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The purpose of the study is to analyze cost management systems and business process control from historical
and methodological perspectives and to identify key vectors of their transformation in the context of Industry 4.0.
The relevance lies in combining the stability of classical accounting with the flexibility of digital platforms to adapt to
national practices and real-time requirements. An evolutionary overview of the development stages of cost accounting
has been carried out, from classical approaches to digital transformation and ecosystem-based management. The
research methodology relies on historical-system analysis, international case studies, theoretical synthesis, and
modeling of future transformations in cost management and business process control within the framework of
Industry 4.0. The stages of system development and the impact of tools (10T, Big Data, Al, digital twins, blockchain)
have been identified. The international experience of companies such as Toyota (Lean/Kaizen, JIT), Siemens (digital
twins), Bosch (5S, Poka-Yoke, 10T), GE (predictive maintenance), Nestlé (ERP/BI), and Amazon (robotization,
ML) has been studied, which made it possible to outline adaptive strategies and approaches for different levels
of technological maturity, industries, and the Ukrainian context. The results of the study have both practical and
strategic significance, as they reconstruct the evolution of cost accounting systems and provide practical steps for
adapting Industry 4.0 technologies to cost management, with further identification of their development vectors.

Keywords: cost management, business process control, Industry 4.0, international experience, evolutionary
development, digital transformation, planning, dynamic budgeting.

MeTa JaHOro JOCNiMKEHHS Nonarae y aHaslisi CMCTEM YnpasiHHA BUTpaTaMu Ta KOHTPO/O 6i3HecC npouecis
3 iICTOPVKO METOLO/ONIYHMX MO3MLIMA | BUSBIEHHS K/IOYOBKX BEKTOPIB iX TpaHccopmauii B ymoBax IHaycTpii 4.0.
AKTYanbHICTb pO60OTY NOCTAE Yy NOEAHAHHI METOAO/ONIYHOI CTIKOCTI KNacuyHOro obniky 3 (OyHKUIOHa/IbHOK THYY-
KICTIO umndopoBmx nnaThopM, sika 0Cob6MBO BaxNMBa ANa aganTauii A0 HauioHa/IbHMX NPaKTUK | BUMOT peasibHoro
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yacy. Y po6oTi 6y/10 BUKOHAHO iCTOPUKO-METOAO/ONIYHUIA OFNSA, KITKOHYOBUX €BOJTHOLIHMX eTaniB po3BUTKY 06Ky
BUTPAT NOYMHAIOUN Bif KTACUYHKX MILXOLIB CUCTEMM 06IKY | KaNbKY/IHOBaHHS A0 6iflbl CyyacHOi aHaniTUYHO-Lnd-
poBoi TpaHcdopMalLlii B ymoBax IHAYCTpii 4.0 Ta eBOMHOLIHO aAanTUBHOIO | EKOCUCTEMHOrO YNPaB/iHHS BUTPaTaMMU.
MeToaunka SOCAiIKEHHA CNUPAETLCA HA CUCTEMATUYHO-ICTOPUYHWIA aHasli3, KOMNapPaTUBHWIA OrNSf, MKHAPOAHUX
KeliciB, CMHTE3 TEOPETUYHMX MKEPEN i KOHLEeNTyalbHe MOAENoBaHHSA MalibyTHIX BEKTOPIB TpaHcopmMaLii cuctem
ynpasiHHA BUTPaTamy Ta KOHTPO/b Gi3HEC-NPOLLECiB B KOHTEKCTI IHAYCTpIi 4.0. Y pe3ynsTati 6yn10 BUAIEHO NOCi-
[I0BHi eTanu po3BuUTKY CUCTEM YNpPaBiHHA BUTpaTamMu, NpoaHanisoBaHo BNMB IHCTPYMEHTIB IHAYCTpii 4.0 (iHTepHeT
peyeil, BENUKI AaHi, WTYYHWUIA IHTENEeKT, LMQIPoBi ABiliHWKKM | 6n1okyeliH). [JogaTkoBo 6yn0 BUKOHAHO MOPIBHAbHUI
aHani3a MixxXHapofHoro AocCBigy Ha npukniagdi komnadiin Toyota (onepauiiHa onTuMi3alisi BUTPAT Ha OCHoBI Lean/
Kaizen i JIT), Siemens (BnpoBafKeHHs LnhpoBUX ABIMHUKIB i Kibep-hisnyHuxX pieHs), Bosch (BisyanisyBatu Bu-
POGHMUI NpoLecKn WnsaxoMm BNpoBampkeHHs 5S i Poka-Yoke y noegHaHHi 3 NoKasibHAMU 10T-pilUEHHAMY | CTBOPEH-
HAM HaBYasIbHO-MPaKTMYHMX LeHTpiB), General Electric (nporpamu nepeabavyBanibHOr0 06¢/1yroByBaHHs), Nestlé
(yHichikauito chiHaHCOBOrO i1 onepauiiHoro 061Ky Yepes BnpoBamkeHHs ERP/BI), Amazon (po6oTu3auieto cknagis i
3acTocyBaHHAM ML-anropuTMmiB NPOrHO3yBaHHA NOnuTy), WO A03BON/I0 BUOKPEMUTU afanTUBHI CTpATeril, Nigxoam
[NS Pi3HMX PIBHIB TEXHOMOTIYHOI 3pifIOCTi, rasy3eBoi cneumdiki Ta HalioOHa/lbHOro KOHTEKCTY YKpaiHu. BugineHo,
O OTpMMaHi pesynsTati y pamui AaHOro JOC/iIKEHHA MaKTb NPUKIagHe i cTpaTteriyHe 3Ha4YeHHs, Yepes PeKoH-
CTPYKL,iI0 ICTOPUKO-METOLO0/0MYHMUX PO3BUTKY CUCTEM O6/1iKY BUTPAT | HaJaHUX NPaKTUYHO-OPIEHTOBAHNUX PEKOMEH-
JauinHnx KpokiB agantauii TexHonoriii IHgycTpii 4.0 4O cucTeM ynpasAiHHA BUTpaTamy i NoAasibLUMX MarbyTHIX

