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Abstract

This article explores the use of Business Process Management
(BPM) as an effective tool for implementing the requirements
of the ADR Agreement in the context of road transport of dan-
gerous goods. The theoretical section outlines the essence
of BPM, its life cycle, automation capabilities, and role in regu-
latory compliance. Based on this, the article analyses how BPM
can support key ADR-related areas, including documentation
management, training, operational compliance, and emergen-
cy response. Conclusions are drawn from a review of relevant
literature and the author’s practical experience as a certified
ADR Safety Adviser. The paper demonstrates that integrating
BPM with ADR requirements can significantly enhance safety,
efficiency, and organizational resilience in the dangerous goods
transport sector.
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Streszczenie

Artykut przedstawia mozliwosci zastosowania podejscia Busi-
ness Process Management (BPM) jako skutecznego narzedzia
wdrazania wymagan umowy ADR w kontekscie drogowego
transportu towardw niebezpiecznych. W cze$ci teoretycznej opi-
sano istote BPM, jego cykl zycia, funkcje automatyzujgce oraz
role w zapewnianiu zgodnosci z regulacjami. Na tej podstawie
przeprowadzono analiz¢ potencjalnych zastosowan BPM do klu-
czowych obszarow ADR, takich jak zarzadzanie dokumentacja,
szkoleniami, zgodno$cig operacyjng oraz reagowaniem na sy-
tuacje awaryjne. Whnioski sformutowano na podstawie prze-
gladu literatury oraz praktyki zawodowej autora w charakterze
doradcy ADR. W artykule wskazano, ze integracja BPM z wy-
mogami umowy ADR moze istotnie zwigkszy¢ bezpieczenstwo,
efektywnos¢ i odporno$c¢ organizacyjng podmiotéw dziatajgcych
w sektorze transportu towaréw niebezpiecznych.

Stowa kluczowe: umowa ADR, Business Process Manage-
ment, zarzadzanie bezpieczenstwem

Introduction

Modern operational safety management in the road transport of dangerous goods re-
quires not only compliance with increasingly complex regulations but also the im-
plementation of contemporary organizational and technological approaches. One
of the key legal instruments governing this domain is the Agreement concerning
the International Carriage of Dangerous Goods by Road (ADR), which precisely de-
fines the responsibilities of transport participants, technical and procedural require-
ments, as well as emergency response principles. Due to its complexity, evolving na-
ture, and the severe consequences of potential non-compliance, implementing ADR
provisions presents a significant challenge for enterprises.

In this context, Business Process Management (BPM) gains particular relevance
as a methodological approach to identifying, modelling, implementing, monitoring,
and improving business processes. Although BPM originates from operational man-
agement practices, its potential to support regulatory compliance and risk manage-
ment is increasingly recognized in highly regulated sectors such as ADR logistics.

The aim of this article is to explore the synergy between the BPM methodology
and the requirements of the ADR Agreement, and to present the practical application
of business process management as a tool supporting the implementation, mainte-
nance, and continuous improvement of compliance with the regulations governing
the carriage of dangerous goods. The analysis focuses on process modelling, activi-
ty automation, document management, and the integration of BPM with operational
safety management systems.

Two primary research methods are employed in this article. The first is a liter-
ature review, with particular emphasis on publications concerning BPM, process
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automation, and digital transformation. The second is a reflective analysis of the au-
thors’ own professional practice, based on experience in implementing and auditing
ADR-compliant solutions within transport and manufacturing companies in Poland
and the Netherlands. This approach combines a theoretical perspective with practi-
cal insights, enabling the identification of real-world opportunities and limitations
of BPM in the regulatory context of ADR.

A comprehensive perspective on BPM

Business Process Management (BPM) is a contemporary management concept which
posits that organizations achieve greater effectiveness when they deliberately and
holistically manage the flow of their processes — from initial input to final outcome
(Reijers, 2021). At the core of this idea lies the conviction that business processes —
connecting people, systems, data, and physical resources — should be designed and
executed coherently, encompassing the entire value chain. BPM not only improves
coordination of activities, but also enhances an organization’s adaptability, increases
operational transparency, and eliminates redundant operations. This supports both
the stability of day-to-day operations and flexibility in the face of environmental
changes (Gongalves, 2010: 67). In the literature, BPM is described as an approach
that combines strategic and operational dimensions, aimed at systematically analys-
ing, designing, implementing, and improving organizational processes (vom Brocke,
Roswemann, 2014: 2). Alternatively, it may be understood as a methodological
framework that integrates information technology with process knowledge, oriented
toward a deep understanding and sustainable optimization of activities critical to en-
terprise performance (Gongalves, 2010: 68).

The evolution of Business Process Management (BPM) reflects a shift from lo-
cal improvements of individual processes to a holistic, integrated approach encom-
passing the entire organization. Contemporary BPM is not merely a set of optimi-
zation techniques but rather a collection of organizational capabilities, including
strategic alignment of processes with company goals, effective governance, applica-
tion of suitable methods and technologies, employee competencies, and a supportive
organizational culture (vom Brocke, Roswemann, 2014: 2).

