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Abstract. The study examines artificial intelligence not as a general
digitalisation factor, but as a tool for management accounting and operational
control of logistics costs in the agro-industrial complex. The relevance stems
from the spatial dispersion of agricultural production, seasonality, perishability,
high transport intensity, and the growing need to integrate accounting data with
real-time logistics information. The aim is to develop a cost-control framework
that identifies where Al affects total logistics cost and what accounting indicators
should be used to measure this effect. The empirical context is based on official
data on Kazakhstan’s transport and agricultural digitalisation in 2025-2026,
OECD materials, and peer-reviewed studies of Al in supply chain management
and agri-food systems. The methodological design combines secondary data
analysis, functional decomposition of logistics costs, cost-driver mapping, plan—
fact variance analysis, and process-based modelling. The article distinguishes
six cost blocks: transportation, warehousing, inventory holding, handling,
product losses, and administrative and information costs. A three-level analytical
framework is proposed: operational event — cost driver — financial indicator. On
this basis, an Al-enabled logistics cost control architecture is developed in which

517 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 5.2026

ERP/TMS/WMS/IoT data feed forecasting, anomaly detection and optimisation
algorithms. At the same time, the output is evaluated through accounting KPIs
rather than technological metrics alone. Current data from Kazakhstan show that
648 agricultural producers already use digital technologies and Al-related tools,
while the e-Agriculture ecosystem is moving toward integrated data management
and sectoral Al analytics. The practical contribution is a methodology for selecting
Al use cases based on their expected impact on specific cost drivers and for
integrating Al outputs into management accounting and logistics control.
Keywords: agro-industrial complex, logistics costs, cost accounting, artificial
intelligence, digital transformation, supply chain management, logistics control
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AHHOTanusl. 3epTTeyle >KacaHAbl HHTEIUICKT LH(PIAHABIPYABIH KaJIlbl
(baxTopsI peTiH/Ie eMeC, arpOOHEPKACINTIK KEIICHHIH JIOTUCTUKAIIBIK IIBIFBIHIAPBIH
Oackapy ecebi MeH sxezen 0aKplIay Kypajibl PeTiHAE KapacThIpbliaabl. ©3eKTiUIIr
ayblT IIaPyaIIbIIBIFBl OHIPICIHIH QyMaKTBIK JUCIIEPCHSACHIHA, May CHIM/IBUTBIFBIHA,
OHIMHIH Te3 OyIiHyiHe, >KOFapbhl KOJIK CHIMBIMABUIBIFBIHA JKOHE HAKThI
YaKbIT PEeKUMIHJE JOTHCTHKAIBIK aKMapaTleH eCeNTiK AepeKTepli OipikTipy
KKETTUTriHe OalimaHbICTBl. 3epTTeY[diH MaKcaThl — JKacaHJbl WHTEJUIEKT
’KUBIHTBIK JIOTUCTUKAIIBIK IIBIFBIHIAPIBIH KaHIAi JIEMEHTTEepiHe acep eTeTiHiH
JKOHE OCBHI dcep/Ii KaHal ecenTik KOPCETKIMTEPMEH OJIIIeY KePEKTIriH aHbIKTayFa
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MYMKIHIiK O€peTiH WIBIFBIHAAp MEH 0aKbuIay SIICTEMECiH Kacay. DMIUPUKAIBIK
koHTekeT Kazakcranubiy 2025-2026 >xpuinapaarbl Aybul  IIapyalllbUIbIFBIH
TackIMaIIIay JKoHE P pIaHAbIpy Typaisl pecmu aepekrepi, OECD matepuangapsr
JKOHE JKETKi3y Ti30eKkTepi MeH arpoas3bIK-TYNIK KyhenepiH Oackapymarsl Al
peleH3UsATIaHaThIH  3epTTeyNIepi HETi3iHAe KaJbIMTACTBIPBUABL. OJIiCTeMENiK
MU3aiiH  KaWTajama JIepeKTepi Taijay[bl, JOTUCTHKAIBIK IIBIFBIHIAPIBIH
(YHKITMOHAJIBI BIIABIPAYBIH, IIBIFBEIHAAD ApaiiBepepiH KapTara TYCipyai, HAaKThI
ayBITKYIIAp b TAIIAY/IBI JKOHE TIPOIIECTIK MOebaeymi OipikTipeni. LLbrFbramapapiyg
aJTHI OJIOTHI OOIIIH/II: TackIMallay, CaKTay, KOpIapAbl YCTay, )KYK OHJIeY, OHIMHIH
KOFATYBl KOHE OKIMIIUTIK-aKITapaTThIK MIBIFRIHAAD. "ONnepanusiiblK OKUFa —
IIBIFBIHAD JIpaiiBepi — KapKBUIBIK KOPCETKIM" YIII JEHTeWi aHaTUTHKAIBIK
cxema YchiHBUTFaH. OCBl HETi3/le JIOTUCTHKANBIK MIBIFBIHAApABl Al Oaxpuiay
apxutektypacbl a3ipnenzai, onga ERP/TMS/WMS/IoT nmepexrepi Oomxay,
ayBITKYIIAp/Ibl aHBIKTAY JKOHE OHTAWIAHABIPY alTOPUTMICPIMEH Naii1anaHblIa bl
xoHe HoTmxke KPI ecenrik >kaz0anapbl apkbuibl OaramaHajibl. KazakcTaHHBIH
©3€KTi JIepeKTepi KopceTKeHAeH, 648 aybLT MapyallbUIBIFbl TayapblH OHIIPYIIiIep
Ka3iplliH e3iHae MUQPIBIK TEXHOJOTHSIIAp MEH ai AIIEMEHTTEepiH MaijanaHyaa.
[IpakTuKanblK HOTH)KE€ HAKTHI IIBIFBIHIAAD JpaiiBepiiepiHe KYTIUIETiH acep eTy
xoHe Al Hotmxkenepin backapy ece0i MEH JIOTHCTUKAIBIK OaKbliayFa KOCy YIIiH
Al xarnaiinapslH TaHaay SiCTEMECiHEH TYpaIbl.

