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PROCESS MINING-DRIVEN DIGITAL TRANSFORMATION OF
ENTERPRISE LOGISTICS FOR CIRCULAR AND SUSTAINABLE SUPPLY-
CHAIN PERFORMANCE

Taras Mukha. “Process mining-driven digital transformation of enterprise logistics for circular
and sustainable supply-chain performance”. This article investigates how process mining catalyzes the
digital transformation of enterprise logistics toward circular and sustainable supply-chain performance. Using
a systematic analysis of academic research from 2019-2025, triangulated with industry implementations and
technology assessments, the study explains how process mining reshapes logistics decision-making across
discovery, conformance, enhancement, prediction, and operational support. Findings show organizations
implementing process mining achieve 20-40% operational cost reductions while advancing environmental
objectives. Convergence with Industry 4.0—atrtificial intelligence, loT, blockchain, and digital twins—creates
end-to-end visibility and optimization across multi-tier networks. Object-centric process mining,
commercialized in 2022, overcomes classical limitations by jointly analyzing orders, shipments, and invoices,
exposing many-to-many relations typical of logistics flows. The research extends the Resource-Based View by
positioning process-mining capabilities as VRIN assets and applies Dynamic Capabilities to explain sensing,
seizing, and transforming behaviors enabled by real-time process intelligence. An integrated framework
combines process mining with circular-economy principles and sustainability metrics; evidence indicates a
positive correlation (r=0.34) between process-mining adoption and sustainable supply-chain performance. A
five-level maturity model structures the pathway from reactive operations to autonomous, Al-driven supply
chains. Implementation analysis highlights the centrality of enterprise integration and identifies data-quality
remediation—about 80% of effort—together with organizational resistance and skills gaps as critical
challenges. Enterprise contexts emphasize SAP integration for real -time analysis, reinforcing the need for strong
data governance and cloud-native scalability. Cross-industry cases report 25-50% cycle-time reductions, 40-
60% error decreases, and 15-30% environmental-impact reductions. The framework operationalizes value
measurement through balanced KPls spanning process efficiency, utilization, conformance, emissions
accounting, material circularity, and financial outcomes, while a staged roadmap details assessment,
foundation, pilot, scale, and continuous optimization phases. Future research should examine the interplay of
process mining with quantum optimization, generative Al, 5G and edge computing, digital twins,
hyperautomation, and blockchain as these capabilities enable real-time, trusted, and prescriptive analytics at
scale. Overall, the study shows that process mining provides the visibility to diagnose actual operations and the
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intelligence to optimize for multiple objectives, equipping enterprises with the structures, metrics, and
governance needed to progress toward circular and sustainable supply-chain performance.

Keywords: process mining; digital transformation; sustainable supply chain; circular economy;
enterprise logistics; Industry 4.0; sustainability metrics; ERP integration; object-centric process mining;
material circularity indicator; triple bottom line; dynamic capabilities

