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The Purchase-to-Pay process and its better performance is a crucial element of a company's
success in a constantly changing business environment. Therefore, companies are always
seeking new ways and technologies to enhance their operations through process
optimization. With process mining, it is possible to identify problem areas and thereby focus
on projects that genuinely add value and improve processes. An efficient Purchase-to-Pay
process helps a company achieve cost savings, save resources and improve supplier
relationships.

The objective of this study is to investigate how process mining can be utilized to measure
and improve the Purchase-to-Pay process performance of the target company. This study
develops a new model for assessing Purchase-to-Pay process performance and defines the
associated Key Performance Indicators. Furthermore, the study explores how process mining
can be applied to automation development, and it also identifies which process automation
initiatives can enhance the target company's process performance. This study was conducted
as a multi-method case study using design science methodologies. Empirical data for the
study was collected through semi-structured interviews and process mining techniques. The
data provides an understanding of the current state of the target company's Purchase-to-Pay
process and its problem areas.

As a result of the research, a framework for measuring the performance of the Purchase-to-
Pay process was developed for the target company, encompassing four different
measurement areas. Two performance Key Performance Indicators were defined for each
area to measure and improve process performance. Additionally, an automation proposal
was created to support each selected performance measurement area, thereby enabling
comprehensive improvement in the company’s Purchase-to-Pay process performance.
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Ostoprosessi on keskeinen osa yritysten menestysta ja suorituskyvyn kehittymista jatkuvasti
muuttuvassa toimintaympéristossa. Taman vuoksi yritykset pyrkivat I0ytdmaéan tapoja ja
teknologioita tehdékseen toiminnastaan tehokkaampaa prosessioptimoinnin kautta.
Prosessilouhinnan avulla on mahdollista 16ytaa prosesseista ongelmakohtia ja tata kautta
kiinnittdd huomio aidosti lisdarvoa tuottaviin kehityshankkeisiin prosessissa. Tehokkaan
ostoprosessin avulla yritys voi muun muassa saavuttaa kustannussaéstoja, sdéstaa resursseja
ja parantaa toimittajasuhteita.

Taman tutkimuksen tavoitteena on tutkia, kuinka prosessilouhintaa voidaan hyddyntaa
kohdeyrityksen ostoprosessin  suorituskyvyn —mittaamisessa sekd kehittdmisessa.
Tutkimuksessa luodaan kohdeyritykselle uusi ostoprosessin suorituskyvyn mittaamisen
malli sekd madritetd&dn siihen kuuluvat KPI mittarit. Lisdksi tutkitaan mill& tavoin
prosessilouhintaa voidaan hyddyntdd automaation kehittdmisessa ja millaisten
prosessiautomaation keinoin kohdeyrityksen suorituskykya on mahdollista parantaa.
Tutkimus on toteutettu suunnittelutieteen (engl. design science) menetelmia hyddyntavana
monimenetelmallisend tapaustutkimuksena. Tutkimuksen empiirinen aineisto on keréatty
puolistrukturoiduilla haastatteluilla sek& prosessilouhinnan tekniikoita hyodyntaen.
Empiirisen aineiston avulla on mahdollista muodostaa kéasitys kohdeyrityksen ostoprosessin
nykytilasta sekd sen ongelmakohdista.

Tutkimuksen tuloksena kohdeyritykselle luotiin ostoprosessin suorituskyvyn mittaamisen
viitekehys, joka kattaa nelj& eri mittaamisen osa-aluetta. Jokaisen mittaamisen osa-alueen
alle madritettiin kaksi suorituskyvyn avainmittaria, joiden kautta prosessin suorituskykya
mitataan ja kehitetdd&n. Tamén lisdksi kohdeyritykselle luotiin automaation ehdotus
edistdmaddn jokaista valittua suorituskyvyn mittaamisen osa-aluetta, jotta ostoprosessin
suorituskykya on mahdollista parantaa kokonaisuudessaan.
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1 Introduction

In the first chapter, the progression towards writing this thesis is outlined. This section
provides contextual details regarding the research, encompassing the research problem and
its scope, details about the case company and the industry, as well as the summary of
methodologies used in the research and data collection. The concluding subsection
additionally presents an overview of the thesis structure.

1.1 Background

In the dynamic field of modern business, organizations are constantly looking for ways to
make their operations more efficient and optimize their processes. One key area of focus in
this operation is the Purchase-to-Pay (P2P) process, which plays a critical role in the overall
performance and success of manufacturing companies. As we navigate the complexities of
the global marketplace, understanding and improving the P2P process has become more

crucial than ever. (Weele 2014a, p.3)

The significance of studying P2P process performance is emphasized by the rapidly
changing nature of customer needs, technological development and the constantly changing
economic environment. In today's competitive environment, companies are forced to
enhance their operations in order to remain agile and responsive to market changes. For this
reason, studying the complexity of the P2P process is not only timely, but also necessary for
the survival and growth of the organization. In a broader context, optimizing P2P processes
is vital for several reasons. Effective procurement has a direct impact on cost management,
supplier relationships and overall supply chain efficiency. A well-functioning P2P process
helps to reduce costs, optimize resources and improve decision-making, all of which are

important in achieving a competitive advantage. (Weele 2014a, pp. 7-10)

In this thesis, Purchase-to-Pay process performance is studied using process mining, a
cutting-edge analytical approach that has gained notability in recent years. Process mining
harnesses the power of data to reveal the complexities of business processes, providing

insights that were previously challenging to observe through traditional methods. Its
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capabilities extend beyond static analyses, offering dynamic and real-time perspectives into

how processes unfold in organizations. (Davenport & Spanyi 2019)

Incorporating process mining into process performance and automation development is
important because it can reveal hidden patterns, bottlenecks and inefficiencies during the
P2P process. By leveraging event data from information systems such as an Enterprise
Resource Planning (ERP) system, process mining provides a holistic view that allows people
to identify areas for improvement and make informed decisions. (Van der Aalst 2011) The
aim of this thesis is to find out the potential of process mining as a transformative tool to
make P2P process measurement more efficient and to provide practical insights related to
automation that can help organizations seek success in a constantly changing business

environment.

In the case company of this thesis, the P2P process has not been investigated in more detail
on the basis of fact-based data. With process mining and the fact-based data it provides, it is
possible to dive deeper to the process and define which process areas need development.
Process mining also supports case company’s future agenda related to process automation,
digitalization and advanced analytics. Automation is crucial especially in the P2P process
because it leads to increased productivity, reduced costs, improved accuracy and better
strategic decision-making, ultimately driving overall business success in purchasing
department. One important driver for this thesis is also case company’s large on-going ERP
system project where all common processes are harmonized and that way some changes are
also made to the P2P process. Through process mining and new performance measurement

practices, the case company can monitor and evaluate the implementation of new processes.

1.2 Case company and the industry

This research focuses on a large Finnish forest industry company with a global presence in
30 countries. The company operates in five distinct business areas supported by group
services. Business areas are wood supply and forest management services, wood products,
tissue papers, sawn timber and pulp, and paperboard. In 2023, the company achieved a sales
revenue of 6.1 billion euros and employed over 9000 individuals globally, with external

purchases constituting up to 60% of the revenue.
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The primary raw material for the company's products is wood, sourced from Finland,
Sweden and Baltic countries. The majority of non-wood purchases are sourced from Europe,
with a preference for local suppliers whenever feasible. An extensive logistics network is
crucial to the supply chain, facilitating the transportation of raw materials, additional needs,
and finished products. The final goods are distributed via road, rail, and sea to over 100
countries. In Finland, the forest industry is a significant employer, its share of the value of
Finland's goods exports is approximately 16 %, with pulp, paper and board contributing the

majority to the industry's overall production value (Finnish Forest Industries 2024).

As indicated by Jantunen et al. (2009), the pulp and paper industry often employs vertically
integrated production processes, operating across the entire value chain, from raw material
acquisition to customer delivery. This integration helps mitigate business risks associated
with the cyclical nature of the industry and allows for better management of influential
customers and suppliers (Jantunen et al. 2009). The case company aligns with this business
strategy, with its diverse business areas covering different parts of the value chain. Mills
operate in closed cycles, utilizing production side streams for materials or energy, and
embracing an approach where one tree can yield various product types. Industrial ecosystems

with external partners have also emerged recently.

Berg and Lingqvist (2019) predict substantial changes in the global forest-based products
industry. Despite digitalization leading to a decline in graphic paper (printing, writing and
newsprint paper) demand since 2015, the overall industry is growing. Downturn in some
product segments will drive the machine and capacity conversions into other segments, and
new bio-products such as nanofibers and composite materials are being developed at
increased pace. New innovations, such as fiber-based textiles have emerged and the case
company is also investing in wood-based new innovations. It is predicted that also
sustainability requirements will take even bigger role in the future in the forest industry.
(Berg & Lingvist 2019) In 2022 Finnish forest industry achieved a record in profitability
result but now market is facing a decline due to for example decrease of construction in
Europe, high rate of interests and cost inflation. The tightened market situation and new
efficient factory investments are also complicating the profitability of some players in the

market. (Luonnonvarakeskus 2023)

The case company (2022) acknowledges key megatrends such as urbanization, climate

change, digitalization, biodiversity loss and population growth. These trends present new
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opportunities for the forest-based products industry. Digitalization is transforming forestry
practices, simplifying forest management and transactions for owners. Environmentally
friendly, carbon-storing products made from renewable raw materials with traceable origins

are positioned to address global challenges.

1.3 Research problem and scope

Process mining is a relatively new field of science and new applications for its use are
constantly being discovered. The P2P process of the case company has been studied only to
a limited extent using the factual and up-to-date information provided by process mining.
The aim of this study is to investigate how process mining can be utilized to measure and
develop the performance of the case company’s Purchase-to-Pay process. Process mining
can identify which process steps require development so the focus of performance
measurement can be genuinely directed at areas needing attention. Based on this, the
objective of this study is to build a new performance measurement system for the case
company's P2P process. Additionally, the aim of this study is to explore how process mining
can be utilized to promote automation within the case company and which parts or steps of

the target process could be automated to promote P2P process performance.
Based on the research objectives, the main research question in this study is:

How can process mining be utilized to measure and enhance the performance of the case

company's Purchase-to-Pay process?
To answer the main research question of this study, the sub-questions are as follows:

Which areas should be used to measure the performance of the case company's Purchase-

to-Pay process?

Which metrics should be used to measure the performance of the case company's

Purchase-to-Pay process?

How can process mining be utilized to develop the automation of a case company's

Purchase-to-Pay process?

Which parts in the case company's Purchase-to-Pay process could be automated to

improve process performance?
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This study investigates how the P2P process of the case company should be measured and
what kind of metrics should be implemented based on the findings from process mining and
other empirical data. Additionally, the research focuses on developing the case company's
process automation through process mining to enhance process performance via automation.
As a result of this thesis, a proposal is created for the case company based on the collected
data, identifying the areas and metrics to measure the performance of the P2P process.
Furthermore, the case company will be provided with recommendations on the possibilities
of process mining in developing automation and on which process steps or parts should be
sensibly automated in the target process. The results of this study can contribute to larger
audience by providing insight into the use of process mining in P2P process when developing

process performance and automation.

This thesis have limitations related to process definition, process performance measurement
and data. Thesis is limited to case company’s Purchase-to-Pay process which begins with
purchase requisition, proceeds with purchase order and ends with payment. Case company’s
P2P process and it’s concept is explained more detailed in paragraph 2.1. Additionally, this
study focuses on measuring P2P process performance, meaning factors that the case
company can influence directly. For this reason, aspects such as measuring supplier
performance have been excluded from this study, as the case company has a separate process
for evaluating supplier performance. Process performance measurement is a broad term, but
in this study, it is limited to examining the measurement areas and defining KP1 metrics for
the target process of this thesis. The last limitation is related to data where P2P process data
used for process mining analysis is from the beginning of year 2023 and data is extracted
only from case company’s new ERP system while this work focuses on case company’s new

definition of P2P process based on harmonized processes.

1.4 Research methods and data collection

Research methods are the concrete techniques and procedures used to approach the research
topic and address the research questions. They encompass data collection and various
analytical methods. (Puusa et al. 2020) Unlike research strategy, research methods are a
more limited concept, as they focus on the execution of the research and do not include

broader research frameworks. (Hirsjarvi et al. 2007, p. 128)
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In this master's thesis, the research approach employed is design science, aimed at solving
practical problems rather than generating explanatory theoretical knowledge. The focus of
design science is on creating an artifact that addresses a real-world issue. (Aken 2004;
Holmstrom et al. 2009) This study is conducted as a single case study, a method often used
when contextual factors are crucial to the phenomenon under investigation (Yin 2003, p.14).

In this study, literature review provides a theoretical foundation, while semi-structured
interviews and process mining techniques were the primary methods for empirical data
collection. Secondary data, such as purchasing guidelines and KPI reports, were also
utilized. Semi-structured interviews allowed for the collection of qualitative data, offering
detailed insights into the P2P process and its performance within the case company.
Interviews were conducted with a purposive sampling of knowledgeable personnel,
including buyers, managers, and process specialists. Quantitative data were collected
through process mining using QPR ProcessAnalyzer, which analyzes event logs from the
case company's ERP system. Combining qualitative and quantitative methods provides a
robust approach, leveraging their respective strengths. Qualitative insights from interviews
contextualize quantitative process mining results, offering a framework for explanation. This
integrated approach enhances the understanding of P2P process performance, revealing
patterns, bottlenecks, and inefficiencies. It also increases the validity and reliability of the
study findings. The methodological choices of this research and the handling of the collected

empirical data are described in more detail in Chapter 4 of this thesis.

1.5 Structure of the thesis

This study consists of seven main chapters, with the first being the introduction. The
introduction presents the background, research problem and objectives, and the scope of the
study. Additionally, the introduction provides a brief overview of the research methods and

process.

The second and third chapters form the theoretical foundation of this study. The second
chapter addresses the theory of P2P process performance and it covers the most important
theories related to this research in terms of process definition, the importance of performance
measurement, measurement frameworks and the technologies utilized. The purpose of this

chapter is to clarify for the reader how performance is measured in the P2P process and what
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the current best practices are in organizations. The third chapter deals with the theory of
process mining, including its definition, techniques and applications. The goal of this chapter
is to explain the basis of process mining, its use cases and how it can be specifically utilized

in the P2P process.

The fourth chapter of this work discusses the research methods, research strategy, schedule,
and quality of this study. It provides the understanding of how this research was conducted,
how the research data was collected and how it was analyzed. Additionally, it outlines the
timeline of this study and assesses its reliability and validity within the current research field.

The fifth chapter presents the findings of this study. It delves into the process organization
of the case company and examines the target process of this work in detail. The chapter
analyzes the collected research data based on conducted interviews and process mining data

to present the research findings.

In the sixth chapter, a proposal is formulated for the case company based on the research
findings. This chapter develops a new performance measurement framework for the case
company and defines the KPIs to be used in the P2P process. Additionally, it provides a

proposal for developing process automation for the case company.

The final chapter of the study summarizes the key results, answers the research gquestions of
this thesis. It considers potential future research topics related to this thesis and reviews the
research findings critically. Also, the theoretical and practical implications are discussed in
the chapter. The structure of this study and the inputs and outputs of the chapters are

summarized in Table 1.

Table 1. Structure of the thesis

Research problem and questions,
1. Introduction methods, limitations, and structure of
the thesis.

Background and general information
about the thesis.

Theory about P2P process

. Understanding the target process of the
performance measurement, focusing

thesis, examining how process

on process performance. Definition 2. Purchase-to-Pay .
performance is measured, and
of the P2P process and an process performance - ;
. . ; exploring emerging trends and case
introduction to different measurement

studies related to process mining and

measurement frameworks, emerging automation

trends, and implemented case studies.
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- Understanding of process mining and
The theory about process mining, . . .
. - - - its techniques, data extraction and how
different process mining techniques 3. Process mining o .
A process mining can be used in the
and applications.

context of P2P process development.

Explanation of the methodological

The theory on the various methods 4. Research choices n this research, |nclud|n_g an
. understanding of how and what kind of
that can be used in research. methodology data was collected and how it was
analyzed.

Understanding the current state of the
Interview & process mining data. 5. Findings case company’s P2P process based on

the interviews and process mining data.

Recommended solution for the case
. . company in the research scope. New
Theory, literature and all empirical 6. Recom_mended P2P process performance measurement
data gathered. solution - .
framework defined and automation
development suggestion explained.

All thesis information. 7. Conclusions Answers to the resegrch questions.
Summary and conclusions of the thesis.
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2 Purchase-to-Pay process performance measurement

This chapter addresses the measurement of performance in the P2P process. Performance
measurement is examined from both the perspective of process performance and purchasing
performance. The chapter defines the target process of this study and in accordance with the
scope of the study, focuses on KPI metrics and process automation. Additionally, the chapter
discusses the challenges of performance measurement, as well as emerging technologies and
best practices in organizations.

2.1 Definitions

Purchasing refers to the acquisition of goods and services from external suppliers and it is a
critical aspect of business operations. Purchasing processes are increasingly complex due to
the array of features it offers, meaning collaboration among various departments within an
organization to achieve the ultimate goal successfully. (Abolbashari et al. 2018; lloranta &
Pajunen-Muhonen 2015, p. 15) According to Van Weele (20144, p. 3) purchasing processes
involve overseeing an organization's external resources to ensure that all essential goods,
services, capabilities, and knowledge required for operations are obtained. This includes
maintaining and managing the organization's primary and support functions under the most
advantageous conditions. Effective supply chain management plays a key role in gaining a
competitive advantage within organizations and purchasing is pivotal in shaping and
building competitive advantage because it is a part of the supply chain processes. (Gustin et
al. 1997).