Tyiiin ce3mep: arpoeHEpKOCINTIK KeNIeH, JOTHUCTHKAIBIK IIBIFBIHIAD,
IIBIFBIHAAP e€ce0i, JKacaHAbl HMHTEIUICKT, MUGPIBIK TpaHCc(opMalus, XETKi3y
Ti30ekTepiH OacKapy, TOTHCTUKAIBIK OaKblIay
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AHHOTANHS. B WCCJIEJOBAHUN HCKYCCTBEHHBIN WHTEJJIEKT
paccmarpuBaeTcsl He Kak o0mui ¢dakrop mudpoBH3aUH, a KaKk WHCTPYMEHT
YIPaBICHYECKOTO y4yeTa M ONEpPaTHBHOIO KOHTPOJS JIOTMCTHYECKHX H3JEpPIKEK
arpoIpOMBIIIIIICHHOI0 KOMIIEKCAa. AKTYaIbHOCTb 00YCJIOBJIEHA TEPPUTOPHUATIBHOM
paccpeoOTOYEeHHOCTBIO CENIbCKOX03IMCTBEHHOTO IMPOU3BOJICTBA, CE30HHOCTHIO,
CKOpPOTIOPTUMOCTBIO  NPOAYKIMH, BBICOKOW TPAaHCHOPTHOW €MKOCTBIO |
HE00XOTUMOCTHIO MHTETPAIIUH YUETHBIX JAHHBIX C JIOTUCTHYECKON NH(popManne
B PeXHME peaJbHOro BpeMmeHu. Llenb mccrnemoBanus — pa3paboTarh 3aTpaTHO-
KOHTPOJIBHYI0 METONMKY, IO3BOJISIIONIYIO OIPENCIINTh, Ha KaKWe DIEMEHTBHI
COBOKYITHBIX JIOTHCTHUYECKHX U3/IEPIKEK BO3/IEHCTBYET UCKYCCTBEHHBIN HHTEIJIEKT
U KaKMMH YYETHBIMHM IIOKA3aTENISIMH JOJDKEH H3MEPAThCS JaHHBIM 3()(eKT.
OMOUPUYECKHH KOHTEKCT C(OPMUPOBaH HA OCHOBE O(UIIMAIBHBIX IAAHHBIX O
TpaHCTIOpTe W NHU(POBU3ALNHU CelbCKOoro Xo3siicTBa Kazaxcrana 3a 2025-2026
rT., marepuasioB OECD wu penensupyembix ucciefoBanuii Al B ympaBieHun
LIEMsMHU IOCTABOK M arpoIpoI0BOJIBCTBEHHBIX cUcTeMax. MeToanueckuil Tu3zaiiH
00bEAMHSACT aHaJM3 BTOPUYHBIX AAHHBIX, (DYHKIMOHAIBHYIO IEKOMIIO3ULIHIO
JIOTUCTUYECKUX MH3JIEP)KEK, KapTHUpOBaHUE JApaiiBEpOB 3aTpar, aHajlu3 IJIaH—
(akTHBIX OTKJIOHEHMH M IPOLECCHOE MOJECIUPOBAaHUE. BbigeneHsl MIecTh
OJOKOB 3arpar: TPaHCIOPTHPOBKA, CKJIAJHUPOBAHUE, COJCPIKAHUE 3aIacos,
rpy3000pa0doTka, MOTEpH NPOAYKUMH M aJMUHHCTPATUBHO-UH(POPMALMOHHBIC
pacxonsl. IIpennoxeHna TpexypOBHEBas aHAaIUTHUYECKas CXEMa «ONEPAlMOHHOE
coOblTHE — JpaiiBep 3aTpaT — (UHAHCOBBIN IMOKa3zarenby. Ha 3Tol ocHOBe
pa3paboTraHa apXuUTeKTypa AI-KOHTpOJS JIOTUCTHYECKUX H3IEPKEK, B KOTOPOU
nanapie ERP/TMS/WMS/IoT ucnons3yroTcs anropuTMaMu MPOTHO3UPOBAHMS,
BBISIBJIEHHMSI AaHOMAJIMH W ONTHMHU3ALMM, a pe3yJbTaT OIEHMBAETCS Yepe3
yuetnole KPI. Axtyanpaple nannele Kaszaxcranma moxaseiBaroT, 910 648
CEJIbX03TOBAPOIPOU3BOANTENCH YK€ HCIIONb3YIOT IH(POBBIE TEXHOJOTHH U
anemeHTHI Al. [IpakTudeckuii pe3yapTaT COCTOUT B MeTonnke otbopa Al-keicoB
[0 OXH/IaeMOMY BO3JEHCTBUIO Ha KOHKPETHbIE JApalBepsl 3aTpaT U BKIIOUEHUS
pe3ynbraToB Al B ynpaBiieHU€CKUN yUET U JJOTUCTUYECKUI KOHTPOJIb.

