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The purpose of the study was to support the long-term strategic goals of the case 

company by improving the current lead-time and inventory management effi-

ciency of the replenishment process so that the new process lead-time and inven-

tory level targets could be met in the case company. The objective of the study 

was to conduct a current state analysis of the replenishment process in order to 

identify the root causes of the current process wastes, bottlenecks and excess in-

ventory, and after that, construct solutions and recommendations which could be 

used to improve the lead-time and inventory management efficiency of the pro-

cess. Hence, the study followed the constructive case study approach and the 

study used both quantitative and qualitative data gathering and analysis methods. 

 

As a result of the process analysis, five root causes were found from the replen-

ishment process which were restricting the current lead-time and inventory man-

agement efficiency of the process. In order to improve the inventory management 

efficiency of the process, a replenishment policy matrix and new inventory man-

agement process were developed to help the case company to select and maintain 

the inventory management policies for the stock transport items. In addition, four 

recommendations were given how the case company could reduce the variability 

in the current operations. As a result of the given improvements, the lead-time of 

the process could be reduced by two days and net working capital release poten-

tial of 925 626 € could be achieved by reducing the inventory values of the items. 
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Tutkimuksen tarkoituksena oli tukea kohdeyrityksen pitkän aikavälin strategisia 

tavoitteita kehittämällä täydennysprosessin nykyistä läpimenoaikaa ja varaston-

hallinnan tehokkuutta, jotta prosessin uudet läpimenoaika- ja varastotasotavoit-

teet voitaisiin saavuttaa kohdeyrityksessä. Tutkimuksen tavoitteena oli suorittaa 

nykytila-analyysi varastosiirtonimikkeiden täydennysprosessille prosessissa ole-

vien hukkien, pullonkaulojen ja liikavarastoinnin juurisyiden tunnistamiseksi, 

jotta ratkaisuja ja suosituksia voitaisiin laatia prosessin läpimenoajan ja varas-

tonhallinnan kehittämiseksi. Näin ollen tutkimusmenetelmänä käytettiin kon-

struktiivista tapaustutkimusta ja tutkimuksessa käytettiin sekä laadullisia että 

määrällisiä tiedonkeräys ja -analysointimenetelmiä. 

 

Prosessin analysoinnin tuloksena täydennysprosessista löydettiin viisi juurisyytä, 

jotka rajoittivat prosessin nykyistä läpimenoaikaa ja varastonhallinnan tehok-

kuutta. Prosessin varastonhallinnan tehokkuuden parantamiseksi varastosiirto-

nimikkeille kehitettiin täydennyssääntömatriisi sekä uusi varastonhallintapro-

sessi, jotka auttaisivat kohdeyritystä valitsemaan ja ylläpitämään varastonhallinta 

ja -ohjaussääntöjä varastosiirtonimikkeille. Lisäksi kohdeyritykselle annettiin 

neljä eri suositusta kuinka vaihtelevuutta voitaisiin vähentää prosessin nykyisten 

operaatioiden käsittelyajoissa. Työssä annettujen ratkaisujen ja kehitysehdotus-

ten tuloksena prosessin läpimenoaikaa voitaisiin vähentää kahdella päivällä ja 

prosessiin sitoutunutta käyttöpääomaa voitaisiin vapauttaa 925 626 € edestä las-

kemalla varastosiirtonimikkeiden varastotasoja. 
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1 INTRODUCTION 

 

1.1 Background 

 

This study is carried out as a part of wider divisional development project in the 

case company. The divisional development project was established to response the 

long-term strategic goals of the case company. One of the strategic goals of the case 

company is a profitable organic growth and one of its objectives is to release the 

net working capital of the business division by improving process lead times and 

inventory management efficiency of the business units. The purpose of the strategic 

goal is to use the released net working capital to fund the strategic growth of the 

case company and at the same time increase the financial profitability by operating 

more efficiently and with less net working capital tied up to the operations. Hence, 

there was a clear need for this study in order to achieve the strategic goals of the 

case company and to response the new process lead-times and inventory level tar-

gets that were established on the divisional level of the case company. One of the 

new established lead-time targets is to reduce the replenishment lead-time to one 

day for the stock transport components that can be replenished currently with three 

days replenishment lead-time. At the current state, the processing of the stock 

transport orders (STOs), which are used to replenish the stock transport items to the 