BEKTOPIB iX PO3BUTKY.

KnwouoBi cnoBa: ynpasniHHA BWTpaTtamu, KOHTpOnb GisHec-npouecis, IHAycTpia 4.0, MiXHapogHWiA [OCBI,
€BO/IOLHNIA PO3BMTOK, LcpoBa TpaHcdopmauis, NiaHyBaHHS, AMHaMiuHe OHOMKETYBaHHS.

Formulation of the problem. In the context
of rapid digitalization of business processes
and the growing influence of Industry 4.0 on
management practices, the modernization of cost
control and planning systems becomes a decisive
factor for the competitiveness of enterprises and
their integration into global economic networks.
Despite the fact that Industry 4.0 tools create
conditions for effective budgeting, real-time
monitoring, and platform-based coordination
of costs, the practical transition from classical
accounting models to ecosystem-based digital
solutions is hindered by the lack of step-by-
step adaptation of international experience
in the national context and the absence of
digital initiatives capable of transforming cost
management at a systemic level. This situation
leads to inefficient implementation of digital
initiatives, limits the multiplicative effect of
investments, and reduces the resilience of
enterprises to external risks.

Analysis of recent research and
publications. A historical review of cost
management systems demonstrates an evolution
from rigid regulation to flexible models. Classical
works by Wildman J. R. [1] and Harrison [2] laid
the foundation for systematization of costs and
variance analysis. In the 1940, Paton W. A. and
Littleton A. C. [3] emphasized the role of standard
costing as a key tool for cost management.
The next stage was the introduction of activity-
based costing, initiated by Cooper R. and
Kaplan R. S. [4] and confirmed in contemporary
reviews by Sanchez-Rebull M. V., Nifierola A.,
and Hernandez-Lara A. B. [5], which allows more

