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Abstract. Aim. The aim of this study is to apply Capability-Driven Design (CDD) to enhance energy efficiency in
refrigeration systems within the cold chain, with a particular focus on digital transformation. This includes optimizing
energy system performance and integrating a robust risk management system.

Methodology. Petri Net modeling and the alpha algorithm were employed to optimize energy system performance
through Process Mining techniques. The methodology emphasized the development of a digital refrigeration enterprise
using an Object-Based Capability-Driven Design and Improvement pattern. Data analytics, Domain Specific Big Data
Platforms, and decentralized I T-integrated platforms tailored to cold chain operations were utilized to ensure real-time
access to crucial information and support strategic decision-making.

Results. The study found that employing the Capability-Driven Design Methodology in refrigeration applications leads to
significant improvements in energy efficiency, reductions in environmental impact, and enhancements in system performance.
The integration of risk management within an object-based, capability-driven design framework enabled comprehensive data
management, real-time decision support, and streamlined organizational processes, fostering greater efficiency.

Scientific Novelty. This research highlights the innovative application of Capability-Driven Design to the digital
transformation of cold chain refrigeration systems. The study provides an approach by combining Petri Net modeling, the
alpha algorithm, and Process Mining techniques to optimize energy systems and integrate risk management effectively.
Practical Significance. The findings underscore the importance of proactive measures aimed at climate management,
resilience, and energy efficiency in addressing advanced challenges across refrigerated storage, transportation, and
system components. The digital transformation of the cold chain is identified as crucial for achieving sustainable,
efficient, and intelligent cooling solutions, thereby positioning organizations competitively in a rapidly evolving
market. The practical application of this research supports industry efforts to meet increasing demands for refrigerated
transport and cold storage through innovative technology integration.

Key words: smart refrigeration; cold chain; digital transformation; capability driven design; risk management system,
process Mining.

AHoTAaNis1. Memoro 1IbOTO TOCIIKEHHSI € 3aCTOCYBaHHS MPOCKTYBaHHs, OpieHTOBaHOr0 Ha MOXiuBocTi (CDD), amst
MTIBUIIICHHS €HEProe(EeKTUBHOCTI XOMOANIBHIUX CHCTEM Y XOTOIMILHOMY JIAHI[F031, 3 0COOIMBUM aKIICHTOM Ha IH(-
poBiii Tpancdopmarii. Lle Bkimouae onTuMizanito epeKTHBHOCTI €HEPreTHYHOI CUCTEMH Ta IHTErpalilo HaJaiiHoT cuc-
TEMH YTPaBIiHHS PHU3HKAMH.