case company’s warehouse, is taking excessive amount of time from the buyers of 

the case company. This is caused by the amount of manual work, rework and delays 

in the order processing. If the order processing cycle times cannot be improved in 

the future, it can form a significant constraint for the new replenishment lead-time 

target of the stock transport components. In order to achieve the new replenishment 

lead-time for the stock transport components, the replenishment orders or so called 

stock transport orders needs to be processed without delays, and the cycle times in 

replenishment process needs to be align with the new lead-time target. Hence, there 

is a need to analyze the current replenishment process and find possible improve-

ments that could be used to reduce the cycle times of the replenishment process so 

that the new replenishment lead-time targets could be achieved successfully for the 

stock transport items, and especially for the stock transport components. 



9 

In year 2012, the case company merged with another business unit under the same 

business division in order to form a new more flexible company structure. The new 

company structure allowed establishment of purchasing consortium between the 

business units. The purpose of the purchasing consortium was to pool the purchas-

ing volumes for the suppliers used by the both business units. The purchasing con-

sortium reduced vastly the replenishment lead-times for the case company and al-

lowed the use of STOs between the warehouses and the plants under the same busi-

ness division. However, this generated problems to the inventory management of 

the case company. At the current state, the case company’s procure to pay process 

items and stock transport items are managed under the same inventory management 

policies and parameters. Therefore, the benefits of the replenishment lead-time re-

ductions has not fully utilized in the replenishment process of the stock transport 

items. This has caused over ordering, unnecessary movement and excess inventory 

in the supply chain of the stock transport items which in turn have caused unneces-

sary inventory holding and logistics costs for the both business units. Hence, the 

other aspect of this study is to develop the inventory management efficiency of the 

stock transport items by identifying where the excess inventory exists in the current 

replenishment process, what are the root causes that generates the excess inventory, 

and how the inventory management could be improved in order to eliminate the 

root causes from the process. After the root causes of the inefficient inventory man-

agement has been eliminated from the process, the new established inventory level 

targets can be achieved in order to support the strategic goals of the case company. 

 

1.2 Research objectives and limitations 

 

The scope of this study is the replenishment process of the stock transport items. In 

the case company, stock transport item is a general term for items which are replen-

ished to the case company’s warehouse from the warehouses and plants under the 

same business division. Hence, stock transport items are items that are transferred 

within internal logistic processes. The replenishment process for stock transport 

items is considered to start from the creation of the purchase requisition and end 

when the STO is received, shelved and processed at the case company’s warehouse. 
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The purpose of this study is to support the long-term strategic goals of the case 

company by improving the current replenishment process so that the new process 

lead-time and inventory level targets could be met. By meeting the new target lev-

els, the net working capital could be released to fund the strategic growth of the 

case company and the efficiency of the case company’s daily operations could be 

improved to increase the financial profitability. In order to meet the purpose of the 

study, the main research objective of the study is to provide a current state analysis 

of the replenishment process with development solutions and recommendations that 

could be used to improve the lead-time and inventory management efficiency of the 

replenishment process. Hence, the main research problem of this study is following: 

 

 How the lead-time and inventory management efficiency of the replenish-

ment process could be improved in order to release the net working capital 

and to improve the efficiency of the case company’s daily operations? 

 

In order to response to the above mentioned research problem, the research problem 

is further divided into two following research questions which are used to align the 

improvement efforts and to address the research problem in a more detailed level. 

 

1. What are the root causes of the current process wastes and bottlenecks and how 

those could be eliminated in order to improve the lead-time of the replenishment 

process? 

2. Where the excess inventory exists in the replenishment process, what are the 

root causes of the excess inventory and how those could be eliminated in order 

to improve the inventory management efficiency of the replenishment process? 

 

In order to find an answer to what and where research questions of the study, it is 

first important to get in-depth understanding about the current state of the replen-

ishment process so that the root causes of the process wastes, bottlenecks and excess 

inventory can be properly identified from the process. Therefore, the most suitable 

methods and tools for documenting the current state of the process needs to be iden-

tified first. In addition, deeper understanding is needed how the business process 
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improvement should be conducted, what methods and practices can be used to im-

prove the lead-time of the processes, what kind of wastes can be found from the 

processes, and how the inventory can be managed and replenished more efficiently 

in order to conduct the process analysis and improvement successfully. After the 

in-depth understanding is gained why the found process issues and root causes ex-

ists in the process, interventions and solutions can be developed to eliminate the 

root causes from the process in order to improve the lead-time and inventory man-

agement efficiency of the replenishment process, and to find answers to the how 

research questions of the study. 