KuarodeBble cjioBa:  arpONpOMBIIUICHHBI — KOMIUIEKC, JIOTUCTHYECKHUE
U3JCPKKH, YUET 3aTpaT, UCKYCCTBEHHBIH MHTEIJICKT, Hu(poBas Tpanchopmanus,
YIIPABIEHHUE LEMSIMU ITOCTABOK, JIOTHCTUYECKUN KOHTPOIIb

Introduction. For the agro-industrial complex, logistics is the area where
technological, natural-climatic, and market risks are directly transformed into
financial results. The same batch of agricultural products consistently generates
costs for loading, transportation, storage, maintaining temperature conditions,
insuring stocks, sorting, and providing information support. If delivery time
increases or the demand forecast proves inaccurate, the enterprise faces not only
transportation overruns but also increased inventory, additional storage, quality
declines, and write-offs. Therefore, managing logistics costs in the agro-industrial
complex requires analysing their causes at the process and event level, rather
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than merely recording the final amount in accounting records (Mizanbekov et
al., 2023; Abdimoldayeva et al., 2025). The problem is particularly significant
for Kazakhstan. In 2025, the country’s transport sector handled 1,163.6 million
tonnes of cargo, and cargo turnover reached 584.3 billion tonne-kilometres, up
7.9% and 13.6%, respectively, from 2024 (Bureau of National Statistics, 2026).
Growth in physical flow increases the need for route planning, loading, warehouse
capacity, and faster information processing. For agriculture, this is compounded
by seasonal peaks, the spatial remoteness of producers, and differences in regional
transport accessibility.

The digitalisation of Kazakhstan’s agricultural sector has already moved from
separate information systems to a unified data architecture. According to the
Ministry of Agriculture, 648 agricultural producers use digital technologies and
elements of artificial intelligence: 396 farms in crop production, 211 in livestock
farming, and 41 in processing. More than 200 farms are classified as Smart farms.
In 2025, an updated map of the digital transformation of the agro-industrial
complex was approved, including the digitisation of 144 business processes; the
strategic objective for 2026 is the creation of a unified ecosystem of the e-agro-
industrial complex and industry Data Lake (Ministry of Agriculture of the Republic
of Kazakhstan, 2026a; 2026b).

International literature confirms the expansion of Al functions in supply chains.
While early studies focused on forecasting and automation, modern research
views Al as a decision-making infrastructure that integrates demand forecasting,
inventory optimisation, routing, quality monitoring, anomaly detection, and risk
management (Toorajipour et al., 2021; Richey et al., 2023; Shahzadi et al., 2024).
In agri-food chains, this area has been supplemented with tasks such as traceability,
monitoring storage conditions, and reducing product losses (Guidani et al., 2024;
Reitano et al., 2025; Sebti et al., 2026).