In literature procurement, purchasing, and sourcing are terms often used interchangeably,
but they refer to different areas within supply chain management. Sourcing involves
selecting and managing suppliers as well as tendering and negotiating contracts ensuring
quality and cost-effectiveness. (Shuler 2021; Van Weele 2014a, p. 8) Purchasing focuses on
transactional elements such as buying products and managing payments within the
procurement process. Procurement encompasses purchasing and sourcing but extends
further, including various stages such as long-term and strategic planning, procurement data

analysis, and master data maintenance. These terms have differences which understanding
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is crucial for effective supply chain management. Efficient procurement processes tailored
to the organization's needs and continually improved are important for business growth.
(Van Weele 2014a, p. 8)

Procurement activities can be organized in various ways inside organizations, and a common
approach to describe these functions is through processes. When discussing purchasing
activities, a frequently used term is the Purchase-to-Pay process which is a complete
purchase system for businesses from the purchase of goods to supplier payment (Banton
2023). In this thesis, purchasing is the overarching concept for purchasing activities, and the
P2P process refers to the system by which purchasing activities are organized within
organizations. In literature, the terms purchasing process and Procure-to-Pay process are
employed to describe the same process (Biedron 2024a). This thesis is limited to the P2P
process of the target company, which is why this chapter focuses completely on measuring

the performance of the P2P process rather than the entire procurement performance.

The P2P process can vary depending on the organization and there are different definitions
for its steps found in the literature as well. According to Banton (2023), the key steps of the
P2P process include creating a purchase requisition, placing a purchase order, invoicing and
payment. Babb (2024) states that P2P is a systematic process that encompasses receiving
goods or services and making payments. It connects purchasing department and accounts
payable (AP) department and is crucial process for organizations from the financial point of
view. According to Babb (2024) and Biedron (2024a) the selection of a supplier is an
important part of the P2P process. Several factors influence the selection of a supplier for a
purchase order, such as supplier quality, product or service price, delivery schedule and
sustainability. Purchases should primarily be directed towards contracted suppliers to

enhance collaboration and supplier relationships.

Because this thesis is limited to the P2P process of the target company, the definition of the
process used in this work aligns accordingly. The stages of the P2P process in the target
company include purchase requisition (PR) creation, purchase requisition approval,
purchase order (PO) creation, order confirmation (OC), goods receipt (GR), invoice review

& approval and payment. Different steps of the case company’s Purchase-to-Pay process can

be seen in Figure 1.
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Figure 1. Purchase-to-Pay process steps

The P2P process begins with the creation of a purchase requisition within the system, where
the user identifies the need for the item or service to be purchased. The requisition includes
details such as item details, order quantities, preferred supplier, contract, cost allocation and
delivery date. After purchase requisition saving, it goes for approval based on defined logic,
typically by the owner of the cost center or the plant manager. Upon approval, the purchase
requisition is forwarded to the buyer for processing, who then generates a purchase order
from it and adds necessary details or specifications such as prices, validity periods and other
order conditions. Simultaneously, the order is sent to the supplier, and the buyer is
responsible for monitoring the order and communicating with the supplier. Order
confirmation assists in tracking orders and ensuring delivery dates, so it is requested from as
many suppliers as possible. Upon delivery of the goods or completion of services, the
receiving department conducts a goods receipt to confirm that the items match the details in
the PO and are in acceptable condition. Then the supplier sends an invoice to the
organization, detailing the billing amount, payment terms, and references to the
corresponding PO and goods receipt. Accounts payable verifies the invoice against the PO
and goods receipt before processing it for payment. After invoice verification and approval,
the accounts payable department initiates payment through methods such as electronic funds
transfer or checks. Once payment is made, the transaction is recorded in the organization's
accounting system. Effective documentation and collaboration are crucial throughout the

process to ensure compliance and efficiency.

In the target company of this thesis, the P2P process extends to two different process areas:
purchasing and accounts payable. These process areas are located under different units, so
the development of the entire P2P process must be done in collaboration with the other

process area.
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2.2 Purpose of performance measurement in the P2P process

Measuring performance is crucial for organizations for several reasons. Firstly, it provides a
clear understanding of how well the organization is achieving its set goals, enabling data-
driven decision-making. Measuring performance also allows for identifying strengths and
weaknesses in processes, facilitating improvements. Additionally, it helps evaluate the
effectiveness of strategies and initiatives within the organization, at the same time guiding
future planning. Performance measurement promotes transparency and a culture of
continuous improvement, contributing to the organization's success. Without effective
performance measurement, organizations may operate blindly, unable to optimize their
resources or realize their full potential in today's competitive environment. (Bitici et al. 2000;
Behn 2003) In the context of the P2P process, performance measurement plays a significant
role in mitigating risks associated with supply chain disruptions and non-compliance issues.
P2P process performance measurement give also insights of supplier performance and it
makes possible to improve supplier relationships. P2P process performance is central to
supply chain efficiency and thus competitive advantage so therefore measuring and
managing performance are crucial to achieving effective purchasing and supply chain
management within organizations. (Bitici et al. 2000) According to Franco-Santos et al.
(2012) process performance measurement has five different purposes which are compiled in

Table 2 and explained more detail in the following paragraphs.

Table 2. Five different purposes of process performance measurement

Strategic Strategic management involves planning, strategic development and
management  execution, ensuring alignment with organizational goals.

Performance  Performance measurement includes the role of monitoring progress and
measurement  evaluating performance.

Communication consists of internal and external communication.,

Communication . .
benchmarking and compliance related to performance measurement.

Influence Influence behaviour involves rewarding, compensating behaviour,
behaviour managing relationships and control.

Learning and
improving
business

Learning and improving business encompasses the roles of feedback.
double-loop learning and performance improvement.
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Strategic management underscores the pivotal role of the P2P process management within
an organization's strategic framework. It emphasizes the need for specific purchasing
measures to align with corporate strategy, thereby reflecting corporate objectives and
facilitating the assessment of purchasing contributions towards strategic goals (Pohl & Forstl
2011). In practice, most performance measurement frameworks, including the Balanced
Scorecard, incorporate a strategic link. Gonzalez-Benito (2007) emphasizes that strategically
aligning purchasing with the company's overall strategy is crucial for enhancing P2P process
competence and optimizing its strategic, operational and tactical dimensions. Furthermore,
this alignment helps internal stakeholders recognize purchasing as a strategic, value-adding
function and hold accountable for meeting strategic goals (Pohl & Forstl 2011). Figure 2
illustrates the hierarchical flow of performance measures, underscoring the essential role of

strategic alignment in ensuring consistency with the organization's overarching strategy.

Organization
strategy

Purchasing
strategy

Purchasing
objectives
Performance
measures

Figure 2. Flow of performance measures and strategic alignment (adapted from Cousins et al. 2008)

Desired level of strategic alignment

»
>

The purpose of performance measurement highlights the importance of utilizing
performance measurement data in monitoring operations (Franco-Santos et al. 2012).
Creating a performance measurement system that genuinely enhances performance remains
a key challenge, requiring constant evolution of purchasing practices and performance
determinants to adapt to market changes and encompass both internal and external
dimensions. (Pohl & Forstl 2011) Moreover, performance measurement plays a key role in

justifying development projects and their costs, enabling managers to formulate better
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models to support proposals for additional investments or development needs by linking

strategies, metrics and outlier results. (Franceschini et al. 2007, p. 111)

Communication emphasizes increasing importance of information sharing and
accountability for performance measurement results (Franco-Santos et al. 2012). Bourne
(2005) has observed that highly proficient business units tend to leverage measurement-
generated information more actively and strategically compared to less successful
counterparts. Purchasing performance measurement should be treated as a strategic
operation within the company, and its mission should be communicated to employees at a
strategic level within the organization. Regarding the external dimension, actions concerning
suppliers should be communicated both internally and externally to increase transparency
within the company's supply base and to better utilize data in supplier development
initiatives to enhance reliability of delivery and quality for example. (Pohl & Forstl 2011)

Influence behaviour relates to the behavioural aspects of performance management. By
measuring the performance of buyers or purchasing teams, managers have the capacity to
inspire staff to align their purchasing actions with the organization's objectives. (Franco-
Santos et al. 2012) This requires the cascading of purchasing objectives to regional, category,
and buyer levels, coupled with the implementation of reward mechanisms to incentivize the
adoption of suitable processes and methods. Therefore, purchasing objectives should be
closely linked to employees' performance reward systems to increase their contribution to
the organization's success. (Pohl & Foérstl 2011)

The importance of learning and improving business emphasizes the necessity for process
performance systems to continually adapt to dynamic environments. This includes
evaluating how effective purchasing practices are in supporting the organization's strategy.
(Franco-Santos et al. 2012). This iterative process of performance measurement fosters
continuous improvement, essential for assessing the suitability of chosen purchasing
practices and strategy implementation (Pohl & Forstl 2011). Overall, effective P2P process
performance management translates strategic objectives into measurable purchasing
practices and development projects, integrating both internal and external dimensions
through manageable metrics and reward mechanisms to ensure ongoing enhancement. These
goals are often translated into process performance measurement frameworks, which will be

discussed in the next chapter.
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2.3 P2P process performance measurement frameworks and Key Performance

Indicators

The framework prevailing in determining purchasing performance was established by Weele
in 1984. In Weele's framework, purchasing performance is delineated into two core
dimensions: purchasing efficiency and purchasing effectiveness (Weele 1984).
Effectiveness, as outlined by Weele (2014b), apply to the alignment between planned actions
and achieved objectives, representing the relationship between intended and realized
performance. Weele elaborates that purchasing efficiency can alternatively be
conceptualized as the proportion of planned versus actual resources expended to attain a
predetermined objective. Weele’s definition underscores how purchasing performance is
intricately linked to the resources necessary for goal achievement. Together, these
dimensions enclose purchasing performance, measuring the procurement function's ability

to attain predetermined objectives while minimizing resource utilization. (Weele 2014b)

A Key Performance Indicator (KPI) is a quantifiable metric that indicates how well an
organization is meeting its primary business goals. Organizations employ KPIs at various
levels to assess their success in achieving targets. High-level KPIs typically gauge the overall
performance of the business, while low-level KPIs focus on specific processes within
departments like purchasing or sales. (Twin 2024) KPIs are utilized to assess the
effectiveness and efficiency of process performance. It is essential that KPIs are quantifiable,
measurable and adaptable to different formats. For obtaining a comprehensive view of
process performance, metrics should evaluate different areas, such as finance, quality or
time. Additionally, given the dynamic nature of the process environment, regular evaluation
and adjustment of KPIs is necessary to maintain their relevance. (Wieland et al. 2015; Twin
2024) Wieland et al. (2015) argue that performance indicators must be defined on a process-
specific basis because each process has unique input and output values. Additionally, it is
important to link the selected metrics to process steps, enabling better traceability within the

process.

According to Caniato et al. (2014), purchasing performance should be measured through six
different categories, which include cost, time, quality, flexibility, innovation and
sustainability. The study also emphasizes that purchasing performance involves assessing

the effectiveness and efficiency of internal processes as well as the performance delivered
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by suppliers. Through this, the company's performance is formed as a whole. These factors
form the basis for creating a KPI framework for organization (Figure 3). Canniato et al.
(2014) propose that distinct categories of KPIs should be assessed across various levels: 1)
evaluating purchasing performance to measure the overall satisfaction of internal customers,
2) assessing internal processes to qualify the efficiency and effectiveness of internal
purchasing operations, and 3) appraising suppliers' performance to evaluate their

contribution to organizational objectives.

Company performance

Purchasing performance

Internal
Processes

| ETE
Sustainability m Sustainability

Figure 3. Purchasing KPI tree (adapted from Caniato et al. 2014)

The literature establishes a strong connection between purchasing performance and supplier
performance. Supplier performance is critical from a purchasing performance perspective as
it directly influences the quality and reliability of the goods or services acquired. Effective
supplier performance ensures timely delivery, cost efficiency and overall satisfaction with
the P2P process. Choosing and developing suppliers helps achieve purchasing objectives of
the organization which impacts the organization's competitive position in the market. (Goffin
et al. 2006; Hsu et al. 2006) The target company of this study has its own process for
measuring supplier performance so therefore it is excluded from the examination of
purchasing performance in this thesis.

The primary focus of this study is to assess the performance of the P2P process. Therefore,
the literature should be also examined from the perspective of measuring process

performance and not only from purchasing or P2P process performance perspective.
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Frameworks for measuring process performance can be found in literature and the most

common ones are presented next.
Devil’s quadrangle

The Devil’s quadrangle represents a well-known framework for evaluating process
performance, first introduced by Brand and Kolk in 1995. It addresses the trade-offs inherent
in different performance dimensions. According to this framework, process performance is
assessed along four axes: time, cost, quality and flexibility. A higher value along these axes
indicates better performance in the corresponding dimension. Therefore, in terms of time
and costs, a higher value signifies improved time efficiency and cost efficiency. On the other
hand, regarding flexibility and quality, a higher value indicates increased flexibility and great
quality in the process. (Ingh 2016, pp. 11-12). Example of Devil’s quadrangle can be seen
in Figure 4.

Moderate quality

F 3

Low costs Short throughput time

High flexibility

Figure 4. Example of Devil's quadrangle

Time is considered a crucial performance measure and competitive advantage. It can be
analyzed through lead time and throughput time, encompassing service time, queue time,
wait time, move time and setup time. Cost is closely associated with time, including expenses
incurred during activities within and outside processes. These costs relate to manual and
machine workforce, quality issues and process flexibility, where an inflexible process leads
to higher costs. Specific cost categories include operating, inventory, transportation,

administrative and resource utilization costs. Quality is viewed externally by customer
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perception and internally within the company, and it’s gauged by customer satisfaction and
workflow quality. Flexibility pertains to a process's ability to adapt to changes, categorized
into mix, workforce, routing, volume and process modification flexibility. (Brand & Kolk
1995; Jansen-Vullers et al. 2008)

In the quadrangle framework, the challenge arises from the inherent impossibility of
maximizing all four performance dimensions simultaneously. Consequently, a company
must decide which dimension to prioritize for maximization and where compromises can be
made. Achieving improvements across all dimensions is only feasible by expanding the
overall surface area. (Brand & Kolk 1995)

Process Performance Measurement System (PPMS)

PPMS was introduced by Kueng (2000) and it addresses the inadequacies of existing
performance measurement systems, which fail to integrate business process improvement
and measurement effectively. Kueng argues that these systems often overlook non-financial
measures, prompting the proposal of PPMS. (Kueng 2000) Process Performance
Measurement System is a specialized type of performance measurement system designed
for process-oriented organizations. It systematically gathers, analyzes, and visualizes data
on process performance to support decision-making and continuous optimization. PPMS
integrates principles from business process management (BPM) and business performance
measurement to provide insights into process efficiency and effectiveness. The primary
objective of a PPMS is to provide thorough and current information on the performance of
business processes. This data fulfills several roles, such as conveying process goals and
current performance to the process team, as well as enhancing resource allocation and
optimizing process output in both quantity and quality, providing early warning signals,
diagnosing weaknesses within business processes, determining the need for corrective

actions and evaluating the effectiveness of implemented measures. (Glavan 2011)

The selection and validation of performance indicators against the requirements, along with
ensuring their acceptance, are crucial steps. Establishing a shared goal or direction among
process teams is equally important. Although compiling a list of relevant performance
indicators is time-consuming, it ultimately leads to improved outcomes. Simplifying data
collection for these indicators, such as through a dashboard within an information system, is

advisable. It's worth noting that PPMS alone does not drive performance improvement; its
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effectiveness lies in its combination with social transformation, offering significant potential

for enhancement. (Kueng 2000)
Other process performance frameworks

According to Simsek (2024a) the process performance should be monitored via four
different aspects: process effectiveness, process efficiency, process cycle time and process
compliance. Process effectiveness is evaluated based on the delivery of qualified services or
products that meet customer expectations. Examples of effectiveness KPIs in process
performance measurement encompass quality, error rate, customer satisfaction, and
conversion rate. Efficiency KPIs focus on resource allocation, utilization, and the
elimination of non-value-added activities, including metrics like cost, resource efficiency,
and return on investment. Process cycle time measures the duration required to complete
tasks and includes metrics such as total lead time, value-added time and turnaround time.
Process compliance ensures adherence to internal procedures and external regulations.
Compliance KPIs include metrics such as risk mitigation timeframe, average time to resolve

issues, and environmental, social and governance performance. (Simsek 2024a)

2.4 Challenges

Measuring the performance of the P2P process is critical for organizations seeking to
optimize their purchasing activities, reduce costs and enhance overall efficiency. However,
this effort is fraught with several challenges and limitations. One of the primary challenges
in measuring P2P process performance is the availability of relevant data. Often,
organizations struggle with incomplete or fragmented data sets, making it difficult to get a
comprehensive view of the P2P process. This issue can become bigger by data being spread
across different systems that do not communicate well with each other and by inconsistent
data formats and definitions across departments, which delay data consolidation. (Milroy
2021; Loges 2021) Even when data is available, ensuring its accuracy is another significant
hurdle. Inaccurate data can lead to erroneous conclusions and misguided strategies. Human
error in manual data entry, outdated information that is not regularly updated, and duplicate
entries that complicate metrics and analyses are common factors contributing to data
inaccuracy. (Hagiu & Wright 2020)
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Selecting the right metrics to measure performance is crucial, yet challenging. Metrics need
to be relevant, actionable, and aligned with organizational goals. However, there can be an
overemphasis on cost reduction, neglecting other important aspects like quality and supplier
relationships. Many traditional metrics are historical and do not provide real-time insights,
limiting their utility for proactive decision-making. Additionally, too many metrics can

overwhelm and distract from key performance indicators. (Holliday 2021; Tyson 2017)

Implementing new measurement systems and processes often encounters resistance within
the organization. This resistance can stem from cultural barriers, as employees accustomed
to existing processes may be unwilling to adopt new practices. There may also be a fear of
accountability, as enhanced measurement can increase transparency, which some employees
might view as threatening. Moreover, new systems require training, which can require

significant time and resources. (Malik 2021; Lindsay et al. 2018)

Integrating new performance measurement tools with existing enterprise systems can be
technically challenging and costly. Ensuring new tools are compatible with legacy systems,
moving data from old systems to new ones without loss or corruption and tailoring new
systems to fit the specific needs of the organization can be complex. Measuring the
performance of the P2P process effectively often necessitates collaboration across various
functional areas within an organization, such as finance, operations, and IT. Misalignment
or lack of communication between these areas can hinder the development and
implementation of comprehensive performance metrics. Promoting cross-functional
collaboration and ensuring all relevant stakeholders are involved is crucial. (Milroy 2021;
Giovannoni & Maraghini 2013)