accurate attribution of overhead costs. In the
1980-1990, Lean/Kaizen approaches (works by
Ohno T. [6], Imai M. [7], Womack J. P.,JonesD. T,
Roos D. [8]) shifted the focus toward optimizing
business processes and eliminating waste. The
integration of information systems (ERP) in the
context of cost management was reflected in
the findings of Davenport T. H. [9], who argued
that ERP platforms unify finance, logistics, and
cost accounting, thereby increasing operational
transparency. In the context of Industry 4.0,
researchers highlight digital technologies such
as the Internet of Things, Big Data, atrtificial
intelligence, cloud computing, and blockchain,
which together create a new predictive logic
of management as a driver of transformation.
In particular, contemporary studies by Schwab K.
[10] and Dai J., Vasarhelyi M. [11] emphasize that
Industry 4.0 enables the shift in cost modeling
approaches from post-factum analysis to forward-
looking forecasting. Important benchmarks
include the works of Nakamoto S. [12],
Tapscott D. and Tapscott A. [13], Parker G.,
Van Alstyne M., Choudary S. [14], and
Asadi S. K. M. [15], which demonstrate that
blockchain and platform architectures form
ecosystem-based models of cost management
and ensure intercorporate transparency and
trust. However, issues related to the historical and
methodological foundations and transformation
vectors of cost management and business
process control systems in the context of
Industry 4.0 have not yet been sufficiently
addressed.

Highlighting previously unresolved parts
of the overall problem. Despite the existence
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of a thorough analysis of the historical and
methodological stagesandtraditionalapproaches
to cost management, several key issues
remain unresolved in the academic literature,
which are becoming particularly relevant in the
context of digital transformation. First, the direct
impact of Industry 4.0 technologies on cost
management systems and business process
control mechanisms has not been sufficiently
studied, which limits their practical application for
enhancing transparency and efficiency. Second,
there is a lack of systematic developments
aimed at summarizing and adapting international
experience in cost management and business
process control, particularly in the form of
step-by-step implementation measures and
practical recommendations for Ukrainian
enterprises, which hinders the formation of an
effective transformation model in the national
environment. Third, comprehensive vectors
of future transformation of cost management
systems and business process control in
the context of Industry 4.0 have not been
formulated. Such vectors should integrate
organizational prerequisites, digital tools, and
human competencies into a unified development
framework. Addressing these aspects will make it
possible to move from descriptive characteristics
to the creation of a holistic methodology that
ensures process discipline alignment, data
standardization, and the implementation of
adaptive cost management models in the digital
economy.

Formulation of the article's objectives.
The purpose of the work is to analyze cost
management systems and business process
control from historical and methodological
perspectives and to identify the key vectors of
their transformation in the context of Industry
4.0. Within the framework of the study, existing
approaches to the organization of cost control
and accounting will be summarized, the impact
of modern digital technologies will be assessed,
and international experience will be considered in
accordance with the concepts of the «intelligent
enterprise» and the «circular economy», as
well as conclusions will be drawn regarding the
adaptation of these solutions in the Ukrainian
economic context. The tasks of the work are
as follows: 1. to identify the key evolutionary
stages and approaches in cost management;
2. to examine the impact of Industry 4.0
technologies on cost management systems
and business process control; 3. to study
international experience in cost management
and business process control and its transfer

into the national context; 4. to define the future
vectors of transformation of cost management
systems and business process control in the
context of Industry 4.0.

Summary of the main material. Cost
management systems are constantly evolving
under the influence of economic conditions
and technological innovations, which requires
a continuous review of traditional approaches.
For a more comprehensive understanding of
these changes, it is advisable to identify the
key evolutionary stages and approaches in cost
management, which are shown in Fig. 1.

The comparison of the stages of development
of approaches to cost management (Fig. 1)
makes it possible to see not only the sequence
of changes but also the gradual shift of emphasis
from strict regulation to flexible adaptability.
At the stage of «Classical accounting and costing
systems» (1900-1940), the main focus was onthe
development of directive costing and formalized
accounting, which served as the basis for cost
control. At that time, costs were considered
exclusively as an element of financial reporting;
therefore, the system had clearly defined
boundaries and minimal adaptability. In fact,
already then the scientific works of the classics
Wildman J. R. [1], Harrison G. C. [2] shaped the
approach to the systematization of costs and laid
the foundation for variance analysis. According
to the observations of Cooper R., Kaplan R. S. [4]
and Waweru N. M. [16], most costing techniques
were developed before 1925. The transition to
the stage of «Normative and planned accounting
through budgeting and standard costing»
(1940-1970) was marked by the expansion
of the scope through normative and planned
accounting, which was based on the principles
of budgeting and standard costing. This made
it possible to transform costs into an object of
systematic management, creating mechanisms
of centralized planning and variance control,
which subsequently gave enterprises the
opportunity to forecast and control production
processes, whereas the previous stage only
recorded their final results.