However, the technological effect is not equivalent to the financial one. The
algorithm may improve forecast accuracy, but in management accounting it is
necessary to answer another question: which cost deviation was prevented, in
which cost centre it occurred, and which driver changed. Spreitzenbarth et al.
(2024) showed that intelligent cost analysis in purchasing and supply management
remains less researched than other Al use cases, despite its high practical interest
to companies. In agricultural logistics, this gap is exacerbated by the fact that some
losses manifest physically as reductions in product weight or quality. However,
economically, they stem from logistics decisions.

Studies in Kazakhstan also demonstrate the gap between digitalisation and cost
accounting. Abdimoldayeva et al. (2025) highlight the need to identify logistics
processes and to apply modern cost distribution methods. Smagulov et al. (2025)
link the digitalisation of food logistics to infrastructure modernisation, monitoring,
and data-based resource management. Tsapova et al. (2025) identify Al, robotics,
and geospatial technologies as key drivers of digital modernisation in Kazakhstan’s
agricultural sector. At the same time, the methodology that combines Al analytics
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with the plan—actual control system for logistics costs remains insufficiently
developed.

The study aims to develop a methodology for managing logistics costs in
the agro-industrial complex, in which Al forecasting and optimisation results
are translated into the management accounting system through cost drivers and
financial KPIs. The research hypothesis is that the economic effect of Al in
agro-logistics arises only when two conditions are met: the algorithm is linked
to a controlled operational driver, and changes in this driver are reflected in
the cost accounting system. The scientific novelty lies in the development of a
three-level scheme “operational event — cost driver — financial indicator” and an
Al-enabled logistics cost control architecture designed for planning, monitoring,
and subsequent analysis of deviations.

Literature review. The study's theoretical foundation sits at the intersection of
three areas: supply chain management, management accounting of logistics costs,
and the application of artificial intelligence. Toorajipour et al. (2021) showed in
a systematic review that the most stable areas of Al application are forecasting,
planning, inventory management, and interactions among chain participants.
Richey et al. (2023) emphasise that Al is changing the logistics decision-making
process itself, enabling a shift from periodic analytics to the continuous processing
of streaming data.

Shahzadi et al. (2024), drawing on 68 publications and an extended TOE
logic, systematise the technological, organisational, external, and human factors
influencing Al adoption. This conclusion is directly relevant to the analysis of
logistics costs: the same algorithm does not yield the same financial outcome if a
company lacks comparable data, integrated information systems, and specialists
who can interpret the results. Therefore, Al should be included in the management
control system only together with data governance mechanisms.

From a cost management perspective, the transition from classifying
technologies to classifying economic effects is important. Spreitzenbarth et
al. (2024), in a mixed-methods study on purchasing and supply management,
identified 11 AI/ML use-case clusters and found a discrepancy between academic
attention and practitioners’ assessments: cost analysis and supplier sustainability
have greater practical potential than publication intensity suggests. This confirms
the need for independent analysis of cost-related Al cases.

Costs in agri-food chains also depend on biological and temporal factors.
Rejeb et al. (2025) demonstrate the growing use of machine learning in the
agricultural supply chain for monitoring, forecasting, resource management, and
risk identification. Reitano et al. (2025), based on a systematic review of the entire
agri-food supply chain, note that Al increases the efficiency of production and
intermediate operations. However, limited access to technology, data quality, and
competencies limits implementation.

Research on digital twins is developing process-based management logic.
Guidani et al. (2024) proposed a holistic digital twin of the agri-food chain, covering
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production, processing, storage, and distribution, and enabling the assessment of
economic and logistics indicators for a specific order. Tzachor et al. (2022) view
digital twins as a tool for transforming agri-food production systems and chains.
In management accounting, a digital twin's value lies in its ability to assess the
consequences of an alternative route, inventory plan, or capacity utilisation before
an operation is carried out.

Sebti et al. (2026) analyse RFID, IoT, blockchain, and Al as complementary
technologies for traceability in agri-food chains. Traceability creates a digital record
of events: batch arrival, temperature changes, movement, delays, and transfers of
responsibility. In traditional accounting, such events are often aggregated after the
fact, whereas Al enables their use as early indicators of future costs. Therefore,
data traceability should be considered the informational basis for cost traceability.

The specifics of Kazakhstan form a distinct research context. Mizanbekov
et al. (2023), using grain transportation in Northern Kazakhstan as an example,
demonstrate the significance of loading factors, cargo turnover, and route for
transportation costs. Smagulov et al. (2025) emphasise the need for digital
platforms in food logistics. Tsapova et al. (2025) link the effectiveness of
digital modernisation of the agro-industrial complex to the implementation of
precision farming, geospatial technologies, robotics, and AI. OECD (2025) notes
that Kazakhstan is integrating agricultural information systems into a single
e-Agriculture platform, including a new system for tracking crop production.