2.5 Emerging trends and technologies

The measurement of P2P process performance is undergoing significant changes due to the
arrival of various emerging trends and technologies. Key among these are advanced
analytics, artificial intelligence (Al), robotic process automation (RPA), digital twins,
control towers, low-code platforms and process mining. This chapter delves into how these
technologies are revolutionizing the P2P process, enhancing efficiency, accuracy and
strategic insight. The chapter focuses on process mining and its possibilities due to the

objectives of this research.
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Advanced Analytics and Artificial Intelligence (Al)

Advanced analytics and Al are revolutionizing how organizations manage their P2P
processes. These technologies provide predictive insights by analyzing large volumes of data
to identify patterns and trends. For instance, Al algorithms can predict disruptions in the
value chain and recommend alternative strategies, helping organizations to mitigate risks
and optimize their P2P processes. Advanced analytics enable more precise demand
forecasting, supplier performance evaluation, and cost analysis, thereby improving overall
decision-making. (KPMG 2024; Kumar et al. 2023)

Robotic Process Automation (RPA)

RPA is another critical technology reshaping P2P process performance measurement. It
automates routine and repetitive tasks such as invoice processing, order confirmations, and
data reconciliation. By doing so, RPA reduces the likelihood of human error, speeds up
transaction processing times and frees up human resources to other tasks. This automation
leads to increased efficiency and accuracy in the P2P process. (Karttunen et al. 2023) The
target company of this study is using RPA technology for order confirmation processing in

the P2P process which is one of the process steps that require the most manual work.
Digital Twins and Control Towers

Technologies such as digital twins and control towers are also playing a significant role in
improving transparency and visibility in the P2P process. Digital twins create a virtual
replica of the supply chain, enabling organizations to simulate and analyze different
scenarios to optimize performance. Control towers offer real-time visibility across the entire
supply chain, aiding in the quick identification and resolution of issues. These tools enhance
business process resilience and improve the ability to meet regulatory requirements and
manage risks effectively. (KPMG 2024)

Low-Code Platforms

Low-code platforms are transforming how organizations develop and deploy applications
for business process management. These platforms allow business users with minimal
technical expertise to create and implement applications quickly, facilitating rapid response

to market changes and disruptive events. Low-code platforms streamline business processes
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by integrating disparate systems and automating workflows, thereby enhancing agility and

reducing the time and cost associated with traditional software development. (KPMG 2024)
Process Mining

Process mining techniques are particularly valuable for providing a comprehensive view of
actual P2P process. By analyzing event logs from enterprise systems, process mining tools
can visualize the flow of P2P activities, identify inefficiencies and bottlenecks. This process
analysis technique helps organizations understand where deviations from standard
procedures occur and implement targeted improvements. The ability to continuously
monitor and analyze processes in real-time enhances the accuracy and effectiveness of
performance measurement, leading to more informed decision-making and continuous
process optimization. (KPMG 2024; Karttunen et al. 2023) Process mining and its

techniques are explained in more detail in chapter three in this study.

Kubrak et al. (2022) and Simsek (2024a) highlight that process mining is a useful tool for
process performance measurement. Process mining automates the estimation of process
performance factors and compares them with the ideal process model to assess effectiveness.
It reveals resource and time wastage to improve efficiency but also helps predict potential
problems in process such as delays. With process mining it is possible to identify compliance
issues and it offers root cause analysis capabilities to address them. The integration of
process mining with traditional performance measurement approaches offers significant
advantages by visualizing the end-to-end P2P process and identifying deviations from
standard processes. This integration facilitates continuous monitoring and improvement of
the P2P process, making it a powerful tool for organizations looking to optimize their

purchasing performance. (Kubrak et al. 2022; Simsek 2024a)

Process mining can be integrated with technologies like RPA and Al which substantially
improves the efficiency and effectiveness of P2P processes. By leveraging data-driven
insights from process mining, organizations can pinpoint inefficiencies and bottlenecks,
which are crucial for optimizing automation strategies and targeting the most impactful
areas. This integration ensures that automated processes are not only effective but also
continuously refined for maximum benefit. For instance, insights from process mining can
inform RPA implementations by identifying specific tasks that are repetitive and time-

consuming, making them ideal candidates for automation. This targeted approach ensures
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that RPA deployment yields maximum efficiency gains and resource savings. Additionally,
process mining can continuously monitor the performance of these automated tasks,
providing real-time feedback and facilitating ongoing optimization. (IBM 2024; Nizinski
2024) Integrating Al with process mining further enhances predictive capabilities and
decision-making. Al algorithms can analyze historical process data to predict future trends
and outcomes, allowing P2P process teams to proactively address potential issues. Al can
also assist in anomaly detection, identifying irregular patterns that might indicate fraud or
compliance risks. (Detwiler 2023; Williams 2021) The synergy between process mining,
RPA, and Al creates a robust framework for continuous improvement. This integration not
only streamlines the P2P process but also promotes a culture of data-driven decision-making
and strategic optimization, ultimately leading to increased productivity and reduced
operational costs. (IBM 2024; Nizinski 2024)

The integration of these technologies into P2P process performance measurement is enabling
organizations to achieve higher levels of efficiency, accuracy and strategic insight. Together,
these technologies are driving significant improvements in the performance measurement
and optimization of P2P processes. (KPMG 2024; Karttunen et al. 2023; Kumar et al. 2023)

2.6 Automation

Automating the P2P process can yield significant efficiency and cost-saving benefits for
organizations by streamlining various steps, reducing manual intervention and errors and
enhancing overall productivity. Automation can provide valuable insights through data
analytics, allowing organizations to make informed purchasing decisions and optimize their
process management. It also enhances transparency and accountability in procurement
processes, fostering a more efficient and effective operational environment. (Flechsig et al.
2022; Martinis 2024)

P2P process automation can be implemented in different process stages and there are many
ways to conduct automation in practice. Automating approval workflows accelerates the
approval process for purchase requests and invoices. Customized workflows can be set up
to route documents to the appropriate approvers based on predefined rules, ensuring that
approvals are obtained quickly and efficiently. This reduces the time spent on manual

approval processes and eliminates the risk of unauthorized spending. (Barnum 2024; Kumar
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2023) API integration enables real-time connectivity between a company's procurement
system and its suppliers’ systems. This integration allows for instant transmission of
purchase orders, order confirmations, shipment notifications and invoices. When a purchase
order is generated, it can be sent directly to the supplier through the API, eliminating the
need for manual entry and reducing the risk of errors. Suppliers can acknowledge orders,
confirm availability and provide estimated delivery times immediately. This real-time
interaction not only speeds up the procurement process but also enhances transparency and
collaboration between businesses and their suppliers. (Overvest 2024) Another critical
aspect of automation in the P2P process is the use of automated purchase orders based on
predefined terms. Companies can maintain a comprehensive price list for frequently
purchased items, which includes negotiated prices, terms and conditions agreed upon with
suppliers. When a purchasing need arises, the system can automatically generate a purchase
order by selecting the appropriate items from the price list, ensuring compliance with
negotiated terms. This not only streamlines the ordering process but also ensures that the
organization consistently benefits from the best possible pricing without the need for manual
intervention. (Kalra 2023) Automating invoice processing can significantly reduce the time
and effort required to handle invoices. Through technologies like Optical Character
Recognition (OCR) and machine learning, invoices can be scanned, read and automatically
matched with corresponding purchase orders and goods receipts. This three-way matching
process ensures that discrepancies are identified and resolved promptly, leading to faster,

more accurate payments. (Katrych 2023)

The implementation of P2P process automation can lead to significant cost savings.
According to Biedron (2024b) the cost of processing a single PO can range from 45€ to 90€
when done manually. Automation can reduce this cost by up to 80%, primarily by decreasing
the time and labor involved in manual processing. Additionally, automated P2P processes
can enhance cash flow management and capitalize on early payment discounts offered by

suppliers to further enhance savings. (Biedron 2024b)

Deciding which steps to automate within the P2P process involves a thorough analysis of
current workflows to identify bottlenecks and areas with high manual intervention.
Typically, steps involving repetitive tasks, high volumes of transactions, and critical
approval points are prime candidates for automation. For example, if a significant amount

of time is spent on manual data entry for invoice processing, automating this step can yield
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immediate benefits. Similarly, automating the approval process can reduce delays and ensure
compliance with company policies. Tools like process mining can be particularly useful for
automation as they provide insights into the actual workflow, helping identify which parts

are best suited for automation based on data-driven criteria. (Dunaj 2023; Wang 2020)

Automation in the P2P process is enabled by various technologies and systems. ERP systems
play a pivotal role, providing a centralized platform for managing procurement, finance and
other business functions. These systems often come with built-in automation capabilities or
can be integrated with specialized purchasing automation solutions. As discussed before, the
technologies like robotic RPA or process mining can be employed to automate specific tasks
within the P2P process, such as data extraction and entry. (Flechsig et al. 2022; Wang 2020)
Al and machine learning are increasingly being integrated into P2P automation solutions,
bringing a higher level of sophistication and intelligence. Al-powered chatbots and virtual
assistants can handle supplier inquiries, purchase requisitions and even predict purchasing
needs based on historical data and trends. Al and machine learning algorithms can also
predict invoice anomalies, helping to detect fraud or errors before they impact the business.
Machine learning algorithms can process large volumes of data to detect patterns and
anomalies, facilitating proactive fraud detection and risk management. (Ahmad Husairi &
Rossi 2024; Paramita 2024)

2.7 Best practices and case studies implemented in organizations

Several organizations have successfully implemented performance measurement strategies
in their P2P processes, demonstrating the practical benefits of these advanced technologies.
For instance, Vodafone integrated advanced analytics and RPA, leading to a reduction in
manual processing time and increased accuracy in order processing (UiPath 2024). Siemens
used process mining to analyze their P2P process addressing critical issues like lack of
transparency, manual inefficiencies, and low automation in their P2P processes. Targeting
operations in the Asia region, the project aimed to develop an as-is process mapping to
identify irregularities, rework areas, and automation potential. Key metrics before
intervention included 48,000 annual process activities, a throughput time of 74 days, a
rework rate of 13% and an automation rate of 12%. The process mining initiative provided

detailed insights, leading to significant improvements: throughput time was reduced from 75
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to 66 days, the rework rate decreased from 13% to 10% and the automation rate increased
from 12% to 21%. The outcomes of this project included enhanced transparency for
management and process experts, identification and elimination of inefficiencies and a
clearer path for further automation. These changes resulted in optimized processes, better
compliance and substantial cost and time savings. The case demonstrates how leveraging
process mining can provide actionable insights, streamline operations and significantly boost
efficiency and automation in business processes. (Siemens 2024) These examples highlight
the importance of a tailored approach that combines different methodologies and

technologies to achieve optimal results. (Kumar et al. 2023)

Effective P2P process performance measurement involves several best practices, including
aligning performance metrics with organizational goals, leveraging technology for data
collection and analysis, fostering collaboration between departments and implementing
continuous monitoring and feedback loops. Ensuring that performance metrics align with
organizational goals drives meaningful improvements. Utilizing advanced technologies such
as process mining, RPA, and Al enhances accuracy and efficiency. Collaboration between
the purchasing department and other departments ensures a holistic approach to performance
measurement and process improvement. Continuous monitoring and feedback enable regular
assessment of performance and identification of areas for further optimization (KPMG 2024;
Kumar et al. 2023)



37

3 Process mining

This chapter provides the theoretical foundation for process mining, clarifying its definition,
potential applications and its role in generating value within the business sector. The first
subchapter provides background on process mining and its emergence as a research field.
Then the concept of event logs is introduced, along with the key components and techniques
of process mining and various process mining tools. Then associated data sources are
discussed. Finally, this chapter concludes the potential applications of process mining within

the context of P2P process which is the target process of this thesis.

3.1 Background of process mining

Process mining is relatively new research area and it has been described as a link between
business process management and data mining. Data mining involves extracting useful
patterns or knowledge from large datasets and business process development on the other
hand focuses on improving organizational processes by analysing, modelling, implementing,
monitoring and optimizing processes for better efficiency. (Aalst 2016, pp. 12-13) The
background of process mining can be traced back to the early 2000s when researchers began
exploring ways to use event data for process analysis. The ground-breaking work of Wil van
der Aalst and his colleagues played a significant role in discovering the field. They
introduced methods for automatically discovering process models from event logs and
analyzing process performance. (Bilig Opex 2023) Event logs are described in more detail

later in this thesis.

There have long been various challenges associated with managing business processes,
making it difficult to find solutions before process mining. These challenges have included
determining the true current state of processes and the lack of connectivity between
organizations' information systems and business process management. Thus, organizations
have been more interested in managing "to be" processes rather than the current state of
processes, leading to their development based on non-factual data. (Davenport & Spanyi
2019) Process mining offers a solution to these challenges by enabling organizations to

uncover detailed and fact-based insights into the current state of processes based on
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information derived from their information systems. With process mining and event logs
timestamps, organizations can observe how process steps actually occur, when they occur
and by whom. (Aalst 2016, p. 33)

The popularity of process mining is continuously increasing as it offers various benefits for
process improvement. According to Celonis (2020), process mining's value is derived from
its ability to uncover how individual components are aligned to optimize the overall
operation of the entire organization towards a predetermined outcome. Reinkemeyer (2020,
pp. 13-14) argues that process mining can yield both economic and ecological value.
Economic value refers to improving business operations by identifying parts or functions
within a process that do not contribute value to the company. Such functions or process parts
may include various bottlenecks, unnecessary process steps or delays in the process. Once
identified, interventions can be made in these parts to generate economic value for the
organization. Ecological value, on the other hand, is realized as process mining directs
businesses towards adopting more sustainable practices, including improving transport
efficiency, minimizing empty transports, optimizing inventory management and reducing
waste. According to Celonis (2020) process mining also delivers value through many other
objectives, such as increased customer satisfaction, improved risk management, enhanced

automation and better delivery time prediction.

3.2 Definitions

This chapter presents various definitions of process mining found in the literature. According
to Davenport & Spanyi (2019) process mining is an innovative technology that addresses
the challenges of business process management by analyzing event logs from enterprise
systems. It provides detailed insights into how key processes operate by collecting data such
as order receipts, deliveries, and payments. This technique automatically generates process
flows, identifies bottlenecks and deviations from standard procedures, enabling companies

to streamline processes and improve performance.

As stated by Celonis (2020) process mining is defined as a method of extracting digital traces
or event log data from transactional systems to gain insights into business processes. This
extracted data is then connected and analyzed to create a digital twin of business processes,

providing real-time visualization and understanding of how the business operates. Process
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mining helps uncover opportunities for value, identifies inefficiencies and can be applied to

any process within a system.

According to Aalst (2016, p. 31-34) process mining is a field of study that involves analyzing
event data to extract insights related to processes, such as discovering, monitoring and
improving organizational processes. The primary objective is to gain a comprehensive
understanding of how processes are actually executed, as opposed to how they are assumed
to be carried out. Process mining techniques leverage computational algorithms to reveal
process patterns, deviations and bottlenecks, enabling organizations to optimize their
operations and make data-driven decisions. Event logs serve as the foundation for process
mining. These logs contain records of activities, timestamps and additional attributes related
to the execution of system processes. Event logs capture sequences of actions performed by
various actors, such as users, applications or machines, providing valuable information for
process analysis. As a summary the main purpose of process mining is identify, monitor and
develop processes based on information from event logs which organizations’ information
systems store. (Aalst 2016, p. 31-34) Because process mining is a relatively new research
area, definitions found in the literature are largely consistent, making it challenging to
identify significant differences. Definitions largely agree that process mining relies on data
stored in event logs and its fundamental purpose is to enable the analysis of business

processes based on factual data. In this thesis, Aalst's definition of process mining is used.