Memoodonozis. MonemtoBanHst 3a joromororo Petri Net i anbga-anropurmy Oynu BUKOpPHUCTaHI Juist onTuMizalii edex-
TUBHOCTI CHEPIeTUYHOI CUCTEMH 32 JIOTIOMOTOI0 MeToIiB Process Mining. MeTosoorist Harosoiye Ha po3poorri mud-
POBOTO XOJOMIIBHOTO MiIIPUEMCTBA 3 BUKOPUCTAHHAM MIa0NIOHY 00’ €KTHO-OPIEHTOBAHOTO MPOCKTYBAHHS Ta BIOCKO-
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HAJICHHSI, OPIEHTOBAHOTO HA MOXJIMBOCTI. J[jist 3a0e3meueH s JOCTYITy B PEKUMI pealibHOTO Yacy 110 BaKIHBOI iH(OP-
Malii Ta MATPUMKH IPUHAHATTS CTpaTeriyHNuX PillieHb BUKOPHCTOBYBAINCS aHAIIITUKA IaHKX, Tuiardopmu Big Data st
KOHKPETHOTO JIOMEeHyY Ta JieneHTpaiizoBani I T-iHTerpoBaHi miardopmu, aianToBaHi J10 orepariii XoI010BOro JaHIIora.
Pesynomamu. JlocnipKeHHs 1OKa3ano, 10 3aCTOCYBaHHS METOOJIOTIT MPOEKTYBAaHHS, OPIEHTOBAHOI HA MOXJIMBOCTI,
Y XOJIOAMIIBHUX CUCTEMAX MPH3BOUTS JI0 3HAYHOTO ITi/IBUIIICHHSI €Heproe()eKTUBHOCTI, 3MEHIIICHHSI BIUIMBY HA HABKOJIUIII-
HE CEpEIOBUILE Ta MMOKPAILECHHS MPOIYKTUBHOCTI CUCTEMH. [HTerpailisi ynpapiiHHS pU3HKaMd B 00’€KTHO-OPIEHTOBaHY
CTPYKTYpY PO3pOOKH, OpIEHTOBAaHY Ha MOMKIIMBOCTI, YMOYKJIMBHIIA KOMILJIGKCHE KEPYBaHHSI JIAaHUMH, M ITPUMKY TPUHHSATTS
PpILIEHb Y PEKMMI peabHOIO Yacy Ta ONTUMI30BaHI OpraHizalliifHi IPoLecH, CIPHSIOYH ITiIBUIIECHHIO €(DeKTHBHOCTI.
Haykoesa nosusna. lle nocnimpkeHHs MIKPECII0e IHHOBAIIHE 3aCTOCYBaHHSI IPOCSKTYBAHHS, OPIEHTOBAHOTO HA MOX-
JIUBOCTI, [UTs IU(PPOBOT TpaHCHOpMAIIiT XOIOAMIBHUX CUCTEM XOJIOAMIBHOTO JIAHIFOTa. JIOCIIIKESHHS IPOIIOHYE TijI-
X1J1 IUISIXOM MO€HaHHs MozieroBanHs Petri Net, anbda-anroputmy ta MmetoniB Process Mining ist onTuMizaltii eHep-
TeTHYHHX CHCTEM Ta eeKTHBHOI IHTErpallil yrpasiiHHs PU3UKaMHU.

Ipaxmuune 3nauenns. OTpUMaHi pe3yJbTaTH IIJKPECIIOITh BAKIMBICTh MPOAKTUBHUX 3aXOJiB, CIIPSIMOBAaHHX Ha
YIPaBIIiHHS KJIIMAaTOM, CTIHKICTh Ta eHeproe()eKTUBHICTh Y BUPIIICHHI CKIIaHUX 3aB/IaHb, OB’ I3aHKUX 13 XOJIOJHIIb-
HHUM 30epiraHHsIM, TPAHCIIOPTYBaHHSIM | CHCTEMHHMH KoMIIOHeHTaMu. [{udposa Tpancopmaltist Xo1010BOI0 JaHIora
BU3HAYECHA SIK BUPIILIAJIbHA JUIsl JOCSATHEHHS CTIHKUX, €PEKTUBHUX Ta IHTEJICKTYAJIbHUX PIIIEHb JUIS OXOJIOKEHHS, 1110
3a0e3rneuye KOHKYpEHTOCIPOMOKHICTh OpraHizalliii Ha pUHKY, [0 HIBUAKO PO3BUBAETHCS. [IpakTHUHE 3aCTOCYBaHHS
LBOTO JIOCIIJUKEHHS TIITPUMY€ 3YCHIUISL IPOMHUCIIOBOCTI LIO/I0 330BOJICHHS 3POCTAI0OYHX IOIKTIB Ha OXOJIOKEHE
TPaHCIIOPTYBAHHS Ta XOJIOAWIbHE 30epiraHHs 3a JIOIOMOT0I0 1HTerpalil iHHOBaLliiHUX TEXHOJIOTIH.

KurouoBi cjioBa: po3yMHHUii X0JI0/T; XOJIOOBUH JIAHIIIOT; IU(PPOBA TpaHCPOPMAILis; METOI0JIOTisSE PO3POOKH Ha OCHOBI

MOXKJIMBOCTEH; CHCTeMa MEHEJDKMEHTY pU3MKaMK; poliec MalHiHT.

