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Effective inventory management is crucial for businesses to operate successfully.
Organisations can achieve specific objectives and maximise overall operational efficiency
by maintaining optimal inventory levels through careful inventory planning and control. This
research aims to enhance the case company's inventory efficiency by concentrating on
optimising and standardising its inventory management practices.

The literature review introduces fundamental principles of inventory management and
various inventory management methods and techniques. In the empirical section, a
comprehensive understanding of the case company's inventory management is developed
through a current state analysis. The ABC-XYZ analysis is used to evaluate inventory items
by considering demand fluctuations. Furthermore, the investigation involves analysing the
efficiency of the current inventory management, as well as the minimum order quantities
and safety stock levels. The factors causing inefficient inventory management are identified
through a current state analysis. Next, recommended methods for optimising inventory
management to reach the goals set for inventory performance are proposed.

Challenges associated with the current inventory management include weak overall item
management, a lack of standardised control policies, and a lack of a standardised model for
safety stock determination. Moreover, high minimum order quantities, large batch sizes, and
storing items with low consumption all contribute to a low inventory turnover ratio and a
high value of slow-moving inventory.

The actions proposed for optimised inventory management include applying the ABC-XYZ
analysis, using targeted control methods, determining safety stock based on service levels,
reviewing existing supplier contracts, and actively involving staff for more effective
inventory management.
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Tehokas varastonhallinta on kriittinen osa menestyksekistd liiketoimintaa. Yllapitdmalla
optimaalisia varastotasoja huolellisen varastonohjauksen avulla, yritykset voivat saavuttaa
varaston toiminnalle asetettuja tavoitteita ja maksimoida kokonaistoimintansa tehokkuuden.
Tamin tutkimuksen tavoitteena on parantaa kohdeyrityksen varastonhallinnan tehokkuutta
keskittymadlld varaston optimointiin ja varastonhallinnan kéytintdjen yhtendistdmiseen.

Kirjallisuuskatsauksessa ~ esitellddn varastonhallinnan perusperiaatteita ja joukko
varastonhallinnan menetelmid ja tekniikoita. Empiirisessd osiossa toteutetaan nykytila-
analyysi, jonka tavoitteena on luoda kattava ymmarrys kodeyrityksen nykyisen
varastonhallinnan tilasta. Kysynnén vaihteluun perustuvaa ABC-XYZ analyysié sovelletaan
varastonimikkeiden analysoimiseen. Lisédksi tarkastellaan nykyisen varastonhallinnan
tehokkuutta sekd nykyisten vdhimmadistilauserien kokoa ja varmuusvarastojen tasoja.
Nykytila-analyysin perusteella tunnistetaan tekijit, jotka vaikuttavat nykyisen tehottoman
varastonhallinnan  taustalla. Tdmdn pohjalta ehdotetaan sopivia menetelmid
varastonhallinnan optimoimiseksi. jotta varaston suorituskyvylle asetetut tavoitteet voidaan
saavuttaa.

Nykyiseen varastonhallintaprosessiin liittyvdt haasteet liittyvdt nimikkeiden heikkoon
kokonaishallintaan. Yhteisid ohjausperiaatteita ei ole sovittu, eikd varmuusvarastoille ole
standardoitua mééritystapaa. Liséksi korkeat vihimmadistilauserdt, suuret kertatilauserit ja
kulumattomien nimikkeiden varastointi johtavat heikkoon varastonkiertoon ja hitaasti
kiertdvan varaston korkeaan tasoon.

Ehdotetut toimenpiteet liittyvdt ABC-XYZ-analyysin hyddyntdmiseen ja kohdennettuihin
ohjausmenetelmiin, palvelutasoon perustuvaan varmuusvaraston méérittimiseen, nykyisten
toimittajasopimusten  tarkasteluun sekd henkiloston  aktiiviseen osallistumiseen
tehokkaamman ja yhtendisemmain varastonhallinnan saavuttamiseksi.
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1 Introduction

1.1 Background

Inventory management is an essential part of every organisation dealing with any inventory.
Decisions related to inventory management policies and procedures are vital parts of
inventory management. Inventory management aims to maintain a consistent availability of
resources within an organisation. Ensuring proper inventory replenishment involves having
the correct item and quantity in the right place and time. (Chan, Tasmin, Aziati, Rasi, Ismail

& Yaw 2017, 2.)

The competitiveness of organisations depends highly on the efficiency of their inventory
management practices. By implementing a successful inventory management strategy,
organisations can meet customer expectations for product availability, optimise profitability,
and minimise inventory costs (Schreibfeder 2010, 4). According to Chan et al. (2017, 2),
effective inventory management can reduce operational challenges, contributing to the
success of an organisation. Despite the acknowledged importance of inventory management
in organisations, many companies still struggle to establish a comprehensive and effective

inventory management (Schreibfeder 2010, 4).

The purpose of this research is to analyse the case company's current inventory management
using a case study approach. The case company is a manufacturing organisation
experiencing the problem of achieving optimal raw material inventory management.
Inventory performance goals have yet to be met due to multiple challenges. The inventory
turnover ratio is low, and there is a substantial amount of slow-moving inventory. This
research aims to identify the factors that lead to ineffective inventory management and

suggest methods to optimise it for better effectiveness.

1.2 Research questions and objectives

This research aims to enhance the inventory efficiency of the case company through

inventory optimisation. Optimisation aims to adjust and standardise inventory management
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practices and improve inventory efficiency. To achieve this, the research takes an in-depth
study of the existing inventory management strategy employed by the case company. First,
a comprehensive understanding of the case company's inventory management is developed
through a current state analysis, and the factors causing inefficient inventory management
are identified. Then, methods for optimising inventory management are recommended to
attain the desired inventory performance objectives. Hence, the objective of the research is

defined as follows:

Improve inventory efficiency by adjusting the case company's current inventory

management practices.

The research objective provides direction for the study. The formulation of the primary
research question aligns with the research objective. The primary research question is stated

as follows:

How can inventory control be optimised within the case company to improve the inventory

turnover ratio and minimise slow-moving inventory?

To answer the primary research question, two subsidiary research questions have been

formulated for the research. These research questions are stated as follows:

RQI: What is the current state of inventory management in the case company, and what

are the key areas requiring improvement?

The primary objective of the first subsidiary research question is to analyse the case
company's inventory management in its current state. This includes a thorough analysis
encompassing the current inventory control policy, assessing inventory performance, and
reviewing the minimum order quantities (MOQs) and safety stock levels. The main factors
behind inefficient inventory management can be uncovered by conducting a current state

analysis.

RQ?2: What methods can be used for optimising the inventory management of the case

company to achieve enhanced efficiency?

Following an analysis of the case company’s current inventory management, the second
subsidiary research question focuses on finding inventory management methods and

techniques to enhance inventory efficiency. The theoretical framework and concepts from
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the literature review will support the design of adjusted inventory management methods for

the case company.

As a result of this research, recommended actions to optimise the case company’s inventory
management are proposed. These procedures are designed to optimise and standardise the
case company's inventory management practices to enhance inventory turnover and
minimise the value of slow-moving inventory. Investigating the current inventory
management strategy and identifying key contributing factors to inefficiency serve as a
foundation for revised inventory control policies. Inventory management methods and
techniques presented in the literature review are integrated into the empirical research and
tailored to the case company’s context. The proposed recommendations aim to provide
actionable procedures for implementing a redesigned inventory management strategy for the

case company.

1.3 Research methodology and limitations

The selected research approach for this research is a case study. The case study approach is
a conventional research strategy that involves analysing one or more carefully selected cases
for a specific purpose. The case can also be a process. (Hirsjdrvi, Remes & Sajavaara 2009,
130; Eskelinen & Karsikas 2010, 76.) According to Eskelinen and Karsikas (2010, 76), the
case study method is favoured for in-depth understanding and contextual analysis of the
chosen subject. The reason for adopting the case study method in this research is to
understand the case company's inventory management comprehensively and find practical

solutions to enhance it.

In this research, both quantitative and qualitative research methods are used. These two types
of research can be seen as complementary approaches that can enhance each other (Hirsjarvi
et al. 2009, 132). Eskelinen and Karsikas (2010, 76) state that employing a combination of

quantitative and qualitative methods in a case study is typical.

Qualitative research is characterised by its specific features. Comprehensive data collection
is conducted in real-life situations in qualitative research. The target group is intentionally
selected, and each case is treated as unique. In this type of research, human beings are

preferred for data collection. Methods that effectively capture participants' perspectives are



12

favoured in qualitative research. Examples of these methods are semi-structured interviews,

observation, and document analysis. (Hirsjdrvi et al. 2009, 160.)

Semi-structured interviews are utilised as the qualitative data collection method in this
research. In a semi-structured interview, themes are pre-selected. The themes contain
questions not arranged in any particular form or sequence. Nevertheless, all interviewees go
through the same themes. The usual procedure involves recording interviews and
transcribing them afterwards. A semi-structured interview is particularly suitable when the
research design is refined during the research by asking clarifying follow-up questions based
on the responses already obtained. (Eskelinen & Karsikas 2010, 85.) In this research, the
pre-selected themes are chosen to cover essential aspects of inventory management. The
purpose of the semi-structured interviews is to gain insight into how employees view and
experience the current inventory management processes of the case company. Furthermore,
interviews contribute to understanding the case company’s inventory management
procedures. Three participants from the material management department of the case

company participated in interviews.

Computational methods are the foundation of the quantitative research approach. Essential
components of quantitative research involve concept definition, utilisation of existing
theories, and concluding prior studies. When gathering data, it is vital to confirm its
suitability for quantitative and numerical evaluation. Another essential factor to consider is
how variables are formed in a tabular format and how the data is transformed into a format
suitable for statistical analysis. Statistical analysis of data is used to formulate main

conclusions, often presented in tables. (Hirsjarvi et al. 2009, 136.)

Numerical data for this research is collected from the case company's enterprise resource
planning (ERP) system and Qlick Cloud software. The collected data is analysed using
models and formulas introduced in the literature review, which involves, for example, item

classification and calculation of key performance indicators (KPIs).

There are limitations to consider in the empirical phase of this research. In Finland, the case
company's production facility has three separate productions, each focused on making a
particular module for the main product. This research focuses solely on one production and
its inventory management. In addition, when referring to inventory management in this

research, the term 'inventory' refers only to the raw material inventory of the case company.
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Furthermore, the research's scope is restricted to inventory items recorded in the case

company's enterprise resource planning system, with project-specific items excluded from

the analysis.

1.4 Structure of the research

This research is divided into six chapters. The structure of this research is presented in Figure
1. The first chapter provides an overview of the research topic. It begins with a brief
explanation of the research background, followed by the research questions and objectives.
Then, the chapter explains the research methodology and acknowledges any limitations.

Finally, an overview of the research structure is provided.



the case company’s
inventory management
using the collected data

p—

Chapter 4
Findings and analysis

—

Reserach questions and
ohjectives
Overview of the research Chapter 1 .
area and its backeround — Introdustion M| R cserach methodology and
limitations
Structure of the research
A literature review on .
inventory management and Chapter 2 Theoretical framework for
inventory management -' Literature review —' the study
methods
Chapter 3 Description of the methods
Eesearch methodolooy and = and procedures used for
data muemoﬁg o — Rfsearchdm:athnds and mmm collecting and analysing
a data
] A comprehensive analysis
Current state analysis of

of the case compary’'s
current inventory
management and inventory
performance

Theoretical support to
emypirical findings and
design of practical
applications

I

p—

Chapter 5

Conclusions and
recommendations

=

Suggestions for optimising
nventory management
Recommendations for

future research

Assesment of the research
and objectives

¥

f—

Chapter 6

Summary

=

Summary of kev findings

Figure 1. Structure of the research.
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A theoretical framework for the research is provided in Chapter 2. The literature review aims

to provide a comprehensive understanding of inventory management. Divided into two main

sections, the first introduces the fundamental principles of inventory management, including

functions of inventory, associated costs, and inventory performance. The second section

focuses on different inventory management methods that can be used to optimise inventory

Processces.
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In Chapter 3, the research transitions into its empirical phase and details the empirical
conduction of the research. In the third chapter, the case company and research background

are introduced. In addition, the research methods and data collection methods are outlined.

In Chapter 4, the current state analysis of the case company’s inventory management is
conducted. The analysis provides a comprehensive evaluation of the existing inventory
management procedures. Furthermore, item classification is carried out. Additionally, the
analysis encompasses an evaluation of the current inventory management's efficiency and

an investigation into the minimum order quantities and safety stock levels.

The conclusions and recommendations of the research are presented in Chapter 5. The fifth
chapter provides the synthesis of empirical findings and recommendations for inventory

optimisation of the case company. In addition, suggestions for future research are presented.