The origins of BPM lie in industrial engineering and research on organization-
al structures. However, it was the rise of services and the development of informa-
tion technologies that highlighted processes as a key strategic resource of modern
enterprises. As Hammer (2010) observed, the development of BPM is based on two
main currents. The first is the continuous improvement approach — represented by
TQM, Lean, and Kaizen — focused on eliminating waste and gradual improvement.
The second is the radical approach of process reengineering, proposed by Hammer
and Champy in 1993, which involves complete redesign of processes using new
technologies to achieve breakthrough performance. Today’s BPM combines these
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two approaches, simultaneously striving for operational efficiency and strategic ef-
fectiveness based on modern technological frameworks (vom Brocke, Roswemann,
2014: 2-3).

At the core of BPM lies the concept of a process, understood as an ordered se-
quence of interrelated activities that transform specific inputs into expected outputs,
creating value for both external and internal customers. This transformational logic
applies not only within a single organization, organizing interdepartmental relation-
ships, but also in inter-organizational contexts, such as supply chain management.
The process perspective enables the integration of diverse organizational elements —
from technology and people to structure and tasks — which forms the foundation
for designing modern socio-technical systems (/bid., p. 4-5).

Contemporary business process management goes far beyond incidental im-
provements — today, BPM constitutes a permanent element of organizational strategy,
essential for maintaining competitiveness and high operational efficiency in the long
term. For a BPM system to deliver real benefits, an organization must develop and
integrate six key capabilities: the ability to strategically align processes with compa-
ny goals, efficient process governance, application of appropriate methods and tools,
use of information technology, involvement of competent employees, and cultivation
of a culture that supports the process-oriented approach (/bid., p. 5).

Despite the apparent obviousness of this approach, many companies still operate
within rigid departmental structures — so-called silos — where each department main-
tains separate systems and improvement initiatives. Such a fragmented approach of-
ten leads to suboptimization of processes and disconnects activities from the actual
needs of customers (Reijers, 2021). Meanwhile, studies consistently show that or-
ganizations adopting a process-oriented approach — that is, managing processes as
a whole — achieve better business outcomes (/bid.). The literature emphasizes that
the effective implementation and development of BPM is based on the close cooper-
ation of four pillars: human resources, organizational culture, contextual awareness,
and technology, which are discussed in more detail in the following paragraphs.

Initially, employees in BPM were mainly treated as recipients of training, intro-
duced to work according to newly defined procedures. The contemporary approach
shifts this perspective, emphasizing their active involvement and the development
of competencies that are key to process management. In addition to analytical and
design skills, the ability to manage change and to act within BPM centres of excel-
lence is also essential. A comprehensive competency model considers not only indi-
vidual capabilities but also the organizational context in which they are applied (vom
Brocke, Roswemann, 2014: 10).

A BPM-supportive culture is not merely a set of values — it is an environment
that fosters the identification and improvement of processes in the spirit of customer
orientation, operational excellence, accountability, and cross-departmental collabo-
ration. According to the BPM Culture Model, organizations that consciously develop
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such values achieve significantly greater effectiveness in implementing process man-
agement (/bid., p. 11).

Modern BPM must take into account the unpredictability and dynamism of the
operating environment. This entails the need for flexibility and the adaptation
of tools to the specifics of each situation. Rosemann and co-authors distinguish four
types of context that influence the effectiveness of BPM: direct context (concerning
the specific process), internal context (organizational conditions), external context
(market, regulations), and environmental context (e.g., culture, geography) (/bid.,
pp- 11-12).

Technology in BPM supports all stages of the process life cycle — from model-
ling to monitoring and optimization. Key solutions include PAIS systems', workflow,
BAM? and predictive data analytics. Contemporary organizations employ technolo-
gies such as in-memory computing (data processing in RAM to enhance speed), SaaS
(Software as a Service — software delivered as an online service), decision support
systems, and component-based architectures (devices built from easily replaceable
modules) — not only to improve existing processes but also to radically transform
them (/bid., p. 10).

Importantly, BPM continuously absorbs innovations — previously ERP systems,
and today blockchain and Robotic Process Automation — opening new possibilities
for automation and reengineering of operations (Reijers, 2021). One principle re-
mains unchanged, however: technology should serve the process and business val-
ue — not the other way around. When implementing new solutions, organizations
should be guided by real needs and thoroughly analyse the potential costs and bene-
fits. True optimization begins where technology helps create value, not merely repro-
duce the status quo (Gongalves, 2010: 70).

Effective business process management relies on the use of specialized tools
that support the organization at every stage of the process life cycle — from design
to optimization. Business Process Management Systems (BPMS) are one of the key

! Process-Aware Information System (PAIS) is an integrated IT system designed to manage
and execute operational business processes that have been previously defined in the form of pro-
cess models. PAIS supports activities involving people, applications, and various information
sources, ensuring their coordinated execution in accordance with process logic. Typical examples
of PAIS include workflow management systems, case-handling systems, and enterprise informa-
tion systems (van der Aalst, 2009).