3.3 The foundation of process mining - event logs

The business process can be seen as a series of connected events that yield a particular
predetermined result, such as a purchase, invoice posting, or product manufacturing
(Vazquez-Barreiros et al. 2016). An event log is a collection of cases that the organization's
information system has recorded while conducting the business process. It comprises events,
such as activities, that have occurred at various stages of the business process (Reinkemeyer
2020, p. 3). Process mining primarily leverages event data stored in information systems to
provide better visibility into the current state of the process. When process mining is
combined with event log data, a model of the process under examination can be constructed,

illustrating the actual events occurring in the process as it is carried out. (Aalst 2016, p.17)
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Therefore, it can be said that event logs form the foundation for process mining (Kerremans
et al. 2020). An event log is a chronological record of events, with each event representing
a specific activity, such as the creation of a purchase order, which is a clearly defined process
step. Within the process steps, there are multiple activities; for instance, in the case of
creating a purchase order, activities may involve entering required information for the
purchase order, saving the purchase order, or sending the purchase order to the supplier.
(Aalst et al. 2012) Table 3 provides a simple example of an event log for the processing of
compensation requests. Each row in the table represents an event timestamped in the
organization's information system. Case ID and activity column information are minimum
requirements for process mining. (Aalst 2016, pp. 35-37) Additionally, it is useful to have
information about the timestamp of the event and details about resources, such as the
employee or device performing the action. With these attributes, more detailed analyses of
the process can be conducted, such as resource utilization and process lead times. (Aalst et
al. 2012; Aalst 2016, p.35)

Table 3. Example of an simple event log

Case ID Activity Timestamp Resource
1 Open ticket 18.2.2024 9:23 Harry
1 Examine ticket 18.2.2024 10:30 Harry
1 Decide 18.2.2024 14:29 Harry
1 Pay compensation 19.2.2024 10:02 Taylor
1 Close ticket 19.2.2024 10:14 Harry
2 Open ticket 20.2.2024 8:47 Anna
3 Open ticket 20.2.2024 10:00 Kate

2 Examine ticket 20.2.2024 11:21 Anna
3 Examine ticket 20.2.2024 12:05 Kate

2 Decide 21.2.2024 10:11 Anna
2 Reject request 21.2.2024 10:16 Anna
2 Close ticket 21.2.2024 10:35 Anna
3 Decide 21.2.2024 13:01 Kate
3 Pay compensation 22.2.2024 14:41 Taylor
3 Close ticket 22.2.2024 14:52 Kate

Event logs are widely accessible in various information systems, from which they can be
imported into process mining tools for process analysis (Kerremans et al 2020). However,
there may be some practical challenges in importing event logs; for example, event data may
exist in multiple different systems, making it challenging to identify which event
corresponds to which case, especially when Case IDs are different. Additionally, it is

possible that different information systems use different time zones, or some activities lack
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timestamps altogether. Cleaning up these discrepancies requires additional effort but
improving data quality yields significant benefits in process mining. (Aalst 2011; Suriadi et
al. 2017)

3.4 Process mining techniques

Process mining provides various methodologies for analyzing event data and obtaining
insights into business processes, ultimately contributing to process improvement (Gonzalez
Lopez de Murillas et al. 2019). As previously noted, event logs stored in information systems
are the foundation of process mining, where process mining algorithms can translate these
logs into diverse process models representing the progression of business processes. These
models enable the analysis of processes from multiple perspectives. (Aalst 2016, p. 128)

Figure 5 presents a simple fictional process model that has emerged from the event log of
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Figure 5. Example of a simple process model

According to Aalst et al. (2012), the three main types of process mining are process
discovery, conformance checking, and enhancement, whose process flows are illustrated in
Figure 6. Process discovery utilizes event logs as a source and constructs a model based on
the events within the event log. Conformance checking compares the data of the event log
with the process model and vice versa, revealing whether the process conforms to the model.
Process enhancement utilizes process models and event logs to create a new and improved
process model. In addition, enhanced process models can prove invaluable in furnishing
organizational operational support, leveraging functionalities such as detection, prediction
and recommendation. (Aalst 2016 pp. 31-38) Three main process mining types and other

techniques are explained in more detail later in this chapter.
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Figure 6. Process mining types (adapted from Aalst et al. 2012)

Traditionally, process mining techniques have been reactive, but they have evolved in recent
years, and nowadays, proactive analyses are frequently conducted, aiming to predict the flow
of processes based on existing data. This allows users to receive information in advance
regarding potential issues, delays or discrepancies. Both techniques may trigger actions that
prompt users to make necessary adjustments. (Aalst & Carmona 2022, p. 320)

3.4.1 Process discovery

As previously mentioned, process discovery uses event logs as input to create a model based
on the data contained within them. The resulting model is typically a process model, such as
a Petri net or Business Process Modelling Notation (BPMN) model. However, it can also
represent other perspectives, such as social networks, which depict people's activities within
an organization. The process model aims to represent behavior in the best possible way based
on the event log. (Aalst 2012; Aalst 2016, p. 33) Visual process models create transparency
in business processes by constructing an overall view of the process's complexity and its
various stages. For instance, the model displays the number of different process stages,
various process variants and the frequency of cases passing through each variant. (Celonis
2020) Thus, process discovery enables the detailed picture of processes by delving from the
most common and simplest process model to the complete visualization of all process
versions (Reinkemeyer 2020, pp. 80-81). Figure 7 illustrates a process model and its flow
generated by the QPR ProcessAnalyzer process mining tool, using the event log of the P2P

process.
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Figure 7. An example of the process model generated by QPR ProcessAnalyzer process mining tool

In order to construct the models described above from existing data, various algorithms are
utilized. In the context of process discovery, these algorithms are often referred to as process
miners, tasked with extracting insights from event logs to construct process models.
Common techniques for process discovery encompass the Alpha algorithm, heuristic
mining, fuzzy mining, genetic mining, region-based mining and inductive mining. Among
these, the Alpha algorithm is widely used for its simplicity and effectiveness, as it establishes
sequential relationships between activities represented in a footprint matrix, making it
suitable for large event logs and capable of handling parallel events. (Aalst 2016, p. 167 &
pp. 201-207)

Various notations exist for process modelling. According to Aalst (2011), notation methods
include transition systems, Petri nets, workflow nets, BPMN, YAWL (Yet Another
Workflow Language), EPC (Event-driven Process Chains) and process trees. Petri nets and
BPMN are particularly prominent. YAWL is specifically designed for workflow modelling,

whereas EPCs are a traditional method in business process modelling, frequently used by
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information systems like SAP and ARIS. Nevertheless, despite the diversity in these
languages, their distinctions are minimal, given their shared foundational principles. All the
aforementioned notation methods are built upon the same core concepts. There are slight
differences between notation methods, allowing for conversion between them. It is also
common for one notation method to be used for process identification and another notation
method to be used when visualizing the process to end-users in process mining tool. Various
notations can also be more suitable for different process mining types. For example, process
trees are often used in process identification but may be converted to another notation

method when examining process conformance. (Aalst 2011)

3.4.2 Conformance checking

In conformance checking, the ideal process model is evaluated against the event log and vice
versa. The aim is to investigate whether the model derived from the event log matches the
predefined process model and whether the process is perfomed in practice according to the
predetermined way. (Jans et al. 2011; Aalst et al. 2012) The choice of model to compare
with the event log may vary depending on the scenario, such as whether the analysis focuses
on the entire process or only a particular segment of it (Aalst et al. 2012). Conformance
checking yields diagnostic insights revealing the parallels and discrepancies between the
model and the archived log. This form of process mining proves invaluable for ensuring
business alignment, establishing process controls and conducting audits, while also serving
as a means to assess the effectiveness of process discovery algorithms. (Aalst 2016, pp. 243-
245) For example “four-eyes principle” where at least two people must approve certain
activities can be monitored with conformance checking (Jans et al. 2011).

Two primary methods for compliance checking exist: replay and causal footprints. In the
replay approach, cases are simulated on the process model using both the event log and the
model itself as references (Aalst 2016, pp. 246-248 & pp. 263-266). This technique allows
for the analysis of each case's progression through the process model, making it possible to
compare the event logic of the model with its actual executions (Garcia et al. 2019). Thereby
aiding in the detection of inconsistencies between the event log and the model. Replay also
helps identify the connection between events and activities in the log, which is crucial for

refining the model further. Causal footprints enable the comparison of the event log with an
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existing process model and footprints can be built from both sources. This allows for the
comparison of both footprints and the analysis of their differences. (Aalst 2016, pp. 263-
266)

3.4.3 Enhancement

Process enhancement through process mining involves utilizing process models and event
log content to improve existing processes. The aim is to refine, develop or extend current
process models, resulting in the creation of a new model. (Aalst 2016, p. 33) The enhanced
model may represent an improved iteration of the initial a-priori model, offering a more
accurate depiction of real-world processes. Furthermore, process enhancement efforts might
involve enriching process models with additional dimensions, such as resource allocation
and cost considerations. Integrating such data unveils fresh perspectives on the process,
unveiling insights like bottleneck identification, lead time analysis, operational expenses and

resource utilization within the organization. (Celonis 2021; Aalst 2016, p. 33)

According to Aalst (2016, p. 34) and Yasmin (2018), process improvement should be
considered from four viewpoints: control-flow, organizational, case and time perspectives.
From the control-flow perspective, the focus is on sequencing activities to find an optimal
representation for all paths of the process, often presented in notations such as Petri nets or
BPMN (Aalst 2016, p. 34). From an organizational perspective, information extracted from
event logs about resources is utilized to analyze relationships and activities between
resources. For instance, it is possible to identify organizational structures, observe
employees' involvement in various process areas and pinpoint unnecessary steps in the
process cycle. (Aalst 2016, p. 34) Other possibilities include maximizing resource utilization
and selecting the most suitable resources for performing specific process steps (Garcia et al.
2019).

From a time perspective, the focus shifts to timing and event occurrences. Timestamps in
event logs enable incorporating time considerations into process mining. Through
timestamps, it's possible to calculate activity durations, waiting times between activities,
service times, identify process bottlenecks, monitor service levels and calculate resource
utilization times. Large datasets can benefit from statistical methods in analysis. (Aalst 2016,
p. 34)
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Lastly, the case perspective centers on case characteristics. Each individual case can be
characterized based on its attributes, the characteristics of events it contains, its path in the
process, performers of activities, efficiency, or other data elements. The case perspective
aids in analyzing decisions and choices made within the process, aiming to understand when
decisions are made and which information influences them (Aalst 2016, p. 34). Decision
trees are a common notation used to identify points at which decisions are made. They aim
to represent a format where the characteristics of the subsequent activity can be explained

by the characteristics of the preceding one (Aalst 2016, p. 94;Garcia et al. 2019).

3.4.4 Other techniques

As highlighted by Murillas et al. (2019), beyond the primary process mining methodologies,
there exists a diverse array of techniques aimed at enhancing business processes. These
encompass compliance checking, performance assessment, process monitoring and
forecasting, as well as operational assistance. In addition to three main techniques of process
mining, Aalst (2016, p. 307) introduces three operational support techniques that are useful
for further refining processes and they represent the most sophisticated form of process

mining. These techniques are detecting, predicting, and recommending.

Detecting is a technique similar to process conformance, with the only difference being that
detecting focuses on analyzing individual observations of a specific case rather than the
entire event log. In detecting, discrepancies during execution are searched for. The execution
of the activity can be repeated to identify where the deviation occurs. The system should
observe the deviation and notify users who can take necessary actions. (Aalst 2016, pp. 307-
309)

In process mining, various predicting models can be used to forecast delays, next activities,
recommended execution paths and classify root causes. Examples of different predicting
models include decision tree learning, recommendation systems, neural networks, short-term
simulations and regression analysis. Simulation models can be built on top of historical event
data, aiming to repeat model execution to establish confidence intervals for future case
forecasts. (Aalst 2016, pp. 311-315; Garcia et al. 2019)
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Recommending is based on a specific goal pursued within the process. There may be
multiple execution paths in the process with differences, and recommendations can guide
the process. Goals may include execution time, quality criteria, cost minimization or
maximizing cases completed within a certain time frame. Recommending aims to reduce
process errors and probabilities while decreasing execution times, thus optimizing resource
utilization in tasks. (Aalst 2016, pp. 316-318; Garcia et al. 2019) Recommending is also used
in resource allocation, where can be created rules based on event log data. These rules may
combine historical performance data with resource experience to recommend the best

location for a resource within the process. (Garcia et al. 2019; Liu et al. 2012)

3.5 Process mining tools and data sources

Traditional Business Intelligence (BI) tools like Power Bl or QlikView lack the functionality
for process mining. These tools primarily focus on data and lack awareness of the underlying
processes. While certain data mining tools like RapidMiner and R can be tailored to integrate
process mining functionalities, not all data mining solutions are equipped for this task.
Nonetheless, there are numerous specialized tools specifically designed for process mining.
(Aalst 2016, pp. 49-50)

Process discovery forms the foundation of process analysis, which is why all process mining
tools prioritize this aspect. Additionally, most tools offer support for performance analysis,
enabling the identification of bottlenecks, redundant tasks and delays. Process mining tools
typically provide robust support for the organizational perspective as well, including
constructing social networks and examining resource allocation, roles, and organizational
structures. Beyond these fundamental functionalities, process mining tools often feature data
filtering and reporting capabilities, as well as animation functionalities. The ability to filter
individual events or entire cases is critical for finding root causes and checking process
conformance. Meanwhile, reporting features and process visualization are crucial for
conveying insights derived from process mining outcomes and for tracking process
performance using KPIs (Aalst 2016, p. 391). Moreover, Kerremans et al. (2020) outline
several other prevalent capabilities present in process mining software, encompassing the

analysis of customer engagements, interconnections among various processes, assistance
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with data processing and cleansing and the provision of real-time dashboards for ongoing

process surveillance and task mining.

While certain advanced activities such as work distribution optimization, prediction and
recommendation may not be supported by all process mining tools (Aalst 2016, p. 348),
recent advancements in Al and machine learning have expanded the capabilities of process
mining tools. These advancements facilitate predictive or prescriptive analysis, scenario
testing and simulation modeling, showcasing the expanding incorporation of sophisticated
features within process mining tools. (Kerremans et al. 2020).

Despite these advancements, commercial process mining tools often use simple algorithms
to ensure scalability and transparency, resulting in models that tend to be informal (Aalst
2016, p. 339). Consequently, some features, such as detailed conformance checking through
replay methods or managing concurrent activities, may be limited in numerous process
mining tools (Aalst 2016, p. 339; Drakoulogkonas & Apostolou 2021). Depending on the
process mining software utilized by the organization, limitations may arise in mining

activities and subsequently affect the obtained results.

Drakoulogkonas and Apostolou (2021) examined process mining software, including
Apromore, Celonis, Disco, mylnvenio, and ProM. Their results are aligned with Aalst (2016,
pp. 339-343) that the basic features of these tools are mostly similar, with functionalities for
process identification and analysis present in nearly all of them. However, differences arise
in the more advanced analysis capabilities. As process mining software and markets are
constantly evolving, features change with new releases. Therefore, it is important for
companies to know what questions they want to answer or which use cases to implement
with process mining and what data they will use when acquiring the software. Procuring
these tools requires a solid understanding of process mining and the ability to identify

necessary features and interpret results accurately.

Various process mining tools use distinct methods for acquiring event data. Event data may
be stored in various locations and can be combined. Events can be in the form of files, with
file formats including XES, MXML or CSV. Events can also be extracted from a database
system. Source systems can also feed event data into a data warehouse, which the process
mining software can be connected to. Event data can also be directly uploaded from a

specific source system through an adapter provided by the developer of the process mining
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software. For capturing events in real time, process mining tools can operate through a web
service or an event bus. (Aalst 2016, p. 335; Reinkemeyer 2020, p. 139)

Many organizations utilize various ERP systems to support processes and store data. The
most commonly used ERP system is SAP. Typically, the SAP system is customized to some
extent for the company's use, which poses challenges in integrating process data into process
mining tools. Challenges arise from managing the extensive volume of data and diverse
tables within systems. For instance, when utilizing SAP as a data source, extracting data
from its environment can pose several challenges: navigating through numerous data tables
and comprehending all process-related events for interpreting the collected data. Moreover,
data often exists across multiple tiers, such as header and item levels, and software
customization can affect the appropriate level of logging needed during process mining
projects. Nonetheless, given the largely consistent database structures of SAP systems, once
the description of business objects and their relationships is clarified, the same data can be
directly used in all SAP-related process mining projects that feature similar business targets.
(Ingvaldsen & Gulla 2008; Kopka and Kudélka 2019)

3.6 Applications of process mining in the P2P process

For successful application of process mining within organizations, its purpose must be
clearly defined and effectively communicated to enhance efficiency and employee
engagement in process improvement efforts (Reinkemeyer 2020, p. 15). Process mining has
been applied and studied across various fields and it yields benefits in business process
improvement through various use cases. According to Garcia et al. (2019), process mining
is predominantly utilized in the healthcare, ICT, manufacturing, education, and finance
sectors. The results indicate that process mining can be utilized in various applications and
use cases, as well as across different types of organizations. However, as noted by Aalst
(2016), process mining is best suited for industries or processes with relatively clear

structures and minimal exceptions.

Procurement processes commonly have a high degree of structure, enabling the use of
various process mining techniques for their effective analysis. Process mining is particularly
utilized in procurement side to the P2P process in various ways, which is also the focus

process of this study. The P2P process is usually executed within an ERP system, meaning
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from a process mining perspective that the process event log is available. Additionally, the
data used in procurement is relatively homogeneous, facilitating process mining in the

procurement context. (Reinkemeyer 2020, pp. 23-24)

Common applications of process mining in the P2P process include automation and reducing
rework in the process. By obtaining information on the time or resources consumed by
various manual process steps, it is possible to prioritize tasks that can be automated because
process mining highlights areas where manual rework causes delays and undermines the
performance of the procurement process. Through process mining, it is also possible to see
the savings generated by automation and to understand how automation affects Key
Performance Indicators. These actions increase operational efficiency overall in the P2P
process. (Reinkemeyer 2020, pp. 23-24; IBM 2021; Krishnan 2021) P2P process automation
aims to replace manual tasks with automated processes, accomplished either within the
backend system itself or through the utilization of RPA technology. (Reinkemeyer 2020, pp.
89-90)

In reducing rework, process mining helps visualize and analyze the procurement process by
factors such as supplier, factory, buyer or operational unit, enabling the identification of root
causes for rework. (Reinkemeyer 2020, p. 23) Another use case mentioned involves
deviations observed in the procurement process, such as cases where the assumed payment
terms of a purchase order differ from the actual terms. Through process mining, these
deviations can be identified and corrected, improving for example working capital
management. (Reinkemeyer 2020, pp. 23-24; IBM 2021)

In addition to these use cases, IBM (2021) introduces two other common use cases for
process mining in P2P process which are maverick buying and cash discount losses.
Maverick buying refers to a situation where purchases are created outside of the established
procurement procedures in the organizations. Process mining can help to track these
inefficiencies with different dashboards but also help finding root causes for maverick
buying to prevent them in the future. (Uusitalo 2020; IBM 2021) Maverick spending disrupts
the P2P process by increasing costs, causing inefficiencies and complicating financial
controls. It leads to higher prices and missed discount opportunities as purchases are made
outside negotiated contracts, undermining cost-saving strategies. Additionally, it causes
inefficiencies when non-standard items or services are purchased, resulting in delays and

quality issues. Maverick spending complicates financial controls by making it difficult to
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track and monitor expenditures, leading to potential budget overruns and less effective
financial management and spending follow-up. (Biedron 2024c; Blank 2024) Cash discount
losses occur in the P2P process when organization fails to take advantage of discounts
offered by the supplier for early payment invoices. These losses can add up over time and
impact the overall cost-effectiveness of the P2P process. Process mining enables the
monitoring of the flow of cash discounts. By employing this technique, organizations can
identify instances where these discounts have not been utilized and adjust their invoice
management processes accordingly. Furthermore, they can assess the profitability of cash
discounts, determining whether they yield beneficial outcomes or not. (Simsek 2024b; IBM
2021)

All procurement professionals share the common goal of seeking ways to generate cost
savings and add value to their organization. Process mining stands out as an effective tool
for cost savings through process improvement, with the savings achieved often directly
linked to a company's bottom line. As evidenced by IBM's (2021) success in achieving
savings exceeding half a million in the P2P of an automotive company through the P2P use
cases and process mining. The achieved savings, process steps, and use cases in P2P process

are presented in Figure 8.