The closing chapter, Chapter 6, provides a summary of the research. The sixth chapter

includes a summary of key findings and an evaluation of the research and its objectives.
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2 Literature review

This chapter provides a review of the relevant academic literature on inventory management.
The chapter is divided into two main sections. The purpose of the first section is to provide
a comprehensive understanding of the fundamentals of inventory management, including
functions of inventory, inventory costs, and inventory performance. In the second section,
the focus is on various inventory management methods and techniques. This section includes
the classification of items, the determination of safety stock, different lot-sizing and material
planning methods, and inventory management approaches. In addition, the role of the staff

in inventory management is discussed.

2.1 Inventory management

Inventories are a fundamental part of organisations. Items in inventory are crucial for
supporting production, operational activities, and customer service (Stevenson 2009, 550;
Ross 2015, 310). Inventories are also necessary for employees and supply chains, and they
influence daily operations. Managing inventories requires careful attention to counting,
financial costs, operational utilisation, customer satisfaction, and overall management.
(Krajewski, Malhotra & Ritzman 2019, 353.) Inventories involve a significant financial
commitment. Although the quantity and value of inventory can vary across organisations,
inventories usually represent between 20% and 60% of the total assets in an organisation

(Arnold, Chapman & Clive 2008, 254).

Organisations typically source thousands of materials from multiple suppliers (Tersine 1979,
3). Inventories can be classified into seven categories which are raw materials, work-in-
process inventories, finished goods, distribution channel inventories, maintenance, repair
and operating supplies, service parts, and damaged or obsolete items (Stevenson 2009, 551;
Ross 2015, 317-318). Raw materials refer to unprocessed products that have no utility until
they are transformed into semi-finished or finished goods suitable for sale. Wood, steel, and
chemicals are examples of raw materials. Work-in-process inventory comprises raw
materials, components, and subassemblies waiting for transformation through processes into

finished goods. Finished goods refer to purchased items, assemblies, or service parts that
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have completed the production cycle and are ready for shipment to customers. Inventory
moving through the distribution channel includes finished goods in transit or stored in
warehouses. Essential inventory components for facility operations and maintenance include
maintenance, repair, and operating supplies. The service parts inventory includes modules,
assemblies, kits, and components that are designed to replace previously purchased items.
Damage and obsolete inventory represent products that are no longer sold or are unsellable

due to damage. (Ross, 2015, 317-318.)

Inventory management involves planning and controlling the inventory flow, from raw
materials to the end customer, ensuring an efficient and seamless process (Arnold et al. 2008,
254). Various methods and approaches have been developed to manage inventories across
the supply chain, reduce costs, and improve operational effectiveness (Talluri, Cetin &
Gardner 2004, 62). The primary responsibility is ensuring timely replenishment while
maintaining accurate records of current inventory balances, quantities on order, and the
financial value of finished goods, components, and raw materials (Ross 2015, 310).
Although inventory management is not a recent innovation, analytical techniques for its
study were not developed until the twentieth century. The manufacturing industries were the
driving force behind initiating inventory control analysis. (Tersine 1979, 4.) According to
Silver, Pyke, and Thomas (2017, 1), the strategic advantages of inventory management,
production planning, and scheduling have become evident since the mid-1980s. The
transition from fundamental raw materials to processed components has elevated inventory

management to a sophisticated and crucial organisational function (Tersine 1979, 3).

Effective inventory management is vital for organisations' long-term survival and
competitive advantage (Silver et al. 2017, 1). However, ensuring effective inventory control
is one of the primary challenges supply chain managers face across all sectors (Tersine 1979,
4; Ross 2015, 309). According to Tersine (1979, 4), the issue of inventory management has
historically been linked with technological progress, which has elevated organisations’
capacity to manufacture goods in larger quantities, at a faster rate, and with greater design
variations. However, with an increase in the variety of products, shortening product cycles,
and a rise in global sourcing, it has become even more challenging to establish optimal order
quantities, safety stock levels, and varied inventory policies (Talluri et al. 2004, 62; Silver
et al. 2017, 4). These factors collectively impact the supply chain costs and the overall
financial well-being of the organisation (Talluri et al. 2004, 62).
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2.1.1 Functions of inventory

Organisations maintain inventory to ensure seamless operations and functionality (Tersine
1979, 8). To develop an inventory policy, it is essential to understand the functions of
inventory within organisations. According to Tersine (1979, 8), the presence of inventory
can be attributed to four fundamental factors: time, discontinuity, uncertainty, and economy.
To expand this viewpoint, Stock and Lambert (1987, 395-396) have outlined five distinct

purposes that inventory serves within the organisation:
o [t facilitates the attainment of economies of scale within the organisation.
e [t serves to balance the dynamics of supply and demand.
e It enables specialisation in the manufacturing process.
e [t offers protection against uncertainties in demand.
e [t functions as a buffer mitigating critical interfaces within the distribution channel.

Businesses often maintain inventories as a strategic move to optimise costs in procurement
and transportation (Tersine 1979, 9; Stock & Lambert 1987, 396; Viale 1996, 5). This
involves purchasing goods in larger quantities than the immediate demand necessitates.
Ordering costs tend to be lower when a greater quantity of item is purchased infrequently,
compared to purchasing smaller quantities more frequently. (Viale 1996, 5; Miiller 2011, 4.)
The reduced cost per unit is attributable to lower transportation rates for truckload and full
railcar shipments than smaller shipments (Stock & Lambert 1987, 396). Moreover, discounts
are often provided when purchasing items in larger quantities. However, while this approach
reduces the costs related to placing orders, it is essential to note that holding the items for an

extended period may increase holding costs. (Miiller 2011, 4.)

It may be necessary for an organisation to maintain inventory due to fluctuations in demand,
as it is difficult to predict the exact amount required at any given time (Tersine 1979, 9;
Stock & Lambert 1987, 396). However, by closely monitoring customer behaviour within
the supply chain, surprises resulting from unexpected shifts in demand can be minimised.
Improving the accuracy in forecasting individual product sales can reduce forecast errors,
consequently requiring less inventory to be maintained for demand fluctuations. (Viale 1996,

4)
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According to Stock and Lambert (1987, 397), holding inventory allows individual factories
within an organisation to specialise in specific products they manufacture. The finished
goods can be shipped to mixing warehouses, from which customer orders and products for
field warehouses can be shipped. The advantages of extended production runs and reduced
transportation expenses outweigh the additional handling costs (Stock & Lambert, 1987,
397). As stated by Tersine (1979, 9), maintaining inventories permits the organisation to

schedule many operations at a lower cost and more desirable performance level.

Inventories serve as a risk mitigation strategy, especially when suppliers are unreliable or
there are difficulties securing a consistent supply of specific items (Stock & Lambert 1987,
397; Miiller 2011, 4). Proper inventory planning is essential for the effectiveness of
manufacturing operations, as a shortage of raw materials can lead to production line stoppage
or the need to change the production schedule. Such occurrences result in increased
operational costs and can lead to a shortage of finished products. (Stock & Lambert 1987,
397.)

Inventory is strategically maintained across the distribution channel to function as a buffer.
Due to the geographical dispersion of channel participants, keeping inventory throughout
the distribution channel is essential to ensure that products are available at the right time and
place. The critical interfaces include supplier-procurement, procurement-production,
production-marketing, marketing-distribution, distribution-intermediary, and intermediary-
consumer. (Stock & Lambert, 1987, 398.) For example, inventory is necessary due to the
time-consuming processes involved in sourcing raw materials, transporting them from
suppliers, conducting material inspections, manufacturing products, and ultimately shipping

them to customers (Tersine, 1979, 8-9).

2.1.2 Inventory costs

A significant portion of an organisation’s assets is tied up in inventory. The purpose of
investing in inventory is to ensure that there is enough stock to meet or exceed customer
service levels. (Ross 2015, 326.) According to Arnold et al. (2008, 261), inventory

management decisions are influenced by five fundamental cost components:
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e [tem cost

e Carrying costs

e Ordering costs

e Stockout costs

e (apacity-associated costs

Item cost is one of the primary costs related to inventory. It refers to the amount the supplier
charges for product ownership, including material, labour, and overhead costs incurred
during production. (Ross 2015, 326.) Additional costs are also associated with transporting
the item to the factory, such as transportation, insurance, and customs duties (Arnold et al.
2008, 261). The unit cost may vary depending on the acquisition or production lot size.
Generally, when the order quantities increase, the unit cost decreases as the costs associated

with producing the item are distributed over a larger quantity. (Ross 2015, 327.)

Carrying costs arise due to the size and value of inventory held and the length of time items
remain in inventory (Arnold et al. 2008, 262; Ross 2015, 328). These costs can be
categorised into three main categories: capital costs, storage costs, and risk costs (Arnold et
al. 2008, 262). Capital costs refer to the money invested in inventory and represent a lost
opportunity cost as it is not available for other purposes (Vollmann, Berry, Whybark &
Jacobs 2005, 122). The extent of capital costs may vary based on factors such as interest
rates, the organisation’s credit rating, and available investment opportunities. Storage costs
involve allocating resources for space, labour, and equipment necessary to maintain
inventory. The extent of these costs depends on the storage method and its geographical
location. (Arnold et al. 2008, 262.) Maintaining inventory includes a certain level of risk that
leads to associated costs. Such risks may arise from various factors, including product
obsolescence, inventory damage, pilferage, or deterioration of goods. (Arnold et al. 2008,
262; Ross 2015, 329.) In manufacturing industries, carrying costs typically fall within the
range of 20% to 30% (Arnold et al. 2008, 262).

Placing an order incurs various expenses known as ordering costs, including production
control, setup and teardown, lost capacity, and purchase order costs (Arnold et al. 2008, 263;
Ross 2015, 327). Costs related to production control include issuing and closing orders,

scheduling, loading, dispatching, and expediting. Setup and teardown costs are incurred
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when issuing the order, setting up to run the, and tearing down the setup at the end of the
run. (Arnold et al. 2008, 263.) The lost capacity cost represents the time lost in the setup
phase that could otherwise contribute to productive output (Arnold et al. 2008, 263; Ross
2015, 328). Purchase order costs encompass various tasks associated with placing an order.
These tasks involve preparing the order, following up, expediting, receiving, authorising
payment, and managing the accounting costs associated with receiving and processing the

invoice. (Arnold et al. 2008, 263.)

The actual demand can occasionally surpass the forecasted levels during the lead time. In
these instances, stockout costs are anticipated. (Vollmann et al. 2005, 123; Ross 2015, 331.)
A stockout can financially harm a business, leading to various associated costs. According
to Ross (2015, 331), the most severe consequence of a stockout is the cancellation of a sales
order and its corresponding revenue. Additionally, incomplete, or delayed orders can result
in the permanent loss of the customer. Addressing a stockout, businesses may need to
expedite purchase orders, pay additional charges, opt for premium shipping, and reschedule
production orders. (Ross 2015, 331.) To mitigate the risks of stockouts, it is advisable to
maintain additional inventory as a precaution against unexpected peak demand (Arnold et
al. 2008, 264). As the level of safety stock increases, the cost of lost sales decreases.
However, there is a corresponding increase in the cost of carrying safety inventory. (Ross

2015, 331.)

Capacity-associated costs are directly related to the fluctuations in output levels. These costs
include hiring, training, overtime, and additional shifts. In some cases, they can also involve
layoffs. One way to mitigate these costs is to strategically produce during slack periods to
meet the demands of peak periods. However, this approach can lead to inventory

accumulation during periods of low demand. (Arnold et al. 2008, 264.)

2.1.3 Inventory performance measurement

Feedback is a crucial mechanism for ongoing learning and improvement in every system.
Key performance indicators (KPIs) provide this essential feedback in a supply chain.
Performance measurement involves utilising a comprehensive set of KPIs designed to

evaluate the accuracy of planning and the efficiency of execution. Analysing these
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performance metrics can reveal differences between planning and execution, which helps

identify and fix potential issues in the supply chain. (Chae 2009, 422, 427.)

To guarantee the effectiveness of chosen performance metrics, it is important to keep the
systems, master data, and processes up-to-date. Establishing and periodically updating the

target level for each key performance indicator is also crucial. (Chae 2009, 427.)
Inventory turnover

Organisations increasingly acknowledge the vital connection between operational efficiency
and effective inventory management. The aim is to maintain inventories at optimal levels
that align with the goals and objectives of the organisation. The evaluation of inventory
performance is typically based on inventory turnover, a metric that measures the speed at
which materials flow through the organisation. (Tersine 1979, 20-21.) Inventory turnover is
a critical performance metric that most manufacturing, distribution, and retailing companies
use (Hill & Zhang 2010, 36). Inventory turnover is expressed as the ratio of the annual cost
of goods sold or consumed to the average or current inventory level, providing insights into
how many times inventory is replenished within a year (Tersine 1979, 21). According to
Arnold et al. (2008, 268), inventory turnover ratio can be calculated using the following

formula:

Annual cost of goods consumed

Inventory turnover = (1)

Value of (average) inventory

A high inventory turnover ratio is usually considered favourable as it indicates increased
operational efficiency and brings various benefits, such as lower investment in inventory,
newer stock, increased liquidity, minimised deterioration, and a reduced risk of
obsolescence. Strategies to enhance inventory turnover typically involve removing surplus
materials, reducing slow-moving stock, and focusing control efforts on items with significant

annual usage. (Tersine 1979, 21-22.)