2 Business Activity Monitoring (BAM) is an information technology that enables real-time
monitoring of business processes executed within computer systems. Its primary objective is to pro-
vide operational and senior managers with up-to-date, synthesized information on the progress
of key business activities, as well as to facilitate early detection of potential risks and deviations.
BAM serves as a critical tool for real-time decision-making and is a significant competitive differ-
entiator for enterprises. Given the increasing volume and complexity of collected data, advanced
analytical tools play a crucial role in BAM, including constraint-based analysis and extended forms
of first-order logic, which allow for the representation of complex dependencies in analytical pro-
cesses (Ferro, Hoogendoorn, Jonker, 2008: 1).
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technological tools. These are integrated platforms that enable the definition, exe-
cution, automation, monitoring, and improvement of processes. Although initially
regarded as a breakthrough, many organizations encountered technical and organiza-
tional barriers that hindered their full implementation (Reijers, 2021).

As time passed, Business Process Management Systems (BPMS) evolved from
tools designed solely for automating routine tasks into advanced platforms that sup-
port collaboration, flexibility, and adaptability in dynamic business environments
(Bartlett, Kabir, Han, 2023: 116788). Contemporary BPMS must not only enable
effective process modelling and execution but also allow for real-time adaptation
to changing conditions (/bid., p. 116786). As the authors highlight, traditional ap-
proaches to BPMS design often fall short in today’s reality, calling for integration
with modern technologies and a new perspective on work design. A key challenge
remains reconciling the rigidity of formal models with the dynamic and often unpre-
dictable nature of human practices (/bid., p.116787).

Modern approaches assume that BPM systems should support not only automa-
tion but also tasks that require expertise, contextual awareness, and flexibility. To this
end, the authors propose a four-part framework for BPMS design, encompassing pro-
cess design, work environment design, system adaptability, and context integration —
all aimed at better meeting the actual needs of users (/bid., pp. 116787,116789).

An important trend is the growing role of systems that support mobility and col-
laboration, enabling seamless task execution regardless of time and location. This re-
quires flexible role and task modelling that goes beyond traditional, linear workflows
(Ibid., p. 116790).

At the heart of modern BPMS is the user. System design should take into account
not only process efficiency but also the experiences and needs of employees (/bid.,
p. 116792). The authors also point to the increasing importance of intelligent BPM
systems, which, through monitoring, analytics, and machine learning, can both diag-
nose and recommend process improvements in real time (/bid., p. 116795).

Process modelling plays a central role in both the theory and practice of BPM.
Initially, it served as a tool for visualising and documenting organisational activities,
aimed at improving understanding and identifying potential areas for improvement.
Over time, this approach evolved to include advanced modelling techniques such as
layered models, process landscapes, and risk-aware approaches (Reijers, 2021).

Process mapping, considered a starting point in an organisation’s transformation
towards BPM, enables the identification of key processes and their interrelations, as
well as the costs associated with their execution. Visualisation — e.g. through flow-
chart diagrams — facilitates time consumption analysis, bottleneck detection, and
the elimination of non-value-adding activities (Gongalves, 2010: 70-71).

It is important to distinguish between process modelling and process design.
While modelling focuses on depicting the existing or intended flow of activities, de-
sign encompasses structural, technological, and organisational decisions such as tool
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selection, role assignments, and checkpoint establishment. Design may be supported
by heuristics, automation tools for partial design, and modular approaches that allow
for flexible and reconfigurable structures (Reijers, 2021).

As modelling techniques advanced, the need for model management emerged.
Organisations increasingly produce numerous models, creating the necessity to com-
pare, refactor (i.e. improve structure without altering function), and maintain organ-
ised process repositories (/bid., p. 6). Model management has thus become a distinct
field of BPM research and practice. One of the most innovative directions is process
mining — the analysis of event logs recorded in IT systems to automatically discov-
er the actual course of processes. This technique enables the validation of processes
against reference models, identification of deviations, detection of bottlenecks, and
support for optimisation decisions. It is particularly applicable in regulatory compli-
ance and risk management contexts (/bid., p. 7).

It is important to emphasise that business processes do not exist independently
of an organisation’s operational principles — business rules and processes are inher-
ently interconnected. Well-defined business rules should be independent of a specific
process structure, while clearly delineating its operational boundaries. Four key types
of business rules are distinguished: process routing, operational constraints, excep-
tion handling, and corporate business strategies. Effective management of these rules
forms the foundation of BPM systems’ flexibility and adaptability, requiring both
alignment with organisational needs and anchoring in a stable technological infra-
structure (Gongalves, 2010: 69).