Tackle maverick Increase Avoid cash
buying automation discount losses
EUR 500 000 EUR 115 000 EUR 0

Purchase Purchase Send PO to Goods Invoice
. . . Payment
request order supplier recelpt receipt
dR:‘(riiE:i‘:ms Reduce reworks
EUR 55 000 EUR 2 000

Figure 8. An automotive company’s P2P process steps, savings and process mining use cases (IBM 2021)

According to QPR (2024) process mining can be used additionally in the P2P process for
compliance, process KPI reporting, IT and ERP development. In compliance, process mining
enables real-time examination and comparison of the process. To check the compliance of

processes, it traditionally requires to go through extensive sampling, as processes often vary
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from one cycle to another but with process mining dashboards can be built into process
mining tools, providing instant visibility into process compliance. On the process KPI
reporting side, process mining tools provide the opportunity to create various dashboards,
and many tools have hundreds of pre-built metrics. Process mining and predictive
capabilities offered by some tool vendors enable the consideration of key KPIs before
potential problems or bottlenecks arise. On IT side process mining can be used to manage
the complexity of ERP transitions, implementations and deployments. When organizations
are either implementing a system change or adopting a new ERP, the first steps always
involve understanding and reviewing the current process before transitioning to new systems
and processes. Without a continuous overview of processes, they end up transferring the
same inefficient processes into the new system but cannot see the bottlenecks and issues
during the transition. Process mining is used to address these challenges by comparing
processes to designed process models, showing the best and worst process variations,
providing continuous end-to-end visibility of the process flow and alerting users when
problems arise. (QPR 2024)

Although process mining can be applied to various use cases in the P2P context,
implementation is not always straightforward. As previously mentioned, one of the biggest
challenges of process mining is data quality. Purchasing data can be incomplete, incorrect
or conflicting and sourced from multiple disparate systems, leading to data fragmentation
and discrepancies that can compromise the accuracy and reliability of process mining
analyses. Another key issue is the complexity of processes. While the P2P process may seem
straightforward during the definition phase, it consists of several stages and decision points
allowing for various process variations. In this case, process mining algorithms may struggle
to interpret the complexity of processes, leading to simplifications or erroneous
interpretations. A third key problem from the perspective of process mining in the P2P
process is the lack of standardization, as practices can vary significantly across departments,
business areas and factories. This complicates the interpretation of process mining results
and the implementation of development initiatives within the organization. This problem can
be partially addressed by a centralized procurement organization, which is also in place
within the target company of this study, but it remains challenging for all parties to operate

within agreed upon practices. (Hill 2024)
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4 Research methodology

In this chapter, the research design of the study is described. In addition, data collection and
data analysis techniques are presented to describe how empirical data is gathered and
assessed in this research. The chapter also represents research timeline and different stages
of the research. The quality, reliability and validity of this study is also discussed in the last

paragraph of this chapter.
4.1 Research design

In this study, the research approach utilized is design science. Unlike generating explanatory
theoretical knowledge, the primary aim of design science is to solve problems. The design
science approach focuses on practical improvement by creating an artifact that addresses a
practical problem. (Aken 2004; Holmstrom et al. 2009) The authors divide design science
into four consecutive phases as presented in Table 4. As the research progresses, through
solution incubation and refinement to explanation stages, the focus will shift from

explorative to explanative research.

Table 4. Different stages of design science research (adapted from Holmstrém et al. 2009)

In the solution incubation phase, the researcher formulates the research problem and

1. Solution . . . . . . .
. . lays the groundwork for a potential solution. While this solution design remains
incubation . . . . . . .
unfinished, it is detailed enough to be implemented in a testing environment.
During the second stage. the preliminary solution design undergoes iterative
2. Solution refinement within an empirical setting to determine its feasibility. The solution is
refinement enhanced, put into practice, and assessed. At this phase, the solution may also be

transferred to other contexts for further testing.

This phase transitions from exploratory to explanatory research. Once the solution has
been functionally developed. researchers engaged in design science research must
extrapolate the findings and illustrate their theoretical significance by constructing

3. ExplanationI  "substantial theory." This entails evaluating the designed artifact within the framework
of existing theories to generate theory pertinent to the specific context. The authors
propose that involving the same researcher in both stages 2 and 3 could aid in bridging
the gap between theory and practice or managerial relevance.

The final stage involves the development of formal theories and extending the findings

4. Explanation I . . . .
P beyond the specific context. Formal theories evolve from substantial ones over time.
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According to Aken (2004), design science can be employed either to solve so-called
construction problems or alternatively to improve existing issues which are referred to as
improvement problems. Overall, the purpose of the research design is to generate reliable
and valid information that practitioners can utilize in devising solutions to problems. (Aken
2004) Holmstrom et al. (2009) argue that the strength of design science lies in its focus on
practical improvements, yet its greatest challenge is its ability to generate new theoretical

understanding.

This study is conducted as a single case study. According to Yin (2003, p. 14) the case study
method is often utilized when the researcher believes that contextual factors are crucial in
the phenomenon under investigation. Case studies can be holistic or embedded in nature,
depending on the number of units of analysis in the study. In a holistic case, there is only
one unit of analysis, whereas in an embedded case study, a single case may have multiple
units of analysis. In this study, holistic description for the researched phenomenon is
pursued. Case study strategy is often employed in explanatory and exploratory research to
seek answers to the questions "Why?", "What?” and "How?" (Saunders et al. 2009, p. 146).
The research design of this study aligns with an exploratory purpose, and the research
questions "What?" and "How?" are common in exploratory research. Similar types of
questions are also utilized during the data collection phase to investigate the issue at hand

and gain insights into the research topic. (Saunders et al. 2016, p. 174)

The purpose of this study is to solve problems and develop practical knowledge for the case
company. Therefore, a pragmatic research philosophy is utilized. According to pragmatism,
research questions determine ontological (assumptions about the nature of reality),
epistemological (assumptions about what constitutes acceptable knowledge) and axiological
(assumptions about the researcher's values) choices in research. In pragmatic research, the
focus is on practical outcomes and real-world applications over abstract principles or
theoretical purity. Multiple methods can be applied, including both quantitative and
qualitative, as the emphasis is on the practical application of knowledge. The research
problem and questions guide the selection of appropriate research methods. (Saunders et al.
2016, p. 137) Design science is inherently pragmatic problem solving, but ultimately the

researcher is also interested in generating explanation (Holmstrém et al. 2009).

In this thesis, theoretical background was first explored and suitable theories were identified.

Therefore, empirical data collection is partly guided by theory, as the suitability of key
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theoretical models is assessed during data collection and then adjusted according to the needs
of the case company based on the results. Theory was continuously re-evaluated throughout
the research and solution development process. The time horizon is cross-sectional, as data

is collected over a single period of time and no follow-up is provided in this thesis.

Design science involves exploratory research, as the researcher must create artificial
phenomena or artifacts instead of studying existing phenomena (Holmstrém et al. 2009).
Exploratory research often involves literature review, interviewing subject matter experts
and conducting focus group interviews (Saunders et al. 2016, p. 175). Literature review is
needed to create an understanding of the theory related to research topic. Interviews typically
serve as one of the primary sources of information in case studies (Yin 2003, p. 90). Various
techniques are employed for data collection in this study. The selected methods for data
collection are semi-structured interviews, secondary data and process mining techniques.
Semi-structured interviews enable the gathering of rich and detailed qualitative data
(Saunders et al. 2016, p. 395). Process mining techniques on the other hand provide
quantitative data for this thesis. Secondary data give insights of P2P process in the case
company. Data collection will be discussed in more detail in the following chapter. All

methodological choices of this study are summarized in Table 5.

Table 5. Summary of methodological choices in this study

Research strategy Single case study with design science approach
Research philosophy Pragmatism
Methodological choices Multi-method qualitative & quantitative

Semi-structured interviews, secondary data,

Data collection techniques . .. .
different process mining techniques

Time horizon Cross-sectional

4.2 Research timeline

This study was conducted as a development project within the case company. The planning
of the research began in late 2023 by discussing the research topic, research problem,

objectives and scope with the supervisor from the case company. The active work on the
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research itself began in February 2024. The preliminary stage of the research involved
understanding the case company's organizational structure, current processes and business
environment. This was achieved by gathering secondary data and engaging in informal
discussions. The researcher had worked at the case company before starting the actual
research, so knowledge about the processes and practices had been formed also before
starting the research. Initial literature reviews were conducted to understand the essential
theoretical concepts and the context of the research problem. It was determined that semi-
structured interviews and process mining techniques would be the primary methods for

collecting empirical data.

The research plan was developed in February 2024. Following this, a meeting was held with
a university professor acting as the examiner and the supervisors to discuss the research
questions, objectives and the scope of the research. The literature review writing started in

March and ran simultaneously with the research planning and empirical data collection.

Scientific articles were sourced from LUT University's library collections via LUT Primo,
as well as directly from Scopus and Google Scholar. Search terms included “purchasing

29 ¢¢

performance,” “purchasing process performance measurement,” “Purchase-to-Pay process

99 <¢ 2 ¢

performance measurement,” “process mining,” “P2P process mining,” “process mining

29 €6

techniques,” “process mining applications,” and “P2P process automation”. These terms
were truncated with an asterisk and combined with Boolean operators to optimize the search
results. The searches were sorted by “most cited” to highlight key works and “by date” to
identify recent articles. Additional articles were discovered by backtracking references from
notable papers. The primary theoretical background was derived from peer-reviewed
scientific articles. Internet sources were also utilized to gather up-to-date information and
best practices relevant to the research topic. The most of the theoretical background was
written during March, April and May and it was revisited and finalized after the empirical

data collection.

The interview process began with the selection of interviewees in early March. Developing
the interview questions and agendas occurred simultaneously with the literature review. The
themes and questions for the interviews were iteratively developed based on the literature
review, secondary materials (such as the case company’s procurement guidelines,

purchasing reports and organizational structure) and informal discussions with colleagues.
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The interview questions were reviewed and finalized in March and the interviews were

conducted during April and May.

During the interviews, empirical data collection also began using process mining and various
process mining techniques in April, May and June. The process mining tool already had
connections to different ERP and 3" party systems, meaning process data from the case
company's P2P process was immediately available. During the research, a new advanced
process model was built into the process mining tool to analyze the P2P process from a
complete end-to-end perspective. The results from the interviews also provided input for
analyzing the process mining results, as the interviews gave a comprehensive overview of
the current state of the P2P process. After collecting the empirical data, the results were
analyzed and written in June and July. During this time, a proposal was made to the case
company based on the research findings and conclusions. The research was finalized in
August 2024 after the approval from the case company for the recommended solution of this

research.

4.3 Data collection and analysis

At the beginning of the study, primarily qualitative secondary data from the case company
is utilized to form an understanding of the organization's current state and existing processes.
Secondary data, such as purchasing guidelines and instructions, PowerPoint presentations,
and Excel templates, were accessed through SharePoint, the intranet and email. Purchasing
data and KPI reporting are accessed via Power Bl, including information on purchase orders
and performance metrics used. Additionally, informal discussions with procurement,

purchasing and accounts payable personnel contribute to empirical data collection.
Semi-structured interviews

Qualitative primary data was gathered through semi-structured interviews. In semi-
structured interviews, the researcher prepares a list of themes and possibly key questions.
Depending on the situation and the respondent's answers, the researcher may change the
order or wording of the questions and ask additional questions or discard some of the planned
questions (Saunders et al. 2016, p. 391). Semi-structured interviews allow the researcher to
build on respondents’ answers and add depth to responses and collected data (Saunders et al.
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2016, p. 394). A list of themes and questions is compiled to ensure that the content is pre-

planned and all important topics are addressed during the interviews.

The interviews aimed to assess the current state and development needs within the P2P
process and its performance in the case company. Familiarization with the procurement
organization and purchasing processes, key theoretical concepts and common research of
interview practices formed the basis for developing the interview preparations. There were
two different target groups for the interviews: purchasing and accounts payable personnel.
The same template was used in the interviews to obtain consistent results but process context

changed depending on the interviewee. Interview structure can be seen in Appendix 1.

Candidate selection for interviews utilized purposive sampling. The aim of the sampling was
to acquire interviewees who were knowledgeable about the topic and had diverse expertise.
(Saunders et al. 2016, p. 301) Appropriate interviewees were identified with the assistance
of the case company's supervisor. Expertise in this context refers to their understanding of
either the P2P process or process mining. For this reason, interviewees included buyers,
purchasing managers, process specialists and experts, development managers, and project

managers.

Data was collected through 12 interviews and one internal benchmark between April and
May 2024, conducted in both Finnish (9) and English (3). At the beginning of each interview,
the interviewee was briefed on the topic and objectives of this research. The interviews were
conducted face-to-face, notes were taken and some interviews were also recorded. The
conducted interviews are compiled into Table 6, which also includes the role of each

interviewee in the case company, the process area and the duration of the interview.

Table 6. Summary of the interviews

1 Buyer Purchasing 52 min
2 Buyer Purchasing 47 min
3 Senior Buyer Purchasing 59 min
4 Senior Buyer Purchasing 55 min
5 Senior Buyer Purchasing 53 min
6 Purchasing Manager Purchasing 46 min
7 Purchasing Manager Purchasing 46 min
8 Purchasing Manager Purchasing 57 min
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9 Process Specialist Purchasing 56 min

10 Project Manager Accounts payable 90 min

11 Accounts Payable Expert Accounts payable 45 min

12 Process Owner Benchmark - Sales & 53 min
Marketing

The interview data was analyzed using notes taken and created transcripts by Microsoft
Word. Data collected from different target groups was analyzed together to obtain a
comprehensive understanding of the topics, taking into consideration the interviewees'
positions and perspectives when analyzing their responses in the results section. Similarities,
differences and the most frequently mentioned themes or issues were identified from the

interview data. Finally, conclusions were derived based on the interviews.
Process mining techniques

The primary quantitative data was collected through process mining in this study. The
process mining tool used is QPR ProcessAnalyzer, which includes a wide range of
techniques and algorithms for analyzing event logs. In this case study, techniques Process
discovery and Root causes were utilized because they were deemed most useful for
addressing the research problem. However, as these algorithms behind techniques belong to
enterprise software, specific details are not accessible but their aim is described as accurate
as possible in the process mining literature review part in chapter 3.

In this study, QPR ProcessAnalyzer utilizes data obtained from the case company's ERP
system and invoice data is obtained from other 3" party system of the case company. All
transactions performed within the target process in the system are visible in the process
mining tool. In this work, the data scope was chosen to examine data from the beginning of
2023 to the present. Due to the ongoing system renewal project, data was analyzed only from
the new ERP system of the case company to enable creating as consistent conclusions as
possible based on harmonized data. The case company's new ERP system was implemented
at the beginning of 2023, and the transition to the system is being carried out in phases.
Quantitative data in QPR concludes approximately 3 800 purchase orders and 40 000

invoices posted.

Combining the selected methodologies
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The utilization of both qualitative and quantitative methods in this thesis offers a
comprehensive approach that capitalizes on their respective strengths. Semi-structured
interviews with case company personnel yield valuable insights into contextual nuances,
perceptions and experiences related to the target process. Qualitative data provide a deeper
understanding of human factors, organizational dynamics and subjective viewpoints that
influence process performance. On the other hand, quantitative analysis of the process data
through process mining techniques offers objective measurements and insights into the

execution of the P2P process, revealing patterns, bottlenecks and inefficiencies.

To integrate these data sources, qualitative findings will contextualize quantitative process
mining results, serving as a qualitative framework for explanation. Insights from interviews
will help validate patterns identified quantitatively and provide explanations for deviations
or unexpected outcomes. By examining both qualitative and quantitative data, a better
understanding of the P2P process performance and its underlying factors can be achieved.
Additionally, this integrated approach allows for a comprehensive examination of the P2P
process from multiple perspectives, enhancing the validity and reliability of the study
findings.

While integrating qualitative and quantitative data offers numerous benefits, challenges and
limitations may arise. One challenge is reconciling discrepancies between qualitative
insights and quantitative findings. To address this, a careful comparison of findings will be
conducted to identify matches and deviations between the two datasets. Another challenge
is clarifying the integrated findings' complexity. This requires careful explanation to derive
meaningful conclusions. Regular discussions and feedback from thesis supervisors, steering
group and process specialists aid in validating interpretations and ensuring correct

conclusions.

4.4 Quality, reliability and validity of the research

This chapter explores the factors that may cause challenges to the research's quality,
considering the blend of qualitative and quantitative approaches in this thesis, along with the
primary data collection methods of semi-structured interviews and process mining
techniques. The examination of research quality is commonly approached from the

perspectives of reliability and validity. Reliability relate to the repeatability of research
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findings and the accuracy of data collection. When assessing reliability, it is important to
consider several factors, such as the focus and purpose of the research, description of the
research process and research reporting. Validity, on the other hand, refers to ensuring that
the research investigates the intended phenomenon and measures what was intended to be
measured. It involves also the researcher's ability in employing appropriate data collection
methods, conducting precise analyses and generalizing the findings appropriately. (Saunders
et al. 2016, pp. 398-399)

To address reliability concern, the primary step involves thoroughly explaining the research
design and methodological choices, thereby facilitating a clear understanding of the process
and outcomes by others. To increase reliability, interview questions are presented and
feedback is requested from individuals in the case company regarding the findings and
results. Additionally, the general algorithms and techniques of process mining enhance

reliability, as the analyzing can be replicated using the same algorithms.

