,
and targeted interventions, reducing input costs and
supporting sustainability.

However, the successful adoption of these tech-
nologies faces challenges, such as high initial costs,
implementation complexity, and regulatory concerns.
Smaller enterprises may struggle more with these bar-
riers, while larger agribusinesses are better positioned
to benefit from immediate returns. To facilitate adop-
tion, it is crucial to invest in training, capacity-build-
ing, and policy support, ensuring that farms of all sizes
can leverage these technologies.

Despite these challenges, the long-term benefits
of fleet management and drone technology are evident.
These innovations not only lead to cost reductions and
efficiency gains but also enable agricultural businesses
to remain competitive and sustainable in an increas-
ingly digital landscape. As the industry embraces dig-
ital transformation, these technologies will be essential
to ensuring future success in meeting global food de-
mands while promoting environmental stewardship.

In conclusion, while the transition to a fully in-
tegrated digital agriculture system presents considera-
ble challenges, the strategic adoption of fleet manage-
ment systems and drones is a key driver of future agri-
cultural productivity. By embracing these technolo-
gies, agricultural businesses can unlock significant im-
provements in efficiency, cost-effectiveness, and sus-
tainability, ultimately positioning themselves for long-
term success in an increasingly digital and data-driven
agricultural landscape.
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