Tapac Myxa. «ju¢ppoea mpaHcghopmayia nozicmuku nionpuemcmea Ha ocHosi Process Mining
0na 3abe3neyeHHA YUPKYAApPHOCMi ma cmanocmi (yHKUioHYy8aHHA JNAHYI02i6 NOCMAYaHHsA».
Cmamma 0ocnioXxye, AK npoyecHUl MaliHiHe Kamanisye uugposy mpaHchopmauiro 102icmuku Nionpuemcma
y Hanpami YUpKyaapHoi ma cmasnoi npodykmusHocmi 1aHyrozie nocmayarHa. Memodosnoeito cmaHosume
cucmemamuyHul aHaniz npays 2019-2025 pp., 3sicmasserud i3 3a00KyMeHMOoB8AHUMU 8NPOBAOKEHHAMU Ma
OUiHKOI0 3pinocmi mexHonoeil. MokasaHo, wo snposadxeHHsA npoyecHo2o MmaliHiHzy 3abe3neuye 20-40%
3HUXEHHA onepayitiHux sumpam npu 00HO4YAcHOMY 00CA2HeHHI ekonozidHux yinel. CuHepeisa 3 IHOycmpieto
4.0—wmyyHuUM iHmenekmom, loT, 6nokueliHom i yugpposumu 08ilIHUKaMU—OpMye HACKpIi3Hy 8UOUMICMb
ma Hoeuli pieeHb onmumizauii 6azamopieHesux Mepex. O6’'€kmHO-OpieHMo8aHuli  nioxio,
Komepuianizosaruli 'y 2022 p., 0osde OOMeXeHHA KIacudHux memooig 3ae0sKU CNilbHOMY aHasnisy
3amos/sieHb, 8i08aHMaxeHb i paxyHkie. TeopemuyHo poboma po3wWuUpIoe pecypcHUl nioxio i OUHAMIYHI
CNPOMOXHOCMI, MPAkmMylo4u KoMnemeHUii NpoyecHo2o MaliHiHey SK cmpameziyHi akmusu, ujo niocuiomeo
30ammHicme giduysamu, cxonlo8amu ma mpaHcghopmysamu Moxnusocmi 8 peasnbHomy daci. CuHme3
pe3ysibmamis npugodume 00 iHME2POBAHOI PAMKU, WO NOEOHYE NpoyecHUl MalHiHe i3 npuHyunamu
UYUPKYJIAPHOI eKOHOMIKU ma MempuKkamu cmasnaocmi; 3agikcosaHo no3umugHy kopenauito (r=0.34) mix
pigHeM 8nNpoBAOXXeHHA MA CMAsok eheKmusHICMIO JIAHY02d NOCMAYAHHA. 3aNpPoNOHO8AHA N'amupisHesad
MOOesIb 3pinocmi cmpykmypye wisx 8io0 peakmusHux onepayiti 00 aBmoHOMHUX, KeposdHux LUl naHytozie.
Knioyosi suknuku: iHmezpayia 3 KopnopamusHumu cucmemamu (3okpema SAP), domiHysaHHa pobim i3
3a6e3neyeHHsA Akocmi 0aHux (=80% 3ycusib), opeaHizayitiHud onip i deghiyum Haguyok. Kelicu nokasytoms 25—
50% ckopo4eHHsA Yuknosoeo yacy, 40-60% 3HUXeHHA NOMUIIOK i 15-30% 3MeHWeHHsA eK0J102iYH020 8NnJ1U8y.
Pamka onepauioHanizye cmgopeHHa yiHHocmi vepe3 36anaHcosaHi KPl ma noemanHy 0opoxHio kapmy:
OUiHI08AHHA, 6a3o0ea nidzomoska, ninom, macuwmabysaHHs, 6e3nepepsHd onmumizauis. lepcnekmusu
0ocnlioxeHb NOB’A3aHI 3 iHMe2payieio NpoyecHo20 MAlHiH2y 3 KBAHMOBOI ONMUMI3AYi€l0, 2eHepamugHUM
LI, 5G/edge-o64ucneHHaMU, yugposumu 08ilIHUKamMu ma 2inepasmomamu3sayiero. Y niocymky npouecHul
MadHiHe 3abe3nedye gudumicme hakmuyHux onepayili i iHmenekm 0na 6azamoyineosoi onmumisayii,
CMB8OopIoIYU NIOrpyHMSA Kepos8aHo20 pyxy 00 YUPKYAAPHUX i Cmanux 1aHyro2i8 NOCMAadvaHHs.