As noted by Paton W. A., Littleton A. C.
[3], standard costing was the key tool of cost
management, which by the 1950-1960 was
widely applied in practice [16]. The further
development of the stage «Activity-oriented
costing and attribution of indirect costs»
(1970-1980) was focused on the active use of
the attributive approach (based on cost factors),
which was embodied in the methodology of
activity-based costing (ABC). This approach
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KEY EVOLUTIONARY STAGES AND APPROACHES IN COST MANAGEMENT
Stage I l Approach I l Features I
STAGE 1|| Classical accounting and full (direct) costing and formalized emphasis on accuracy of regulatory
1900-1940 calculation systems accounting as a cost verification tool reporting and compliance with regulations
Regulatory and planned . . s -
a?cco t¥ hp h planning through standards and centralized standardization of indicators and
STAGE 2 unting throug - . . .
X deviation control as the basis for cost the advantage of plan-control in conditions of
budgeting and standard ; o .
1940-1970 costing management relative stability of production processes
Activity-based i d attribution of indirect costs through better visibility of resource-intensive
STAGE 3 ¢ 3’.' y-taset ctc:s_ll)n?_ cl activities for more accurate costing of operations and adjustment of pricing policy
1970-1990 [EEENCHECHTOSTAtIbENO products and services based on activity-based cost structure
o izational and . . d focus on minimizing unproductive costs,
STAGE 4 rg?.nlzzla.tlon?. anc. i c_ont_lnuothls |mprqvem|ent an reducing inventories and shortening
1980-2000| operational optimization elimination of losses in value streams production cycles
. i end-to-end integration of business ificati ; : q
STAGE 5 _Integrat_lon of business processes and data centralization for uni |ca_t|on 0 accou_ntlng procedures,
information systems and £ : consolidated reporting and increased
1990-2010 " unified accounting and control of fici f decisi K
total automation resources efficiency of decision-making
. - . . . predictive and prescriptive planning,
STAGE 6 ?nalyftlcal ?nd .d'%:;‘tal real-time atrlalytlcs-dtglvenhcog,t | operational resource control and adaptive
2010-2025 ra?s ?"?? |gn 'tn 4e0 managemen tusmgt'cy er-physica adjustment of calculations based on
context of Industry 4. integration streaming data
Evoluti dapti d flexible, platform-based and ecosystem- dynamic budgeting, cross-corporate
STAGE 7 volutionary ; ap:;ve 2 based cost management with a focus on transparency, and proactive
2025- PRSI G the integration of inter-organizational recommendations for cooperative risk
TODAY LI chains management

Figure 1. Key evolutionary stages and approaches in cost management
Source: developed by the author based on the following sources [1; 2; 3; 4; 5; 6; 7, 8; 9; 10; 11, 12; 13; 14; 15]

focused on cost drivers and the attribution of
indirect resources to specific activities, creating
a fundamentally different perspective in which
costs were viewed not as a result of activities
but as the reasons for their occurrence. The
first conceptual developments of ABC belong
to Cooper R., Kaplan R. S. [4], while modern
reviews (Sanchez-Rebull M. V., Niferola A.,
Hernandez-Lara A. B. [5]) confirm that interest
in this approach remains high. This opened
the space for more efficient resource allocation
and reduction of irrational costs, as well as
increased costing accuracy under the growing
complexity of products and services [15].
The stage of «Organizational-operational
optimization» (1980-2000) shifted the priority
of cost management toward organizational
optimization. Unlike the previous stage, where
the main task was identifying factors, here the
focus was on restructuring business processes.
The introduction of Lean and Kaizen approaches
contributed to the elimination of waste, reduction