INTRODUCTION

In modern society, digital technologies are
increasingly recognized as a crucial factor and catalyst
for innovation. Digital transformation in the industry
offers unprecedented opportunities and potential for
growth and value creation. However, realizing these new
opportunities requires at least mitigating the associated
risks. Managing these risks in the evolving digital era is
essential for the sustainability of both the energy system,
energy-efficient projects, and the organization as a whole.

Object-based  capability-driven ~ design ~ and
improvement patterns as shown in Figure 2 address how
business capabilities can be practically implemented.
Together with Value Streams as shown in Figure 1,
which establish a comprehensive link between Business
Capabilities and value delivery in a specific context, they
ensure a coherent and effective approach to achieving
organizational goals.

They depict how an organization achieves value for
stakeholders through a defined set of business activities.
By cross-mapping to enabling business capabilities, Value
Streams illustrate how an organization orchestrates these
capabilities to create stakeholder value. This approach
ensures a clear understanding of how various capabilities
contribute to the overall value creation process, aligning
operational activities with strategic objectives to enhance
efficiency and effectiveness.

The refrigeration industry has its own definition of the
concept of "Digital", “Digital Transformation” and what
it means for the Cold Sector. Top management is actively
discussing the transition to digital technologies within
organizations, emphasizing digital transformation. The
industry can no longer avoid the uncertainties associated
with digital transformation, as digital technologies have

become a real necessity. It is the most effective tool
for creating new advantages, distinctive and unique,
capable of giving a product a higher competitiveness in
the market. Today, "Digital Thinking" and the necessary
capital investments in digital transformation are critical
factors for successfully implementing this transformation.
Therefore, digital transformation is a relevant task in the
maritime sector.

PROBLEM STATEMENT

The absence of a suitable approach, methodology,
and pattern for developing energy systems, along with
the rising demands for digital transformation in the
modern maritime industry, calls for the exploration of
new opportunities to improve the system performance of
energy systems. This research objectives to implement
a capability-driven design within an object-based
capability-driven design and improvement pattern for the
development of energy systems. Additionally, it seeks to
adopt digital transformation for the refrigeration sector
(cold chain) to further enhance energy performance.

LITERATURE ANALYSIS

The concept of «smart shipping» [1] involves
the integration of digital technologies [2], such as
IoT devices [3], sensors, and connectivity solutions,
to enhance the efficiency [4] and safety of maritime
operations [5]. Smart shipping includes predictive
maintenance [6], real-time monitoring, and data-
driven decision-making [7]. The development and
testing of autonomous or unmanned vessels have
been facilitated by digitization. These vessels utilize
advanced technologies, including sensors, machine
learning, and automation, to navigate and operate
without direct human intervention. Digital navigation
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systems [8] equipped with real-time data, GPS, and
weather information help optimize routes, improve
fuel efficiency, and ensure maritime navigation safety.
Electronic charts and Electronic Chart Display and
Information Systems [9] have become integral parts
of modern vessels. Ports and terminals use digital
technologies to enhance the efficiency of cargo
handling, berthing, and logistics. Automated container
terminals, digital cargo tracking, and intelligent
port solutions contribute to the optimization of port
operations. Digital Transformation [10] enables
condition-based maintenance of maritime assets.
Sensors and monitoring systems collect data on the
condition of ship components, allowing operators to
plan maintenance based on actual wear and tear rather
than fixed time intervals.

SEPARATION OF UNRESOLVED PREVIOUS
PARTS OF THE OVERALL PROBLEM

Digital platforms and technologies provide better
visibility into the maritime supply chain. From goods
delivery to customs clearance, stakeholders can track
shipments in real-time, reducing delays and improving
overall supply chain management. As digital systems
become more widespread, ensuring the cybersecurity of
maritime assets is crucial. When creating energy-efficient

projects for energy systems (refrigeration systems), there
is a lack of methodology for project development and
providing the opportunity to manage risks throughout the
project lifecycle.

RESEARCH AIM

The aim of this research is to apply the Capability-
Driven Design to develop energy systems for energy-
efficient projects. This will be done in conjunction with
digitally transforming the cold chain to improve the
energy efficiency of refrigeration systems. The approach
involves utilizing Petri Net modelling language and the
alpha algorithm to optimize energy system performance.