The validity of this study increases by employing both qualitative and quantitative methods
for data collection. This enables the exploration of the research problem from multiple
perspectives, facilitating comprehensive analysis and drawing conclusions. Validity is
increased also by crafting the interview questions carefully, asking follow-up questions and
clarifying questions to ensure comprehension. Additionally, the validity of the study is
enhanced by a large sample size in quantitative data collection of the P2P process, as the
data is limited from the beginning of 2023 to the present. On the other hand, selecting a
single case study can affect the validity of the findings while it offers a thorough exploration
of the subject, the results may lack broad applicability due to the limited scope of the study.
The validity of the research is also diminished by the fact that the case company is in the
middle of an ERP system upgrade and the transition to the use of harmonized processes and
data is happening gradually, meaning that the quantitative data analyzed with process mining
currently does not cover all types of purchases or purchasing activities within the case

company.
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5 Findings

In this chapter, the findings of the study are presented by analyzing the collected empirical
data. In the first section, the case company's process organization, the P2P process and its
characteristics are explained in more detail. Following this, the results of the conducted
interviews are analyzed, focusing on the interview themes: current state of the process,
performance measurement, and development needs. After this the findings of process mining

will be presented and analyzed from the perspective of the case company's P2P process.

5.1 Process organization and the P2P process

The case company has transitioned from a matrix organization to a process-oriented
structure, where core business processes are overseen by process owners in collaboration
with business unit representatives. Business units are responsible for implementing these
processes and managing daily operations. Figure 9 illustrates the organizational structure

and core processes of the case company.

BU 1 BU 2 BU 3 BU 4 BU5 SrTE
services

Wood supply
Procurement

Sales and marketing
Production

Supply chain

Finance and controlling

Group management processes

Figure 9. Organizational structure and core processes of the case company

Procurement is centralized and functions as a group-wide service. This centralized approach

aims to achieve synergies across different business areas. The procurement department
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provides services to all five business areas and group services handling all purchases except
raw wood and forestry services, which are managed separately by one business area. The
procurement function is responsible for both strategic and operational purchasing activities,
divided into three sub-processes: procurement management, source-to-sign (sourcing), and
purchase-to-pay (purchasing). The procurement management process includes the
development of procurement roadmaps and guidelines, as well as master data management.
The sourcing process involves activities from determining specifications and finding suitable
suppliers to contracting, including strategic and tactical planning, category and area
sourcing, supplier management and contract management. The P2P process encompasses
activities from purchase requisition to purchase order creation and order follow-up,

including invoice handling processes managed by accounts payable function.

This work focuses only on the P2P process within the case company's procurement
processes. Like mentioned before, the case company is currently undergoing a major ERP
system upgrade, where all business areas will transition to using the same ERP system along
with harmonized processes and data. Before the system upgrade, each business area had
customized ERP system solutions in place. The new unified system enables the adoption of
standardized processes but also introduces various changing practices. With the new
processes, the use of FI invoices will be completely discontinued in P2P process, and the
only permitted P2P channels will be those through purchase orders and purchases made with

credit cards.

The case company’s P2P process has several order types; for example, spare parts,
investments, cost center orders and framework orders each have their own order types. Each
purchase order type has its own practices, as framework orders, for instance, do not involve
goods or services receipt even though goods receipt is documented in the case company's
process descriptions as a one process step. Therefore, a generic P2P process definition can’t
be applied in all purchase orders while there are some exceptions, but it is suitable for the

majority of purchases.

5.2 Employees' perspective on the P2P process

This section presents the results of the interviews conducted with the personnel of the case

company. The purpose of the interviews is to assess the current state of the process within
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the company, investigate the current performance measurement of the process and identify
development needs for the process in the future. The background information of the
interviewees is presented in more detail in chapter 4.3. The interviews were conducted in
two different process areas: purchasing and accounts payable, as these process areas form
the P2P process in the case company.

Theme 1: Current state of the process

The goal of the first theme of the interview was to determine the current state of the P2P
process to figure out what works well in the process, where the bottlenecks are and how
much manual work is required to perform the process. All interviewees initially agreed that
the P2P process of the target company works well, meaning that the desired goods and
services are ordered and delivered and invoices are paid to suppliers according to the planned
schedule. These aspects can be considered fundamental prerequisites for the P2P process,
but they are also the most important objectives for the process. The case company's P2P
process is highly human-driven, but according to the interviewees, this is the direction in
which they wanted to develop the process. However, based on the interviews, several
different problem areas can be identified in the target process. The most prominent issues
include varying practices within the company, the amount of manual work required, poor

quality of purchase requisitions and invoice errors.

Varying practices within the company were identified as a problem based on the interviews.
The company has thousands of employees and mills in different countries, leading to
multiple ways of operating despite established processes. Employee turnover and resistance
to change were also seen as contributing factors to the differing practices within the
company. The interviewees felt that it is difficult to get all employees to follow the process

and adhere to the given instructions.

“Primarily, we operate according to the process, but purchases are also made outside of the
purchasing channels. It is difficult to ensure that everyone in a large company follows the
given instructions and rules. In the mills, there is a desire to have goods and services
immediately, and in those cases, it is often thought that the process does not need to be

followed.” — Interviewee 8

The target company's P2P process is considered to be very manual and development projects

aimed at automation have only been initiated in recent years. Purchase requisitions are
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largely made manually based on need, after which approval is always a manual step in the
process. After approval, a small amount is automatically converted into purchase orders, but
most purchase orders are created manually by the buyer. Order tracking is also manual work
for the buyer, and most order confirmations are transferred to the ERP system manually at
the moment. On the invoice processing side, an invoice can be paid automatically if all the
information is correct and it matches the purchase order and receipt, but many invoices
require manual work from the invoice approver or accounts payable expert to be processed
for payment. Every step of the process requires manual work, and based on interviews, the

buyer's work demands the most manual effort to complete the process.

“The P2P process currently requires a lot of manual work at various stages. For example,
the buyer's job should be more strategic rather than manually creating purchase orders or

’

entering order confirmations.” — Interviewee 9

While investigating the current state of the P2P process, the poor quality of purchase
requisitions was highlighted in several discussions. Purchase requisitions are created and
approved with incomplete information, causing the buyer to spend a lot of time figuring out
what is actually being requested. According to the interviewees, there is also room for
improvement in the master data; for example, items do not always have the required
information, which necessitates communication from the buyer to the operating unit or
supplier. This slows down the process lead time and affects its efficiency. Additionally, it
was revealed in the interviews that purchase requisitions are sometimes created only after
the invoice has been received, which means the process has not been followed correctly, as

the P2P process should always begin with the creation of a purchase requisition.

"Purchase requisitions are definitely a bottleneck in the process. They contain too little
information, making it impossible to create a purchase order immediately. Additionally,
purchase requisitions often come after invoice is already received, especially during mill’s

maintenance weeks when there are multiple purchasing needs." — Interviewee 3

The interviewees identified invoice errors as one of the biggest problems in the process.
These errors mean that the invoice does not go automatically for payment but requires
manual investigation and a separate approval. According to the interviewees, the main
reasons for invoice errors are discrepancies in payment terms and the addition of extra

charges to the invoice. If the payment term maintained in the supplier's information differs
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from the one recorded on the invoice, an error occurs. For extra charges, the error arises
when the difference between the confirmed order amount and the invoice amount is too
large. Extra charges added by the supplier, such as freight or shipping costs, cause invoice

errors and an additional step in the process.

"Even though the purchase order has been confirmed by the supplier with a certain price
with specific items, and the delivery terms have been negotiated to ensure no additional costs

for the company, suppliers still add various shipping costs to the invoice." — Interviewee 3

The interviews also provided a more detailed understanding of the current state of
automation in the case company's P2P process. Currently, automation is only used for
creating purchase orders and recording order confirmations in the system. Purchase order
automation is successful in the case company's ERP system if all the data for an individual
purchase order is in place, including item details, supplier information, and pre-agreed prices
with the supplier. Order confirmations are handled with the help of RPA, meaning a robot
has been built to read order confirmations and, if all the information is correct, record the
details of the received confirmation in the system. According to the interviews, both of these
automation initiatives are beneficial, as the automation of purchase orders and confirmations
can achieve significant volume advantages. However, currently, both automation projects
cover only a few percent of the total volume. Invoice automation is also planned to be
implemented in the near future which is enabled by the case company's new ERP system and
the newly implemented invoice processing system. Invoices are paid automatically if three
way match occurs so if received invoice match with purchase order and goods receipt,
invoice is paid automatically. Based on the interviews, data quality and consistency are the
most important enablers of automation, and now, harmonized data is not available in the
case company's existing systems. However, with new ERP system harmonized processes
and data will be gradually implemented, facilitating the growth of automation in the process.
Through the system reform, some purchase requisition will be automatically generated, for
example based on inventory balances. According to the interviewees, additional steps or
parts of the process can still be found for automation, which would ease the workload of

employees and reduce the amount of manual work in the process.

"Automation in the process largely relies on purchase order automation and the robot built
for order confirmations. However, both are currently applied to a small percentage of cases

compared to the overall volume. Automation imposes many requirements on purchase data;
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for example, in purchase order automation, the items to be purchased and their prices must
be agreed upon with specific suppliers for whom the automation is enabled in the system."

— Interviewee 9

“Buyers need to understand that the better the quality of the data, the more it promotes
automation and thereby improves the process. The master data management team is also

responsible for data harmonization.” — Interviewee 8
Theme 2: Performance measurement

The objective of the second theme was to determine how the target company's P2P process
is currently measured and how the interviewees utilize these metrics in their work. Based on
the interviews, it was found that the target company does not have a specific set of metrics
for measuring process performance. Instead, the current metrics have been arbitrarily
decided and they measure things from very different perspectives. Some of the metrics are
linked to process performance, but the target company currently lacks visibility into the
overall performance of the entire P2P process. The interviews indicated that because the P2P
process in the target company combines two different process areas, purchasing and accounts
payable, each area has created its own performance metrics. As a result, the process is not
examined from an end-to-end perspective, and the current performance metrics do not serve
this purpose. Therefore, the target company has lacked the desire to develop the entire P2P
process as a whole, resulting in a lack of visibility into the overall performance of the P2P

process.

"We currently do not have visibility into measuring the performance of the entire P2P
process. Purchasing has its own metrics that they monitor, and we have ours on the accounts
payable side. The process should be developed more from an end-to-end perspective." —

Interviewee 10

The current metrics are built in Power Bl and, according to the interviewees, they describe
the process well but are at a high level. Some of the metrics are used to manage the process,
while others are more "nice to know" metrics. Based on the interviews, operational-level
employees monitor metrics such as the development of the number of their own order lines,
the percentage of order confirmations for their orders and on time delivery. Supervisors and
those in development positions tend to follow more strategic-level metrics and those that

allow them to evaluate the performance of their subordinates.



68

"All purchasing metrics can be viewed in Power Bl. We have really good metrics for
managing operations there, but they are at a high level. The metrics describe the workload

of the buyers as well as the development of the operations.” — Interviewee 6

"In my daily work, I monitor metrics such as the development of order lines, the number of
order confirmations and the timeliness of deliveries. The current metrics accurately describe

the buyer's workload.” — Interviewee 3
Theme 3: Development needs

The objective of the third theme was to identify the development needs of the case company's
P2P process and the direction in which the development work is heading in the future. Based
on the interviews, automation was seen as having significant development potential in the
process in the future. Since automation is part of the company's strategic objectives, there is
also a need to find ways to enhance it in the future. As previously mentioned, the ERP system
project for the case company will increase automation in the process through harmonized
data and processes, but smaller parts within the process can still be found for automation.
The interviewees emphasized the connection between the size and volume of the case
company and the savings brought by automation, as well as the reduction in manual work.
This means that, given the large volume of the case company's P2P process, even automating
a small step or process phase can achieve significant savings.

"We are now focusing on automation and have set various related goals. Developing process
automation is also a future direction. In a company of this size and with these volumes, even

small automation can have a significant impact.” — Interviewee 6

Based on the interviews, there is also a need for development throughout the entire end-to-
end process. The P2P process in the target company combines two different process areas,
purchasing and accounts payable, and for this reason, the process has not been systematically
developed from an end-to-end perspective. Each process step is linked to the next, and the
performance of the previous steps directly reflects on the subsequent ones. Additionally, the
process models built into the process mining tool do not currently allow for a comprehensive
examination of the entire P2P process, so developing these process models offers more

opportunities for the improvement of the entire end-to-end process.
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"In the future, the [P2P] process should be developed with the entire end-to-end perspective
in mind. Currently, the process mining tool does not support this development, so the

improvements of process models is required.” — Interviewee 10

The results of the interviews and the most significant topics that emerged have been
compiled into Table 7 by the theme.

Table 7. Summary of the interview results

Varying practices within the case company
Current state Amount of manual work in the process
of the process Poor quality of purchase requisitions
Invoice errors

Performance No specific metrics for process performance measurement
measurement Lack of visibility to the entire P2P process performance
Development End-to-end process development

needs Increasing automation and its opportunities

5.3 Process mining findings of the P2P process

In this section, the results from the case company's P2P process based on process mining
findings are presented. Several different observations from various perspectives were made
regarding the target process through process mining, but this section focuses only on the

observations relevant to this thesis and its scope.

As a process mining tool, QPR Process Analyzer was used, and the examined data is limited
from the beginning of 2023 to the present. The data scope also includes the ERP system
limitation since the case company is gradually transitioning to a new ERP system and
harmonized processes. Therefore, the process mining data examined in this study is from the
case company's new ERP system, harmonized processes and data which matches also with
P2P process definition of this thesis. P2P process data is imported into QPR from the ERP
system, and data related to invoice processing is imported from a separate 3" party system.

The process model examined in QPR covers the entire P2P process of the case company,
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from the creation of a purchase requisition to invoice postings. This model was created in
the process mining tool specifically for this research, allowing the entire end-to-end process
to be examined at once but also used in the future when developing the process. The process
model is built based on invoice 1D, as one purchase order can have multiple invoices but not
vice versa. With this data scope, the examined data covers approximately 40 000 events
which means 40 000 received invoices within the aforementioned limitations and PO amount

is approximately 3 800 pieces from the beginning of 2023 to the present.

Based on the observations from process mining, maverick buying occurs in the case
company's P2P process, as the allowed purchasing channels are only through purchase
orders and credit cards. According to the case company's P2P process definitions, purchases
straight via invoice is not an acceptable purchasing channel. However, the purchasing data
and Figure 10 show that a significant amount, approximately 83% of invoices are so-called
FI invoices, which cannot be linked to any purchase order. This kind of maverick spending
causes the case company additional costs and compliance issues because purchases are not
approved via the agreed channels. The high proportion of maverick spending in the case
company's P2P process can be explained by the fact that with the new ERP system, many
areas transitioned to using a new P2P process which means creating purchase requisitions
and purchase orders. This indicates that the new processes have not been adopted as desired

everywhere and purchases are still being made through FI invoices.

Nen-PO invoice

Document Type

PO invoice 5,914 cases

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000
Case count

Figure 10. Distribution of PO invoices and non-PO invoices of the case company
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After the maverick spending finding, the process data was mined only for cases where a
purchase order had been created in case company’s new ERP system. This means that only
cases matching the P2P process definition of this study were examined. When examining
the nature of the purchases within the data, it can be noted that the majority of the purchases
are framework orders with the purchase order type ZFOB. Additionally, the data also
includes cost center purchases (ZCOS), project purchases (ZPMO) and investment orders
(ZINV). Figure 11 shows the distribution of the examined data across different purchase
order types. Since this study investigates process mining data solely from the new ERP
system and not all business areas have been implemented into the new system yet, the
examined data includes only the administrative purchases of the case company. The P2P
process may vary slightly with different document types. For example, with certain
document types, goods receipts are not performed even though it is described as part of the
basic P2P process. For administrative purchases, such as with document type ZFOB, receipts
are not performed due to the set limit. The case company has more purchase order types, for
instance, for stock items, raw materials, refurbishment and subcontracting, but these order
types are not used for administrative purchases. For these document types, receipts are

usually performed.

z:OB _
ZCOS - 402 cases
ZEMO - 215 cases

ZINV 32 cases

PO Type

1 cases

0 250 500 750 1,000 1,250 1,500 1,750 2000 2,250 2500 2750 3,000 3,250
Case count

Figure 11. Distribution of different purchase order types

Based on the analyses, it was found that the lead time for the entire P2P process is often

long, as some cases have taken more than 12 months from the creation of the purchase
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requisition to the clearing of the first invoice for the corresponding purchase order. Invoice
clearing means the event when the invoice was paid. From Figure 12, it can be seen that

usually the lead time for P2P process is between 2-5 months.
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Duration from first PR Created to first Invoice Clearing

Figure 12. Process lead time distribution for different case counts

However, the characteristics of different purchase order types can affect the process lead
time. For example, most of the purchases in the analyzed data are framework orders, where
purchase requisitions might be made in advance during budgeting and the first invoice for a
single order may be received several months after the purchase requisition is created for the
framework order. That is why the process data was also studied by excluding framework
purchase orders from the analysis and based on Figure 13, the process lead time is still long.
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Case count
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Duration from first PR Created to first Invoice Clearing

Figure 13. Process lead time distribution when excluding framework orders
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When the process lead time is long, the question arises regarding the accuracy of the case
company's invoice payment. This was investigated by analyzing the process lead time from
the moment the invoice is received (document received) until it is paid (invoice clearing).
This finding also indicates that, considering the commonly used payment terms by the case
company for suppliers, some invoices are likely paid late, taking into account the lead time
of the process and the company's payment terms. Figure 14 indicates the lead time

distribution from the receipt of the invoice to its payment.
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Figure 14. Process lead time distribution from invoice received to invoice payment

Using process mining, it was discovered that incorrect invoices are received from suppliers,
requiring manual investigation by the case company. From the process flow in Figure 15, it
can be seen that 768 invoices were invalidated after being received, which is about 20% of
all invoices where a purchase order was created according to the process. In these cases, the
invoice might have contained incorrect information, such as incorrect prices or payment

terms, making it impossible to directly link the invoice to the purchase order.
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Figure 15. Process flow of the P2P process

Efforts were made to find more precise reasons for invoice invalidations using the root cause
functionality of the process mining tool, but no clear conclusions could be drawn about the
specific circumstances under which invoice invalidations always occur. The only clear link
found was with missing material groups and invoice invalidations were observed more
frequently with certain company codes than others. Additionally, it was observed that in
cases where the invoice was invalidated, multiple changes were made to the purchase order



75

during the process. The result of the root cause analysis for missing material groups can be

seen in Figure 16.

Finding root causes for feature occurring in 20 % (768) cases.