 

In order to frame the scope of the study and to align the improvement efforts, the 

lead-time improvement of the replenishment process is limited only to the stock 

transport items that are replenished from the domestic warehouses and plants. This 

limitation has been done because of different transportation systems are used to 

replenish the items which are locating in the non-domestic warehouses and plants. 

Hence, the items are not replenished inside of the same material pipes and the cycle 

time of the transportations differs significantly between the domestic and non-do-

mestic warehouses and plants. Therefore, in order to improve the lead-time of the 

items locating in the non-domestic facilities, an own lead-time improvement project 

should be conducted for these items. In addition, the stock keeping units that are 

researched in the study to improve the inventory management efficiency of the re-

plenishment process are limited only to the stock transport items. Hence, the pro-

cure to pay process items are excluded from the study as they are managed under 

different process, and the supply chain characteristics and lead-times of the procure 

to pay items differs significantly from the stock transport items. As a project, the 

study is limited to be an analysis and clarification project that helps to understand 

the causality and impact of the future improvements before any solutions or recom-

mendations are actually implemented in practice. Therefore, the actual implemen-

tation of the given solutions and recommendations is excluded from this study as 

those actions will be executed in their own implementation project after the solu-

tions and recommendations have been reviewed and validated in the case company. 

 



12 

1.3 Research methodology 

 

As the purpose of the study is to describe the current state of the case company’s 

replenishment process in order to find ways to improve the process, and after that 

construct solutions and recommendations to improve the process, the research 

method of the study follows the constructive case study approach. According to 

Kasanen et al. (1993), constructive research approach is a research procedure for 

producing constructions, and it concentrates on managerial problem solving 

through the construction of models, plans, systems etc. to solve a real-world prob-

lems. Hence, the research process is usually divided into a different phases which 

order may vary from case to case and which are presented in the figure 1 below. 

 

 

Figure 1. Research procedure of constructive research (Kasanen et al. 1993, p. 246). 

 

Therefore, in order to obtain a comprehensive understanding of the topic before 

constructing the actual solutions and recommendations, the study also includes a 

case study and literature review related to the research framework of the study. Ac-

cording to Robson (2002), case study is a research approach which involves an em-

pirical investigation of particular phenomenon within its real life context by using 

multiple sources of evidence. The case study research approach is especially useful 

when answer is needed to the questions of why, what and how. Hence, the case 

study is most often used in explanatory and exploratory research where more de-

tailed understanding is needed from particular research problem or causal relation-

ships between variables. (Saunders et al. 2009, pp. 139-146.) The data collection 

1. Find a practically 
relevant problem

2. Obtain a 
comprehensive 

understanding of the 
topic

3. Innovate and 
construct a solution

4. Demonstrate that 
the solution works

5. Show the 
theoretical 

connections and the 
research contribution 

of the solution

6. Examine the scope 
of applicability of 

the solution
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approaches that are used in case study approach may be various including inter-

views, observation, documentary analysis and questionnaires, and they are likely to 

be used in combination. Hence, in case study approach, the researcher may need to 

use and triangulate multiple sources of data where triangulate refers to the use of 

different data collection techniques within one study. (Saunders et al. 2009, p. 146.) 

 

In this study, the primary data for the case study is gathered by interviewing the key 

stakeholders’ of the process in the case company, and the interviewing method that 

is used is semi-structured interviews which belongs to the non-standardized inter-

viewing methods. Hence, in semi-structured interviews, the researcher will have a 

list of themes and questions to be covered, and the content and order of the ques-

tions may vary from interview to interview. In addition, additional questions may 

be asked during the sessions to explore the research question and objectives. (Saun-

ders et al. 2009, p. 320). According to Hirsjärvi et al. (2009), semi-structured inter-

views are practical ways to collect data as the method can be used to collect both 

qualitative (non-numerical) as well as quantitative (numerical) data. In addition to 

semi-structured interviews, the data is also gathered through observations, analyz-

ing the internal reports and documents of the case company, and collecting and 

analyzing the quantitative and qualitative data from the case company’s information 

systems. Hence, the study uses mixed methods approach to collect and analyze the 

data as both qualitative and quantitative data collection and analysis techniques are 

used which ensures the triangulation of data and validation of the research findings. 