of inventories, and overall production time,
which increased enterprise flexibility and forced
a reconsideration of efficiency criteria. This was
made possible thanks to the works of Ohno T. [6],
Imai M. [7], Womack J. P., Jones D. T.,Roos D. [8],
which laid the foundations for «lean productions.
The transition to the stage of «Integration
of enterprise information systems and total
automation» (1990-2010) was distinguished by
a new level of complexity through the integration
of information systems in the form of ERP
platforms, fundamentally changing the approach
to cost management. While the previous stages
dealt with improving individual processes, now
end-to-end coordination of all activities was
carried out through the unification of accounting
mechanisms and tools, which increased
operational transparency but created risks of
excessive centralization. As Davenport T. H. [9]
noted in his work, ERP systems became a new
level of integration, where finance, logistics, and
cost management obtained a single database.
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From 2010 to 2025, the stage of «Analytical-
digital transformation in the context of
Industry 4.0» strengthened this trend through
digital transformation. The use of Industry 4.0
tools and technologies (loT, Big Data, Al, and
digital twins) combined with predictive and
prescriptive analytics made it possible to
move from reactive responses to proactive
management, where each decision is based
on scenario modeling and real-time verification
of data streams. In their works, Schwab K.
[10], Dai J., Vasarhelyi M. [11] emphasized
that these technologies became the foundation
of a new industrial revolution, and according
to Dai J., Vasarhelyi M. [11], they continue
to fundamentally transform business models
and the field of management accounting. The
modern stage of «Evolutionary adaptive and
ecosystem cost management», which began its
evolutionary development in 2025, marks the
culmination of this evolution. Unlike the rigid and
predictable approaches of the first half of the
twentieth century, today cost managementis built
on the principles of adaptability and ecosystem
interaction. Whereas earlier the key goal was
reporting accuracy or compliance control, now
the priority is increasingly dynamic budgeting,
integration of risk-oriented methods, and the use
of intelligent system’s recommendations. Thus,
ecosystem cost management models, based
on platform solutions, blockchain technologies,
and agent-oriented architectures, seek to ensure
transcorporate transparency and trust among
participants in economic processes. Important
reference points for this stage were the works
of Nakamoto S. [12], Tapscott D., Tapscott A.
[13], Parker G., Van Alstyne M., Choudary S.
[14], as well as recent studies by Asadi S.K.M.
[15], which demonstrate the role of blockchain in
creating a new level of accounting transparency.

In conclusion, it can be determined that the
key evolutionary stages considered reflect not
only the development of tools but also the deep
transformation of the very logic of management,
where enterprises gradually moved from static
cost recording to strategic foresight, platform-
based coordination, and collective resource
management.

The next step should be to determine
how exactly Industry 4.0 has influenced cost
management systems and business process
control, see Fig. 2.

Based on the data in Fig. 2, it can be noted
that the impact of Industry 4.0 technologies on
cost management and business process control
is revealed through the integration of tools that

shape a new approach to analytics, forecasting,
and planning.

The Internet of Things enables continuous
monitoring of equipment and resources in
real time, which increases the accuracy of
budgeting and optimizes the production process
[17; 18]. Compared to this technology, big data
analytics provides a comprehensive analysis of
historical and current information, allowing for
timely detection of deviations and adaptation of
standards, as well as more accurate planning of
resource use [19]. While the Internet of Things
creates the conditions for detailed recording of
system states, big data analytics strengthens
the predictive potential of cost management by
providing a basis for modeling various scenarios
[19]. Artificial intelligence and machine learning,
unlike traditional analytical mechanisms, allow
for the identification of trends and the generation
of recommendations in real time, ensuring high
adaptability of business models to changes
in demand and market conditions [20; 21].
Combined with robotic automation of routine
operations, such solutions reduce the human
factor, increase the efficiency of accounting,
and shorten the time needed for financial
decision-making [20]. As a result, a flexible cost
management system is formed, one that not only
records data but also actively influences process
optimization.

Cyber-physical systems demonstrate another
level of integration, as the synchronization
of physical and digital processes allows for
testing production scenarios without risk to real
equipment, which helps minimize accidents
while also reducing infrastructure maintenance
costs [22]. Unlike this approach, cloud computing
provides centralized access to data and
resources, significantly increasing the scalability
and transparency of management [23]. While
cyber-physical systems are more focused
on technical integration, cloud technologies
emphasize flexible management of information
flows and simplification of financial calculations
[23]. Digital twins create a fundamentally
new logic for modeling business processes,
as they reproduce real operations in a virtual
environment, allowing for the assessment of
potential risks and financial consequences before
implementing changes. This ensures forecasting
accuracy and reduces the costs of experimental
solutions [22]. In contrast, blockchain and smart
contracts create conditions for transparency and
trust in supply chains, since each transaction is
recorded in an open ledger, which eliminates
the possibility of manipulation with financial
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Instant detection of deviations, automatic
accounting of materials and energy, fewer
errors in reporting, prevention of
overspending even before the report is
generated