As organisations mature in their use of process management, BPM assumes
a more strategic role, encompassing complex process interdependencies, integration,
and optimisation within dynamic and distributed environments. At higher maturity
levels, organisations move from managing individual processes to orchestrating them
in a coordinated manner — an approach known as orchestration (Reijers, 2021). This
ensures that diverse processes operate harmoniously to achieve overarching business
goals.

Furthermore, in increasingly complex systemic and inter-organisational environ-
ments, interoperability becomes crucial — the ability of various processes and infor-
mation systems to collaborate effectively and exchange data (/bid., pp. 5-6). This
capability is fundamental to the efficient functioning of global supply chains and
multi-system architectures.

Moreover, understanding a process is not limited to describing it as a mechani-
cal sequence of actions. The literature identifies four complementary perspectives
(Gongalves, 2010: 68—69):

— the process as a deterministic machine — perceived as a precisely defined

transformation of inputs into outputs;

— the process as a complex dynamic system — capable of adapting to disruptions

and changes in the environment;



142 Krzysztof Rabiej, Damian Kociemba

— the process as a feedback system — where the flow of information and control

mechanisms play a central role;

— the process as a social construct — shaped by the values, beliefs, and interpre-

tations of its participants.

To fully grasp the nature of a process, it is also essential to consider its three core
aspects: its current state, its potential capabilities, and its design (i.e., how it is struc-
tured and organised). Regardless of the adopted perspective, BPM requires a shared
language and semantic consistency among participants to ensure that process inter-
pretations are coherent and unambiguous (/bid., p. 69).

It should be noted that process management can be effectively integrated with
outsourcing, whereby external partners carry out specific operational tasks. BPM en-
ables organisations to maintain control over the quality and efficiency of such activ-
ities through standardisation, monitoring, and enforcement of requirements. Instead
of engaging in costly internal reengineering, companies can strategically “acquire”
processes as services — benefiting from the unique capabilities of BPO providers,
thus allowing them to focus on their core competencies (/bid., p. 72).

Implementing Business Process Management (BPM) is a complex undertaking
that requires not only appropriate organisational preparation but also consistency and
long-term commitment to continuous improvement. The motivations driving com-
panies to embark on such a transformation are rarely purely technological; more of-
ten, they stem from economic and market conditions. Ongoing trade liberalisation,
growing global competition, and constant pressure for innovation and shorter product
life cycles are just a few of the factors pushing organisations toward BPM. Internal
departmental needs and the overall maturity level of the organisation — such as prior
experience with process mapping or optimisation initiatives — also play a significant
role (Ibid., p. 71).

Process management is no longer optional; it becomes a necessity — a tool that
ensures competitiveness and long-term development capability. However, effective
implementation requires overcoming resistance to change, strategic long-term plan-
ning, and consistent efforts to eliminate unnecessary activities, optimise key process-
es, and manage human resources more efficiently (/bid., pp. 68).

BPM is based on an iterative lifecycle, beginning with the identification and pri-
oritisation of processes, followed by detailed modelling - both of the current (“as-is”
and future (“to-be”) states — and culminating in the implementation of designed solu-
tions, performance monitoring, and continuous improvement based on data and feed-
back (Ibid., pp. 72—73). In this context, “what-if” analyses prove extremely useful,
allowing for the testing of alternative scenarios and the assessment of their potential
consequences without the need for physical implementation, thereby significantly re-
ducing the risks and costs of erroneous decisions. The entire implementation process
requires interdisciplinary competences — including both technological and business
knowledge — as well as carefully planned communication and training (/bid., p. 73).
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The success of BPM depends on many factors, among which strong and sustained
commitment from top management stands out as paramount. Equally important is
the organisation’s readiness for real change and the availability of modern IT infra-
structure that supports process management. Also indispensable are effective change
management, clearly defined and measurable performance indicators (KPIs), a strate-
gic approach to organisation-wide process planning, the elimination of departmental
silos, and the systematic development of employee competencies (Ibid., p. 74).

BPM, however, does not end with implementation — it rather marks the begin-
ning of a continuous journey towards sustained organisational improvement. Sys-
tematic real-time observation and analysis of processes allow for their ongoing ad-
aptation to changing market and internal conditions (/bid., p. 74—75). Process-based
management also helps meet regulatory compliance requirements, enhances oper-
ational transparency, and shortens the execution time of key operations. Through
BPM, an organisation can evolve — or even undergo a radical transformation — from
its current state to an optimised future state, ultimately becoming fully process-ori-
ented (/bid., p. 2010: 72). In this context, understanding the shifting behaviours and
expectations of customers becomes particularly important, as they are increasingly
not only recipients of value but also initiators of it. In modern BPM frameworks,
customers become both the starting point and final link in the value chain, directly
influencing its structure and development directions (/bid., p. 72).