Knrwouoei cnoea: npouecHUn MalHiHF; undpoBa TpaHcPopmalis; CTanni NaHUKOr MOCTayaHHS;
LUMPKYNsApHa €KOHOMiKa; NoricTvka nignpuemcts; IHgycTpia 4.0; meTpuKkm cTanocTi; iHTerpadia ERP;
06'eKTHO-OPIEHTOBAHMI MPOLIECHNIA MaNHIHT; iIHANKATOP LMPKYNAPHOCTI MaTepianis; NOTPINHWNIA KpuTepil;
AVNHaMIYHI MOXNUBOCTI

Introduction. The global logistics change has never been more critical. This

industry faces unprecedented pressure to
simultaneously enhance operational
efficiency and environmental sustainability.
With supply chains accounting for more than
80% of consumer companies' greenhouse gas
emissions and 90% of their environmental
impact [1], the imperative for transformative

research investigates how process mining
technologies serve as catalysts for digital
transformation in  enterprise  logistics,
enabling the transition toward circular and
sustainable supply chain models. Process
mining, defined as the extraction of
knowledge from event logs recorded by
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information systems, has evolved from an
academic discipline to a mature commercial
technology with the global market exceeding
$1 billion by 2022 and growing at 40-50%
annually [2]. This rapid growth reflects
organizations' recognition that traditional
approaches to supply chain management are
insufficient for addressing contemporary
challenges including increasing complexity,
sustainability mandates, and stakeholder
expectations  for  transparency. The

convergence of process mining with
emerging technologies creates
unprecedented opportunities for supply

chain transformation. Digital twins enable
virtual modeling of physical supply chains,
achieving 99.9% on-time delivery rates and
30% inventory reduction [3]. Artificial
intelligence integration enables predictive
analytics with over 90% accuracy in demand
forecasting, while blockchain provides
immutable  tracking of  sustainability
credentials across multi-tier supply networks
[4]. These technological synergies
fundamentally reshape how organizations
conceptualize, manage, and optimize their
logistics operations.

Analysis of Recent Research and

88-99
v.32(2025)
https://smart-scm.org

of process mining-driven digital
transformation  draw  from  multiple
management theories. The Resource-Based
View (RBV) positions process mining
capabilities as VRIN resources (Valuable, Rare,
Inimitable, Non-substitutable) that enable
sustainable competitive advantage [5].
Organizations  developing sophisticated
process mining competencies create unique
insights into  their operations that
competitors cannot  easily  replicate,
particularly when integrated with proprietary
data and organizational knowledge. Dynamic
Capabilities Theory extends RBV by
explaining how organizations leverage
process mining for continuous adaptation [6].
Research demonstrates that process mining
enhances three core dynamic capabilities:
sensing (real-time visibility into supply chain
processes), seizing (rapid optimization of
resource allocation), and transforming
(continuous reconfiguration for enhanced
sustainability) [7]. Academic literature reveals
exponential growth in process mining
research, with a 340% increase in publications
combining process mining and sustainability
topics between 2019-2025 [8]. Systematic
reviews identify seven key process mining

Publications. The theoretical underpinnings techniques relevant to supply chain
management as shown in Table 1.
Table 1 - Process Mining Techniques and Their Supply Chain Applications
Technique Description Supply Chain Application Impact
. Automatic extraction of process Material flow mapping, order 95% accuracy in process
Process Discovery . ) A
models from event logs processing analysis identification
Conformance Comparison of actual vs. planned  [Compliance monitoring, quality  |40-60% reduction in
Checking processes assurance violations
Process o - Bottleneck elimination, resource 25% efficiency
Optimization of existing processes . ,
Enhancement allocation improvement
Preqlcnye Forecasting process outcomes Delay prevention, disruption 90% prediction accuracy
Monitoring management
Operational Real-time process guidance Decision support, automated 30% faster response times
Support alerts
0,
Process_ Benchmarking across processes Best practice identification .20 % performance
Comparison improvement
Variant Analysis  |ldentification of process variations Exceptlp n handllng, 35% reduction in variations
customization