METHODS, OBJECTS, AND SUBJECTS
OF RESEARCH

This study utilizes the Process Mining approach and
Capability-Driven Design methodology. The primary
focus is on investigating the Cold Chain and its Digital
Transformation, utilizing the Petri Net modelling
language and the alpha algorithm. The study subjects
revolve around the development of a digital refrigeration
enterprise within the Object-Based Capability-Driven
Design and Improvement pattern for energy system
development. Furthermore, it includes the integration of
an effective risk management system to mitigate risks
throughout the project lifecycle.



MAIN MATERIAL

Object based capability-driven design and
improvement for refrigeration application.

Capability-Driven Design Methodology [11-15] is
an approach used in system and software engineering
to design and develop systems based on identified
capabilities. In this methodology, the focus is on defining
and delivering specific capabilities that align with the
strategic goals and objectives of an organization. The
methodology is presented in the Figure 1 where expert
can go through phases and deliver result.

Management phase. Work is planned with creative
cross-functional teams. It is necessary to organize
cross-functional teams that can collaboratively work
on providing full capabilities. These are experts with
different skills, such as developers, designers, testers,
and analysts. Modelling phase involves the integration
of the following models: goals, processes, actors, rules,
concepts, and technical components. Information about
the energy project in the cold industry is modelled and
presented as a meta-model connecting discussed models,
allowing visualization of details for improvement
and providing new capabilities to both the executing
and ordering companies. Design decisions phase are
made based on capabilities, and an assessment of the
capabilities is performed, checking their readiness
for adaptation. Intentions of using capabilities with
subprocesses  (definition, alignment, prioritization)
are evaluated. Identification takes place where high-
level capabilities or functions essential for achieving
the organization’s strategic goals in project adaptation
are determined. When mapping capabilities, strategic
alignment occurs when the identified project capabilities
are compared with the organization’s strategic goals
to ensure that development efforts align with overall
business objectives. The prioritization of capabilities
is determined based on their perceived value to the
business, involving an understanding of the impact of
each capability on achieving strategic outcomes. The
results of the modelling and design stages are stored in
information repositories. Delivery or Implementation
and Feedback phases. Suitability assessment of the
context, consistency check, and reporting on the status
of the proposed indicator are performed. It is possible
to develop a gradual project delivery to the organization
by breaking down the development process into phased
releases, each providing a specific set of capabilities. This
allows delivering value to the organization in a timely and
continuous manner (we are talking about modification
and improvement of energy facilities to increase energy
efficiency).

A metrics are provided to measure the result and
determine key performance indicators related to the
success of the implementation of each capability, helping
to assess the impact and effectiveness of the provided
functions: dependency management, identification of
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dependencies, adaptability or flexibility, continuous
improvement, risk management.

Top-level method components. The methodology is
structured with top-level method components. Each top-
level component corresponds to a specific application
area. These components include method components
related to specific areas.

The concept includes:

— Definition, where concepts are the key elements that
define which aspects of reality are considered relevant in
the modelling process;

— Role, where it is determined what is important and
what needs to be reflected in the model;

— Specification, discussing the relevant concepts and
their relationships named and explained in the method
component; — Purpose, where concepts form the basis for
the modelling process.

The procedure involves:

— Determination, where the procedure describes how
to identify relevant concepts in the method component,
may also cover prerequisites and resources needed for the
identification process;

— Work stages described in specific terms, work
steps detailed to describe the actions to be performed,
including input, output, and tool support. In some cases,
the procedure also includes modelling guidelines;

— Notation, specifying how the results of the
procedure should be documented. As a rule, this must
provide appropriate expressions for each concept and
for the potential relationships between them. In graphic
notations, these are the symbols to be used, also providing
standardized and understandable documentation of
modelling results.

The Capability-Driven Design Methodology offers a
pattern for creating and implementing systems that are
both technically robust and aligned with the strategic
goals of the organization, enabling the monitoring,
control, and management of risks.