In conclusion, business process management goes far beyond the mere imple-
mentation of IT systems or the structuring of workflows. It is a comprehensive man-
agement concept that acts as a value co-creation mechanism, supporting strategic
development, innovation, and strengthening organisational competitiveness in a vol-
atile market environment. The strength of BPM lies in its capacity to integrate peo-
ple, technology, and resources into a coherent structure that effectively and measur-
ably achieves business goals (/bid., pp. 74-75).

The literature emphasises that modern BPM requires consideration not only
of technological factors but also of the social and organisational conditions of work.
In an era of constant environmental change, the success of BPM implementation de-
pends on the system’s flexibility, its capacity to contextualise actions, and its ability
to learn and adapt to new conditions. Only such an integrated, reflective, and proac-
tive approach enables organisations to effectively support employees, make informed
operational decisions, and optimise processes in dynamic and often unpredictable
environments (Bartlett, Kabir, Han, 2023: 116796).

Regulations on the transport of dangerous goods

The Agreement concerning the International Carriage of Dangerous Goods by Road
(ADR) is a fundamental legal instrument governing the road transport of substances
and articles which, due to their properties, may pose a threat to people, property, or
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the environment (ADR, 1.2.1). It was drawn up in Geneva on 30 September 1957
and has since been regularly updated (on a biennial basis) to align its provisions with
technological and scientific advancements as well as evolving safety requirements.
Poland ratified the ADR Agreement in 1975. The structure of ADR comprises two
annexes, labelled A and B. Annex A contains provisions related to dangerous sub-
stances and articles, while Annex B sets out requirements concerning transport means
and operations (ADR, pp. iii and vii).

According to ADR, dangerous goods are divided into nine classes based
on the type (and dominant nature) of hazard they present. These include, among oth-
ers: explosives (Class 1), gases (Class 2), flammable liquids (Class 3), flammable
solids (Class 4.1), substances liable to spontaneous combustion (Class 4.2), sub-
stances which emit flammable gases upon contact with water (Class 4.3), oxidising
substances (Class 5.1), organic peroxides (Class 5.2), toxic substances (Class 6.1),
infectious substances (Class 6.2), radioactive material (Class 7), corrosive substanc-
es (Class 8), and miscellaneous dangerous substances and articles (Class 9) (ADR,
respectively: 2.2.1,2.2.2,2.2.3,2.2.41, 2.2.42,2.2.43, 2.2.51, 2.2.52, 2.2.61, 2.2.7,
2.2.8 and 2.2.9).

The ADR Agreement clearly defines the responsibilities of both primary and ad-
ditional participants involved in the transport of dangerous goods. Each party plays
a key role in ensuring safety at various stages of the transport process. The primary
participants include:

1. Consignor, responsible for correctly classifying the dangerous goods, se-
lecting appropriate and certified packaging, preparing the required transport
documentation (including the ADR consignment note), and properly marking
the packages with warning labels and UN numbers (ADR, 1.4.2.1.1);

2. Carrier, who must ensure that the goods are authorized for transportunder ADR,
that the vehicle is properly equipped (e.g., with fire extinguishers and person-
al protective equipment), marked with orange plates and warning labels, and
that the vehicle crew holds the required documents (including the ADR driver
training certificate) and is adequately trained (ADR, 1.4.2.2.1);

3. Consignee, who is obliged not to delay acceptance of the goods without valid
reason. After unloading, the consignee must verify compliance with relevant
ADR provisions, including cleaning and decontamination of vehicles or con-
tainers when required (ADR, 1.4.2.3).

Additional participants include:

1. Loader, who must hand over dangerous goods to the carrier only if they are
authorized for transport under ADR, verify the condition of the packages (in-
cluding empty uncleaned ones), refrain from forwarding damaged or leaking
packages, comply with specific regulations for loading and handling, ensure
the container is properly marked after loading, and follow rules regarding seg-
regation and separation from foodstuffs and feed (ADR, 1.4.3.1.1);
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2. Packer, responsible for complying with packing requirements, including
mixed packing rules, and for correctly marking and labelling packages pre-
pared for transport (ADR, 1.4.3.2);

3. Filler, responsible for checking the technical condition of tanks and their
equipment before filling, verifying valid inspection certificates, using only
authorized substances, complying with compartment loading rules and max-
imum filling levels, ensuring tightness of the tank after filling, removing res-
idues from the outer surface, and properly marking tanks, vehicles, and con-
tainers (ADR, 1.4.3.3);

4. Tank-container or portable tank operator, responsible for ensuring compliance
of the tank with applicable design, testing, and marking requirements, and
for maintaining the tank in accordance with ADR standards during regular
use. If there is any suspicion of a safety breach - e.g., after repairs, technical
modifications, or an accident — the operator must ensure that an exceptional
inspection is carried out (ADR, 1.4.3.4);

5. Unloader, responsible for verifying the conformity of the goods with the trans-
port document, checking the technical condition of packages and tanks be-
fore and during unloading, following cargo handling rules, and ensuring that
after unloading all residues of dangerous materials are removed, valves and
openings are closed, required cleaning is performed, and warning labels are
removed in the case of full emptying and decontamination (ADR, 1.4.3.7.1-
1.4.3.7.2).