While achieving a high inventory turnover is typically advantageous, focusing too much on
it can cause challenges. The downsides of an excessively high turnover encompass issues
such as stockouts and customer loss. Furthermore, the company may miss quantity discounts
and experience higher purchasing and transportation costs. Finding the right balance in
inventory turnover is crucial to achieve optimal operational performance and customer

satisfaction. (Tersine, 1979, 22.)
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Days of supply

Inventory days of supply is closely related to the inventory turnover metric, another
commonly utilised inventory performance metric in organisations (Hill & Zhang 2010, 36-
37). Days of supply represents the duration until the existing inventory is consumed based
on the average daily usage (Arnold et al. 2008, 269). This metric helps determine the optimal
timing for releasing a replenishment order and maintaining equal item inventory levels (Ross
2015, 348). According to Arnold et al. (2008, 269), inventory days of supply can be

calculated using the following formula:

Inventory on hand in units

Days of supply = (2)

Average daily usage

Hill and Zhang (2010, 41) suggest that setting a target value for days of supply can help
improve inventory performance. However, it is important to recognise that the same target
value may not be suitable for all items. This is because different items have varying
replenishment lead times, average demands, standard deviations of demand, and target
service levels. As aresult, different inventory levels are required to manage them effectively.

(Hill & Zhang 2010, 41.)
Slow-moving inventory

Chae (2009, 425) highlights the importance of measuring slow-moving inventory levels.
Typically, slow-moving inventory comprises items that have been in stock for an extended
period. According to Wiersema (2016, 32), items that exceed the quantities used in the
preceding six months or have had no transaction activity within the last six months fall into
this category. Several reasons can cause slow-moving inventory, such as excessive
purchases, production overruns, engineering changes, model changes, and market changes

(Gordon 1986, 1275).

Slow-moving inventory can significantly contribute to an organisation's overall inventory
costs (Chae 2009, 425-426; Pay 2010, 69). Disposing of such inventory can also pose a
significant challenge. Each obsolete item should undergo an individual assessment to
determine the appropriate course of action, preventing the accumulation of excess and
obsolete inventory (Gordon 1986, 1275). Some items may still be usable as they are, and
some may be reworked for reuse (Stock & Lambert 1987, 445). In some cases, there may be

an opportunity to return items to the supplier. However, when parts are unusable, selling or
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scrapping them should be considered. (Stock & Lambert 1987, 444; Pay 2010, 69.)
Constantly monitoring slow-moving inventory levels and proactively addressing issues

enables organisations to reduce the overall cost of inventory (Chae 2009, 425-426).

2.2 Methods of inventory management

Inventory management involves the principles, concepts, and techniques to decide what to
order, how much, when, and where to store items. These decisions should align with
organisational objectives and be consistent with other key functions, such as manufacturing,
finance, and marketing. (Fogarty, Blackstone & Hoffmann 1991, 157.) According to
Gudehus and Kotzab (2009, 326), inventory optimisation strategies aim to reduce the total
cost of storage while considering their impact on stock availability. However, inventory
optimisation does not inherently lead to stock reduction; instead, it can even contribute to its

increase (Gudehus & Kotzab 2009, 326).

Many methods can be used to improve inventory management. Inventory optimisation
strategies involve using cost-optimal replenishment quantities, accurate algorithms and
formulas for scheduling and calculation, and continually monitoring and updating
scheduling parameters and cost rates. Furthermore, these strategies involve monitoring stock
availability for different items, categories, and customer groups, with the flexibility to adjust
as necessary. It is also essential to regularly review and adjust safety stocks. Consolidating
replenishments for articles from the same source, harmonising their supply with transport
capacity and frequency, is also crucial. (Gudehus & Kotzab 2009, 326-327.) According to
Stock and Lambert (1987, 419), some common inventory management methods include, for

instance, ABC analysis, inventory models, and advanced order processing systems.

2.2.1 Classification of inventory

Organisations usually deal with a large number of different items, which are commonly
referred to as stock-keeping units (SKUs). Retailers may have thousands of SKUs, while
larger organisations may manage tens or even hundreds of thousands of items. Inventory
management often involves classifying items systematically based on various criteria, with

demand value and demand volume as the most common ranking criteria. Item classification



25

helps establish stock control methods and service levels for each class, streamlining
inventory management tasks. (Teunter, Babai & Syntetos 2010, 343-344.) The classification
process facilitates a better understanding of the diversity of SKUs and ensures that
managerial efforts are focused on the most significant items in the inventory. As a result,
resources can be controlled and optimised more effectively, enhancing operational efficiency

and cost-effectiveness. (Tersine 1979, 394-395.)
ABC classification

Inventory items can be classified based on their usage value. The 80/20 rule, also known as
the Pareto principle, states that a small portion of the total range of items in an inventory
constitutes a significant proportion of the total usage value. In general, 80% of sales or
consumption is typically generated by just 20% of all stock items. (Slack, Brandon-Jones &
Burgess 2022, 467.)

Utilising the Pareto principle, inventory items can be categorised based on their usage value,
commonly referred to as ABC classification (Slack et al. 2022, 467). Organisations widely
use this classification method to manage their inventory efficiently (Teunter et al. 2010,
343). The graphical representation of the Pareto chart of inventory items is illustrated in
Figure 2. Although the ABC classification was initially created for three classes (ABC), it
can be expanded to include additional classes if necessary. However, the number of classes
is usually limited to a maximum of six. (Teunter et al. 2010, 344.) According to Slack et al.

(2022, 467), the ABC categories can be grouped as follows:

e C(lass A items, constituting approximately 20% of the total items, represent high-

usage value items, contributing around 80% of the total usage value.

e C(lass B items, constituting approximately 30% of the items, represent moderate-

usage value items, contributing around 10% to the total usage value.

e C(lass C items, constituting approximately 50% of the total items, represent low-

usage value items, contributing around 10% to the usage value.
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Figure 2. Pareto chart of inventory items (Slack et al. 2022, 468).

The categorisation process is crucial in determining appropriate control strategies for
different classes. Class A items are the most valuable and, therefore, given the highest
priority. Maintaining a rapid turnover of these items and preventing the accumulation of
excessive stock is essential. Strict monitoring of class A is crucial, including reviewing
demand forecasts frequently. Additionally, expediting should be used to reduce lead times.
Class B items, while less important than class A, still require regular monitoring and
management. Class C items are less critical, and resources allocated to them should be
minimal. It is recommended that simple control methods are employed for class C items.
Moreover, ordering large quantities at once and maintaining an adequate safety stock is

typical of class C items. (Hoppe 2006, 57-59; Arnold et al. 2008, 273-274.)
XYZ classification

Another frequently used technique for item classification is the XYZ classification. A
commonly used criterion is categorising items into XYZ classes based on the variability of
their consumption patterns. (Hoppe 2006, 53; Scholz-Reiter, Heger & Meinecke 2012, 445,

447.) Figure 3 presents consumption fluctuations in XYZ classes.
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Figure 3. XYZ analysis with consumption fluctuations (Hoppe 2006, 61).

The coefficient of variation is the defining statistical metric in the XYZ analysis, which is
the ratio of the standard deviation of item consumption over a specific period to the average
consumption. The coefficient of variation is used to determine consumption stability.
(Scholz-Reiter et al. 2012, 446.) According to Scholz-Reiter et al. (2012, 447), the critical

values of the coefficient of variation can be categorised as follows:
e C(lass X items: coefficient of variation percentage less than 50%.

e C(lass Y items: coefficient of variation percentage greater than 50% but less than
100%.

e C(lass Z items: coefficient of variation percentage greater than 100%.
ABC-XYZ classification

The ABC classification is often used as the primary analytical tool and complemented by
the XYZ analysis (Hoppe 2006, 60). Relying solely on the ABC classification may not be
enough to achieve optimised inventory control, as variations in product demand can affect
the efficiency of the ordering process (Pandya & Thakkar 2016, 84). By combining the ABC
and XYZ analysis, the classification can be expanded to include classes AX, BX, CX, AY,
BY, CY, AZ, BZ and CZ (Scholz-Reiter et al. 2012, 446). Table 1 provides a detailed

explanation of the characteristics associated with each class.
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Table 1. Combination of ABC-XYZ classification (Pandya & Thakkar 2016, 84).

A B C

X | high value average value low value
continuous demand continuous demand continuous demand
high predictability high predictability high predictability
Y | high value average value low value
fluctuating demand fluctuating demand fluctuating demand

average predictability average predictability average predictability

Z | high value average value low value
irregular demand irregular demand irregular demand
low predictability low predictability low predictability

Items classified under class AX are high-value items with constant consumption patterns
and accurate demand forecasts. This class requires precise planning and ordering,
eliminating the need to maintain substantial safety stock levels. Class AY consists of items
that also have a significant influence on the overall usage value. However, their consumption
fluctuates, and the forecasting precision is average. Category AZ includes items that
contribute substantially to the total value, yet their demand is irregular, and forecasting is
challenging. Managing inventories for this group poses the most challenges. (Stojanovi¢ and

Regodi¢ 2017, 36.)

Class BX contains items that have a moderate contribution to the total value. These items
have consistent consumption patterns and highly accurate demand forecasting. When
managing this category, the focus should be on minimising stock levels effectively. Class
BY also contains items that have a moderate contribution to the total value. However, they
have sporadic consumption and a medium level of accuracy in forecasting demand. Class
BZ items with average value, irregular demand, and low predictability have minimal
influence on business operations. Purchasing these items should be infrequent, and planning

for them may be disregarded or delegated to suppliers. (Stojanovi¢ & Regodi¢ 2017, 36-37.)

Class CX encompasses products with a minor contribution to the total value. The demand is
continuous, and forecasts are accurate. When managing this category, these items should be

procured in accordance with the needs. As with class BZ items, category CY and CZ items
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have low value and minimal influence on business operations. Therefore, resources and

efforts should be minimised. (Stojanovi¢ & Regodi¢ 2017, 36-37.)

2.2.2 Safety stock

Inventory can be divided into two parts: cycle stock and safety stock. Cycle stock represents
the inventory that results from purchases, and its size depends on the consumption and
replenishment frequency. Safety stock is strategically maintained stock designed to address
unforeseen increases in demand or challenges in supply, serving as a proactive measure to
mitigate the impact of uncertainties. (Chopra 2018, 65, 325.) Figure 4 illustrates various
scenarios where the safety stock level accounts for fluctuations in demand, variations in lead
time, and the combined impact of variable demand and lead time (Stock & Lambert 1987,
402). To avoid shortages and maintain consistent delivery performance, businesses must
maintain safety stocks. However, it is essential to acknowledge that safety stock increases
the amount of capital tied up in inventory. Thus, it is crucial to find an efficient balance
between meeting the required service levels for customers and managing the capital tied up

in safety stocks. (Jonsson & Mattson 2019, 663.)
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Figure 4. Average inventory investment under conditions of uncertainty (Stock & Lambert
1987, 402).

According to Chopra (2018, 327), the optimal amount of safety inventory depends on four
critical factors: desired product availability, demand uncertainty, supply uncertainty, and
inventory replenishment policies. An increase in the desired product availability corresponds
to a proportional increase in the level of safety inventory. Figure 5 illustrates the relationship
between the desired customer service levels and inventory investment. For instance, if you
aim for a 95% customer service level, there is a 5% chance of experiencing stockouts before
the replenishment order arrives. Table 2 shows the correlation between desired service levels
and safety factors. Likewise, higher demand uncertainty necessitates a higher level of safety
inventory, and an increase in supply uncertainty amplifies the higher safety inventory level.
The flexibility in placing replenishment orders also affects safety stock; increased flexibility,
allowing orders to be placed at any time, reduces the required safety inventory level. (Chopra

2018, 327-328.)
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Figure 5. Relationship between inventory investment and customer service levels (Stock &

Lambert 1987, 417).
Table 2. Desired service levels and safety factors (Arnold et al. 2008, 314).

Service level % Safety factor

50 0,00
75 0,67
80 0,84
&5 1,04
90 1,28
94 1,56
95 1,65
96 1,75
97 1,88
98 2,05
99 2,33
99,86 3,00
99,99 4,00
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The literature offers numerous approaches to determining safety stocks. The most widely
recognised and commonly utilised method is based on the desired service level (Jonsson &
Mattson 2019, 664). According to Vollmann et al. (2005, 133), if the standard deviation of

demand is known for an item, safety stock can be calculated by using the following formula:
S =ZopVym 3)

where

S = safety stock in units,

Z = safety factor,

op = standard deviation of demand,

m = lead time.

Knowing the safety inventory and average order quantity allows calculating the average
inventory for an item. The average inventory level refers to the amount of goods that are
constantly considered to be in stock. According to Arnold et al. (2008, 306), the average

inventory can be calculated as follows:

Average order quantity
2

Average inventory = Safety stock +

4

2.2.3 Lot sizing methods

Lot sizing is deciding the amount of material to order from suppliers or produce internally
to satisfy demand (Viale 1996, 40). According to Viale (1996, 40), lot-sizing methods can
be divided into two main categories: demand-based methods (static) and discrete methods

(dynamics).
Demand-based methods

In methods based on demand, order quantities are maintained at a constant level. Two
common demand-based methods are fixed order quantity (FOQ) and economic order

quantity (EOQ). (Viale 1996, 40.)