The Integrated Risk Management System (Sycle)
involves multiple phases: initial screening with historical
and recent data, automated filtering analysis, ongoing
monitoring, selective evaluation using simulations and
diverse factors, and re-assessment of risk treatment
results.

Main objective of the procedure - to design a capability
that allows reaching a business goal in a particular context
(energy efficiency, environmental impact).

Procedure of CDD refers to a structured set of steps
or activities involved in designing capabilities within a
specific methodology or pattern. This procedure typically
outlines the systematic process followed to identify,
develop, and implement capabilities that align with
the strategic goals and objectives of an organization.
It may include tasks such as defining requirements,
modelling, evaluation, and the creation of artifacts
that contribute to the overall capability design process.
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Fig. 2. Capability-driven design methodology with integrated Risk Management System

In essence, this procedure provides a detailed guide
for capability designers, specifying how to go about
designing capabilities effectively within a given context
or methodology.

Start from input Existing enterprise models where
client intent to implement energy efficiency project for
refrigeration system, e.g. goals models, business process
models, concepts models as well as existing patterns.

Activities implies in the goals first capability
design path. The Capability Design a key step involves:

— a meticulous analysis of the entire business vision
and its associated goals. This scrutiny is essential for
identifying specific goals that warrant support from
carefully designed capabilities. The hierarchical structure
of goals, ranging from more strategic at the top to
operational at the bottom, is considered in this analysis.
The primary focus lies on operational goals, given that
capabilities are intricately linked with explicit business
designs and tangible actions. The selection process
involves pinpointing goals that necessitate support
from capabilities, with an openness to considering
even some top-level goals for such support. To ensure
a comprehensive approach, the chosen goals intended
for capability design should boast well-defined Key
Performance Indicators (KPIs). This data-driven aspect
enables the measurement of the efficiency of capabilities
in achieving these goals. Moreover, a critical aspect of
this step involves verifying and, if necessary, refining the
existing design to establish a clear connection between

corporate KPIs and goals. In cases where this linkage is
absent, the enterprise modelling method component, that
proves to be a valuable ally in supporting and enhancing
this analytical process. Through this strategic alignment,
the capability design becomes a potent force in driving the
organization towards its overarching vision and objective
the meticulous identification of specific
capabilities required to fulfill the organizational
goals. During this activity, a thorough analysis of the
goals takes place, leading to the definition of relevant
capabilities. Additionally, the relationships between these
capabilities and the goals are established, elucidating
how the capabilities intricately support and contribute
to the achievement of these goals. A nuanced approach
is adopted during this stage, considering the hierarchical
structure of goals. The analysis extends beyond mere
identification to assess how a capability contributes to
the entire goal hierarchy. For instance, if a capability
is identified as supporting multiple sub-goals within
the same hierarchy, careful consideration is given to
whether it would be more appropriate to associate it with
the overarching top-level goal. This analytical process
ensures a strategic alignment between capabilities and
goals, providing a comprehensive understanding of how
each capability plays a distinctive role in supporting
the organization's objectives. The outcome is a robust
Capability Design that not only meets immediate goals
but is also strategically positioned within the broader
organizational landscape.



— the analysis of existing business processes. Once
the relationships between capabilities and goals have
been established, the next phase is to connect these
capabilities to the organization's existing business
processes. In an already documented business design,
business processes are typically outlined, and if these
processes are linked to specific goals, the identified
capabilities should be associated with the same business
processes. This association ensures a clear alignment
between capabilities, goals, and the operational aspects of
the organization. It's important to note that, at this stage,
establishing a general relationship between capabilities
and existing business processes is sufficient. The
detailed design of process variants will be undertaken
in subsequent stages, particularly once the application
context is fully modelled. This analytical approach
ensures a seamless integration between capabilities and
the operational workflows of the organization, laying
the foundation for a coherent and strategically aligned
business design.