Analysis of historical data for correction of
norms and rapid identification of areas of
cost overruns, evidence-based cost
management

Formation of ways to redistribute resources,
real-time recommendations for resource
optimization, ensuring flexible budget
management

Changes in cost control

Changes in cost control

Changes in cost control

Real-time tracking of equipment and resource
status, high-frequency data for continuous
analytics and accurate budgeting, operational
production optimization and rapid response to

Comprehensive analysis of all data,
identification of hidden trends and
correlations for forecasts, more accurate
planning of necessary resources and

Automated forecasting of needs and costs,
RPA for routine accounting operations,
reducing the human factor and accelerating

changes

faster decision-making

financial processes

T

Impact on cost management

T

Impact on cost management

T

Impact on cost management
|

1. Internet of Things (IoT)

| | 2. Big Data and analytics | |

3. Artificial Intelligence (Al) and ML

LIndustry 4.0 Technologies

[ Industry 4.0 Technologies 1

THE IMPACT OF INDUSTRY 4.0 TECHNOLOGIES ON COST MANAGEMENT SYSTEMS

AND BUSINESS PROCESS CONTROL

[_lndustry 4.0 Technologies

Industry 4.0 Technologies

4. Cyber-Physical Systems I I
T

5. Cloud computing
T

|| 6. Digital Twins
T

I |7. Blockchain and SMART contracts

Impact on cost management
1

Impact on cost management
1

Impact on cost management
1

T
Impact on cost management
1

Synchronization of physical
processes and digital models,
testing of production scenarios on
a digital twin, possibility of safe
experiments without risk to
production

Centralized data storage and
scalable analytics, quick
access to unified data for

planning, flexibility and rapid

scaling of business processes

Digital copy for modeling
alternative plans and assessing
their impact on costs, predicting

risks and minimizing losses

Immutable supply chain ledgers, data
synchronization between
participants, increased security
and trust in partner networks

T
Changes in cost control
1

T
Changes in cost control
1

T
Changes in cost control
1

T
Changes in cost control
1

Real-time control and automatic
adjustment of plans when
changes occur, increasing stability
and accuracy of costs,
responding to fluctuations in
demand or supply disruptions

Cost transparency through a
single source, simplified
audits and fewer
administrative delays,
reduced operational costs

Control of deviations even at
the early stages of launching
new processes, proactive
budget adjustment to avoid
overspending, more accurate
financial control

Reduced risk of fraud, automatic
calculations by Smart contracts, fewer
manual verification processes,
acceleration of transactions and
minimization of legal risks, guarantee
of fulfillment of conditions without
involving intermediaries or additional
checks

Figure 2. The impact of Industry 4.0 technologies on cost management systems
and business process control

Source: developed by the author based on the following sources [17; 18; 19; 20; 21; 22; 23; 24]

operations [24]. While digital twins emphasize
the preliminary modeling of costs, blockchain
technology focuses on directly ensuring their
reliability [24].

In summary, the implementation of Industry 4.0
technologies demonstrates complementary
approaches: some tools reduce costs through
optimization of technical processes and
forecasting, while others ensure transparency
and trust in economic transactions. Their
differences do not contradict each other but
instead form an integrated ecosystem where
digitalization combines with automation and
algorithmic management, creating a foundation
for sustainable business development.

Let us now consider international experience
in cost management and business process
control, see Fig. 3.

Analysis of international experience in cost
management and business process control in
Fig. 3 makes it possible to trace different
approaches of the world’'s leading companies
to achieving efficiency and increasing
competitiveness. Toyota's experience
demonstrates that reducing cost and inventory
can be accompanied by an increase in quality
and productivity, which becomes possible
through the systematic implementation of lean
manufacturing, based on JIT, Kanban, and
Kaizen methods aimed at reducing losses
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Reduced cost and inventory while
increasing quality and productivity

Reduced downtime and energy costs,
increased transparency and efficiency of
lines

Ensured consistently high product
quality, low inventories, and rapid
response to changes

Result obtained

Result obtained

Result obtained

Implemented lean manufacturing (JIT,
Kanban, Kaizen) to systematically
eliminate waste and standardize
operations