The work by Abdimoldayeva et al. (2025), which directly addresses accounting
for logistics costs in the agro-industrial complex, is of key importance. This
study continues this line of research but shifts the focus of analysis from cost
classification and accounting to the mechanism of operational management: how
a digital event and an Al signal should be transformed into a corrective action and
then into a measurable plan—actual effect.

Thus, the literature has sufficiently developed Al's technological functions and
the industry-specific features of agri-food chains. However, the interface between
Al analytics and management accounting remains underexplored. This interface
should enable four actions: identify the cost driver, establish a basic standard, link
the Al solution to a change in the driver, and measure the financial deviation. It is
precisely this research gap that determines the methodological design of the work.

Materials and methods. The study was conducted as an analytical and
methodological study, using secondary empirical data. Unlike survey-based
studies, the article does not create an artificial sample of enterprises and does not
attribute quantitative effects to Al that are not confirmed by the observed data.
The information base includes official statistics of the Republic of Kazakhstan on
transport for 2025; data from the Ministry of Agriculture on the implementation of
digital technologies and Al in 2025-2026; OECD Agricultural Policy Monitoring
and Evaluation 2025; peer-reviewed studies on Al in SCM, agri-food logistics,
and logistics cost accounting.

The study was carried out in four stages. In the first stage, we developed a
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functional decomposition of total logistics cost (TLC). TLC includes transportation
costs TC, warehouse costs WC, inventory holding costs IC, cargo handling costs
HC, logistically caused product losses LC, and administrative and information
costs AIC:

TLC = TC + WC +IC + HC + LC + AIC. (1)

This representation differs from aggregated accounting in that product losses
are considered an independent object of logistical control. For perishable products,
reductions in weight, quality, or shelf life may directly result from delays, routing
errors, temperature-regime violations, or excessive storage.

In the second stage, we applied cost driver mapping. For each expense category,
an operational event, a physical driver, an accounting indicator, and a potential Al
function were identified. The basic analytical unit takes the form:

Operational event — cost driver — cost centre —
financial KPI — Al signal. (2)

For example, the event “vehicle delay” changes the driver “machine-hours
of downtime,” is reflected in the transportation cost centre, and affects the cost
per ton-kilometer and the cost of delivering the shipment. An Al signal can use
congestion prediction, telemetry, and dynamic routing. Unlike the general metric
“algorithm accuracy,” this scheme enables measurement of the financial impact.

At the third stage, an analysis of plan—actual deviations was used. For any
category of logistics costs, the actual deviation can be decomposed into the price
of the resource, the volume of the operation, the efficiency of resource use, and
losses:

AC = Acprice + Acvolume + Acefﬁciency + Acloss, €)

Artificial intelligence primarily affects efficiency and loss components by
reducing unproductive mileage, waiting time, excess inventory, emergency
downtime, and write-offs. Price fluctuations in fuel, tariffs, and resources cannot
be automatically attributed to Al. This distinction prevents overestimating digital
projects.

In the fourth stage, an Al-enabled logistics cost-control architecture was
developed. In it, Al is considered an analytical layer between operational systems
and management accounting. Data sources include ERP, TMS, WMS, 10T/GPS,
and traceability systems; Al models perform forecasting, anomaly detection,
and optimisation; the result informs management decisions, and performance is
assessed using plan—fact KPIs.

To describe the current level of digitalisation in Kazakhstan, we applied a
descriptive analysis of official data. Of the 648 agricultural producers using
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digital technologies and Al elements, the sectoral structure was calculated: crop
production - 61.1%, livestock farming - 32.6%, processing - 6.3%. These shares are
not a representative assessment of digitalisation across the entire agro-industrial
complex, since the official source covers only enterprises that already use these
technologies.

The methodology's limitations stem from the lack of a single open
micro-database of logistics costs for agro-industrial enterprises. Therefore, the
article does not build a regression with fictional coefficients and does not claim
a specific percentage reduction in cost. The proposed methodology is intended
for subsequent testing on ERP/TMS/WMS data from specific enterprises and can
serve as the basis for a panel or quasi-experimental study.

Disclosure of the use of generative Al. OpenAl ChatGPT (GPT-5.6 Sol)
was used for language editing, text structuring, and technical formatting of the
manuscript. The tool was not used to create fictitious empirical observations or
to substitute statistical calculations; the authors are responsible for the scientific
content, source verification, and the final version.

Results. The first result concerns the formation of a system of control objects.
In traditional financial accounting, logistics costs may be distributed across several
items and departments, so the manager sees the final amount but not always the
reason for its change. Al-based control requires a more detailed link between
operational events and costs.