— the identification and modelling of the context
surrounding the identified capabilities are crucial
steps. Each capability needs to be understood within a
specific context set, determining the conditions under
which it is applicable. This involves defining the
relevant context elements and specifying their ranges
within which the capability holds relevance. This
activity is often facilitated by employing the context
modelling method component. This component provides
a systematic approach to defining and representing the
contextual factors that influence the application and
effectiveness of capabilities. By clearly defining the
context in which each capability operates, organizations
gain a comprehensive understanding of the situational
factors that may impact the successful deployment and
utilization of these capabilities. This contextual insight is
essential for ensuring that capabilities are appropriately
adapted and responsive to varying conditions within the
business environment.

— the analysis and definition of process variants
associated with the realization of a capability. A
capability, being implemented through a set of business
processes, may require adjustments in its delivery to
accommodate changes in the context. Therefore, a
comprehensive examination of the overall business
process is conducted. This analysis involves assessing
potential changes in the context and identifying variations
in capability delivery. The outcome of this analysis is
the definition of process variants and the identification
of variation points. These process variants represent
different adaptations or adjustments in how the capability
is delivered, taking into account diverse contextual
conditions. The context modelling method component is
often utilized in this activity to systematically model and
represent the contextual factors influencing the variations
in capability delivery. By identifying process variants and

3bIPHNK HAYKOBUX MPALb HYK

ISSN 2311-3405

understanding the points at which variations can occur,
organizations can enhance the adaptability of capabilities
to different contextual scenarios. This adaptability
is crucial for ensuring the continued effectiveness of
capabilities in a dynamic business environment.

—the model delivery adjustments focus is on detailing
the specific adjustments required for the delivery of a
capability. This involves specifying any modifications,
enhancements, or variations identified in the previous
steps and linking them back to the overall capability
design. During this phase, organizations articulate the
changes necessary for the effective implementation of
the capability. This can include adjustments to business
processes, changes in resource allocation, or modifications
in the use of technology. The goal is to ensure that the
capability aligns seamlessly with the identified goals,
business processes, and contextual factors. By explicitly
modeling these delivery adjustments and establishing
clear links to the broader capability design, organizations
enhance their ability to implement changes systematically.
This step contributes to the overall adaptability and
effectiveness of capabilities in responding to evolving
business needs and environmental conditions.

— the review and/or incorporate relevant patterns
the emphasis is on leveraging existing best practices and
patterns to enhance the capability design. This involves
a systematic review of patterns that encapsulate proven
approaches, process variants, concept models, and
algorithms relevant to the specific context of the capability
being designed. The intention is to tap into established
knowledge and solutions that align with the goals and
requirements of the capability. By incorporating relevant
patterns, organizations benefit from tested and refined
practices, improving the overall quality and efficiency
of the capability design. This step acknowledges the
importance of learning from industry standards, successful
implementations, and recognized methodologies. It
encourages capability designers to stay informed about
existing patterns and to adopt them judiciously, ensuring
that the resulting capability design is robust, effective, and
aligned with established best practices.

The process of modernizing a refrigeration system,
and through conceptual design and BPMN modelling
language was presented by Yalama, 2022 [16]. It is
understood that there may be specific variations due
to certain characteristics of the analyzed refrigeration
system and the refrigerants used. BPMN provide an idea
of how this workflow operates during the modernization
of refrigeration equipment with HFCs.

RESULTS AND DISCUSSIONS

During the lifecycle of energy efficiency projects,
companies' employees, assets, data, and customer
information may enter risk zones depending on risk
domains and their integration into the digital organization.
Technology-related risks encompass the potential for
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Table 1. Cold Chain Event Log

Case Order Event properties
number number timestamp activity resources el

412851 | 21-10-2022: 12.20 Acceptance of fish by the refrigeration vessel Alex
412852 | 22-10-2022:10.10 Freezing Pete

1 412853 | 22-10-2022: 12.35 Cooling Pete
412854 | 24-10-2022: 15.10 Delivery to the distribution refrigeration center Valeriy
412855 | 25-10-2022: 16.50 Goods inspection Yevgen
412856 | 25-10-2022:17.50 Goods reception for storage Jukka
412871 10-11-2022: 12.20 Acceptance of fish by the refrigeration vessel Alex
412872 11-11-2022: 10.10 Freezing Pete
412873 | 11-10-2022: 12.35 Cooling Pete