Implemented cyber-physical systems, IoT,
and digital twins with analytics to optimize
production processes and energy
consumption

Widely applied Lean practices, 5S and
error-proof methods to synchronize
production and visualize processes

T

Technologies and methods
1

T

Technologies and methods
1

T

Technologies and methods
1

1. Toyota 2. Siemens 3. Bosch
;Company L Company |
INTERNATIONAL EXPERIENCE IN COST MANAGEMENT AND BUSINESS PROCESS
CONTROL
|760mpany Company—l

I I 58 N‘e'stlé I I 6. Amazon

4. General Electric (GE)
T

Technologies and methods
1

T
Technologies and methods
1

T
Technologies and methods
1

Developed the Predix platform and digital
twins for predictive maintenance and asset
operation optimization

Unified planning and reporting
through global ERP (SAP) and
implemented Lean/Six Sigma to

optimize processes

Automated and robotic warehouses and
uses Big Data to forecast demand and
accurately plan deliveries

T
Result obtained
1

T
Result obtained
1

T
Result obtained
1

Reduced downtime and maintenance costs by
increasing equipment availability

Received standardized accounting,
better cost predictability, and
increased reporting transparency

Achieved low order processing costs and
rapid logistics adaptation to changes in
demand

Figure 3. International experience in cost management and business process control
Source: developed by the author based on the following sources [25; 26; 27, 28; 29; 30]

and standardizing operations [25]. In contrast,
Siemens focuses on the use of cyber-physical
systems and digital twins to minimize downtime,
energy costs, and optimize production
processes through the flexible integration of
Internet of Things technologies and intelligent
data analytics [26]. In the case of Bosch, the
emphasis is on the wide application of lean
practices, combining 5S methods and error-
proofing measures to ensure high product
quality and reduce the production response
time to changes in demand, which distinguishes
their approach from Siemens’ technological
orientation [27]. The experience of General
Electric highlights another example of cost
management, as the company focused on the
development of the Predix digital platform,
which made it possible to significantly increase
the efficiency of maintenance and reduce
equipment downtime [28]. Nestlé’'s experience
points to the synergistic effect of a unified ERP
combined with process improvement methods to
increase transparency and forecasting accuracy

[29]. Amazon highlights that robotics and big
data analytics allow real-time reorganization of
logistics, but such a strategy requires high data
maturity and infrastructure [30].

Comparing the international experience of
these companies, the following conclusions can
be drawn: 1. the effectiveness of a strategy is
determined by the alignment between the nature
of the business and the direction of investment,
therefore organizational measures are more
effective under conditions of predominantly
stable processes, while digital solutions are
justified where variability and scale dominate;
2. organizational practices provide early and
relatively predictable results, while technological
investments require a longer horizon but
ensure sustainable operational flexibility (in the
context of the temporal dynamics of benefits);
3. the necessity of standardized data, clear
IT architecture, and personnel competencies
for integrating heterogeneous  solutions
(in the context of the conditions for reproducing
practices).
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Among practical recommendations for
implementing international experience,
the following should be highlighted: 1. it is
recommended to start with strengthening process
discipline and minimizing losses through the
introduction of lean practices and error-proofing
measures, since this creates the necessary
prerequisites for digital investments; 2. in parallel,
the foundations of data management should be
formed and a basic IT architecture built, after
which local pilot projects of the Internet of Things
and predictive maintenance for critical assets
should be launched. Only under the condition
of data quality stability and the presence of
operational competencies is it advisable to
integrate ERP and analytical platforms to scale
effects; 3. at the sectoral level, it is advisable
to initiate joint pilot projects and educational
centers that catalyze the ecosystem of suppliers
and the training of specialists, since the
synergy between process discipline and digital
maturity determines the long-term return on
investment.

The above information makes it possible
to form logically connected steps for adapting
international practices for Ukrainian enterprises:
1. it is necessary to launch pilot projects on
operational optimization based on Lean/Kaizen
and JIT with the participation of the state and
suppliers (Toyota); 2. simultaneously promote
digital transformation of production through
the implementation of digital twins and cyber-
physical solutions in energy-intensive and
machine-building sectors, together with the
training of industrial IT specialists (Siemens);
3. standardize and Vvisualize production
processes through the implementation of 5S
and Poka-Yoke in combination with local loT
solutions and the creation of training and practical
centers (Bosch); 4. simultaneously deploy
predictive maintenance programs in energy and
transport in the format of joint pilots with local
IT partners (GE); 5. prioritize the unification of
financial and operational accounting through the
implementation of ERP/BI combined with Lean/
Six Sigma for transparent cost control (Nestlé);
6. gradually automate logistics with warehouse
robotics and the use of ML-based demand
forecasting algorithms for distribution and retail
(Amazon).