Cases going through Invalidated

Material Group Category Total cases Occurs in 56 % (77) cases

64% # Not assigned 137 I

Figure 16. Root cause analysis for missing material groups

Based on the data, it was also observed that deviations occur in certain cases during invoice
processing. This means that when the invoice amount differs from the purchase order price
enough, a separate approval is required for a sufficiently large discrepancy. A deeper
analysis revealed that in some cases, the purchase order price is lower than the invoice
amount, and in some cases, the invoice amount is higher than the costs originally agreed
upon when creating the purchase order. Approvals for deviations occurred in about 3% of
the transactions, but discrepancies with smaller nuances occur at a higher rate, although they
do not require separate approval. The number of approved price differences between
purchase orders and invoices is summarized in Figure 17. If invoices are paid with amounts

greater than those approved on the purchase order, it causes compliance issues within the

company.
Event Period
Approve deviations « Month -

20

Case count

5/2023 71712023 9/2023 1172023 172024 372024 5/2024 712024
Selected event time

Figure 17. Distribution of invoices with deviation approval
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The QPR ProcessAnalyzer offers built-in analytical functionalities for automation. In the
case company's P2P process, automation occurs through batch jobs or pre-built automations.
From the process flow diagram in Figure 18, it is possible to see the events where automation
occurs and the automation percentages at different stages of the process. Some events happen
automatically within the system, resulting in a 100% automation rate. For instance, receiving
an invoice from the supplier (Invoice Posting) and registering the invoice document
(Document Registered) are automated events in the process. The approval of a purchase
requisition (PR Released) appears as a fully automated event in this process diagram, but in
reality, all purchase requisitions are approved manually and the information is reflected in
the process flow through a batch job that detects when the approval is done.

==

PR Released
3,823 cases [E,547
100 % automated

=1

Figure 18. Automation process flow for the P2P process in the case company
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The process flow also reveals events where some tasks are manual, while others are
automated. For example, the tax code (PO Item Changed: Tax Code) is automatically
assigned to the purchase order based on the material group used, but in some cases, the buyer

needs to manually adjust it and this is why automation rate for this step is 88%.

As it turned out in the interviews, the case company's P2P process requires a significant
amount of manual work and automation is an area that needs to be developed in the future.
Currently, automation in the process is built only for purchase order creation and handling
order confirmations. However, the new ERP system, from which the process mining data for
this study is sourced, does not yet include purchase order automation and order confirmation
automation which will be implemented using negotiated price lists for specific suppliers and
RPA robot. With the implementation of the new ERP system and the new invoice processing
system, invoice automation will also be enabled in the case company, which has not yet been

activated.
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6 Recommended solution

This chapter presents a proposal for the case company on performance measurement and
automation, based on theory and findings. A new performance measurement framework for
the P2P process will be created for the case company and the metrics will be defined. In
addition, an automation proposal is produced for the case company to advance selected areas

of performance measurement.

6.1 P2P process performance measurement framework for the case company

Based on the interviews, it was found that the case company does not have a performance
measurement system purely for process performance in the P2P process. Therefore, visibility
into the performance of the entire end-to-end process is lacking. This chapter presents the
performance measurement framework created for the case company and definitions of the
process performance KPIs. The theory does not provide a process performance measurement
system that directly fits with the needs and process steps of the case company. Therefore, a
new framework has been specifically created to meet the needs of the case company. The
created performance measurement framework is presented in Figure 19, which shows the

steps of the case company's P2P process and four process performance measurement areas

on the left.
Purchase Purchase Purchase Order Goods Invoice
requisition requisition order confirma- ot review and Payment
creation approval creation tion P approval
Effectiveness
Efficiency
Process
cycle time
Automation

Figure 19. Performance measurement system for the case company’s P2P process

According to Wieland et al. (2015), performance metrics should be defined as process-

specific because each process has unique input and output values. Additionally, Wieland et
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al. (2015) emphasize the importance of linking the defined metrics to each process step to
achieve better traceability within the process. For this reason, each process step of the case
company has been highlighted in the process performance framework and every selected
KPI will be mapped to the table to see to which process steps specific metric have affection.
The aim is to create metrics that measure the whole process from end-to-end perspective

based on the case company’s need.

The measurement areas selected for the framework are based on theory as well as the needs
of the case company. Weele (1984) highlights in his framework that P2P performance is
delineated into two core dimensions: P2P efficiency and P2P effectiveness. Similarly,
Simsek (2024) emphasizes that process performance should focus on both effectiveness and
efficiency. Additionally, Simsek identifies process cycle time as a measurement area, which
Is also emphasized in the P2P process performance KPI framework created by Caniato et al.
(2014), presented in the chapter two of this work. For this reason, the measurement areas
selected in the framework are effectiveness, efficiency and process cycle time. The fourth
measurement area is automation, which was particularly chosen based on the needs of the
case company, as it is part of the company's strategic goals and one of the biggest

development areas for the P2P process currently and in the future.

6.1.1 Measurement areas in the framework

Each measurement area plays a distinct role in ensuring that the P2P is optimized, cost-
effective and aligned with case company’s strategic goals. Effectiveness refers to achieving
the desired outcomes with high quality and compliance. This area measures whether the
process meets its intended objectives which in the context of the P2P process means cost
efficiency and ensuring that goods and services are delivered on time and invoices are paid
promptly. Effectiveness is crucial because it directly impacts risk management, supplier
relationships and compliance of the company.

Efficiency involves minimizing costs and resource usage. This measurement area assesses
how well the process uses resources, such as time and money, to achieve its goals. Efficiency
Is important because it directly affects the bottom line of the company. By identifying areas
where resources are being wasted or processes are taking longer than necessary,

organizations can implement improvements that reduce costs and increase profitability.
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Efficient processes also tend to be faster, reduce errors and enable case company to handle

larger volumes of transactions without increase in resources.

Process cycle time measures the time taken to complete various stages of the process. This
area focuses on the duration from the initiation of a process to its completion. By reducing
process cycle time, the case company can better manage cash flows by speeding up invoice
processing and payments, thereby improving financial stability. Time is a significant factor
in gaining a competitive advantage and typically indicates reduced costs if the process can
be completed in a shorter period. This is particularly important from the case company's
perspective, as the process is highly human-driven. Additionally, measuring cycle time helps
identify bottlenecks and inefficiencies in the process, providing a clear target for

improvement efforts.

Automation aims to reduce manual intervention via automated processes. This measurement
area looks at how much of the process can be automated to reduce the need for human
involvement. Automation is significant because it can lead to substantial improvements in
both efficiency and effectiveness but also process cycle time. Automated processes are
typically faster, more accurate and less prone to errors compared to manual processes. They
also free up human resources to focus on more strategic tasks, thereby increasing overall
productivity. Automation is a key focus for P2P process looking to scale operations, improve
reliability and reduce operational costs. The case company's P2P process is highly manual,

and the chosen direction for future development is automation.

6.1.2 Selected KPIs

After defining the areas for measuring process performance within the framework, it is also
essential to define the KPIs that will be used to manage the operations in the process. In this
thesis, the measurement areas and metrics are defined, but they will be implemented for the
case company at a later stage. For this reason, target values for the metrics are not set in this
thesis, as there is no visibility into the current levels of different KPIs. Two metrics have
been selected for each area and the chosen metrics have been compiled into Figure 20.
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Purchase requisition

Effectiveness quality
Invoice accuracy

Process lead time Process cycle

Late payment rate time

P2P process
performance
KPIs

PO, OC & Invoice

automation rate Maverick spending

Automation Efficiency

Money savings via Total price difference

automation

Figure 20. Selected KPI metrics for the case company

Effectiveness

On the effectiveness side, the selected metrics are purchase requisition quality and invoice
accuracy. Based on the interviews, it was revealed that one of the biggest problems in the
P2P process of the target company is the poor quality of purchase requisitions, and their
quality is not currently measured in any way. The poor quality of purchase requisitions
requires buyers to conduct a lot of investigations before creating purchase orders, which in
turn lengthens the process lead time. Additionally, the quality of purchase requisitions
facilitates automation, as a purchase requisition containing all the required information could
be automatically converted into a purchase order. From the perspective of the case company,
it is important to start monitoring the quality of purchase requisitions to reduce errors and
rework during the process. The purchase requisition quality metric is constructed by defining
the required field information for a purchase requisition and calculating how many
requisitions meet these criteria. The number of such compliant purchase requisitions is then
divided by the total number of manually created purchase requisitions, resulting in the

percentage of high-quality purchase requisitions.

The invoice accuracy KPI measures the precision of invoice payments. Based on the
interviews and process mining data, this issue emerged as a problem in the P2P process due
to frequent invoice errors. The ongoing system project at the case company enables the
automation of invoice payments, and this metric specifically counts the instances where the
invoice matches the created purchase order and the received goods, allowing the invoice to

be paid automatically. This represents the ideal scenario in the P2P process, where no one
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needs to manually review or investigate invoice-related issues. The invoice accuracy metric
is constructed by counting the instances where the purchase order, receipt, and invoice match

and dividing this number by the total number of instances where automation was possible.
Efficiency

Under the efficiency measurement area, the selected metrics are maverick spending and total
price difference. Based on the findings from process mining, it was discovered that there are
purchases at the case company which have been created outside of the agreed procurement
channels, meaning that not all operations follow the established processes. Maverick
spending causes unnecessary costs for the case company, and at the same time, compliance
Issues arise, such as unchecked supplier information or unapproved P2P costs. Currently, the
case company lacks visibility into the amount of maverick spending at the metric level,
making this an important monitoring area to enforce compliance and control costs. The
maverick spending metric is constructed by identifying purchases that do not follow
purchasing channels and dividing this by the total amount of purchases, resulting in the
percentage of purchases made outside the processes. This metric also reflects the coverage

of P2P process within the case company.

The total price difference metric measures the discrepancy between the price confirmed on
the purchase order and the price on the invoice. Based on the findings from process mining,
discrepancies were discovered in this area, and the case company currently lacks financial
visibility into these differences. Additionally, the invoice reviewer or approver does not see
the price confirmed by the supplier on the purchase order during the invoice processing. This
causes compliance issues for the case company if invoices are paid at a higher price than
originally approved or negotiated. The total price difference metric is calculated by
comparing the price confirmed on the purchase order to the total amount of the invoices
recorded on the specific purchase order, resulting in an overall percentage for the price
difference per purchase order.

Process cycle time

The selected metrics for process cycle time are process lead time and late payment rate.
Based on the findings from process mining, the P2P process lead time is long, and at the
metric level, the overall process throughput time is not currently monitored, nor has a target

been set for it. Under process lead time, a sub-KPI can be created to describe the cycle times
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of different process stages, such as from purchase requisition to purchase order creation,
from purchase order to receiving the order confirmation, and from receiving the invoice to
paying the invoice. By measuring the cycle times of the entire P2P process as well as the
different process stages, it is possible to identify bottlenecks in the process and
simultaneously improve process efficiency. The process lead time metric is constructed by
calculating the difference between the timestamps when a purchase requisition is created and
when the first invoice for a specific purchase order is paid. This is then divided by all the
cases to obtain the average cycle time for the entire P2P process in the case company. Since
some purchase order types behave differently in nature compared to others, framework
orders have been excluded from this metric's calculation as they distort the lead time of the

P2P process.

The late payment rate metric measures invoices that are paid late compared to their due dates.
The case company lacks visibility in this area and findings from process mining indicate that
process lead time is long and based on the payment terms used in the case company, some
invoices are paid late because of mismatched invoice information requiring manual
resolution. Late payments negatively impact the case company's cash flow, contract terms
and supplier relationships. The late payment rate metric is constructed by comparing the
invoice payment date to the invoice due date, and the late payments are divided by all cases

to obtain the percentage of late-paid invoices.
Automation

The selected metrics under automation are the automation rate of the purchase order, order
confirmation and invoice, as well as the financial savings through automation. The PO, OC
and invoice automation rate measures cases where the purchase order has been created
automatically, the order confirmation has been processed automatically via RPA, and the
invoice has been paid automatically if it matches the purchase order and goods receipt. These
are automations developed by the case company, which will also be implemented in the near
future in the case company’s ERP system. This metric shows the cases where all three
significant automations occur. Since automation has been chosen as the development
direction in the case company, it is important to measure the overall automation of different
process steps. In practice, this metric is constructed by counting the cases where automation
occurs in all three process steps and dividing it by the total number of cases where

automation could have occurred.
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The second selected metric measures the financial savings through automation. Automation
in the process is always fundamentally aimed at operational efficiency and cost savings and
for this reason, it is important to measure the financial aspect of automation as well.
Calculating precise cost savings is challenging, as automation occurs at various stages and
levels within the case company's P2P process. However, in this case, the savings achieved
through automation are examined in terms of time saved, for example, how much time a
buyer saves when an approved purchase requisition is automatically converted into a
purchase order. As previously mentioned, automation occurs at multiple levels within the
case company through separately built automation as well as through batch jobs or automatic
messages. This metric only takes into account purchase order automation, order confirmation
automation through RPA and invoice automation. In practice, the metric is constructed by
calculating how much automation occurs at each stage of the process, how much time one

transaction takes a human and how this work saves time.

The selected KPI metrics can be mapped to the framework, showing which process steps in
the case company are directly impacted by them. By linking the metrics to different stages
of the process, transparency is increased and it becomes easier to identify which steps
particularly influence the metric's outcome and consequently the performance of the process.
Figure 21 shows an example of mapping four selected KPI metrics to the performance

framework created in this thesis.

Purchase Purchase Purchase Order Invoice
o e Goods .
requisition requisition order confirma- —— review and Payment
creation approval creation tion P approval

Effectiveness 1 1 1 1
Efficiency 2 2
f;:l’:e“ cycle 3 3 3 3 3 3 3
Automation 4 4 4 4 4

1: Invoice accuracy 2: Total price difference 3: Process cycle time 4: PO, OC & Invoice automation rate

Figure 21. An example of mapping the selected KPIs to the performance framework
Invoice accuracy is based on a three-way match, where the invoice is automatically paid if
the received invoice details match the purchase order and the receipt. Therefore, this metric

directly impacts four different stages of the case company's P2P process: creating the
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purchase order, receiving goods, receiving the invoice and its details and paying the invoice.
The total price difference metric compares the difference between the price confirmed by
the supplier and the price on the invoice, affecting both the order confirmation process step
and the invoice review and approval step. The process cycle time metric measures the total
lead time of the case company's P2P process, meaning all process steps impact this metric's
outcome. The PO, OC and Invoice automation rate metric affect PO, OC, GR and invoice
related process steps. The purchase order must be automatically generated based on the price
list, the order confirmation must be handled by a robot and the invoice must be automatically

paid when it matches the order, receipt and confirmation.

6.2 Automation development and proposal for the case company

This chapter focuses on the development of process automation in the case company’s P2P
process and the role of process mining in it. Based on the literature, process mining has
various applications in the P2P process. In terms of automation, process mining and process
mining tools are primarily used to identify problem areas within the process and to
investigate areas that would be logical to automate. Process mining enables the identification
of stages in the process that require the most time or rework. Thus, process mining tools
alone do not solve process automation issues, and often, automation is implemented in the
process through other means rather than directly using the process mining tool, for example,
directly into the ERP system or via a separate RPA. Based on the research, RPA can also be
integrated with the process mining tool, for example, by building a robot for the case
company that reads invoice approvers and if both invoice approvers are the same, changes
one of the approvers to a different person. Another scenario in which the case company could
benefit from process mining tools for automation development is manually executed process
controls. It is possible to build various dashboards in the process mining tool for process
controls, which alert if actions are taken incorrectly within the control conditions. Therefore,
process mining tools are not often used alone for building automation or the automation
through process mining tools is minimal, but they provide other benefits for process

development such as real-time visibility.

Based on the findings from interviews and process mining, the case company's P2P process

is very manual and automation is a future development direction. Currently, the case
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company's automation largely relies on the automation of purchase orders via price lists,
order confirmations via RPA and invoice automation which is planned to be implemented in
the near future. As previously mentioned, the case company is in the middle of an ERP
system upgrade, which creates opportunities for increased automation through a harmonized
P2P process and data. The case company has already identified the process steps that require
the most manual work which are the creation of purchase orders, the recording of order
confirmations and invoice processing and has begun developing automation for these tasks.
However, as previously mentioned, the percentage of automated transactions in these areas
is still low and invoice automation has not yet been implemented so there is room for
improvement in automation area. Automation is a significant factor in improving
effectiveness, efficiency and process cycle time. Therefore, the automation proposal created
in this study is linked to the performance metrics and the selected measurement areas
developed in this thesis. Automation proposal for the case company’s P2P process is

compiled in Figure 22 to enhance performance of the whole process.

Automatic message and

Automatic creation new PR creation for

Process cycle

105 iismings i e framework orders when
80% of the PO amount
has been consumed

of low-value

time
purchase orders

P2P process
performance
automation
development

API integration for Automatic message
price list negotiations Automation Efficiency of price changes in

and updates item purchases

Figure 22. Automation development proposal for the case company

Effectiveness

Under the effectiveness performance measurement area, the selected target for automation
is related to the case company's framework orders. Based on data from process mining, a
significant amount of purchases are framework orders, where a limit is set for a certain
period, within which invoices can be posted to the purchase order. Framework orders are
suitable for continuous purchases, to which the case company will receive multiple invoices,

for example, for employee occupational health care. Currently, in the process, buyers have
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to manually monitor the limits of framework orders, because if the framework order's limit
is reached, invoices can no longer be allocated to the order. Therefore, it is especially
important to stay within the given limit for framework orders, otherwise a bottleneck will
form in the invoicing part of the process. In this automation proposal, an email is
automatically generated from the ERP system to the creator of the purchase requisition and
the buyer, informing them that 80% of the framework order’s value has been used. This way,
the purchase requisition creator knows that a new purchase requisition will need to be created
soon if there are any additional costs for this purchase and the buyer stays informed about
the values of the framework orders and can possibly adjust the order if needed. In the same
message, there is a link to the system which has created a template for a new purchase
requisition based on the previous framework order, allowing the purchase requisition creator

to easily generate a new purchase requisition if needed.