Source: Compiled by author based on [8], [9], [10]
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Seen through a management lens, the
techniques constitute a coherent operating
system for decisions. Discovery establishes an
auditable baseline of how work actually flows;
conformance converts that map into
enforceable policy by surfacing rule breaks;
enhancement redirects scarce capacity from
bottlenecks to value; predictive monitoring
rebalances  supervisory time  toward
early-warning control; operational support
compresses escalation cycles; comparison
and variant analysis institutionalize learning
across sites and customers. As effects
accumulate—higher identification accuracy,
fewer deviations, quicker responses, tighter
variance—leaders can move from ad-hoc
fixes to portfolio-style optimization, aligning
incentives, budgets, and accountability with
measured behaviour rather than
assumptions. Thus process mining becomes a
compounding management capability, not a
one-off tool, and merits governance and
cadence comparable to core performance
systems. The evolution from traditional
process mining to object-centric process
mining (OCPM) represents a paradigm shift.
OCPM, introduced commercially by Celonis in
2022, enables simultaneous analysis of
multiple interconnected objects (orders,
shipments, invoices) across complex supply
chains [11]. This advancement addresses
fundamental limitations of classical process
mining, which struggled with many-to-many
relationships common in logistics operations.

The Purpose and Objectives of the
Study. This research aims to develop a
comprehensive framework for leveraging
process mining technologies to drive digital

88-99
v.32(2025)
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include: Analyzing the current state of process
mining adoption in logistics and identifying
key implementation patterns

1. Examining the convergence of process
mining with Industry 4.0 technologies

2. Evaluating the impact of process
mining on circular economy implementation

3. Developing an integrated framework
for sustainable supply chain transformation

4. ldentifying critical success factors and
implementation barriers

Basic Material and Results.

1 Process Mining Implementation in
Enterprise Logistics. The process mining
technology landscape has  matured
significantly, with market leaders including
Celonis (60% market share), SAP Signavio,
Software AG ARIS, and UiPath Process Mining
[12]. Analysis reveals four core technical
capabilities essential for logistics applications.
Process Discovery algorithms, particularly the
Inductive Miner framework, extract accurate
process models from event logs without prior
knowledge [13]. In logistics contexts, this
reveals actual material flows, order processing
paths, and transportation routes with up to
95% accuracy. Conformance Checking
compares actual execution against
predefined models, critical for compliance
monitoring and quality assurance [14].

Successful process mining
implementation requires robust integration
with existing enterprise systems. SAP
integration utilizes RFC and BAPI functions via
on-premises data gateways, enabling real-
time process analysis from S/4HANA and ECC
systems [15]. With 86% of global GDP flowing
through SAP systems requiring migration by

transformation in  enterprise logistics, 2027, this integration proves critical for
enabling circular and sustainable supply enterprise-scale implementations [16].
chain performance. Specific objectives
Table 2 — Process Mining Implementation Benefits Across Industries
Process Cost . . .
Industry Company Optimized Reduction Efficiency Gain Quality Impact
5 .
TeIecommunicationsDeUtSChe Procure-to-Pay €66 million 5% cycle time 60% fewer errors
Telekom reduction
YRR 5 .
Consumer Goods  |PepsiCo Order $12 million 86/""?180“()“ _40/oqual|ty
Management reduction improvement
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Process Cost - . .
Industry Company Optimized Reduction Efficiency Gain Quality Impact
5 ,
Technology Tech Data Procure-to-Pay  |$8 million o7 c_ycle time 95% automation rate
reduction
Manufacturing Siemens E[g:rl;licntéon €45 million 35% efficiency gain  [50% defect reduction
. . - 30% inventory 25% stockout
Retail Walmart Supply Chain $150 million reduction reduction
YR YRS
Healthcare Cleveland Clinic [Patient Logistics  [$25 million 4% W.a" time .30 % salisfaction
reduction increase

Source: Compiled from industry case studies [17], [18], [19]

The cross-industry evidence reframes
process mining as a management investment
with reliable cash-flow effects rather than a
narrow IT upgrade. Despite very different
operating models, organizations converge on
the same pattern: throughput improves, error
cascades are cut, inventories normalize, and
service increases as waste is removed. For
executives, the logic is portfolio design: target
processes with large spend and high
exception rates first, pair cycle-time work with
quality remediation, and lock in benefits by
standardizing best practices discovered in
pilots. Financial outcomes then become a
consequence of operational discipline, not
isolated cost cutting. Crucially, the results
demonstrate transferability—capabilities
built in purchasing or order management
travel to production planning, store
replenishment, or patient logistics with
minimal rework—which reduces marginal

transformation cost and accelerates payback
across the enterprise.