Based on the analysis of the previous stages
of cost management systems development
(Fig. 1-3), the final outcome of the study will
be the formation of future vectors of their
transformation in the context of Industry 4.0

(Fig. 4).

According to Fig. 4, the future vectors define
both the technical means of optimization and
a new methodological paradigm of financial
management, within which the integrative
nature of digital solutions becomes the key
element. While classical models were limited
to retrospective recording of costs and periodic
control, the future logic of management
will be grounded in systemic forecasting,
automated verification of operations, and multi-
level transparency of processes in real time,
transforming cost management into a dynamic
and strategically oriented tool. A key prerequisite
for this transition will be the implementation of
cloud-based financial platforms (Oracle NetSuite,
SAP S/4HANA Cloud), capable of ensuring data
centralization, integration of operational and
strategic processes, and the creation of a unified
information space. On this basis, the FinOps
concept (Google Cloud FinOps) will evolve,
integrating financial accountability with the use
of IT resources and creating mechanisms for
transparent cost allocation within organizational
structures. A logical continuation of this direction
will be the development of operational visibility
through the Internet of Things and telemetry
(Siemens  MindSphere sensor systems),
which make it possible to continuously monitor
financial flows and adapt management decisions
to changing environmental conditions. At the
same time, the use of artificial intelligence
and machine learning (IBM Watson, Azure
Machine Learning) will open up opportunities
for deep analytical processing of data arrays,
the identification of latent patterns, and the
construction of preventive scenarios. In parallel,
the control system will undergo transformation,
where traditional audit in the form of periodic
inspections will be replaced by the concept
of continuous auditing and process mining
(Celonis Process Mining), meaning constant
integration of control into operational cycles.
This vector will be reinforced by robotic process
automation of transactions (UiPath, Blue Prism),
minimizing the impact of the human factor and
reducing time delays in payment and settlement
processing. In turn, the development of digital
procurement and smart contracts (Ariba Network,
Ethereum-based smart contracts) will provide a
fundamentally new architecture of relationships
with counterparties, where transparency and
trust will be reinforced by algorithmic reliability
and reduced transactional risks.

An important addition will be the advancement
of management accounting methods based on
data and ABC 2.0 (SAP Analytics Cloud ABC),
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Figure 4. Future vectors of transformation of cost management systems
and business process control in the context of Industry 4.0

Source: developed by the author himself

which will make it possible to detail costs and
reflect their connection with specific business
processes, transforming expenses from mere
accounting indicators into a strategic resource for
development. As a result, the identified vectors
will shape the formation of a comprehensive
financial ecosystem of the future, in which
managerial decision-making will rely on reliable
real-time data, while cost control will perform
a verification function and ensure a stable,
adaptive, and competitive position of enterprises
in the new digital economy.

Conclusions. In the conducted study, the
author carried out a comprehensive analysis
of the evolution of cost management systems,
compared classical approaches with the

possibilities of Industry 4.0 technologies,
and identified the key factors that hinder the
transition from traditional models to ecosystem-
based digital solutions. Particular attention was
given to summarizing international experience
and determining its specific features when
transferred into the national context. On
this basis, recommended steps for adapting
Industry 4.0 technologies to cost management
systems and further future vectors of their
development were formulated. The defined
theoretical significance of the study made it
possible to deepen the understanding of the
relationship between historical models of cost
management and modern digital approaches, as
well as to identify directions for their integration.



Bunyck # 78 / 2025 EKOHOMIKA TA CYCMNINbCTBO

The practical value of the work lies in the possibility approaches. Further research will focus on
of applying the proposed recommendations as a testing the studied initiatives and approaches in
roadmap for enterprises seeking to move from a specific sector to assess their effectiveness in
local experiments to scalable practices in the the conditions of the Ukrainian economy and on
implementation of cost management system developing models of integration into the broader
context of the digital economy.
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