In practice, the implementation of this automation is carried out through the built-in
notifications of the ERP system, which the case company already uses, for example, for
sending purchase orders from the system to suppliers. A workflow will be built in the system
that triggers a message when 80% of the value of an individual framework purchase order
has been used. The creation of a new purchase requisition also takes place through the
automation functionalities of the ERP system. In the ERP system, it is possible to initiate
automatic workflows based on a specific trigger. In this case, the same 80% consumption of
the framework order value serves as the trigger for the creation of a new purchase requisition,
which the requestor can modify before saving and proceeding to approval.

This automation promotes both selected effectiveness KPI metrics, as the ready-made
template for a new purchase requisition improves the quality of purchase requisitions by
using information from the previously created purchase order. This automation also helps
with invoice accuracy, as reminder messages provide better control to ensure that the

framework order limits are not exceeded and invoices can be matched to the order.
Efficiency

A proposal for automation development under the efficiency area relates to the monitoring
of prices for item purchases. The case company's new ERP system will for the first time
provide visibility into all purchasing data within the same system, offering excellent

opportunities for tracking prices of itemized purchases. This is facilitated by the
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implementation of harmonized item data across nearly the entire organization. Currently,
purchases by different business units have been made in their own ERP systems, with no
visibility into the prices or volumes of other business areas. In this automation, the ERP
system will alert during the purchase order creation if the selected item's price on the
purchase order is higher than previously purchased or if the item is being purchased from a
supplier who charges more than another supplier. Such automated notifications provide
better control over item prices and prevent purchasing at higher prices when previously
procured for less. Additionally, this automation directs the case company's spending in a

way that potential savings can be achieved.

In practice, this automation will be built using the functionalities provided by the ERP
system. Since the case company will be using harmonized item codes in the new ERP
system, each itemized purchase will be recorded in the procurement master data. For this
automation, a workflow will be constructed in the ERP system so that if the price entered on
the purchase order is higher than any previously made purchase for the same item, the system
will issue a notification. Simultaneously, a view of the purchase history for the item will be
displayed to the buyer.

In light of the KPIs chosen for the efficiency area (maverick spending and total price
difference), this automation does not directly impact the KPI results, but in a broader
perspective, by paying closer attention to item prices and comparing prices to the purchase
history, cost savings can be achieved while efficiency measurement area assesses how well

the process uses resources, such as time and money.
Process cycle time

Under the process cycle time measurement area, the selected automation relates to the
automation of low-value purchases. The current purchase order automation of the case
company is based on price lists negotiated with suppliers for items, and this automation
covers only certain suppliers. Negotiating these price lists requires manual work from the
case company. Therefore, it is justified to find other targets for purchase order automation
as well. In this automation proposal, purchase requisitions valued at less than 300€ are
converted directly into purchase orders after the purchase requisition is approved. In
practice, this automation is built through the ERP system's automatic workflows, where the

values of approved purchase requisitions are first examined, and if the value is less than
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300€, it is automatically converted into an order and sent to the supplier. This automation
requires that all necessary fields are filled in on the purchase requisition, so the required
fields must be defined before the workflow is initiated. If the purchase requisition does not
have all the necessary information and an automatic purchase order cannot be created, the

purchase order is moved to the buyer's work queue for manual processing.

Based on process mining, purchases under 300€ account for only about 3% of the purchase
orders in the analyzed data. However, since the purchasing data examined in this study only
covers the case company's new ERP system where all business areas are not yet
implemented, the actual proportion of cases that can be automated is larger. Automating
low-value purchase orders has a positive impact, particularly on the process lead time when
buyers do not need to spend time on creating these purchase orders, allowing them to focus

on other tasks.
Automation

The automation proposal selected for the performance measurement area of automation
advances the case company's purchase order automation and price list negotiation process.
As previously mentioned, the case company's purchase order automation relies on prices
agreed upon with suppliers for specific items. When the supplier and item of a purchase
requisition are found in the pre-negotiated price list, the purchase order is automatically
created and sent to the supplier. Creating and negotiating price lists with suppliers is highly
manual and currently the negotiated price lists are manually uploaded to the case company's
system. API (Application Programming Interfaces) integration offers a solution that relies
on the automation, where an integration is created between the case company's ERP system
and the systems of selected suppliers. This way, price list information flows in real-time
from one system to another, and the price list process does not require as much manual work,

ensuring prices and items are always up to date.

This automation proposal is the most labor-intensive and difficult to build of all the
automation proposals for the case company, as it also requires effort from the suppliers. First,
it need to be decided to which supplier to build API connection. Then the API should be
designed to accept and process supplier price list updates, with necessary fields like item
codes, descriptions, prices, and validity periods specified. Next, authentication and

authorization mechanisms should be implemented to secure the API. The API should be
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integrated with the ERP system’s existing purchasing module to ensure seamless updates to
item master data and pricing records. API integration for price lists require testing with
supplier to validate data accuracy and system performance. Training and support need to be
provided to suppliers to ensure smooth adoption and procedures for price list negotiations
must be in place. The integration should be regularly monitored and maintained to address
any issues promptly and ensure ongoing efficiency in the P2P process. Documentation of
the API specifications, usage guidelines, and troubleshooting steps should be created and
shared with suppliers. Feedback mechanisms is required to continuously improve the
integration. Additionally, periodic audits should be performed to ensure compliance with
data security standards and to identify areas for further optimization. However, significant
benefits can be achieved with API integration for the most important suppliers, as in the size
of the case company, volumes become substantial with the largest suppliers. This automation
has a direct positive impact on the case company's purchase order automation because it
currently completely relies on the price lists, as well as on the improvement of process
efficiency and accuracy. Once the connection between the case company's and the supplier's
systems has been established, it can be used for other automation and development purposes
besides price lists, such as sending purchase orders, receiving order confirmations, shipping
and delivery tracking, documentation, performance measurement and information sharing

between the case company and the supplier.
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7 Conclusions

This chapter addresses the research questions defined at the beginning of the study and
presents possible topics for further research. It also discusses research’s theoretical and

practical implications to the research field.

7.1 Summary of the findings

The aim of this study was to investigate how process mining can be utilized to measure and
develop the performance of the case company's Purchase-to-Pay process. The main research

question of the study was:

How can process mining be utilized to measure and enhance the performance of the case

company's Purchase-to-Pay process?

Process mining can be used to measure and enhance the performance of the case company's
Purchase-to-Pay process, particularly in investigating the problem areas of the process. With
process mining and its analytical functionalities, bottlenecks, the most labor-intensive stages
and the steps requiring rework can be identified. Based on these findings, it can be
determined which areas of the process need improvement and what aspects should be
measured from a performance perspective. Process mining tools provide visibility into the
entire end-to-end process, including the throughput time of different stages and the overall
process. The real-time data offered by process mining provides new insights into the case
company's P2P process, clearly highlighting one development area: the enhancement of
automation. Process mining tools offer versatile opportunities for the case company and also
function as reporting tool for creating various reports and performance measurement
systems. With process mining tools offering opportunities to identify problem areas within
the process and to build performance measurement system and dashboards, it is possible to
directly investigate the reasons for poor performance of individual metrics when

constructing a performance KPI framework within the process mining tool.



92

In addition to the main research question, four sub-research questions were defined to
support the main research question of this study. The sub-research questions and their

answers are presented below:

Which areas should be used to measure the performance of the case company's Purchase-

to-Pay process?

The performance measurement areas selected in this study are effectiveness, efficiency,
process cycle time and automation. The first three themes were particularly derived from the
literature review of purchasing and P2P process performance, while automation emerged as
the fourth measurement area based on the collected empirical data and case company’s future

development direction and strategy.

Each measurement area contributes uniquely to optimizing the P2P process, ensuring cost-
effectiveness and alignment with strategic objectives. Effectiveness measures the
achievement of desired outcomes with high quality and compliance, assessing whether the
process meets its goals, such as cost efficiency and timely delivery of goods and services.
Effectiveness impacts risk management, supplier relationships and overall compliance,

ensuring that the company operates smoothly and adheres to regulations.

Efficiency focuses on minimizing costs and resource usage. It evaluates how well the process
uses resources like time and money to achieve its goals. This area is crucial for the company's
bottom line, as it identifies wasted resources and areas for improvement, reducing costs and
increasing profitability. Efficient processes are typically faster, have fewer errors and enable
the company to handle larger transaction volumes without additional resources.

Process cycle time measures the duration from process initiation to completion. Reducing
cycle time helps manage cash flows better by accelerating invoice processing and payments,
thus improving financial stability. Faster processes often lead to cost reductions and
competitive advantages. For the case company, with its human-driven P2P process,
measuring cycle time is vital for identifying bottlenecks and inefficiencies, providing clear

targets for improvement.

Focusing on reducing manual interventions through automated processes, automation
examines the areas where the process can be automated. Automation enhances both
efficiency and effectiveness by making processes faster, more accurate and less error-prone.

It frees human resources for strategic tasks, boosting overall productivity. Automation is
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crucial for scaling operations, improving reliability and cutting operational costs, making it
a key focus for the case company’s P2P process when the process is highly manual at the

moment.

Which metrics should be used to measure the performance of the case company's

Purchase-to-Pay process?

Performance metrics should be process-specific, given the unique input and output values of
each process. In this study, the metrics were defined to develop each chosen measurement

area and two KPI metrics were selected for each area to measure.

On the effectiveness side, the selected metrics are purchase requisition quality and invoice
accuracy. Interviews revealed that poor-quality purchase requisitions are a significant issue,
which causes delays when buyers must investigate before creating purchase orders.
Monitoring purchase requisition quality can reduce errors and rework. The metric is
calculated by dividing the number of compliant purchase requisitions by the total number of
manually created ones. Invoice accuracy measures the precision of invoice payments, a
problem area identified through interviews and process mining data. The case company's
ERP project enables automated invoice payments, and this metric counts instances where
the invoice matches the purchase order and received goods, allowing for automatic payment.
The metric is constructed by dividing the number of matching invoices, purchase orders, and
receipts by the total instances where automation was possible but some problems caused the

error for automatic payment.

Efficiency metrics include maverick spending and total price difference. Via process mining
it was found that many purchases were made outside agreed procurement channels, causing
unnecessary costs and compliance issues. The maverick spending metric is calculated by
identifying and dividing off-channel purchases by the total number of purchases. Reducing
maverick spending helps enforce compliance and control costs. The total price difference
metric measures discrepancies between purchase order prices and invoice prices,
highlighting financial visibility and compliance issues. Case company doesn’t have visibility
at the moment in this area and the metric is calculated by comparing the purchase order

confirmed prices to the invoice amounts, resulting in a percentage difference.

Process cycle time metrics are process lead time and late payment rate. Process mining

revealed a long P2P lead time, with no current monitoring or targets. Measuring cycle times
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from purchase requisition to invoice payment identifies bottlenecks and improves efficiency.
The process lead time metric is calculated by the difference between the creation of a
purchase requisition and the payment of the first invoice, averaged across all cases except
framework orders. The late payment rate measures invoices paid late relative to due dates,
constructed by comparing payment dates to due dates and calculating the percentage of late

payments. Due to the long process lead time, invoices are likely paid late in some cases.

Automation metrics include the automation rate of purchase orders, order confirmations, and
invoices, as well as financial savings through automation. The automation rate measures
cases where purchase orders are created, order confirmations processed, and invoices paid
automatically. This metric, constructed by dividing fully automated cases by the total
potential automation cases, shows the impact of automation in the case company. The
financial savings metric measures financial savings from automation, aimed at enhancing
efficiency and reducing costs. Calculating exact savings is complex due to automation's
varying levels within the case company's P2P process. This metric assesses savings through
time saved and it includes automation of purchase orders, order confirmations via RPA and
invoices. The metric calculates the extent of automation at each process stage, the time each

transaction takes, and the resulting time savings.

How can process mining be utilized to develop the automation of a case company's
Purchase-to-Pay process?

Process mining has various applications in the process development and it can be highly
beneficial in developing the automation of a case company's P2P process. Process mining
tools are primarily used to identify problem areas and logical points for automation within
the process or process mining is integrated with another tool or technology such as RPA or
Al to advance automation. For example, by combining process mining and RPA, a robot can
read process mining data and make necessary changes back into the ERP system if needed.
However, process mining tools can also be used independently to build smaller automations.
In the context of the case company, for example, manually tested process controls can be
built as dashboards within the mining tool. This allows the process to be controlled via
mining, which will automatically and real-time indicate if actions within the process have
deviated from the process control parameters. Therefore, while process mining tools alone

are not typically used to build automation, and automation through these tools is minimal,
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they provide significant benefits for process development and improvement by pinpointing

the stages that require the most time or rework.

Which parts in the case company's Purchase-to-Pay process could be automated to

improve process performance?

Since the goal of this thesis was to investigate how automation can enhance the performance
of the target process, the automation proposal for the case company has been built based on
the created performance framework to specifically advance selected areas of performance
measurement. The selected automation development areas in this work are automatic
message and purchase requisition creation related to framework orders, automatic message
of price changes in item purchases, automatic creation of low-value purchase orders and API
integration with specific suppliers.

In the effectiveness performance measurement area, the selected target for automation is
related to framework orders in the case company. Process mining data reveals that a
significant amount of purchases are framework orders, which require manual monitoring by
buyers to ensure limits are not exceeded. The proposed automation sends an email from the
ERP system to inform the purchase requisition creator and the buyer when 80% of the
framework order’s value has been used, including a link to a template for a new purchase
requisition. This helps maintain control over framework orders and prevents bottlenecks in

invoicing, improving purchase requisition quality and invoice accuracy.

For efficiency, the proposal focuses on monitoring prices for item purchases. The new ERP
system offers visibility into all purchasing data, allowing for price tracking. An automated
alert is triggered if the purchase order price exceeds previous purchases or if a supplier
charges more than another. This automation ensures better control over item prices and
directs spending towards potential savings. It uses harmonized item codes in the ERP system
to compare current and historical prices, ultimately promoting cost savings.

In the process cycle time area, the proposal automates low-value purchases. Purchase
requisitions under 300€ are automatically converted into purchase orders post-approval,
reducing manual workload for buyers and speeding up the purchasing process. This
automation is implemented through the ERP system's workflows, improving process lead

time and efficiency.
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The proposal to promote automation performance measurement area involves API
integration with suppliers for real-time price list updates. This reduces manual work in price
list process, ensuring they are always up to date. This integration significantly benefits
purchase order automation and process efficiency, as it streamlines the price list management
and opens possibilities for further automation and development, such as sending purchase
orders, receiving order confirmations, shipping and delivery tracking, documentation,
performance measurement and information sharing between the case company and the

supplier.

7.2 Theoretical and practical implications

It is important to consider the contribution of the research to the existing field of study. It is
possible to find some studies in the literature on utilizing process mining in the optimization
of procurement processes. However, this research brings a new perspective to the field by
directly applying process mining to improve the performance of the P2P process and
considering the specific needs of the company when building the performance measurement
framework. The P2P process performance measurement framework created in this study
supports Wieland et al. (2015) finding that the process should be measured by considering
all process steps, as well as Weele's (1984) and others' findings on the aspects that should be
taken into account in the context of purchasing performance, such as effectiveness,
efficiency and time. This research also introduces the novel idea of linking automation
development directly to the process performance measurement system, thus providing a
justified and effective way to enhance process performance.

This research process has developed context-specific solutions to address practical issues
within the case company. Although the study was confined to the specific operational
environment of the selected case company and the analyzed interview sample only consists
of company representatives, the insights gained are valuable. The process mining analysis
covered only the case company’s P2P process data, limiting the generalizability of the results
to other industries. However, since the P2P process is very similar in many companies, the
measurement areas of the created framework can be utilized in other companies and
industries. Through this research, other companies can learn how to construct a performance

measurement system for the P2P process, utilize real-time and fact-based process mining
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data, and link automation development initiatives to the process performance measurement
system. In a broader context, this research provides a foundation for why it would be sensible
to utilize process mining to improve companies' process performance and develop process

automation.

7.3 Future research

It is possible to derive several future research needs from this research topic. In this thesis,
a new model for measuring process performance was created for the case company and a
proposal was made for the possibilities of automation in the process to improve performance.
A natural topic for future research is building the performance measurement model into a
process mining tool and testing it in practice. This includes defining target levels for each
metric once the current level of process performance is known and development actions for
improving performance in each area. This will allow the created performance model to be
implemented in the case company's daily operations.

Since the case company's P2P process has only recently been studied through process
mining, there are also case company specific research needs that could contribute to process
mining research. The case company needs a model that clarifies the use of process mining
withing the company. The case company must decide who will carry out the process mining
and establish an agreed-upon procedure for reacting to the results when process issues are
identified through process mining. Additionally, there needs to be a plan for how to
undertake development actions and change management within the company related to
process mining findings. This research can be broadly beneficial for organizations that want

to utilize process mining in process development.

Further research needs can also be identified on the automation side. In the context of the
case company, the APl integration presented in this work can be studied from the perspective
of which suppliers it makes sense to build the API integration for, what its construction
requires, how it is implemented in practice and how the integration is maintained.
Additionally, as a topic for further research, the case company should create a process for
negotiating and maintaining price lists, since the entire purchase order automation currently
relies on price lists and there is no established process for this activity, making it unclear

who is responsible for this work and under what conditions it is carried out.
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Appendix 1. Interview questions

The same template was used in the interviews for two different target groups to obtain
consistent results. In the interview structure, process means either the P2P process or the
accounts payable process depending on the interviewee.

Background:

1. What is your current position in the company and what kind of tasks does your daily
work contain? How long have you been working for the organization?

Current state:

2. What are your thoughts about the case company’s process (P2P / accounts payable) at
the moment?

Which are the biggest issues in the process? What is working fine?

Which process steps require the most manual work in the process?

How automation is used in the process at the moment?

o g > w

What kind of development project or tasks are going-on related to process

development?
Performance measurement:

7. How the process is evaluated at the moment?
8. How these metrics are derived and where they can be found?

9. How do you use these metrics in your daily work?
Development needs:

10. How could you develop measurement and evaluation of the process?
11. How do you see the future direction of the process within our organization?
12. Are there any additional insights or observations you would like to share regarding the

process and its performance?