2 412874 | 13-10-2022: 08.10 Delivery to the distribution refrigeration center Valeriy
412875 | 13-10-2022: 09.10 Goods inspection Yevgen
412876 | 13-10-2022:10.15 Rejection of substandard goods Leif
412877 | 21-10-2022: 12.20 Compensation receipt Alex

Rejection of
substandard goods

Freezing

Delivery to the
distribution
refrigeration

centre

tart
Acceptance of fish by
the refrigeration vessel

Compensation
receipt

h

Cooling

Goods reception

Goods inspection
P for storage

Finish

Fig. 3. Cold Chain Process Model provided by the a-Algorithm based on a set of traces

losses due to technology failures or obsolescence. These
risks affect systems, people, and processes, with key areas
of concern including scalability, compatibility, and the
accuracy of the implemented technology's functionality.

When designing control measures for digital initiatives,
it is essential to consider applicable risk areas and adhere to
leading standards and industry practices. A critical aspect
of defining these controls involves accounting for the
nature and extent of digitization in operations. Since many
areas are still in early stages and closely integrated with
systems or manual processes, there may be constraints in
implementing these controls. Therefore, a careful analysis
of the specific context and digitization level is necessary to
develop effective and feasible control measures.

The integrated risk management system into Object
based capability-driven design and improvement
pattern, presented in Figure 2, allows for automatic
data integration and segmentation, as well as providing
information on request based on priority. This system

enables the dissemination of necessary information and
the establishment of verification criteria along with the
formulation of risk factors when using indicators for
selecting complex goals.
Utilizing Petri Nets and process mining, and
alpha-algorithm for modelling the cold chain
Through process mining in the development of the
domain-oriented big data integration platform Yalama,
26th IIR International Congress of Refrigeration,
2023 [17] along with the decentralized IT-integrated
platform for the cold chain and the cold chain itself, as an
element, can also undergo digitization. Starting from the
event log in Table 3.1, using Petri Nets in Figure 2 and
the alpha-algorithm [18-20], a model of the cold chain
process is presented.
L,={<a,b,c,de,f>%<a,cb,def>%<a,b,degh>,
<ab,cdef>, <acdef>, <abdef>? <acdegh>}
Direct succession x>y if in some cases y follows x
sequentially



Causality x — vy, if sometimes x>y and never y>x
Concurrency x|y, if x>y, Ta y>x
Choice x#y, if never x>y, and never y>x
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Table 2. Footprint of L1
a b c d e f g h
a | #L, | oL, | oL, | #L, | #L, | #L, [#L, | | L,
b | <L | #L, | |L, | oL | #L, | #L, [#L [#L,
¢ | «L, | |IL, | #L, | «L, | #L, [ #L, [#L, |#L,
d | #L, | <L, | «L, | #L, | oL, | #L, [#L, | #L,
e | #L, | #L, | #L, | <L, | #L, | oL, | <L, [ #L,
£ [ #L, [ #L, | #L, [ #L, | <L, [ #L, |[#L, | #L,
g | oL, | #L, | #L, | #L, | <L, | #L, [#L, |>L,
h | #L, | 4L, | #L, | #L, | B, | AL, [ L, | #L,

a-algorithm by Van der Aalst
Let's assume that the function L is the event log of M.
Then M ={meM /3, me s},
Each action in L corresponds to a transaction in M a(L)
M, = {meM /3, m= first(c)}
Creating a set of initial actions means identifying the
first elements of each trace: <m,...,m,>,...<m’,...,m’ >
M, = {meM /3. m=last(c)}

Creating a set of final actions involves identifying
the elements that appear at the end of each trace
<m,...,m>,...<m’,...m’ >

To count the pairs at the entrance and exit to the city
(labeled C1-C5), refer to Figure 4.