The fixed order quantity (FOQ) is a straightforward inventory management approach where

a predetermined quantity of units is ordered each time. This method is easily understood. On
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the other hand, it does not minimise the costs involved (Arnold et al. 2008, 828). The
predetermined quantity can be established based on experience or, for example, using the

economic order quantity technique (Viale 1996, 41).

The economic order quantity (EOQ) is the optimal lot size that minimises the annual costs
associated with holding inventory and placing orders (Tersine 1979, 72; Krajewski et al.
2019, 361). EOQ can be determined by analysing the relationship between the total inventory
cost, holding cost, and order quantity, as shown in Figure 6. The lowest point of the U-
shaped curve on the graph represents the economic order quantity. According to Tersine

(1979, 74), the total cost can be calculated by using the following formula:

Total annual cost = (purchase cost) + (order cost) + (holding cost)

TC = RP + % +Z (5)

where
R = annual demand in units,
P = purchase cost of an item,
C = ordering cost per order,
H = holding cost per unit per year,

Q = lot size or order quantity in units.
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Figure 6. Economic order quantity (EOQ) graph (Tersine 1979, 75).

In order to find the optimal lot size that minimises costs, the EOQ formula is used. This
formula is derived by setting the first derivative of the total annual cost with respect to the
lot size (Q) equal to zero, and then solving for the lot size (Tersine 1979, 75). According to
Tersine (1979, 75), the EOQ can be calculated as follows:

E0Q = |7 (©)

where

C = ordering cost per order,

R = annual demand in units,

H = holding cost per unit per year.

The economic order quantity leads to the frequent ordering of items with high unit costs in
smaller quantities, as the savings in inventory investment offset the additional order costs.
On the other hand, items with low unit costs are ordered in larger quantities, as it minimises

required inventory control and prevents recurring order costs. (Tersine 1979, 75.)

The EOQ method is based on several key assumptions. First, it assumes that the demand rate
for the item is consistent and precisely known, which forms the basis for accurate

calculations. Additionally, no constraint, such as truck capacity, is taken into account, which
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gives flexibility and freedom to determine the size of each lot. Additionally, a specific item's
decision-making process operates independently, eliminating any strategic advantage from
consolidating orders directed to the same supplier. It is also presumed that the lead time
remains constant and that the ordered amount aligns precisely with the delivered quantity,

eliminating the possibility of partial deliveries. (Krajewski et al. 2019, 361-362.)

According to Krajewski et al. (2019, 362) and (Ross 2015, 386), the economic order quantity
may not be the ideal method for all scenarios, as some factors, such as quality discounts,
joint replenishment, and transportation rates, can affect its application. However, despite

these limitations, it is still a useful estimate for determining the appropriate lot size in most

cases (Krajewski et al. 2019, 362).
Discrete methods

In discrete methods, the quantities of orders can vary. Some commonly used discrete

methods are period order quantity, lot-for-lot, and periods of supply. (Viale 1996, 40.)

Period order quantity (POQ) is a lot-sizing technique in which the lot size is equal to the
requirements for a given number of periods into the future (Viale 1996, 44). The lot-size rule
of POQ is based on the same theory as the economic order quantity and uses the EOQ
formula to calculate an economic time between orders. This helps in determining the time
interval for placing orders. (Arnold et al. 2008, 293.) According to Viale (1996, 44), POQ is

calculated using the following formula:

EOQ
Average period usage

POQ =

(7

The lot-for-lot method is an MRP lot-sizing technique commonly used in just-in-time
production. In this method, the planned order quantities are generated equal to the net
requirements in each period. (Viale 1996, 45.) This means that orders are placed precisely
for what is needed, without any extra amount. The order quantity varies whenever
requirements change, but it requires time-phased information from a material requirements
plan or a master production. The lot-for-lot method is especially suitable for class A items

as it ensures that no unused lot-size inventory is held. (Arnold et al. 2008, 282.)

Periods of supply is a method where the ordered quantity is determined to satisfy demand

for a given period (Viale 1996, 46; Arnold et al. 2008, 282). The difference between periods
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of supply and period order quantity is that the periods of supply method uses experience

rather than the EOQ formula (Viale 1996, 44).

2.2.4 Material planning methods

Material planning takes place at a tactical planning level to balance supply and demand. It
involves controlling and monitoring inventories to ensure a continuous flow of materials and
facilitate value-added activities in manufacturing. The pivotal questions in material planning
are related to determining the optimal moments for ordering and delivering materials and
how to quantify the optimal order quantities. (Tersine 1979, 381-382.) Some commonly used
methodologies for material planning are reorder point, periodic review, MRP, and Kanban
(Jonsson & Mattson 2006, 973). An organisation can also have multiple control systems to

manage inventory (Tersine 1979, 381-382).

When an organisation considers redesigning its material planning, it is crucial to carefully
evaluate the objectives and their relative importance. This review aims to identify the
necessary changes, define their nature, and define the extent of their implementation. Active
participation of personnel involved in the current inventory system is essential for successful
redesigning. Before the actual implementation, a simulation is an effective method to assess

the potential impact of the redesigned system. (Tersine 1979, 187.)
Reorder point

A widely employed method to determine when to restock an item is using the reorder point
(ROP) system. This system notifies when an item’s inventory balance drops below its
designated trigger point quantity, signalling the need for replenishment. The order quantity
determination can be based, for example, on the economic order quantity method. (Ross
2015, 367-368.) The functionality of the reorder point system is illustrated in Figure 7. The
ROP method is especially suitable for items with stable demand and standardised
components with long life cycles (Jonsson & Mattson 2006, 972). However, this method

requires close perpetual inventory transaction control (Ross 2015, 367).
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Figure 7. Reorder point system (Ross 2015, 369).

According to Ross (2015, 368), the reorder point can be calculated as follows:
ROP=DL+S ®)

where

D = average demand in units,

L = lead time,

S = safety stock.

Two-bin system

The two-bin system is a material planning method that involves storing inventory items into
two bins: - one in the processing area and the other one in reserve. Once the picking bin is
emptied, the reserve bin is moved forward, initiating replenishment. The recently
replenished bin will remain reserved until the forward picking bin is emptied. The quantity
required per bin is calculated, representing the minimum cycle stock essential to meet

demand while anticipating replenishment stock from the supplier. (Ross 2015, 366.)

The two-bin system is a straightforward and widely used technique for inventory control
(Ross 2015, 366). It is particularly effective for items with stable demand and is most suitable
for low-cost, bulk, or low-volume items with comparatively short replenishment lead times.

In ABC classification, the two-bin system is recommended for C items. (Ross 2015, 366.)

Periodic review
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The periodic review system is a method for managing inventory that involves periodic
reviews of items. During each review, orders are placed to restock items, with the order
quantity varying based on the inventory level needed to reach a predetermined target.
Additionally, a review cycle is established for each item, which could be monthly, weekly,
or annually. The functionality of the periodic review system is illustrated in Figure 8. This
method offers several advantages, including cost savings, by eliminating the need to

maintain perpetual inventory records continuously. (Ross 2015, 367, 379-380.)
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Figure 8. Periodic review system (Ross 2015, 380).

Two important formulas are used in the periodic review method. These are the order review
cycle and the target inventory. In order to determine the review cycle, the annual units sold
for an item are divided by the standard lot quantity. (Ross 2015, 381.) According to Ross
(2015, 381), the inventory target level (TI) is calculated in the following way:

TI = (D(L+T)) + (SoDVL +T) 9)
where
D = average demand in units,
L = item lead time,
T =review period,

S = safety stock,
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oD = standard deviation of demand.
MRP

Material requirements planning (MRP) is an approach for calculating the materials required
and production schedules needed to fulfil actual customer orders and predicted demand. By
anticipating future requirements, MRP enables accurate calculations of volume and timing

that are essential for meeting demand. (Slack et al. 2022, 503, 509.)

The MRP is based on a master production schedule (MPS) that contains information
detailing the volume and timing specifications for the final products to be manufactured.
This schedule serves as the foundational framework for planning, including labour allocation
and the utilisation of equipment and materials. Derived from the master schedule, materials
requirements planning computes the necessary volume and timing specifications for
assemblies, sub-assemblies, and materials. This process requires information about the
product structure, known as the bill of materials (BOM). The system computes the quantity
and timing of necessary sub-assemblies and parts using the BOM and inventory records.
(Slack 2022, 503, 509.) The schematic for materials requirements planning is illustrated in

Figure 9.

Customer orders , Forecast demand
\ Master production /

schedule
L 4
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Bill of materials requirements Inventory records
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/ “ \
Purchase orders Materials plans Works orders

Figure 9. Materials requirements planning schematic (Slack et al. 2022, 503).

According to Jonsson and Mattson (2008, 1789), MRP is the most used method for planning
materials required for dependent demand. It is mainly employed in manufacturing businesses

and is a suitable planning technique at a detailed planning level (Jonsson & Mattson 2008,

1808).
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JIT

JIT (Just-in-time) is one of the classic approaches to detailed material planning (Vollmann
et al. 2005, 247). The main goal of JIT is to reduce waste across an organisation (Waters-
Fuller 1996, 35). JIT supply is a practice that involves receiving materials only when
necessary, according to pull logic. JIT deliveries typically involve small lot sizes and
frequent deliveries to the customer. The vital benefit of JIT supply is the reduction of
inventories. (Waters-Fuller 1996, 35; Danese, Romano & Bortolotti 2012, 444-445.) By
delivering goods only when needed, the inventory costs are minimised, and the risk of
obsolescence is reduced. Additionally, the supply chain becomes more flexible and

responsive. (Waters-Fuller 1996, 35.)

JIT purchasing practices require a distinct approach compared to traditional purchasing when
it comes to the delivery of materials, supplier selection, and supplier relationship (Waters-
Fuller 1996, 35-36). In order to reduce inventory levels, the focus is on ensuring that
suppliers are located within a suitable transport distance and can provide the exact quantity
of goods required in the short term. Furthermore, JIT purchasing emphasises a long-term
relationship with the supplier and usually involves either single or dual sourcing. This result
in a closer relationship between the buyer and supplier, resulting in mutual dependency.

(Waters-Fuller 1996, 35-36.)

2.2.5 Inventory management approaches

Four main strategies exist to manage the items an organisation purchases, such as raw
materials, parts, or products to sell, as stated by Wallin, Rungtusanatham & Rabinovich
(2006, 53). These strategies include inventory speculation, inventory postponement,
inventory consignment, and reverse inventory consignment. By utilising these strategies, a
divide is created between the ownership of purchased items and the physical spaces they are
stored in. To choose the most appropriate inventory management strategy, an organisation
must consider three critical factors: customer demand, the nature of the supply chain, and
bargaining power. (Wallin et al. 2006, 53,56.) Table 3 provides an overview of these four

inventory management approaches.
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Inventory Inventory Nature of the Customer Bargaining
owner holder supply line requirements power
Inventory Buyer Buyer Inconsistent Challenging to Few suppliers
speculation and uncertain anticipate who provide
delivery and customer a unique
quantity demand or usage product
performance requirements
Inventory Supplier Supplier Consistent and  Easy to Many
postponement reliable anticipate suppliers who
delivery and customer provide a
quantity demand or usage non-unique
performance requirements product
Inventory Supplier Buyer Inconsistent Challenging to Many
consignment and uncertain  anticipate suppliers who
delivery and customer provide a
quantity demand or usage non-unique
performance requirements product
Reverse Buyer Supplier Consistent and  Easy to Few suppliers
inventory reliable anticipate who
consignment delivery and customer provide a
quantity demand or usage unique
performance requirements product

Organisations often favour inventory speculation as their primary method of managing

inventory (Pagh & Cooper 1998, 15). This methodology involves purchasing and storing

items in the organisation’s facilities before the demand or usage requirements become clear.

The benefits of this approach include the ability to quickly respond to demand and protect

against price fluctuations. (Wallin et al. 2006, 53.) Furthermore, organisations can take

advantage of volume discounts and reduce inbound transportation costs (Bucklin 1965, 27).

However, inventory holding costs tend to be higher when using this approach. In addition,

there is a potential risk for inventory obsolescence. (Wallin et al. 2006, 53,55.)
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An organisation that adopts an inventory postponement approach intentionally delays the
procurement and physical possession of inventory items until the certainty demand is
established. (Bucklin 1965, 27). This approach helps the organisation reduce the risk of
inventory obsolescence and avoid inventory storage costs, since the items are physically
located with the supplier. However, this strategy may lead to increased transportation and
material handling costs due to the need to procure items in smaller batch sizes. Additionally,
the organisation may face challenges regarding timely response to demand because the items

are not readily available in their storage facilities. (Wallin et al. 2006, 53,55.)