Ensuring compliance with ADR regulations involves numerous challenges. One
of the main challenges is the complexity of the system and the frequency of regula-
tory changes. The ADR framework is a comprehensive and detailed set of provisions
which, as already mentioned, is updated every two years. This forces companies
to continuously monitor amendments, interpret new requirements, and adapt their
internal procedures and operational practices accordingly.

Another significant challenge in the transport of dangerous goods concerns docu-
mentation. Compliance with the ADR Agreement requires the preparation and ongo-
ing management of numerous strictly defined documents, such as the ADR consign-
ment note, written instructions for drivers, vehicle approval certificates, packaging
compliance certificates, driver training certificates, and safety adviser certificates
(commonly referred to as ADR advisers). Deficiencies or irregularities in this docu-
mentation are one of the most frequently found groups of infringements during road-
side checks. As indicated in the report of the Polish Supreme Audit Office, in 2012—
2017, as many as 35% of all violations detected by the Road Transport Inspection
concerned this formal area (Realizacja przez organy panstwa i samorzgdu terytori-
alnego zadan w zakresie przewozu drogowego towarow niebezpiecznych, 2018: 45).

Training and staff competence are also of critical importance. All employees
involved in the dangerous goods transport chain — from warehouse workers and
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freight forwarders to drivers — must possess appropriate knowledge and skills, con-
firmed through relevant training (including basic ADR courses, specialized training
for transport in tanks, Class 1 explosives, and Class 7 radioactive materials, as well
as on-the-job training) and certifications (ADR, 1.3, 8.2, and 8.5).

Risk management and emergency procedures represent another key area. Com-
panies must identify potential hazards, develop and implement high consequence
dangerous goods plans, ensure the availability of appropriate rescue and protec-
tive equipment, and regularly train personnel in crisis response protocols® (ADR,
1.10.3.2).

Human error remains an omnipresent risk at every stage of dangerous goods
transportation — from classification and packaging, to labelling, documentation,
loading, transit, and unloading. Even a minor mistake can lead to devastating con-
sequences, as tragically illustrated by the disaster in Nigeria’s Rivers State in De-
cember 2024. A tanker transporting flammable fuel exploded after colliding with
another vehicle, sparking an intense fire that killed at least ten people and severely
burned over twenty others. The accident occurred in the densely populated Emohua
district, along a major hazardous goods transport route from the ports to northern
Nigeria. The explosion’s force trapped many in vehicles and spread flames to nearby
buildings and markets, causing further material damage. The rescue operation was
hampered by panic and delayed emergency access (Boyd, 2025). This incident under-
scored the dire consequences of lacking effective technical and organizational safety
mechanisms in hazardous goods transport. Although Nigeria has become a signato-
ry of the ADR Agreement in recent years, UNECE data shows that, as of 2025, no
competent authority has been designated to enforce and implement these regulations
(Nigeria, 2025), significantly reducing regulatory and preventive effectiveness.

It is also crucial to recognize the costs and consequences of non-compliance.
In Poland, ADR violations can incur steep financial penalties — ranging from PLN
300 for failing to equip vehicle crews with written instructions to PLN 10,000 for fill-
ing or transporting prohibited dangerous goods (Ustawa z dnia 19 sierpnia 2011 r.
o przewozie towaréw niebezpiecznych; Dz.U. z 2011 r. nr 227, poz. 1367 ze zm.,
Annex 1). Monetary fines are not the only possible outcome; in extreme cases, pub-
lic authorities may initiate procedures that lead to revoking a transport licence under
the so-called “good repute” protection mechanism described in Article 7d of the Pol-
ish Road Transport Act (Ustawa z dnia 6 wrzes$nia 2001 r. o transporcie drogowym,;
Dz.U. 22001 r. nr 125, poz. 1371 ze zm., as amended).

Effective operations management — especially through the implementation
of Business Process Management (BPM) principles — can significantly reduce in-

3 The High Consequence Dangerous Goods Security Plan was thoroughly analyzed in the pub-
lication titled Plan ochrony towardéw niebezpiecznych duzego ryzyka, published in the jour-
nal “Zarzadzanie Innowacyjne w Gospodarce iBiznesie”, authored by D.Kociemba (issue
no. 40/2025).
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cidents, lower operational costs (including those from fines, claims, or downtime),
and improve service reliability. In the hazardous goods transport sector, both pro-
ducers and recipients are highly sensitive to safety and reliability. A company that
demonstrates advanced process management aligned with ADR, confirmed by low
incident rates and positive audit outcomes, is seen as a trustworthy and preferred
partner for long-term cooperation. Such a reputation translates directly into a com-
petitive advantage, facilitating new contracts and strengthening existing business
relationships. Furthermore, minimizing operational risk through transparent, stable,
and well-supervised processes may also result in more favourable liability insurance
terms, thus enhancing the company’s overall profitability.