X, = {(AB)[AcM AAd=@ABcM, A B=0)
AV, Vo pa — #. D
AV o1 arenty #1 Gy
NPT S
5Y, = {(A, B)eX, V), , . AC A'ABS B = (4,B)= (A", B')}
6.P = {C(A,B) [(A,B)e Y, }uli, o},
7F={(a.Con) | (AB)e Y, nae 4]

Freezing

C2(vd, cd)

Acceptance of fish by
the refrigeration vessel

Compensation
receipt

h

Cooling

Delivery to the
distribution
refrigeration

centre

ISSN 2311-3405

u{(C(M),b) |(A,B)eY, nbe B}
U {(i,, m)|(m € M;) U {(m,o.|m € M,}

Establish the following relations: connect each location
C,, 5 With each element in the set A of transaction sources
and with each element in the set B of target transactions.
In addition, draw an arc from the initial place i, to each
starting transaction m € M,, and an arc from each end of
the transaction m € M,, to the final place 0,

8. a(L)=(P,, M F,)

X, ={(a).{b}), ({a}{c}), ((b}{d}), ({c}.{d)}),
({al,{bc}), ({bch{d}), ({d}le)), (le}.{g}), ({e}.if}),
({gh{h})}

Y ={({al,{bc).({b.c}{d}).({d}.{e}).({e}.{g}).(le/,
. (lghih})}

The use of process mining with BPMN and Petri
Net languages enables the modelling of various process
systems in the refrigeration sector, from modernizing
HVAC and refrigeration systems (by transitioning to
new environmentally friendly refrigerants) to modelling
the cold chain. This facilitates the digital transformation
process for effective data management and control within
the system.

CONCLUSIONS

The strategy for digitizing cold chains leverages
data analytics technologies, Domain Specific Big Data
Platforms, and a decentralized IT-integrated platform
tailored to specific cold chains. Ensuring access to
critical information from primary and secondary actors
within these platforms is vital for managing refrigeration
system emergencies effectively. Cold Chain enterprises
should focus on capitalizing on emerging opportunities
and meeting evolving customer demands.

The Capability Driven Design Methodology for
refrigeration applications involves a strategic and
systematic approach to developing refrigeration systems,
emphasizing specific capabilities. This methodology
entails a structured process to identify key functionalities

Rejection of
substandard goods

C5(eg)
Clef)

Goods reception

for storage Finish

C3 (de) Goods inspection

Fig. 4. Model of the refrigeration process with the included locations C1-C5 within the network with pairs
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required in refrigeration applications, translating them into
effective system designs. It suggests breaking down the
design process into iterative stages, ensuring each phase
contributes distinct capabilities to enhance the overall
system. This approach aligns with broader strategic goals,
considering factors like energy efficiency, environmental
impact, and performance criteria, fostering innovation and
adaptability in the refrigeration technology field.

To develop targeted programs addressing climate
management, resilience, and energy efficiency, proactive
measures must be implemented. Focus should be on
tackling advanced challenges in all facets of the cold
chain, including refrigerated storage, transportation,
and system components. Industry experts must leverage
their knowledge and explore technologies aligned with
sustainable development goals to meet evolving demands.

Integrating the Risk Management System within an
Object-based, capability-driven design and improvement

MALLVHOBYAYBAHHA [EEEEGECEN

pattern allows energy efficiency projects to generate
comprehensive data with enhanced reconciliation
capabilities, manage real-time data with minimal delays,
shift focus from error correction to proactive prevention,
support decision-making across divisions, and streamline
organizational integration for greater efficiencies.

The foreseeable future predicts a sustained
increase in demand for refrigerated transport and cold
storage, driving investments, the development of new
technologies, and the integration of existing solutions
within the cooling sector. Advances in refrigerated cargo
transport and enhanced cooling systems for refrigerated
vessels significantly contribute to overall sustainability.
The rising demand positions organizations competitively
in the broader market, with future market leaders
providing efficient, intelligent, and controlled cooling
solutions. The digital transformation of the cold chain
emerges as a critical strategy for achieving these goals.
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