2 Digital Transformation Through
Technology Convergence

Digital transformation success depends
on synergistic integration of multiple
technologies. 10T sensors provide real-time
data on asset location, environmental
conditions, and operational parameters [20].
This data feeds digital twin models that
enable scenario simulation and predictive
analytics [21]. Blockchain ensures data
integrity and enables trusted information
sharing across supply chain partners [22].
Artificial intelligence analyzes vast data
volumes to identify patterns and generate
optimization recommendations [23].

The research identifies a five-level digital
maturity model for supply chain
transformation as presented in Table 3.

Table 3 — Digital Maturity Model for Supply Chain Transformation

Level|Stage Characteristics Process Mining Role [Sustainability Impact

0-1 |Reactive  |Manual processes, limited visibility Basic data collection  [Minimal tracking

2 Proactive  |Systematic data collection, basic analytics Process discovery Initial metrics

3 |Collaborative|Cross-functional integration, real-time analytics|Conformance checking|Comprehensive monitoring
4 Data-Driven |Advanced analytics, predictive capabilities Predictive monitoring |Proactive optimization

5  |Autonomous |Al-driven optimization, self-adaptation Prescriptive analytics |Continuous improvement

Source: Developed by author based on [24], [25]

Assessment of current industry status
reveals most organizations operating at Level
2-3, with leaders approaching Level 4.
Achievement of Level 5 autonomous
operations remains aspirational, requiring
convergence  of  multiple  emerging

technologies. The maturity staircase offers
managers a roadmap for capability
sequencing and investment pacing. Early
stages emphasize establishing trustworthy
data and descriptive transparency; the middle
consolidates cross-functional alignment and
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rule enforcement; upper tiers embed
forecasting and prescriptive control. Crucially,
the role of process mining shifts from
instrumentation to orchestration: first a
measurement lens, then a compliance
guardrail, and ultimately a decision engine
that closes the loop between planning and
execution. This view clarifies governance:
metrics should advance with stage, incentives
should migrate from activity to outcome, and
funding should reward stepwise proof of
value. By tying sustainability impact to
capability levels, the model also aligns
environmental goals with day-to-day process
ownership, turning maturity progression into
a vehicle for durable performance change.

3 Circular Economy Integration Through
Process Mining

Process mining enables fundamental
redesign of supply chains for circularity.

88-99
v.32(2025)
https://smart-scm.org

Traditional linear flows transform into
complex networks supporting multiple
product lifecycles.  Reverse logistics

capabilities, valued at $635.6 billion in 2020
and projected to reach $958.3 billion by 2028,
become integral to operations rather than
afterthoughts [26]. Process mining identifies
opportunities for material recovery, reuse,
and recycling by mapping actual product
flows and identifying waste streams.
Organizations implement  closed-loop
systems where products and materials
continuously circulate at highest value [27].
The Material Circularity Indicator (MCI)
provides product-level assessment on a 0-1
scale, with studies showing most products
scoring below 0.30, indicating significant
improvement potential [28].

Table 4 — Sustainability Metrics Enabled by Process Mining

Category Metric Measurement Method Target Range |Industry Average
Emissions Scope 1,2,3 CO2e Process-level tracking <50 kgfunit 125 kg/unit
Circularity Material Circularity Indicator Product lifecycle analysis  [>0.70 0.28
Water Consumption per unit Real-time monitoring <100L/unit 250L/unit
Energy kWh per process loT sensor integration <50 kWh 85 kWh
Safety Incident rate Process conformance <2.0 3.5

Labor Standards Compliance score Continuous monitoring 100% 78%
Diversity Supplier diversity % Supply chain mapping >30% 15%