When an organisation uses an inventory consignment strategy, they physically hold the
purchased items, but the ownership remains with the supplier. The payment to the supplier
only occurs after the items have been utilised in production or sold to the customers. This
approach provides immediate access to the items to fulfil the demand without committing
financial capital upfront. (Valentini & Zavanella 2003, 216.) Moreover, there are no risks of
incurring costs related to obsolescence. However, there are costs related to storing, handling,
and tracking the purchased items. Additionally, the organisation may be vulnerable to price
fluctuations if the cost of the items in inventory rises between the time of their physical

receipt and their eventual use. (Wallin et al. 2006, 55.)

According to the reverse inventory consignment approach, a company takes ownership and
financial responsibility for purchased inventory without physical possession. The inventory
is located with the supplier and can be transferred to the organisation's production facilities
or directly to its customers upon request. This strategy helps mitigate the risk of future price
increases and reduce storage costs. However, there is a potential risk of inventory becoming

obsolete, which should be considered. (Wallin et al. 2006, 55.)

When selecting the appropriate inventory management approach, it is essential to recognise
that the same strategy should not be applied to all acquisitions by an organisation. Instead,
the inventory management approach should be tailored for each item, selecting the strategy
that best aligns with each item's unique characteristics and requirements. (Wallin et al. 2006,

64.)
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2.2.6 Role of staff in inventory management

The success of material planning depends on choosing the appropriate methods and utilising
them meticulously (Jonsson & Mattson, 2008, 1788). In addition, staff involvement in
material planning has been shown to correlate with inventory performance, as emphasised
by Jonsson and Mattson (2016, 853). Therefore, it is crucial to consider the staff's role in

effective inventory management.

Organisations depend on employees with expertise to make decisions concerning inventory
management. Employees use information systems to determine the order quantity, timing,
and optimal inventory level to maintain. There are several factors that influence these
decisions, such as existing inventory levels, demand fluctuations, transit times, customer
service levels, and costs associated with inventory holding and ordering. (Perera, Fahimnia
& Tokar 2020, 998.) Jonsson and Mattson (2008, 1788) recommend the analytical
determination of inventory parameters, emphasising the importance of moving away from
reliance on experiential-based approaches. Analytical methods are essential in establishing
precise and accurate relationships for planning parameters. Achieving enhanced
performance in material planning methods is expected when parameters, such as safety

stocks, batch sizes, and lead times, reflect reality. (Jonsson & Mattson 2008, 1792, 1788.)

According to Jonsson & Mattson (2008, 1788), many organisations still rely on experiential
judgment rather than analytical methods when determining safety stocks and order
quantities. Estimating parameters typically involves applying general judgment and
experience. However, setting parameters based on these factors implies a loose connection
to the current environmental conditions. (Jonsson & Mattson 2008, 1788, 1791.) Moreover,
the experience-based method lacks automatic updating, making it more expensive to review

(Jonsson & Mattson 2016, 839).

Research has found that even when decision-makers use quantitative models to determine
parameters, they often deviate from the recommendations provided by analytical methods
(Perera et al. 2020, 998). Planners may intervene and modify ERP-generated output, even
though this may not be necessary or desirable. This is because they may not trust the system
they are using or because they lack proficiency and expertise in the area. (Jonsson & Mattson
2016, 839-840, 853.) However, modifying planned orders can lead to operational

inefficiencies and unnecessary expenses (Perera et al. 2020, 998). Strohhecker and GroBler
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(2013, 37) also mention that individuals' decisions contribute to the difficulties faced in
managing inventory. On the other hand, in some cases, modifications can improve
performance within the limitations of material planning methods and the complexities of

external and internal factors (Jonsson & Mattson 2016, 839-840).

Understanding how individuals make decisions about inventory is critical to mitigating the
consequences that may arise. According to Davis and Tong (2021, 17), improving
understanding of staff’s behaviour can enhance inventory performance overall. Uncertainty
about the behaviour of supply chain partners can result in uncertainty about overall
outcomes, leading to fluctuations in ordering behaviour. For example, it is common to order
more than necessary as a precautionary measure to address uncertainties. Environmental
stressors like backlogs, substantial orders, or delayed deliveries can trigger this behaviour.
Another identified factor is biased preparation behaviour resulting from an exaggerated
belief in the probability of an unfavourable event. This influences the decisions about the
timing and volume of the order. (Perera et al. 2020, 1014.) Overconfidence may also lead to
suboptimal ordering decisions. According to Davis and Tong (2021, 18) and Perera et al.
(2020, 1016), overconfident decision-makers tend to exhibit less caution in their ordering

and underestimate fluctuations in demand.

Improving performance in inventory management involves identifying and correcting
suboptimal decision-making patterns. Besides direct methods, there are also indirect ways
to enhance performance. (Davis & Tong 2021, 17-18.) Education and knowledge are vital
in inventory management, influencing inventory record accuracy and managing items
(Strohhecker & GroBler 2013, 48; Jonsson and Mattson 2016, 841). Organisational design
and functioning also affect planning performance, with positive results observed when tasks
are structured to facilitate standard and collaborative working methods. Performance
measures are crucial components that provide feedback to employees, aiding progress
tracking, communication, motivation, and issue identification. Setting challenging but
achievable targets tends to improve individual performance. (Jonsson & Mattson 2016, 841-

843.)



45

3 Research methods and data

In this chapter, the emphasis is on the research methods and data collection. To begin with,
the case company and research background are introduced. The following section presents
the research methodologies and data collection methods used. Detailed information on data
collection, data management and utilisation are presented in the chapter. By providing an
overview of the research context and data collection procedures, a foundation is established

for the case study.

3.1 Case company and research background

This research was conducted for a manufacturing company in the engineering and service
industry. The case company has a production facility located in Finland where three distinct
productions are operating, each dedicated to manufacturing a specific module for the main
product. This empirical research focused on one of these productions and its inventory

management.

In the case company, the manufacturing unit follows a make-to-order (MTO) production
strategy. This means that the production process begins only after receiving the customer’s
order. For this reason, the case company's inventory mainly comprises the necessary raw
materials and components for the manufacturing process. The inventory consists of around
700 individual items. The case company's suppliers are located in various European
countries, such as Finland, Germany, and Italy. The primary transportation method used to
deliver materials to the factory is by road, and materials are then stored in the production

facility.

Inventory management has been a significant challenge for the case company for a long time.
Even though the significance of inventory management has been acknowledged and
efficiency targets have been set, the case company is facing difficulties in achieving optimal
inventory management. The inventory turnover ratio is low, and there is a substantial amount
of slow-moving inventory. To improve the current situation, this research aimed to enhance
the inventory efficiency of the case company through inventory optimisation. The focus was

on finding ways to optimise and standardise inventory management practices. To accomplish
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this objective, the research conducted an in-depth study of the existing inventory
management strategy employed by the case company. The factors leading to ineffective
inventory management were identified based on the current state analysis. Then, suitable
methods and techniques were proposed to optimise inventory management and achieve the

inventory performance goals.

3.2 Data collection

In this research, both quantitative and qualitative research methods were employed. These
two different types of research methods are complementary and were used together to gain

a more comprehensive understanding of the case under investigation.

In this research, semi-structured interviews were utilised as the qualitative data collection
method. The semi-structured interviews aimed to gain insights into the personal experiences
and viewpoints of employees regarding the current inventory management procedures.
Additionally, the interviews helped to develop a general understanding of the case
company’s inventory management processes and methods. Interviews were conducted with
three participants from the material management department of the case company. The pre-
selected themes were chosen to cover essential aspects of inventory management, including
themes such as the current purchasing process, materials, suppliers, and inventory
performance. As is typical for semi-structured interviews, the questions within each theme
did not have a specific form or sequence. Nevertheless, all interviewees were asked the same

questions related to the chosen themes.

In this research, numerical data was collected through a quantitative data collection method.
The data was collected from the case company's enterprise resource planning system and

Qlik Cloud software. All data processing was done using Excel.

Inventory consumption data was collected from the ERP system for a period of 12 months,
from December 2022 to November 2023. The data included monthly information on the
inventory value and quantity of items and their usage value and quantity of consumption.
Based on this data, the average inventory and monthly average consumption for each item

were calculated. Additionally, the standard deviation of consumption and the coefficient of
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variation for each item were calculated. Moreover, the ABC-XYZ analysis was conducted,

and inventory performance metrics calculated with this data.

Data on determined parameters, such as current safety stock levels, minimum order
quantities, and lead times, was gathered from the ERP system. This data was utilised to
analyse safety stock levels and current minimum order quantities. Furthermore, data on
slow-moving materials was collected from the Qlick Cloud software for a period of 12
months from December 2022 to November 2023. This data was utilised for analysing the

current slow-moving inventory.
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4 Research findings and analysis

This chapter aims to analyse the current state of inventory management in the case company.
The analysis begins by briefly introducing the material management responsibilities and
describing the current order-to-delivery process. Interviews were conducted to gain a general
understanding of the current inventory management processes and practices. After that, the
ABC-XYZ analysis carried out using data from the enterprise resource planning system and
a classification method introduced in the literature review is presented. The efficiency of the
current inventory management is then explored. Additionally, the current safety stock levels
and minimum order quantities were analysed using data collected from information systems
and interviews. Based on these observations, a comprehensive understanding of the current

state of the case company's inventory management was created.

4.1 Overview of the case company’s current inventory management

As part of the current state analysis, a brief description was made detailing the
responsibilities of the purchasers and procurement department in the inventory management

process. Interviews were conducted as part of this phase.

The materials management department is responsible for purchasing materials needed for
production, ensuring that they are available in a timely manner. Each purchaser is
responsible for specific suppliers and materials. Additionally, purchasers are responsible for
determining suitable safety stock levels for each item. In inventory management, the
procurement department manages the contractual side, including negotiating aspects such as
minimum order quantities and pricing. According to the interviews, purchasers and
procurement collaborate closely. For example, purchasers inform the procurement

department about the need to update minimum order quantities.

Next, a description of the current order-to-delivery process was created based on interviews.

The order-to-delivery process is visualised in Figure 10.
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Customer order Bill of material Purchase
(BOM) requisition
Receiving materials . Suppliers ‘ Purchas orders
Production . Delivery to
customer

Figure 10. Flowchart of the case company’s order-to-delivery process.

The order-to-delivery process begins when the case company receives a customer's order.
The order details are entered into the enterprise resource planning system. The purchasers
then make decisions regarding inventory replenishment based on the information provided
by the ERP system. The system uses the bill of materials (BOM) and inventory records to
calculate the precise quantity and timing of necessary materials and components. The ERP
system then generates purchase requisitions for the purchasers, considering factors such as
minimum order quantities, delivery times, current stock levels, and the determined safety

stock levels.

Two different material planning methods are primarily employed, and the chosen method
influences the quantity of the product to be ordered. Some orders are placed based on the
periodic review system, meaning replenishment orders are made upon each review, featuring
a variable order quantity. For some items, the reorder point system is employed. The system
notifies when an item’s inventory balance drops below its designated trigger point quantity,
signalling the need for replenishment. When using a reorder point system, a predetermined

quantity of units is ordered each time.

Once the purchasers have sent orders to suppliers, the goods are delivered to the case

company's factory as requested. From there, the materials are used in production according
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to the production schedule to assemble the product. After that, the product is delivered to the

customer.

4.2 Ttem classification

In this section, the categorisation of the case company's inventory items using ABC and
XYZ classifications is presented. At first, the classifications are presented individually, with
distinct sections for criteria, steps, and outcomes. Following that, the inventory items are

categorised into ABC-XYZ groups by combining the two classifications.
ABC classification

The case company uses the ABC classification method to categorise its inventory items
based on their usage value in euros. This method classifies items into three categories: A, B,
and C. According to this classification, class A items contribute 50% of the total usage value,
class B items contribute 30% of the total usage value, and class C items contribute 20% of
the total usage value. The current model also includes the items without consumption in the

C category.

Based on the interviews, the case company is currently utilising the ABC analysis to monitor
the items and their inventory turnover ratios. With the help of ABC analysis, the purchasers
are able to identify high-runner and slow-moving items. However, the case company is not

utilising ABC analysis to its full potential in purchasing activities.

The updated ABC classification was decided to include a new category — class D - dedicated
to non-moving items. This change was made because these items were not desired to be
included in the ABC-XYZ analysis. The same criteria used in the previous model were
applied to classify the items in the updated ABC classification. The classification criteria for

the new ABC analysis were defined as follows:
e C(lass A items, contributing to 50% of the total usage value.
e (lass B items, contributing to 30% of the total usage value.
e C(lass C items, contributing 20% of the total usage value.

e C(Class D items, contributing 0% of the total usage value.
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To conduct the ABC analysis, monthly inventory consumption data from the ERP system
for a period of 12 months, from December 2022 to November 2023, was gathered. This data
included information on the usage value for each item. Excel was used to classify a total of
716 items based on their usage value, sorting them in descending order from highest to
lowest. Table 4 presents a sample spreadsheet of the ABC inventory analysis, including
columns for each item’s usage value, percentage of total usage value, cumulative percentage

of total usage value, and ABCD category.