Synergy between BPM and ADR in operational safety
management

A fundamental step toward ensuring compliance with ADR regulations and enhanc-
ing an organization’s operational efficiency is not only to recognize and understand
existing activities, but also to map them into a structured management system. In this
context, Business Process Management (BPM) does not replace the regulatory
framework established by the ADR Agreement but serves as a methodological and
technological tool supporting its implementation. The ADR Agreement, as a compre-
hensive legal and technical document, contains precisely defined duties, procedures,
and requirements concerning all stages of dangerous goods transport — from classi-
fication to emergency response. BPM, in turn, enables their effective representation
within the organizational environment through systematic modeling, documentation,
implementation, and monitoring of processes.
In practice, BPM supports the institutionalization of ADR-defined processes
such as:
— classification of dangerous goods, verification of their physicochemical prop-
erties, and assignment of UN numbers;
— selection, inspection, and certification (or verification thereof) of packaging;
— preparation and verification of transport documentation — especially
the ADR waybill, written instructions, and vehicle approval certificates;
— procedures for loading, arrangement, securing, and inspection of shipments,
including adherence to loading prohibitions;
— periodic technical inspection of vehicles and verification of emergency equip-
ment;
— development of emergency procedures and response plans for accidents,
leaks, or fires;
— training management for drivers and other staff, including monitoring the va-
lidity of ADR certificates and documenting competencies.
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To achieve this, specialized tools and notations such as BPMN (Business Process
Model and Notation) can be used, enabling graphical representation of even the most
complex workflows. These models can form the basis for the development of com-
pany-wide operational standards that reduce the risk of misinterpreting regulations
and ensure consistent execution by all process participants — including outsourced
partners.

Process modeling with BPM is not solely descriptive — it also serves diagnostic
and design purposes. It enables step-by-step process analysis, identification of re-
curring inefficiencies, unclear accountability, or areas prone to regulatory non-com-
pliance. Through such analysis, it becomes possible to highlight tasks that, due
to their repetitive nature and potential for standardization, can be automated, there-
by increasing operational efficiency and reducing the risk of human error. In this
way, BPM becomes a key component of an organizational safety management sys-
tem for the transport of dangerous goods — not as a replacement for ADR, but as
a tool for its effective implementation and continuous improvement within enter-
prise structures.

The automation aspect, previously discussed in this article, is particularly en-
hanced by BPM systems and can cover multiple areas related to ADR compliance,
reducing labor-intensiveness and error risks in fields such as:

1. Document Management — Document-centric BPM systems can revolution-
ize ADR documentation handling. In addition to automating the generation
of standard documents (e.g., based on templates), they support electronic
workflows for verification and approval, secure archiving, and strict version
control (The Evolving BPM Landscape, 2022: 1-4). This is critical for trans-
port documents, safety data sheets (SDS), packaging certificates, written
driver instructions, or internal control protocols. Moreover, modern tools like
PhotoFlow enable automation of photographic documentation collection and
assignment, which is particularly valuable when recording cargo conditions,
seals, or damage sustained during transport. This automation significantly re-
duces human error and responsibility ambiguities between stakeholders, while
the digital workflows allow for near-synchronous introduction of improve-
ments to prevent future incidents.

2. Workflows — Modern BPM platforms allow detailed definition of workflows
that automatically direct tasks, documents, or alerts to the appropriate individ-
uals or departments for verification, approval, or action. For instance, a trans-
port document can be automatically sent to an ADR advisor for final review
before printing. If a driver’s certification is found to be expired, the system
may block assignment of the transport task. Integrated business rule engines
(BRESs) further support automation by checking whether a given dangerous
good may be transported with a specific vehicle type, whether all conditions
for applying ADR exemptions are met, or whether the chosen packaging
meets the relevant substance requirements.
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3. Certification and Training Management — According to ADR, ensuring up-to-
date and appropriate qualifications for all personnel involved in transporting
dangerous goods is a core element of safety systems. BPM systems can signifi-
cantly streamline this by automating training scheduling, monitoring individu-
al certification statuses, sending reminders for upcoming renewals (sometimes
biennially, depending on regulatory changes), and centrally storing training
documentation in digital form. Training requirements differ by role — those
responsible for packaging have different needs than drivers, loaders, valve
operators, or administrative staff preparing documentation. Automated BPM
systems can accommodate these differences systemically, tailoring training
schedules and content to job specifications. This not only relieves HR and
ADR consultants but also ensures uninterrupted staff competence and reduces
the risk of unqualified personnel being unknowingly assigned to critical tasks.

BPM-driven automation in ADR-related activities yields benefits far beyond tradi-
tional efficiency improvements or human error reduction. Much of the work required
to maintain ADR compliance — such as document verification, training schedule con-
trol, regulatory updates tracking, and technical requirement validation — is highly re-
petitive and based on well-defined rules. BPM enables identification of such areas and
the implementation of solutions that facilitate their partial or full automation.