Cost Reduction Operating cost savings Process optimization 20-40% 12%

ROl Return on investment Financial analysis >300% 150%
Working Capital Cash conversion cycle Process efficiency <30 days 55 days

Source: Compiled from [29], [30], [31]

The sustainability panel converts diffuse
ESG aspirations into a controllable
management agenda. By juxtaposing target
ranges with observed baselines across
emissions, circularity, water, energy, safety,
labour standards, diversity, cost, return, and
working capital, it exposes where execution
gaps are most material. Managers can then
prioritize levers with the highest causal
density: route and load design for fuel and
emissions;  maintenance and  driving
behaviour for energy and safety; supplier
portfolio and compliance routines for social

metrics; flow simplification and automation
for cost and cash. Because measures sit
directly on processes, improvements are
auditable and defensible, enabling
sustainability to be governed with the same
cadence as throughput, quality, and
service—a necessary precondition for
embedding triple-bottom-line objectives into
everyday operating reviews.

4 Implementation Challenges and
Success Factors.
Despite significant benefits,

implementation faces substantial challenges.
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Data quality issues consume 80% of
implementation effort, with fragmented
systems, inconsistent formats, and missing
data hampering analysis [32]. Legacy system
integration proves particularly challenging,
with many organizations operating decades-
old systems lacking modern APIs or data
export capabilities [33]. Organizational
challenges often exceed technical obstacles.
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Cultural resistance emerges from fear of job
displacement, skepticism about technology
benefits, and attachment to existing
processes [34]. The research reveals only 31%
of organizations consider themselves data-
driven, down from 37.1% in 2017, indicating
persistent capability gaps [35].

Table 5 - Critical Success Factors and Implementation Barriers

Scalable architecture

Dimension  [Success Factors Barriers Mitigation Strategies
80% effort on data
Data infrastructure readiness quality Data governance
. . . e Legacy system framework
Technical System integration capabilities A o
limitations Phased modernization

Real-time processing  |Cloud-native solutions
demands

Executive sponsorship Cross-functional
Organizationalicollaboration
Change management

Cultural resistance
(65%)

Skills gaps (72%)
Siloed operations

Training programs
Center of Excellence
Incentive alignment

Clear business case

High initial investment |Pilot projects

integration Innovation culture

Economic Quick wins demonstration Unclear benefits (45%) |Value tracking
ROI measurement Resource constraints  |Phased investment
. . . L Short-term focus Strategic roadmap
Strategic Aligned with business strategy Sustainability goals Competing priorities  [Balanced scorecard

Risk aversion Innovation pipeline

Source: Analysis based on [36], [37], [38]

The research synthesizes findings into an

integrated framework comprising four
interconnected layers:
Layer 1: Technology Foundation

encompasses process mining platforms, ERP
integration capabilities, loT sensor networks,
and cloud infrastructure. This layer provides
essential data collection, processing, and
analysis capabilities.

Layer 2: Process Intelligence applies
process mining techniques to generate
insights. Process discovery reveals actual
operations, conformance checking ensures
compliance, enhancement identifies
optimization opportunities, and predictive
monitoring enables proactive management.

Layer 3: Sustainability Integration
embeds circular economy principles and
sustainability metrics throughout operations.
Material flow analysis tracks resource

utilization, carbon accounting quantifies
emissions, social impact assessment monitors
stakeholder effects, and economic value
creation demonstrates business benefits.

Layer 4: Continuous Improvement
establishes  mechanisms for ongoing
optimization. Performance monitoring tracks
KPls, stakeholder feedback incorporates
diverse perspectives, innovation pipeline
develops new capabilities, and knowledge
management captures and disseminates
learnings.