Table 4. Sample spreadsheet of the ABC analysis.

Material Usage value € % of total usage Cumulative % ABCD class
value of total usage
value
Item 16 76282 1,06% 45,09% A
Item 17 72396 1,01% 46,09% A
Item 18 71128 0,99% 47,08% A
Item 19 70789 0,98% 48,07% A
Item 20 66215 0,92% 48,99% A
Item 21 65237 0,91% 49,90% A
Item 22 62520 0,87% 50,77% B
Item 23 61582 0,86% 51,62% B
Item 24 61369 0,85% 52,48% B
Item 25 61175 0,85% 53,33% B
Item 26 60071 0,84% 54,16% B
Item 27 51883 0,72% 54,88% B

Figure 11 presents the results of the ABC classification. Class A items constitute only 3%
of the total inventory but account for 50% of the annual consumption. Class B items
represent 10% of the total items and contribute 30% to the overall usage value. Class C items
comprise 68% of the inventory but contribute only 20% to the total usage value. Lastly, class
D includes non-moving items and constitutes 19% of the total items. The analysis indicates
that a small number of items contribute significantly to the total consumption. Additionally,

the case company has a considerable number of non-moving items in inventory.
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Figure 11. Results of the ABC classification.
ABC-XYZ classification

The item classification was expanded to include the XYZ analysis, as it provides a more
comprehensive view of the inventory items. For the XYZ analysis, classification criteria
were selected based on the variability in consumption patterns of items. Consumption
patterns can vary significantly from consistent to highly fluctuating depending on the item,

making it an essential factor to consider in the analysis.

During the XYZ analysis, items were categorised according to their variance in a specific
coefficient. This coefficient of variation is determined by dividing the standard deviation of
item consumption over a given period by the average consumption. The formula used to

calculate the coefficient of variation was as follows:
Coefficient of variation = % (10)

where
o = standard deviation,
W = mean.

To determine the standard deviations for each item, the following formula was used:

o= /_Z(X;”)z (11)
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where
x = each value,
n = total number of observations.

The mean for each item was calculated using the following formula:

== (12)

n

In order to conduct the XYZ analysis, usage data for each item for a 12-month period, from
December 2022 to November 2023, was collected. Using the provided formulas, the standard
deviation and average consumption for each item were calculated in Excel. By dividing the

standard deviation by the mean, each item's coefficient of variation was determined.

The classification criteria used in the XYZ analysis were based on the same criteria
introduced in the literature review. The items were categorised based on their coefficient of

variation as follows:
e C(lass X items: coefficient of variation percentage less than 50%.

e C(lass Y items: coefficient of variation percentage greater than 50% and less than
100%.

e C(lass Z items: coefficient of variation percentage greater than 100%.

Table 5 provides a sample spreadsheet of the XYZ analysis, including columns for
determined standard deviation, average usage, and calculated coefficient of variation for
each item. The determined XYZ category is shown in the sixth column, based on the
coefficient of variation. ABC-XYZ classes are formed by combining the results of the

previous ABC classification and XYZ analysis in the last column.
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Table 5. Sample spreadsheet of ABC-XYZ classification.

Material ABCD Standard  Average Coefficient XYZclass ABC-XYZ
class deviation usage of class
variation
Item 16 A 17,3 37 47% X AX
Item 17 A 28,7 44 65% Y AY
Item 18 A 14,8 16 93% Y AY
Item 19 A 14,1 21 66% Y AY
Item 20 A 28,2 58 49% X AX
Item 21 A 57,6 203 28% X AX
Item 22 B 6004,2 8000 75% Y BY
Item 23 B 45,1 64 71% Y BY
Item 24 B 48,7 296 16% X BX
Item 25 B 27,9 55 51% Y BY
Item 26 B 19,9 20 100% Y BY
Item 27 B 61,9 329 19% X BX

After categorising all items into ABC and XYZ categories, they were further classified into
ABC-XYZ categories. The results of the ABC-XYZ classification are presented in Table 6.

Table 6. Results of the ABC-XYZ analysis.

A B C Total
X 13 29 75 117
Y 8 21 90 119
V4 0 21 293 314
Total 21 71 458 550

A B C Total
X 2% 5% 14% 21%
Y 2% 4% 16% 22%
Z 0% 4% 53% 57%
Total 4% 13% 83% 100%
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When examining consumption variability, the case company's inventory is made up of three
types of items: class X items with consistent consumption, class Y items with irregular
consumption, and class Z items with entirely unpredictable consumption. The items are
divided into categories so that the number of items in categories X and Y is almost the same,
each accounting for about 20% of all items. On the other hand, class Z items constitute more

than half of all items, accounting for 57% of the inventory.

Items with a high usage value, known as class A items, are mostly AX items. The rest of the
class A items belong to class AY. However, currently, there are no class AZ items in the
case company’s inventory. Category B items are distributed relatively evenly among each
category X, Y, and Z. Low-consumption class C items are divided as follows: CX and CY
items make up less than a fifth of all class C items, while CZ items make up 63% of all class

C items and 53% of all items.

4.3 Inventory performance

The current state analysis also included the assessment of the case company's inventory
management efficiency. The assessment of its efficiency was based on data gathered from
the enterprise resource planning system over a 12-month period from December 2022 to
November 2023. Three key performance indicators were selected for a more in-depth
analysis, encompassing inventory turnover ratio, days of supply, and the value of slow-
moving inventory. The aim was to evaluate the inventory’s efficiency through the
examination of the ABC-XYZ categories and overall inventory. The purpose of the
assessment was to identify any problematic item categories that were hindering the overall

efficiency of the inventory.
Inventory turnover ratio and days of supply

The assessment of inventory efficiency began by analysing the inventory turnover and days
of supply. To do so, it was necessary to calculate the usage value and the average inventory
value for each ABC-XYZ class. The usage value for each class was calculated by adding up
the usage values of individual items within the category. Similarly, the average inventories
for each class were calculated. Using the formula from the literature review, the inventory

turnover ratio was calculated by dividing the annual usage value by the average inventory.



56

The days of supply was calculated by dividing the average inventory by the usage value and
multiplying the result by 365. The results of these calculations are presented in Table 7.

Table 7. Analysing efficiency: inventory turnover ratio and days of supply for each ABC-
XYZ class.

ABC-XYZ Usage value  Average inventory Inventory Days of
class € € turnover supply
AX 2862436 354830 8,1 45

AY 724299 131305 5,5 66

AZ - - - -

BX 904083 117869 7,7 48

BY 725180 157244 4,6 79

Bz 529270 112758 4,7 78

CX 442056 81117 5,4 67

CY 301799 124745 2,4 151
Cz 663769 394845 1,7 217
Total 7152892 1474714 4,9 75

According to Table 7, the case company's overall inventory turnover is 4,9, and the average
inventory coverage is 75 days, equivalent to approximately 2,5 months. The case company
has set the target value for inventory turnover to be a minimum of 6. However, the current

inventory turnover ratio does not meet this target.

When comparing the ABC classes, it can be noticed that items belonging to class X achieve
the highest turnover ratio among all the categories, while categories Y and Z have a slower
turnover ratio. Furthermore, the low turnover ratio of high-value class A items significantly

impacts the weak overall inventory turnover ratio.
Slow-moving inventory

The assessment of inventory efficiency continued by analysing the value of slow-moving
inventory over a 12-month period from December 2022 to November 2023. Slow-moving
inventory consists of items on inventory that exceed the quantities used in the preceding six
months or have had no transaction activity within the last six months. In the case company,
the calculation of the slow-moving inventory value for each item is done using the following

formula:
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Slow moving value = Ending inventory value — 6 month total usage value (13)

The Qlick Cloud software was used to gather data on the value of slow-moving inventory.
Subsequently, the average slow-moving inventory value during 12-month period was
calculated for each ABC-XYZ class. Figure 12 presents the results of the distribution of

slow-moving inventory value by ABC-XYZ classes.
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Figure 12. Value of slow-moving inventory for each ABC-XYZ class.

The results indicate that slow-moving inventory is primarily distributed among classes B
and C. The majority of these items are Y and Z category items that are consumed irregularly.
A significant portion of the slow-moving inventory consists of items categorised as CZ,
accounting for 69% of the total value of slow-moving inventory. As mentioned earlier, CZ
items had the lowest turnover ratio at only 1,7, which explains their presence in slow-moving

inventory.
4.4 Analysis of safety stock levels

As part of the current state analysis, an examination was done on the determined safety stock
levels. The purpose of the safety stock analysis was to evaluate the coverage of currently

determined safety stock levels.
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As previously mentioned, it is the responsibility of the purchasers to determine the
appropriate safety stock levels. Currently, there is no standard policy for determining safety
stocks. Based on the interviews, it is a common practice to maintain a safety stock equivalent

to two weeks to a month’s worth of demand, depending on the item.

The coverage of current safety stock levels was assessed by comparing them to the average
consumption of the items. To do this, data on safety stock and average consumption were
gathered from the ERP system. The calculation assumed that the inventory holds the
predetermined amount of safety stock for each item at any given moment. It was observed
that some items did not have a determined safety stock level, which was recorded as 0. The
average number of days the safety stock would cover was calculated by dividing the safety
stock level by the monthly average consumption for each item. In Table 8, the sample

spreadsheet of safety stock calculations is presented.
Table 8. Sample spreadsheet of safety stock levels.

ABC-XYZ class Safety stock Average usage Safety stock coverage in days

AX 600 795 23
AX 300 389 23
AX 80 360 7
AX 160 206 24
AX 90 381 7
AX 90 125 22

Table 9 presents the distribution of safety stock coverage in days for each ABC-XYZ class.
The results are divided into seven groups, which are as follows: no safety stock, covering up
to one week's consumption, covering up to one month's consumption, covering up to a
quarter's consumption, covering up to half a year's consumption, covering up to a year's
consumption, and covering more than a year's consumption. Additionally, Figure 13 shows

each ABC-XYZ class's average safety stock coverage.
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Safety stock coverage in days (d) AX AY AZ BX BY BZ CX CY CZ
0 0 2 - 3 5 12 17 42 196
1>d>7 1 0 - 4 1 0 1 0 0
7>d>30 11 4 - 18 5 4 36 13 8
30>d>90 1 2 - 4 10 5 16 29 38
90>d>180 0 0 - 0O 0 O 1 3 22
180>d > 365 0 0 - 0O 0 0 1 1 15
> 365 0 0 - 0O o0 o0 O 1 14
CZ I —— 107
CY I— 31
CX . 25
% BZ I 17
> BY I s
0
%BX I 17
AZ 0
AY I 23
AX I 17
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Figure 13. Average safety stock coverage in days for each ABC-XYZ class.

Based on the results presented in Table 9 and Figure 13, it can be observed that average
safety stock coverage for most categories ranges from half a month to a month. However,
the average safety stock coverage in class CZ is significantly more extended, 107 days. In

class C, there is also a high number of items for which no safety stock level has been

determined.

Safety stock coverage in days

120
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4.5 Analysis of minimum order quantities

Next, an analysis was conducted on the minimum order quantities (MOQs) currently used
in purchasing. The minimum order quantity refers to the smallest number of units a supplier
is willing to sell to the case company. The MOQ calculations aimed to evaluate the current
minimum order quantities and determine their suitability compared to the average item

consumption.

As previously mentioned, the procurement department is responsible for negotiating the
minimum order quantities with the suppliers. The purchasers are responsible for maintaining

the up-to-date minimum order quantities in the enterprise resource planning system.

In order to determine the suitability of minimum order quantities, the minimum order
quantities were compared to the average consumption of each item. To do this, data on
MOQs and average consumption was gathered from the ERP system. It was discovered that
not all items have an agreed MOQ), in which case the value was determined as 0. The number
of days the MOQ would cover was calculated by dividing the minimum order quantity by
the monthly average consumption for each item. In Table 10, the sample spreadsheet of

MOQ calculations is presented.

Table 10. Sample spreadsheet of minimum order quantities.

ABC-XYZ class MOQ Average usage MOQ coverage in
days

AX 77 389 6

AX 46 360 4

AX 113 381 9

AX 45 125 11

AX 50 148 10

AX 45 37 37

Table 11 presents the distribution of MOQ coverage for each ABC-XYZ class. The results
are divided into seven groups, which are as follows: no MOQ, covering up to one week's
consumption, covering up to one month's consumption, covering up to a quarter's

consumption, covering up to half a year's consumption, covering up to a year's consumption,



61

and covering more than a year's consumption. Additionally, Figure 14 shows the average

coverage in days for MOQs for each ABC-XYZ class.
Table 11. Minimum order quantity (MOQ) coverage for each ABC-XYZ class.