 

The literature review of the study focuses in turn on business process modelling and 

documentation, business process improvement and inventory management and re-

plenishment which form the theoretical framework of the study. According to Saun-

ders et al. (2009), the main purpose of the literature review is to develop a good 

understanding about the relevant previous research and the trends that have 

emerged in the field. Hence, the theory will be gathered from multiple sources in-

cluding textbooks to form a generic understanding about the research field, and re-

search articles and academic journals to bring in a more specific and latest infor-

mation from the research field which helps to enrich the findings of the textbooks. 
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1.4 Structure of the study 

 

The structure of the study has been divided into five interconnected sections includ-

ing introduction, theoretical research, empirical research, discussion and conclu-

sion, and summary. Hence, the structure of the study has been organized in a fol-

lowing sequence that is presented in the figure 2 below.  

 

 

Figure 2. The structure and sequence of the study. 

 

In the first part of the study, introduction is given to the background of the study 

and the purpose, research problems, objectives and limitations of the study are de-

fined in order to understand the motives and need for the study. In addition, the 

research methods and structure of the study are also presented in order to understand 

how the study was carried out. After the introduction, the theoretical research part 

of the study begins which includes the literature review related to the research 

framework of the study. In the second chapter, business process modelling and doc-

umentation is studied first in order to get in-depth understanding about processes, 

process models and phases of process documentation so that the current state of the 

case company’s replenishment process can be documented successfully for the pro-

cess analysis. In the third chapter, the business process improvement is studied in 
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Discussion and 
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order to get understanding about how the business process improvement project 

should be conducted, what kind of methods can be used to improve the flow and 

lead-time of the processes and what are the types of waste that infiltrates the pro-

cesses. After the in-depth understanding is gained from the previously mentioned 

subjects, the process analysis and improvement can be conducted successfully in 

the case company. In the fourth chapter, inventory management and replenishment 

is studied in order to get understanding about how the inventory can be managed 

and replenished more efficiently and what alternative replenishment systems and 

methods, and strategies there are available in theory that could help to reduce the 

excess inventory and improve smoothness of the material flow in the case company. 

 

After the theoretical research part of the study, the empirical research part of the 

study begins which includes the constructive case study. Hence, in the fifth chapter, 

case: power and automation technology company, a short introduction is given first 

to the objectives and content of the case study. After that, the case company is pre-

sented and the current state of the case company’s replenishment process is de-

scribed and measured in order to get in-depth understanding about the as-is state 

and performance of the process. After the understanding has been gained from the 

previous subjects, the process analysis is conducted for the process in order to iden-

tify root causes of the process wastes, bottlenecks and excess inventory, and to de-

velop interventions which could be used to eliminate the root causes and improve 

the replenishment process. In the sixth chapter, improvement of the replenishment 

process, solutions and recommendations that could be used to improve the lead-

time and inventory management efficiency of the replenishment process are devel-

oped based on the interventions which were found through the process analysis.  

 

After the empirical research part of the study, discussion and conclusion is given in 

the seventh chapter of the study where the main findings and results of the study 

are discussed by answering to the research problem of the study, and where the 

validity and reliability of the results are evaluated, and ideas for the further research 

topics are presented. In the final chapter of the study, summary is given where the 

purpose, objectives and main findings and results of the study are briefly reviewed. 
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2 BUSINESS PROCESS MODELLING AND DOCUMENTATION 

 

2.1 Understanding the need for process modelling and documentation 

 

Before attempting any process modelling and documentation project in action, it is 

first important to form understanding about what processes and process models are, 

where process modelling and documentation is used for and why to do process 

modelling in order to ensure proper understanding and outcomes for the project. 

Hence, these issues are next studied and discussed more carefully in this chapter. 

 

In a recent years, the importance of processes as a critical corporate assets for or-

ganizational performance has increased due to customer requirements, increased 

product complexity, emergence of inter-organizational networks and stronger com-

petition on cost, time and quality (Margherita 2014, p. 642). Hence, managing of 

processes can offer opportunities for improving market share, managerial decision 

making and performance of the company as the processes define how a significant 

part of organizational costs are constituted. Due the previously mentioned reasons, 

business processes are considered as the main differentiators in the global compet-

itive environment and to survive in the turbulent environment business processes 

must be managed effectively. (Seethamraju 2012, p. 532; Ungan 2006, p. 400.)  