Table 1 — Accounting objects and drivers of logistics costs in the agro-industrial complex

Cost block Typical cost centre: | Main driver Financial KPI: Al-ynxmms
Te- . trar}sport/ km, t-.km, costs per ton-km; | route optimisation;
transportation | delivery; machine-hours, .
. costs per batch ETA prediction
loading
WC - warehouse/ pallet-days, t-days, |costof storing 1 | capacity forecast;
warchousing | refrigeration; kWh ton-day energy optimisation
IC — inventory | raw material / cost of capital; demand forecast;
. average stock, days .

ﬁmshed product on hand turnover inventory

inventory; optimisation
HC - cargo loading/sorting; | operations, minutes, | cost of a single computer vision;
handling labour hours operation task scheduling
LC — product | quality/write-offs; | kg/t of losses, hours | cost of write-offs; | quality prediction;
loss of mode deviation | loss rate anomaly detection
AIC —infor- | dispatch/ transaction cost;
mation and accounting. transactions, decision time NLP; document
administrative manual operations automation
cost expenses
Note: developed by the authors based on Mizanbekov et al. (2023), Spreitzenbarth et al. (2024),
Reitano et al. (2025), and Abdimoldayeva et al. (2025).

The second result is the distinction between technological and financial effects.
For example, an increase in ETA accuracy is not an economic result in itself. An
economic result arises if a more accurate ETA reduces unloading waiting time,
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reduces excess downtime, and is reflected in the cost per machine hour or the cost
of shipping the batch. Similarly, improving demand forecast accuracy is important
for accounting only when it leads to changes in average inventory, write-offs, or
the frequency of urgent shipments.

Table 2 — Translating Al technological metrics into management accounting indicators

Al case Technological metric | Intermediate driver Financial indicator

Demand MAPE / MAE stock level; shortage IC per unit of product;

forecasting frequency stockout cost

Routing ETA accuracy km; downtime; loading | TC/t-km; TC/batch

Predictive precision/recall of hours of unplanned downtime cost; urgent repair

maintenance failures downtime

Cold chain control | the proportion of time outside the LC; write-off cost
detected anomalies permissible range

Computer vision | recognition accuracy | sorting/picking errors | HC/operation; return cost

NLP/GenAl in the proportion of minutes of manual AlC/transaction

documents automation processing

Note: the author’s classification is based on Richey et al. (2023), Shahzadi et al. (2024), and Rejeb
et al. (2025).

The third result describes the current state of digitalisation in Kazakhstan’s
agro-industrial complex. The Ministry of Agriculture reports 648 farms that use
digital technologies and Al elements. Within this group, 396 farms are involved in
crop production, 211 in livestock farming, and 41 in processing. This means that
the current wave of digitalisation is most evident in primary production, whereas
the processing segment is significantly less represented. For logistics control, this
matters because maximum impact requires integrating data across production,
processing, storage, and transportation, rather than digitalising a single link.

= 396

400

300 m 211
250
200
150

m 41
100

. -y

Crop production Animal husbandry Recycling

B The number of farms

Figure 1 — The structure of farms using digital technologies and Al elements in Kazakhstan

Note: The authors calculated the data based on information from the Ministry of Agriculture of
the Republic of Kazakhstan (2026). The shares were calculated only within a group of 648 farms
and do not reflect the coverage of the entire agro-industrial complex.
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Additional institutional signals confirm the transition from local automation to
integration. The updated map of the digital transformation of the agro-industrial
complex provides for the digitisation of 144 business processes (Gosagro.kz.
It unites more than 200,000 users; developing the e-APK should ensure data-
driven industry management and Al adoption. OECD (2025) also emphasises
integrating Kazakhstan's agricultural information systems into a single platform
and developing crop traceability.

Table 3 — Factors of readiness of Kazakhstan's agro-industrial complex infrastructure for Al-
control of logistics costs

Factor Observed feature Significance for cost control
Digitisation of processes | 144 business processes Standardisation of digital events
Unified ecosystem e-APC and industry-specific Data Integration of data and analytics
Lake
Practical implementation | 648 farms use digital technologies Base for pilot projects
and Al
Smart farming More than 200 Smart farms Sources of [oT/GPS/sensor data
Traceability Scaling crop and livestock production | Linking a batch to a logistics
systems event
Transport load 1,163.6 million tons of cargo; 584.3 | Importance of routing and
billion ton-km loading
Note: compiled by the authors based on data from the Ministry of Agriculture of the Republic of
Kazakhstan (2026a; 2026b), OECD (2025), and the Bureau of National Statistics (2026).