MOQ coverage in days (d) AX AY AZ BX BY BZ CX CY CZ

0 0 1 - 3 5 12 21 36 143
1>d>7 5 0 - 3 1 1 10 1 24
7>d>30 6 5 - 18 10 1 20 6 15
30>d=>90 2 2 - 5 16 4 5 27 17
90>d>180 0 0 - 0 2 3 9 11 11
180>d > 365 0 0 - 0 0 0 4 6 26
> 365 0 0 - 0 O 0o 2 4 55
CZ I —— 1417
CY Bl 9
CX Il 49
g BZ W 29
E BY M 41
g
2 BX W 21
AZ 0
AY W 27
AX 1 14
0 200 400 600 800 1000 1200 1400 1600

MOQ coverage in days

Figure 14. Average MOQ coverage in days for each ABC-XYZ class.

Based on the results presented in Table 11 and Figure 14, it can be observed that the MOQ
sizes for AX items, on average, cover two weeks' demand, while for AY items, the coverage
is almost a month's demand. In class B, the MOQ coverage varies from approximately three
to six weeks. The largest MOQ sizes are observed with class C items. On average, the MOQ
coverage for CZ items is almost four years. Class CZ also includes the highest number of

items for which no minimum order quantity has been specified.
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5 Conclusions and recommendations

In this chapter, the results of the current state analysis that was conducted in the previous
chapter are presented. First, the identified factors in the case company’s current inventory
management, potentially associated with poor inventory performance, are discussed. Based
on these findings, a set of recommendations designed to optimise and standardise inventory
management practices is introduced. Additionally, the chapter provides an analysis of the
expected impacts of these improvement proposals on inventory efficiency. Finally, the

results are discussed, and recommendations for future research are provided.

5.1 Challenges of the current inventory management

Through an examination of the current inventory management practices of the case
company, key factors that potentially contribute to the inefficiencies within the inventory
management were identified. The challenges were identified using the interview results, data
collection, and analysis. The identified challenges not only signal existing inefficiencies but
also establish the groundwork for areas requiring improvements. In the following sections,

the key factors that have been identified will be reviewed.
Overall management of the inventory items

One of the main challenges identified was related to the poor overall management of
inventory items. As mentioned earlier, the case company currently uses the ABC analysis to
classify items, but the classification is mainly used to monitor them, such as identifying high-
runner and slow-moving items. This means that the item classification is not extensively
used in inventory management. For example, no specific inventory turnover targets or
control policies are set based on the item classification. Furthermore, the interviews revealed
a lack of awareness among purchasers regarding item classification's potential opportunities
and benefits. Inadequate utilisation of classification weakens the ability to implement
optimal management methods, allocate resources effectively, and achieve optimal inventory

levels.
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Safety stock determination

The second factor that needs to be considered is the determination of safety stock levels.
Currently, there is no standard policy for determining safety stock levels. Interviews revealed
that a common practice was maintaining a safety stock corresponding to demand from two
weeks to a month, depending on the item. When analysing the current safety stock levels, it
was discovered that the average safety stock coverage varies between 17 to 31 days for all
ABC-XYZ classes, except for class CZ, for which the average safety stock coverage was
107 days. Overall, the analysis results were consistent with the safety stock management
strategy mentioned by the purchasers. In addition to safety stock determination not being
formula-based, the determination of safety stock levels for items is done manually. This
manual determination significantly increases the workload since safety stock levels are

reviewed and updated monthly.
Order quantities

The third challenge identified in the current process was the issue of substantial batch orders,
particularly for class A items that are expensive and have a high usage value. According to
the interviews, many class A items are ordered from the same supplier, with quantities
ordered to cover a month's demand. The reason behind this is that the supplier's freight
contract only allows ordering full truckloads. When a large amount of material is received
all at once, it causes spikes in inventory levels. In addition, the large lot sizes of class A
items significantly affect the efficiency of the inventory and slow down the total inventory
turnover ratio. Another potential issue with this type of freight contract is that it may require

ordering excess materials to fill the truck.

Another issue with replenishment batches is the minimum order quantities (MOQs) agreed
with suppliers. In interviews, purchasers expressed concern that the MOQs are often too
large for specific items, which results in the failure to align them with actual demand. When
analysing the average coverage of minimum order quantities, it was observed that for some
class A items, the MOQ coverage corresponds to over a month's consumption. This factor
contributes to the inability of certain class A items to achieve a high turnover ratio.
Additionally, the current MOQs for class CZ items that are irregularly consumed have been
identified as problematic. Analysis indicated that the current MOQs for class CZ items

provided an average coverage of approximately 1417 days, equivalent to almost four years.
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The high minimum order quantities for class CZ items are also one the reasons for a
significant portion of the slow-moving inventory value. In the past 12 months, approximately
69% of the slow-moving inventory consisted of class CZ items. Excessive ordering resulting
from unreasonably high MOQs contributes to slow-moving inventory and low inventory

turnover due to unused items remaining in inventory.
Excess inventory

The last reason for the ineffectiveness of the inventory is the habit of storing items that have
very infrequent or no consumption. According to interviews, this practice aims to fulfill
customer demand for these items within the promised lead time. However, the excess
inventory leads to increased storage costs, slows down inventory turnover, and increases the
value of slow-moving inventory. When conducting the ABC-XYZ analysis, these items fell
into two categories: completely non-consumable class D items or irregularly consumable
class Z items. Based on the ABC analysis, non-consumable class D items accounted for
about 20 % of all items in the inventory. Moreover, the proportion of slow-moving inventory

in class CZ items was significant.

5.2 Procedures to improve current inventory management

The recommendations for improving the inventory management of the case company were
developed based on the factors that were identified as contributing to poor inventory
performance. This section presents a set of recommendations that aim to standardise and

optimise inventory management practices to improve inventory efficiency.
Optimal control policies for ABC-XYZ classes

The first step towards improved inventory management was to develop control strategies for
ABC-XYZ classes. This process included determining target turnover ratios, delivery cycles,

safety stock levels, and control policies for each class.

In order to improve inventory management, specific inventory turnover targets were
established for each ABC-XYZ category. As stated previously, the overall target for the
inventory turnover ratio is a minimum of 6, but according to the case company, the inventory

turnover could also be faster than this. This target value was used to determine the minimum
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inventory turnover targets for each ABC-XYZ class. The inventory turnover targets are

presented in Table 12.
Table 12. Inventory turnover targets for each ABC-XYZ class.

ABC-XYZ Usage Current Desired Current Desired Difference
class value € inventory inventory  average average €

turnover turnover inventory  inventory

€ €

AX 2862436 &1 12,0 354830 238536 116294
AY 724299 5,5 12,0 131305 60358 70947
AZ - - 12,0 - - -

BX 904083 7,7 6,0 117869 150681 -32812
BY 725180 4,6 6,0 157244 120863 36381
BZ 529270 4,7 6,0 112758 88212 24546
CX 442056 5,4 3,0 81117 147352 -66235
CY 301799 2,4 3,0 124745 100600 24146
Cz 663769 1,7 3,0 394845 221256 173589
Total 7152892 4,9 6,3 1474714 1127858 346856

The classes AX and AY, which have high usage values, were given the highest inventory
turnover target of at least 12. Even though no items were classified as AZ in the current
inventory, a target inventory turnover ratio was defined for this class as well. Classes BX,
BY, and BZ were given an average inventory turnover target of at least six, while classes
CX, CY, and CZ were given the lowest inventory turnover target of three. The overall

inventory turnover's weighted average with these targets would be 6,3.

When comparing the current inventory turnover ratios with the target ratios, it was noticeable
that there was a significant issue with the current inventory turnover ratios for both AX and
AY classes. The total average inventory for class A items needs to decrease by
approximately 187000 € to achieve the target turnover. As for class B items, the situation
seemed better since class BX items exceeded the target turnover. However, the total average
inventories of classes BY and BZ need to be reduced by about 60000 € to meet the target.
Class CX items exhibited good inventory turnover in the C category, but class CZ items tied
up a significant amount of capital in inventory. The total average inventory for class C items

needs to decrease by approximately 198000 € to meet the target.
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Next, new parameters for the delivery cycles were determined based on the determined
inventory turnover target values. The purpose of determining the delivery cycles for each
ABC-XYZ class was to find the suitable delivery interval for ordering materials
corresponding to the demand of a certain period. This way, inventory levels of items were

being optimised. The delivery cycles are presented in Table 13.
Table 13. Delivery cycles for each ABC-XYZ class.

ABC-XYZ class Delivery cycle (weeks)
AX 2
AY 2
AZ 2
8
8
8

BX
BY
BZ
CX 16
CY 16
Cz 16

The aim was to ensure frequent delivery cycles of two weeks and small batch sizes for class
A items. This approach was perceived to help reduce the average inventory level for high-
value class A items and achieve a faster turnover ratio. Conversely, for class C items, the
goal was to simplify control and maintain large batch sizes with a less frequent 16-week
replenishment cycle. Class B fell between A and C classes, and the delivery frequency of 8

weeks reflected this categorisation.

The new batch sizes (Q) for replenishment were calculated according to the determined
delivery cycles for each item. The average demand of each item was needed to calculate the
batch sizes. For instance, if an item fell under the class A with a replenishment cycle of two
weeks, the replenishment batch size was calculated based on the item's average demand over
two weeks. Finally, all the calculated replenishment batch sizes were reviewed for their

accuracy.

The aim was also to optimise the safety stock levels, so it was necessary to create a standard

policy for determining the safety stock levels of inventory items. The existing method, which
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was based on experience and depended on manual updating, was replaced by a model-based

approach.

The safety stock formula introduced in the literature review was employed to determine
safety stock levels. The formula considered the service level chosen for the item, its
corresponding safety factor, the calculated standard deviation, and the lead time. A desired
service level was assigned to each ABC-XYZ class to determine the safety stock levels.
Table 14 presents the selected service levels for each class. The desired service levels were
set relatively high to ensure material availability, with class A items having the highest
service level and class C items having a lower service level. This is because C items are
ordered less frequently in larger batches, thereby reducing the risk of shortages, and not
requiring such a high service level. However, it is important to note that the service levels

must be monitored and updated as necessary.

Table 14. Selected service levels for each ABC-XYZ class.

A B C
X ‘ 96% 94% 90%
Y ‘ 96% 94% 90%

Z ‘ 96% 94% 90%

The following example demonstrates how safety stock was calculated for an item. The item
had a lead time of 28 days (equivalent to 0.919937 months), and the standard deviation for
monthly consumption was 48,7 units. A service level of 94% and a safety factor of 1,55 were

used in the calculation. The following calculation was used to determine the safety stock:

S =1,55%48,7 /0919937 = 72 pcs

Safety stock levels were calculated for each item using the formula presented above and the
service levels selected from Table 14. However, for class Z items, safety stock levels were
only defined for critical items due to the high risk of these items remaining unused in the
inventory for an extended period. The criticality of an item was assessed based on whether
it currently maintained a safety stock level. Therefore, if the current safety stock level was
0, no safety stock was set for class Z items. Finally, all the safety stock levels determined

were reviewed for accuracy.
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By considering safety stock levels and replenishment lot sizes, the new average inventory
levels for the items were calculated. As presented in the literature review, the formula used
to calculate average inventory levels was the sum of safety stock and half of the average

replenishment lot size.

The following example demonstrates how average inventory was calculated for an item. The
item had a safety stock of 72 pcs, and the average replenishment lot size was 593 pcs. The

following calculation was used to determine the average inventory:

) 593 pcs
Average inventory = 72 pcs + — - 369 pcs
The average inventory for each item was calculated using the formula presented above. After
that, the average inventories were converted into euros by multiplying them by the unit price

of each item. Finally, all the results were reviewed for accuracy.

Next, the results of the optimisation will be reviewed. Table 15 presents the results of
optimisation achieved by determining new safety stock levels and delivery cycles with

average replenishment lot sizes for the items.

Table 15. Achieved results of inventory optimisation.

ABC-XYZ Usage Current New Difference Current New

class value € average average inventory inventory
inventory inventory turnover turnover
€ €

AX 2862436 354830 150149 -58% 8,1 19,1

AY 724299 131305 60475 -54% 5,5 12,0

AZ - - - - - -

BX 904083 117869 92108 -22% 7,7 9,8

BY 725180 157244 111674 -29% 4,6 6,5

BZ 529270 112758 80051 -29% 4,7 6,6

CcX 442056 81117 78351 -3% 54 5,6

CY 301799 124745 65100 -48% 2,4 4,6

Cz 663769 394845 153006 -61% 1,7 4,3

Total 7152892 1474714 790913 -46% 4,9 9
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Class AX items with stable demand and a high usage value were considered to have the most
strategic importance. Therefore, the control of class AX items should be particularly strict,
and items should be monitored regularly. Class AY items consumed more irregularly should
also be monitored strictly due to their high value. To achieve a high inventory turnover ratio,
it was essential to set up frequent replenishments and small replenishment lot sizes for class
AX and AY items. The transition to replenishment batches aligned with a two-week demand
significantly improved inventory turnover, leading to a decrease of over 50% in average
inventory levels. Consistently consumed class AX items achieved a turnover of 19,1, and
class AY items reached the set target of 12. The results could have been even better if the
frequency of delivery was increased. However, the just-in-time (JIT) model is not likely for
class A items since the suppliers are located in Europe, far from the factory, and safety stocks
must be maintained to ensure availability. Nevertheless, safety stock levels should be
reasonable and determined based on a formula. The case company did not have any AZ items
in its inventory. However, if there will be any in the future, ordering the exact quantity of
items only when there is a confirmed demand is recommended. In addition, safety stock
should be held only for critical class AZ items to avoid storing infrequently used components

unnecessarily in the factory.