 

There are many definitions for processes in theory but in the essence they are all 

the same, a process is a transformer between inputs and outputs, where inputs are 

transformed into outputs by using a series of repeatable process activities and re-

sources (Aguilar-Savén 2004, p. 133; Laamanen & Tinnilä 2002, p. 61). The trans-

formation that occurs under the process activities should add value to the input and 

create output which is more useful and effective for the recipient (Johansson et al. 

1993, p. 57). In order to clarify between a process and a business process, Hammer 

(1990) has stated that a process which takes one or more kinds of input and creates 

an output that is of a value to the customer is called a business process. However, 

Aguilar-Savén (2004) expanded this definition by stating that a process which is 

related to the enterprise is a business process, as it defines the way how the goals 
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of the enterprise are achieved and thus business processes are subset of the set of 

processes. This means that business processes can be decomposed into a lower level 

subprocesses which consist of activities, tasks and steps as illustrated in the figure 

3 below where the process hierarchy is presented (Darnton & Darntron 1997, p. 21). 

 

 

Figure 3. Process hierarchy (Darnton & Darnton 1997, p. 21). 

 

According to theory, the business processes are needed to define how the value is 

delivered to the customers in order to achieve the organizational goals. This is done 

by defining a structured series of activities and resources, involving several organ-

izational units and actors (humans or machines) which create value for the custom-

ers (internal or external) by converting inputs (material or immaterial) into an out-

put. (Aguilar-Savén 2004, p. 133; Ates et al. 2008, p. 23; Laamanen 2002, p. 37.)  

 

According to Anjard (1998), Biazzo (2000), Colquhoun et al. (1996) and Janzen 

(1991) a process model is a graphical documentation about the process and it is a 

useful tool to show how the output is created through the process activities and 

steps. Therefore, the process model must break the process into a series of activities 

and clearly indicate the responsibilities and relations between the activities, person-

nel, information and the objectives in a given workflow. Understanding how a pro-

cess operates and flows is an important part before starting any process related ini-

tiative because organization cannot improve that which it does not understand. 

Therefore, a true description of the process is the first steps to analyze the organi-
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zation and to carry out any process improvement or development initiative. (Agui-

lar-Savén 2004, p. 129; Barbrow & Hartline 2015, p. 35; Klotz et al. 2008, p. 624; 

Damij 2007, pp. 70-71; Teece 1998, p. 66.) Hence, process models and graphical 

process documentations are practical tools for describing the process in purpose to 

understand, analyze and improve the process, and they are useful in designing new 

processes or re-designing existing processes to improve them. (Aguilar-Savén 

2004, p. 129; Anjard 1998, p. 79; Bae 1993, p. 54; Biazzo 2000, p. 102; Soliman 

1998, pp. 810-811; Ungan 2006, pp. 401-402.) 

 

Process modelling and graphical process documentations are used in organizations 

to capture existing processes and to represent new processes in purpose of improve-

ment, standardization, description and reengineering (Aguilar-Savén 2004, p. 146; 

Barbrow & Hartline 2015, p. 35; Klotz et al. 2008, p. 624; Damij 2007, pp. 70-71; 

Paradiso & Cruickshank 2007, p. 35; Savory & Olson 2001, p. 11; Ungan 2006, p. 

402). For improvement purposes, process modelling is mainly used to detect value 

adding and non-value adding activities, and to simplify workflow of the processes. 

The graphical process documentation gives a clear picture of the process and the 

process analyzers can easily detect problems, obstacles and opportunities to im-

prove the original process. After the problems are identified and removed, the pro-

cess can be re-designed. (Klotz et al. 2008, p. 625; Marelli 2005, p. 41; Ungan 2006, 

p. 402.)  For standardization purposes, process modelling is used to develop stand-

ard operating procedures and help to achieve consistency in operations (Symons & 

Jacobs 1997, p. 71). Standardization is also one of the requirements of the ISO 9000 

international standard for quality management and assurance and therefore com-

pany might want to standardize the process in purpose to obtain the ISO 9000 stand-

ard (Damij 2007, p. 71). Process standardization can also provide some administra-

tive advantages as the process can be used as training material for supervisors and 