The fourth result is an architecture of management control that fundamentally
differs from the conventional model of digital transformation. Its starting point is
not technology, but an accounting object. First, the company identifies the cost
centre and the regulatory driver, then connects the operational data flow, and only
then selects an Al algorithm. This approach reduces the risk of investing in a
technology whose effect cannot be proven by accounting data.

e 0 O reJ

1. Data Collection 1, Cost Accounting 3. Al Analytics 4, Optimisation 5. Control and Monitoring
ERP/ TMS / WMS ! loT Cost conters | Cost drivers Forecast | Anomualy detection Route | Stock | Load Plan-Fact / KF1
* Olperational data ’ » Classification of legistics conts * » Diemand and cost forecastiog: ¥l = Opimisaticn of iranspon moutes | ® Comparison of plan e sl ooty
# Transpon and warchouse daa » Allocation by cost cemers * Deection of deviations | « Imveniory and warchouse  KPl dashboard
« loT sensors {emperaiure. GFS) = Identification of cost drivers * Risk analysis optimisation * Real-time moniioring
* External data (wreather. market) * Inbegration with accounting * Scenario modelling * Load planning * Management decisions
L ' * Resourcy allocation

' | Feedback Loop
R Actual deviations update model parameters and cost standards

Figure 2 — Architecture of Al-enabled control of logistics costs
Note: developed by the authors.

The architecture has five operational loops. The first collects event data from
ERP, TMS, WMS, IoT, GPS, and traceability systems. The second is linking it
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to cost centres and cost drivers. The third is Al analytics: forecasting, anomaly
detection, classification, and optimisation. The fourth is the implementation of the
solution in the logistics process. The fifth is plan—fact control. Actual deviations
are returned to the model and used to update parameters, norms, and algorithms.

The fifth result is a methodology for prioritising Al projects. Given a limited
investment budget, a company should not choose the “most advanced” technology,
but rather a use case with the most clearly defined cause-and-effect relationship
between the driver and the cost. We propose using four filters: the article's share
in TLC; the driver's variability; the availability of digital data; and the process's
controllability.

Table 4 — Logic for prioritising Al projects in agrilogistics

Situation Priority Al Use Case | Rationale Metrics Before/After
Implementation
High transportation | Route optimisation + | Direct driver of mileage | km per trip; vehicle load

cost overruns ETA prediction and idle time factor; transportation

cost per tonne-km

High write-off rate

Quality analytics +
cold-chain monitoring

Driven by time and
temperature conditions

Loss rate; value of
write-offs

Excess inventory

Demand forecasting +
inventory optimisation

Driven by inventory
volume and storage
duration

Inventory turnover;
inventory cost per unit

Frequent unplanned | Predictive Driven by unplanned downtime hours; repair
downtime maintenance equipment downtime costs

High labour intensity | NLP/GenAl Driven by manual minutes per document;
of document automation processing time administrative/Al cost
processing per transaction

Note: Developed by the authors.

The sixth result concerns the performance assessment system. To implement
Al, we propose using not just a single ROI indicator, but a combination of
operational, accounting, and investment levels. The operational level captures
changes in the physical driver; the accounting level translates them into plan—
actual deviations; the investment level compares savings with the technology's
total cost of ownership.

Table 5 — KPI system for assessing Al in logistics costs

Level Indicators Purpose
Operational km/trip; load factor; downtime hours; tonne- | Measurement of changes in
days of inventory; time outside the required | physical cost drivers
temperature range
Accounting TC/tonne-km; WC/tonne-day; IC/unit; LC/ | Assessment of the monetary effect

turnover; AIC/transaction
OTIF; lead time; stockout rate; return rate
TCO; payback period; ROI/NPV

Service Quality
Investment

OROAE]

Monitoring of service quality
Comparison of the achieved effect
with implementation costs
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Risk/Data share of missing data; data latency; manual | Assessment of the reliability of the
adjustments digital data environment

Note: Developed by the authors with reference to Culot et al. (2024), Shahzadi et al. (2024), and
Guidani et al. (2024).

Discussion. The results change how the question about Al in logistics is framed:
instead of “where can artificial intelligence be applied,” the question becomes
“what cost deviation needs to be monitored and what data allows for influencing it.”
This shifts the research from a general description of digitalisation to management
accounting and controlling. This approach aligns with Spreitzenbarth et al.'s
(2024) conclusion that cost analysis remains under-researched and complements
the technological classifications of Al in SCM (Toorajipour et al., 2021; Richey
et al., 2023).