Class B items with medium usage value were considered to have a moderate level of
importance. Therefore, a relaxed replenishment strategy was more appropriate for class B
items. In the optimisation model, this meant ordering less frequently but in larger quantities.
Replenishments for class B items were calculated to meet a two-month demand. As a result,
the average inventory level decreased and the turnover for each class improved from the
current levels. Class BX items achieved a turnover of 9,8, class BY items achieved a turnover
of 6,5, and class BZ items achieved a turnover of 6,6. Although class B items are ordered
less frequently and in larger batches, it is still crucial to maintain adequate but not excessive
inventory levels. Similar to class AZ items, the aim is to avoid extra storage for class BZ
items with irregular demand. The criticality of BZ components must be evaluated, and a
minimal level of safety stock must be maintained only for items necessary to mitigate

disruptions.

For class C items with relatively low usage, the aim was to minimise the resources required
to control them. Replenishment lot sizes were determined to be large, and the order

frequency was reduced. Class CX items achieved a turnover of 5,6, class CY items achieved
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a turnover of 4,6, and class CZ items achieved a turnover of 4,3. Class CX items already had
a good inventory turnover ratio, so the new parameters had little impact on the average
inventory and turnover ratio. However, the change in average inventory was more significant
for classes CY and CZ. The inventory value almost halved for class CY items, and for class
CZ items, the change in average inventory was -61%. To simplify control even more, it
might be possible to use Kanban control for certain class C items. Additionally, safety stocks
should be maintained at the factory only for critical CZ items, thus reducing unnecessary

inventory commitments.

According to optimisation results, the change in total inventory from the current level was -
46%. The new inventory turnover ratio was 9. This exceeds the turnover target set by the
case company, which was a minimum of 6, but as the case company mentioned, the inventory

turnover could also be faster than the target value.
Review of existing supplier contracts

To achieve more efficient inventory management, it was recommended for the case company
to review the existing supplier contracts, particularly concerning current freight agreements,

and agreed minimum order quantities.

The optimisation model established a two-week delivery cycle for class A items. However,
most of these materials are ordered from the same supplier, who requires full truckloads of
goods to be shipped. As a result, most class A items are delivered to the factory once a
month. This conflicts with the goal of achieving lower inventory levels and faster inventory
turnover. If negotiating for more frequent deliveries with the supplier is not an option, the
case company should consider using its own freight for transporting the goods. However,

this will increase transport costs, which must be taken into account.

Considering the minimum order quantities specified in existing contracts was also important.
These quantities should not exceed the average replenishment batch for the optimisation
model to work effectively. It is particularly crucial to review the minimum order quantities
of class Z items. For such items, it is advisable to either eliminate the minimum order
quantities or negotiate the MOQ sizes to be as small as possible. This is because the excess
part of the minimum order quantity may remain unused, contributing to the accumulation of

slow-moving inventory. Another option is to negotiate with the supplier to hold a small
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amount of the product in stock. This will allow the case company to order materials in

quantities that align with the actual needs with a reasonably short lead time.
Role of staff in effective inventory management

Optimising the case company’s inventory management required considering the role of
purchasers in inventory management as well. Standardised procedures and the knowledge,
skills, and capabilities of staff are essential for successful inventory management

optimisation.

First, the purchasers must have a clear set of rules for ordering and determining when to
order. The functionality of the ERP system is critical in this regard. The system must be
reliable enough for purchasers to depend on the suggestions it provides. It is the
responsibility of the staff to ensure that the inventory management data, such as lead times
and minimum order quantities, is up-to-date so that the inventory management system works

correctly and provides accurate recommendations.

It is also the purchasers' responsibility to ensure that safety stock levels are optimal. In order
to achieve this, it is recommended to switch from relying on experiential methods to utilising
a calculation formula for determining safety stock levels, as previously discussed in this
research. Additionally, it is the duty of the purchasers to determine the most suitable service

level for each category or item and update it if necessary.

Adopting analytical methods, such as the ABC-XYZ analysis, would represent a significant
shift in inventory management practices in the case company. Implementing inventory
control based on an analytical approach would offer purchasers a deeper understanding of
inventory, enabling more effective allocation of resources. However, successfully
implementing these new methodologies, like ABC-XYZ analysis or safety stock formula,
requires educating and raising awareness among the employees. Therefore, ensuring the staff

comprehends the tools is a prerequisite for effectively utilising the analytical methods.

Additionally, the purchasers need to have specific goals set for inventory management. The
current inventory turnover target may be difficult for the purchasers to accomplish if they
are not fully aware of how the turnover ratios of individual items impact the overall inventory
turnover. In this regard, the categorised turnover targets established in this research might

aid in achieving the overall turnover goal.
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5.3 Discussion

By conducting a thorough analysis of the current state of inventory management, a
comprehensive understanding of the case company’s inventory management was obtained.

This analysis pointed out the key areas that needed to be improved.

Targeted control policies were implemented for each ABC-XYZ class based on the
determined target turnover ratios, which significantly improved inventory efficiency
compared to the current state. The optimisation model created in this research showed that
implementing these policies resulted in a nearly 50% reduction in the average inventory
value. Additionally, the inventory turnover ratio was improved beyond the minimum target

set by the case company, ultimately reaching a turnover ratio of 9.

However, when reviewing the results of this research, certain considerations need to be
considered. Firstly, the replenishment quantities in the optimisation model were calculated
based on average consumption. However, in make-to-order production, the demand for items

can vary, and items may not be consumed at the same rate every month.

The optimisation model did not account for constraints arising from supplier contracts.
Specifically, the model calculated replenishment quantities for class A items based on a two-
week average demand without considering full truckload shipping agreements that may limit
the possibility of more frequent deliveries. Additionally, the model did not consider the
current minimum order quantities, which may require ordering more of a particular item than
the replenishment quantity determined by the model. As noted in the research, these
constraints are contractual and hinder the efficient operation of the inventory, making it

necessary to renegotiate them with suppliers.

Finally, it should be noted that the research did not provide any recommendations regarding
the appropriate course of action for items categorised as class D in the ABC analysis, nor
were they considered during the calculations. The exclusion of non-moving class D items
from the optimisation model positively impacted the overall inventory turnover result

computed for the inventory.



73

5.4 Recommendations for future research

Next, it is essential to start implementing the recommendations presented in this research to

optimise the current inventory management of the case company.

As recommended in this research, the case company should focus on improving the overall
management of items and standardising its inventory management practices. As the
optimisation model revealed, the most crucial step in enhancing inventory efficiency is
prioritising high-value class A items by delivering them more frequently in smaller order
quantities. This will require negotiations with suppliers about the freight arrangements and
MOQs. Also, if it is decided to use the case company's own freight for deliveries, the increase
in transport costs must be investigated first to assess whether the change is cost-effective. In
addition, this research briefly highlighted the simplification of control for class C items and
the possibility of transitioning them to Kanban control. However, this requires more research

by the case company.

If the case company plans to implement ABC-XYZ analysis as a part of its operations, it is
recommended to build a model that automatically categorises items based on data from the
enterprise resource planning system. It is also recommended to update the analysis regularly
to ensure the information is up-to-date and reflects any changes in the business environment.
By automating classification and providing periodic updates, the accuracy and relevance of
the ABC-XYZ analysis can be improved, which helps make more accurate inventory
management decisions. It is also essential to train employees on how to use the tool

efficiently and accurately so that it adds value to inventory management.

In addition to the above, it is recommended that the case company adopts a calculation-based
model to determine optimised safety stock levels. If the case company chooses to use the
service level-based model presented in this research, it should be investigated whether the
service levels set in this research are suitable or need to be adjusted, possibly on a per-item-
group basis. As the calculation model is implemented, it is suggested that purchasers should
no longer have to define and update safety stock levels manually. Instead, an automated
solution, such as a macro, could be created for this purpose. This way, the amount of manual

work involved can be significantly reduced.
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Furthermore, efforts should be made to negotiate with suppliers regarding minimum order
quantities. If the minimum order quantities are too high, they should be adjusted to match
the actual requirements. It is crucial to conduct these negotiations to ensure that the minimum
order quantities are aligned with the actual needs of the business, which will promote
efficient inventory management. Taking a proactive approach will help prevent issues from

arising in the future.
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6 Summary

This research aimed to improve the inventory efficiency of the case company by optimising
inventory and standardising inventory management practices. This chapter presents a

summary and conclusions of the research.

The research began with a thorough literature review to gain a comprehensive understanding
of inventory management. The literature review was divided into two main sections. The
first section introduced the fundamental principles of inventory management, which
included the functions of inventory, inventory costs, and inventory performance
measurement. The second section focused on different inventory control methods used for

managing inventories.

The purpose of a current state analysis conducted for the case company was to create a
comprehensive overview of the existing inventory management procedures and their
efficacy. The analysis commenced with a general overview of the current inventory
management procedures and common practices. Subsequently, the ABC-XYZ analysis was
conducted for inventory items based on demand fluctuations. The effectiveness of the current
inventory management was investigated, along with the levels of minimum order quantities
and safety stock. Based on the findings, recommendations were proposed to optimise
inventory management and accomplish inventory targets for improved inventory

performance.

This research addressed the primary research question: “How can inventory control be
optimised within the case company to improve the inventory turnover ratio and minimise
slow-moving inventory” To answer this question, two subsidiary research questions were

formulated.

The first subsidiary question was formulated as follows: “What is the current state of
inventory management in the case company, and what are the key areas requiring
improvement? This question aimed to evaluate the case company's current inventory
management strategy by analysing inventory control policies, assessing performance, and
reviewing parameters such as minimum order quantities and safety stock levels. The analysis

was carried out to identify factors contributing to inefficiencies.
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Upon examining the case company's existing inventory management strategy, it was
discovered that there were significant challenges that needed improvement. Weak overall
item management, limited utilisation of the ABC analysis, and a lack of specific control
policies contributed to inefficiencies. Additionally, safety stock determination lacked a
standardised approach, leading to varying coverage and manual workload. Excessive batch
sizes and unreasonably high minimum order quantities decreased inventory turnover and
increased the amount of slow-moving inventory. Additionally, the storage policy, where
items with little or no consumption were stored in the factory, increased costs and slowed

turnover, accumulating slow-moving inventory with high value.

The second subsidiary question aimed at identifying suitable methods and techniques for
improving inventory management efficiency in the case company. The question was
formulated as follows: “What methods can be used for optimising the inventory management
of the case company to achieve enhanced efficiency?” The suggestions were developed by
applying the theoretical framework introduced in the literature review to the practical
context, supporting the design of adjusted inventory management methods tailored to the
case company. The findings of the existing inventory management served as a foundation
for developing adjusted inventory control policies and procedures for the case company. The

recommendations are summarised in Table 16.



Table 16. Recommendations for inventory optimisation.

Action

Description
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Benefits

Classification of inventory
items through ABC-XYZ

analysis

Selection of inventory
control methods based on

ABC-XYZ classification

Setting inventory turnover
targets by ABC-XYZ

classification

Determining safety stock
parameters based on a

calculation formula

Reviewing existing

supplier contracts

Considering the
importance of employees
in effective inventory

management

Regularly classifying inventory
items through ABC-XYZ analysis

based on value and demand.

Choosing optimal control methods

for different inventory classes.

Establishing optimal inventory
turnover goal for each inventory

category.

Choosing the optimal service level
for each item and calculating safety
stock levels using service level-

based formula.

Evaluating and modifying contracts
regarding MOQs and delivery
agreements to align with inventory
management goals.

Providing support, training, and

standardised practices to use.

O

Understanding demand
variability

Efficient identification
of critical items
Facilitates targeted
inventory strategies
Targeted control
methods to optimise
resource allocation
Optimised inventory
levels

Clear understanding of
item importance
Specific, achievable
goals for staff
Efficient resource
allocation

Consistent safety stock
management
Optimised safety stock
levels and holding
costs

Improved inventory
flow

Reduced inventory
holding costs
Consistency in
inventory management
Efficient resource
utilisation

Informed decisions
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This research provided a comprehensive and detailed analysis of the current state of the
inventory management in the case company, highlighting significant challenges and
opportunities for improvement. Based on thorough research, several development
suggestions have been provided, which could enhance inventory efficiency and improve
profitability for the case company. Improving inventory management involved focusing on
item classification, targeted control methods, supplier contract reviews, and staff
involvement for more effective inventory management. This research also contributed to the
general knowledge about inventory management and provided valuable insights for similar
companies. The development suggestions formulated in this research can be utilised by other
organisations, where applicable, to optimise and standardise inventory management for

enhanced efficiency.
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