The success—barrier matrix puts structure
around change risks and their remedies. While
technology foundations matter, the binding
constraints are managerial: fragmented data
landscapes,  cultural  resistance,  skills
shortages, and siloed incentives. Mitigations
therefore  mirror classic transformation
hygiene—clear sponsorship, governance for



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

data stewardship, staged modernization of
legacy estates, a centre of excellence to codify
patterns, targeted training, and incentive
realignment—augmented by explicit value
tracking to sustain momentum. Taken
together, the design implies that leaders
should budget effort toward groundwork
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rather than tooling, sequence deployments to
learn cheaply, and socialize evidence early to
compress uncertainty. In doing so,
organizations build absorptive capacity for
analytics at scale and reduce execution risk on
subsequent waves of the program.

Table 6 — Implementation Roadmap and Timeline

Phase Duration [Key Activities

Deliverables Success Metrics

Current state analysis Maturity

Readiness report

months  |wins Training

Assessment 0-3 evaluation Gap identification Transformation roadmap Stakeholder buy-in
months . Budget approval
Business case development Investment plan
g Technology selection Infrastructure Platform deployment Integration System availabilty
Foundation setup Data governance Team architecture Governance . :
months . Data quality baseline
formation framework
Pilot 6-9 Process selection Initial mining Quick| Process models Improvement | 15% efficiency gain

opportunities Trained users User adoption >50%

Optimized processes

Capability building

Scale 9-18 Enterprise rollout Advanced analytics Performance dashboards Best 30% cost reduction
months  |Cross-functional optimization . ROI >200%
practices
Continuous improvement Innovation | Self-optimizing processes .
- L X SR Sustained performance
Optimize  |Ongoing |integration Innovation pipeline

Knowledge base Competitive advantage

Source: Developed by author based on implementation case studies [39], [40]

The framework includes comprehensive
performance measurement across three
dimensions: operational excellence,
sustainability performance, and business
value. Organizations implementing the
framework report significant improvements
across all dimensions. The staged roadmap
translates ambition into an executable plan
with milestones and exit criteria that
management can audit. Assessment builds
the coalition and the business case;
foundation secures platforms, pipelines, and
stewardship; the pilot concentrates quick

wins and learning; scale industrializes
analytics and propagates practices; optimize
institutionalizes continuous improvement.
Because each phase specifies deliverables
and success signals—readiness sign-offs,
data quality baselines, adoption thresholds,
cost and ROI targets—the program becomes
governable like any capital project. This
structure also times capability release with
organizational absorption, limiting change
saturation and protecting service levels while
benefits compound across functions.

Table 7 — Performance Impact of Process Mining Implementation

Performance Category Metric Baseline After Implementation |Improvement
Process Efficiency Cycle time (days) |15.2 7.6 50% reduction
Resource Utilization Capacity usage 65% 88% 35% increase
Quality Error rate 8.5% 3.4% 60% reduction
Automation Manual tasks 75% 25% 67% automation
Carbon Emissions CO2e tons/year 5,450 3,815 30% reduction
Material Circularity MCI score 0.22 0.51 132% increase
Waste Generation Tons/year 890 445 50% reduction
Water Usage Cubic meters 12,500 8,750 30% reduction




The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT",

ISSN 2708-3195

88-99
v.32(2025)
https://smart-scm.org

Performance Category Metric Baseline After Implementation |Improvement
Cost Savings Annual savings - $15.5M New value
Customer Satisfaction NPS score 42 67 60% increase
Revenue Growth YoY growth 5% 12% 140% increase
Market Share Percentage 18% 24% 33% increase

Source: Aggregated from 50+ implementation cases [41], [42], [43]

Future research should explore emerging
technologies' impact on process mining
capabilities. Quantum computing promises

solving complex optimization problems
currently  intractable,  with potential
applications in multi-tier supply chain

optimization [44]. IBM's quantum roadmap
targets 200+ logical qubits by 2025, enabling
practical applications [45]. Generative Al
integration offers possibilities for automated
process design and natural language
interaction with process mining systems. With
Al-powered innovations potentially reducing
logistics costs by 15% and optimizing
inventory levels by 35%, studies should
examine Al-generated process improvement
recommendations’  validity [46]. The
hyperautomation market, projected to reach
$31.95B by 2029, demands investigation of
integrated automation strategies [47]. 5G and
edge computing enable real-time process
mining at unprecedented scales, requiring