The result is not only an increase in the precision and speed of operations,
but also a significant reduction in the time burden on highly qualified personnel —
ADR advisors, logistics specialists, or transport managers. Resources thus freed can
be effectively used for tasks of higher added value, which require expert competence,
systemic thinking, and analytical abilities. These include, among others: comprehen-
sive risk analyses for new categories of goods, designing and testing emergency sce-
narios, improving operational procedures, or initiating and implementing innovative
technological solutions that enhance safety. Process automation within BPM thus not
only supports regulatory compliance but also contributes to raising the overall level
of safety and operational maturity of the organization.

As mentioned in the BPM section, “BPM is based on an iterative lifecycle that
begins with the identification and prioritization of processes, then moves through
their detailed modelling — both in the current state (‘as-is’) and the target state
(‘to-be’) — and ends with the implementation of the designed solutions, monitor-
ing their effectiveness, and continuous improvement based on data and feedback”
(Gongalves, 2010: 72—73). Continuous improvement, the essence of BPM method-
ology, is therefore based on the systematic monitoring and analysis of implemented
processes — including those that are crucial in the context of ensuring compliance
with the ADR Agreement. In practice, this means implementing a range of solutions
that enable the identification of inefficiencies, measurement of results, and undertak-
ing corrective actions. The most important of these may include:

1. Use of KPIs to monitor compliance and efficiency — these indicators may

involve quantitative assessment of the quality of transport documentation,
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the frequency of incidents, the efficiency of shipment preparation, the level
of staff training, the timeliness of reporting, and the costs associated with vi-
olations. Their effectiveness depends on compliance with the SMART prin-
ciple, assuming specificity, measurability, achievability, relevance, and a de-
fined time horizon for evaluation (Ayoub, 2017: 2);

2. Continuous improvement of ADR processes supported by BPM — may be
based on analysis of data from KPIs, audits, and feedback. This allows
for the identification of areas requiring improvement and for decision-mak-
ing in accordance with the Deming cycle (PDCA: Plan-Do-Check-Act) (Plan,
Do, Check, Act (PDCA), n.d.).

3. Generating audit trails and reporting — BPM systems can automatically record
all actions, decisions, and changes in processes, creating detailed and unde-
niable audit trails; this data is invaluable during compliance checks, external
audits, and incident analyses.

Integrating BPM with risk management in the transport of dangerous goods com-
pletes the picture of this approach as a system not only supporting regulatory compli-
ance, but also actively managing operational safety. Thanks to structured process mod-
elling, the ability to modify them in response to legislative changes, and the functions
of monitoring, reporting, and data analysis — BPM enables dynamic and cyclical or-
ganizational improvement. Its application is particularly important in identifying and
mitigating risks, reducing human error, and ensuring continuous adaptation to evolving
ADR requirements. The result is a self-improving system in which process management
and risk management complement each other, leading to increased organizational ma-
turity, operational resilience, and a real increase in the level of safety in the transport
of dangerous goods.

Conclusion

This article demonstrates that Business Process Management (BPM) is a fundamen-
tal methodology supporting the implementation and maintenance of compliance with
the requirements of the ADR Agreement (Agreement concerning the International
Carriage of Dangerous Goods by Road). The analysis, based on a literature review
and practical reflection, confirms that ADR, as a body of standards and procedures,
creates a legal and operational framework that can be effectively institutionalized
within an enterprise using a process-oriented approach. BPM does not replace reg-
ulations but serves as atool for their systematic implementation, monitoring, and
continuous improvement.
The key synergies between BPM and ADR are evident in three main areas:
1. Process Automation: The implementation of BPM systems allows for the au-
tomation of routine tasks, such as document management, verification of em-
ployee qualifications, and monitoring the lifecycle of certificates. This leads



Business process management as a tool... 151

to a significant reduction in the risk of human error and an increase in opera-
tional precision and speed.

2. Modelling and Standardization: The use of notations like BPMN enables
the transparent modelling of “as-is” processes and the design of optimized
“to-be” processes. This translates into a better understanding of complex reg-
ulatory requirements by all participants in the transport chain.

3. Continuous Improvement and Risk Management: The integration of BPM
with monitoring systems (e.g., BAM) and key performance indicators (KPIs)
creates a mechanism for continuous measurement and evaluation of the ef-
fectiveness of operations. As a result, the organization can cyclically adapt its
procedures to changing regulations and operational conditions based on data.

Consequently, the application of BPM in the context of ADR not only ensures

formal compliance but also contributes to raising the enterprise’s operational matu-
rity and organizational resilience. A company that treats ADR compliance as an in-
tegral part of its business processes builds a lasting competitive advantage, strength-
ens its reputation, and minimizes costs resulting from fines, claims, and incidents.
In the long term, such integration is essential for maintaining safety, efficiency, and
sustainable development in the dynamically regulated sector of dangerous goods
transport.
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