It is essential to distinguish between price and operational effects. If fuel
prices rise, transportation costs may increase even if routing improves. Therefore,
assessing Al solely based on the dynamics of total logistics costs may be misleading.
It is necessary to decompose the variance into price, volume, efficiency, and loss
variances. Only the last two components can, in most cases, be directly linked to
algorithmic management.

Including product losses in logistics cost control expands the traditional
structure. For agricultural businesses, write-offs are often perceived as a separate
category related to quality or production, although the cause may lie in logistics:
loading delays, cold-chain disruptions, incorrect delivery sequence, or excessive
storage. Research on agri-food digital twins and traceability confirms the need to
track events throughout the entire chain (Guidani et al., 2024; Sebti et al., 2026).
Consequently, cost traceability must develop in parallel with product traceability.

For Kazakhstan, the proposed methodology is particularly relevant now, as the
digital infrastructure of the agro-industrial complex moves into the integration
stage. The fact that 648 farms are already using digital technologies and Al
elements does not mean the industry has completed its digitalisation. However, it
does indicate a practical foundation for piloting cost-control solutions. At the same
time, the relatively low level of processing in this group suggests a potential gap
between digital production and the subsequent links in the chain.

An institutional transition to e-APK and an industry-specific Data Lake
can improve the quality of external data for corporate Al systems. However,
government integration does not replace the internal accounting architecture. The
enterprise needs to ensure a unified cost centre directory, cost allocation rules,
batch and transport identifiers, and consistency between ERP and TMS/WMS.

It is advisable to begin applying the model in processes where the cost of an
error is high, and data is already being collected. In grain logistics, this includes
transport loading, route, and waiting time; in the dairy and meat supply chains, it
includes temperature control, traceability, and delivery time; in fruit and vegetable
products, it includes demand forecasting, inventory rotation, and the risk of
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write-offs. This sectoral choice aligns with the idea of Al portfolio management:
the company forms a set of use cases based on economic priority.

The findings do not allow us to assert a universal savings amount. Studies
on Al adoption highlight how outcomes depend on data quality, human capital,
and organisational maturity (Shahzadi et al., 2024). Proper empirical verification
should be carried out at the enterprise level using before—after, difference-in-
differences, or panel data, provided there is a control group.

In scientific terms, the work connects two bodies of literature that often
develop in parallel: Al-enabled supply chain and management accounting. The
former explains how algorithms improve forecasting and optimisation, while the
latter shows how changes in resources are reflected in costs and controls. Their
integration makes it possible to move from a technological demonstration to the
proof of economic impact.

Conclusion. The study showed that managing the logistics costs of the
agro-industrial complex requires a fundamentally different approach to
problem-solving than a general analysis of digital transformation. It is advisable to
evaluate artificial intelligence based on its ability to modify a specific cost driver
and ensure a measurable plan—actual deviation in the management accounting
system.

The study identifies six blocks oftotal logistics cost: transportation, warehousing,
inventory maintenance, cargo handling, product losses, and administrative and
information costs. For each block, physical drivers, financial KPIs, and possible
Al functions are identified. The proposed scheme “operational event — cost driver
— cost centre — financial KPI — Al signal” forms a methodological interface
between logistics systems and accounting.

Official data from Kazakhstan confirm the development of a technological base:
648 agricultural producers use digital technologies and Al elements; more than
200 enterprises are classified as Smart farms; the digital transformation roadmap
includes digitising 144 business processes; e-APC and the industry-specific Data
Lake are intended to create an integrated data environment. At the same time,
Kazakhstan’s transport system handled 1,163.6 million tons of cargo in 2025,
with a cargo turnover of 584.3 billion ton-km, which underscores the economic
significance of routing and load management tasks.

The practical contribution of the study lies in the methodology for selecting
Al pilots. Priority should be determined not by the complexity of the technology,
but by cost share, driver variability, data availability, and process controllability.
Efficiency should be measured at three levels: changes in the physical driver,
financial deviation, and investment performance, with total cost of ownership
taken into account.

The key limitation is the lack of an open micro-database of logistics costs for
agro-industrial enterprises in Kazakhstan. In this regard, the work deliberately
excludes artificially generated regressions and unproven percentage savings. The
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next stage of the study should include obtaining anonymised ERP/TMS/WMS
data from enterprises and empirically verifying the causal relationship between
Al implementation and efficiency/loss variance. Promising methods include panel
models, difference-in-differences, time-driven ABC, and analysis of digital traces
of logistics events.

Thus, artificial intelligence in agri-logistics should be viewed not as an
independent source of savings, but as a tool for changing the controllable cost
drivers. The most sustainable effect is achieved when digital data, an algorithm, a
logistics solution, and management accounting are combined into a single control
loop.
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