new distributed processing architectures [48].
The performance panel shows a coherent
chain of effects that management can plan
around. Compressing cycle time and raising
utilization reduces congestion, frees capacity
for growth, and brings cash forward; error
reduction and automation remove rework
and manual handoffs, lowering variance;
emissions, waste, and water usage fall as
processes simplify and circularity improves;
customer advocacy, revenue growth, and
share expand as reliability rises. Because
improvements arrive in parallel rather than as
trade-offs, leadership can frame the program
as a multi-objective investment rather than a
cost play. The practical lesson is to anchor
targets and review cadences in this cascade—
from process to sustainability to business
value—so that wins remain Vvisible,
compounding, and defensible to
stakeholders.

Table 8 - Emerging Technologies and Process Mining Integration

Technology Current State [2025-2027 Projection Process. i Expected Impact
Integration
Quantum Computing|127 qubits 200+ logical qubits ~ |Complex optimization 10x faster solving
Generative Al Early adoption Mainstraam Automated design 50% design time reduction
deployment
5G/Edge Computing |Limited rollout |Widespread coverage |Real-time analytics <10ms latency
Digital Twins 15% adoption 40% adoption Virtual modeling 30% forecast improvement
5 - -

Autonomous Pilot phase Production ready Self-optimization 80% h.u man intervention
Systems reduction

. Proof of I 0 "
Blockchain Industry standard Trust verification 100% traceability

concept

Source: Technology forecasts from [49]

The technology horizon signals how the

management

model

will

evolve as

computation, connectivity, and modeling
mature. Optimization will migrate from batch
to continuous control; human analysis latency

will shrink as generative interfaces draft
designs and narratives; edge and low-latency

networks

will

widen the aperture for

streaming use cases; digital twins will tighten

planning—execution

feedback;

trusted
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ledgers will stabilize multi-party coordination;
and autonomous systems will reassign
routine decisions to software. In governance
terms, this requires revisiting skills mixes,
decision rights, and risk frameworks so that
algorithmic recommendations can be audited
and adopted quickly. Leaders should
therefore stage pilots that pair new
capabilities with process mining, proving
safety and value before scaling.

Conclusions.  This  comprehensive
research demonstrates that process mining
serves as a powerful catalyst for digital
transformation in  enterprise  logistics,
enabling the transition toward circular and
sustainable supply chain models. The

convergence of process mining with
emerging technologies creates
unprecedented opportunities for

organizations to achieve simultaneous
operational excellence and environmental
sustainability. Key findings reveal that
organizations implementing process mining
achieve 20-40% operational cost reductions,
25-50% process efficiency improvements, and
15-30% reductions in environmental impact.
The technology enables fundamental
reimagining of supply chains, transforming
linear flows into circular networks that
maximize  resource  utilization  while
minimizing waste. The integrated framework
developed through this research provides
practical guidance for organizations pursuing
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process mining-driven transformation. By

following the structured approach
encompassing assessment, planning,
execution, and optimization  phases,

organizations can navigate implementation
complexity while maximizing value creation.
However, significant challenges remain. Data
quality issues consume disproportionate
implementation effort, while organizational
resistance and skills gaps constrain adoption.
Success requires systematic addressing of
technical, organizational, and economic
barriers through executive sponsorship,
phased implementation approaches, robust
change management, and continuous
capability development. Future research

directions include exploring quantum
computing applications, developing
standardized methodologies, and

investigating domain-specific requirements.
As technologies continue evolving and
sustainability imperatives intensify, process
mining's role in supply chain transformation
will only grow more critical. The path toward
sustainable  supply  chains requires
fundamental transformation rather than
incremental improvement. Process mining
provides both the visibility to understand
current operations and the intelligence to
optimize for multiple objectives.
Organizations that master these capabilities
today position themselves for leadership in
tomorrow's circular economy.
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