new employees to show how a job should be performed and reduce conflict among 

current employees (Bae 1993, p. 55; Marelli 2005, p. 41; Ungan 2006, p. 402). For 

description purposes, process modelling is mainly used for presenting the process 

and describing the specific actions, aiding learning and execution, training new em-

ployees and sharing the process with other organizations (Aguilar-Savén 2004, 
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p.143; Marelli 2005, p. 41; Ungan 2006, p. 403). For reengineering purposes, pro-

cess modelling is used to create a graphical documentation about the current state 

of the process in order to redesign it (Ungan 2006, p. 402). In order to clarify the 

term reengineering, Hammer & Champy (1993) has defined that reengineering 

means the fundamental rethinking and radical redesign of the process in order to 

achieve radical improvements in cost, quality, service and speed. Hence, reengi-

neering of the process is not possible if the process is not understood properly, and 

therefore it must be first modeled to understandable form. (Ungan 2006, pp. 403.)  

 

According to Barbrow & Hartline (2015), Marelli (2005), Klotz et al. (2008) and 

Savory & Olson (2001) process modelling and documentation can provide follow-

ing benefits for the organization: 

 

 Develop a systems view of a situation and increase transparency to make 

evidence-based decisions about process. 

 Identify process performance and opportunities to reduce expenses. 

 Show how an organization’s processes interrelate and affect one another. 

 Simplify process work flows and eliminate unnecessary steps. 

 Identify activities that add value to the customer or product and eliminate 

nonvalue-added activities, tasks and costs. 

 Locate process flaws and root causes of problems. 

 Improve cross-functional education and communication.  

 Understand internal and external customers and suppliers. 

 Streamline and improve processes.  

 Identify processes that need to be reengineered. 

 

According to the theory, process modelling and process documentation are the first 

steps to understand, analyze and improve the processes. Therefore, it is essential to 

model and document first the current state of the process before attempting any 

process related initiative in order to ensure proper baseline for the project, and the 

different purposes of the process modeling and documentation are presented in in 

the figure 4 on the next page. 
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Figure 4. The purpose of process modelling and documentation (Aguilar-Savén 

2004, p. 146; Barbrow & Hartline 2015, p. 35; Klotz et al. 2008, p. 624; Damij 

2007, pp. 70-71; Paradiso & Cruickshank 2007, p. 35; Savory & Olson 2001, p. 11; 

Ungan 2006, p. 402). 

 

2.2 Types of process models and selection of process model 

 

After the understanding has been formed what processes and process models are 

and where they are used and needed, it is important to gain understanding about 

what type of process models there are available in the theory, and which factors 

affects to the selection of specific process model type. By selecting the most appro-

priate process model type, proper documentation can be ensured in order to meet 

the purpose and requirements of the process modelling and documentation project. 

 

The outcomes of the process modelling are highly dependable on the appropriate 

selection of process modelling methods, techniques or process flow analyses 

(Damij 2007, p. 73). Process models have originated from the field of systems anal-

ysis to provide a graphical documentation of business activities and there are many 

process modelling techniques and analyses available today. Some of the examples 

are process charts, process activity charts, flowcharts, workflow technique, data-

flow diagrams (DFDs), business process modeling notation (BPMN), event driven 

process chain (EPC), role activity and interaction diagrams (RADs & RIDs), quality 
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function deployment (QFD), the integrated definition of function modelling 

(IDEF), coloured petri-nets (CPN) and object oriented methods. (Aguilar-Savén 

2004, pp. 134-141; Barber et al. 2003, p. 529; Damij 2007, p. 73; Gersch et al. 2011, 

p. 736.) Hence, it has been recognized that selecting of the right process modelling 

technique has become more and more complex because of the huge range of ap-

proaches available and due to the lack of guide that would explain and describe the 

concepts (Aguilar-Savén 2004, p. 130).  

 

On the highest level, the process models can be classified into two different groups 

based on the modelling techniques. These two main level modelling techniques are 

diagrammatic and tabular techniques. (Linton 2007, p. 26; Damij 2007, p. 76.) The 

diagrammatic process modelling techniques can be further break down to process 

diagrams and process maps which basically serve the same purpose (Ungan 2006, 

p. 401). However, in recent years the process maps are used more often than the 

process diagrams as many process diagram techniques require the use of complex 

notational conventions which are difficult for non-engineers to use effectively (Sy-

mons & Jacobs 1997, p. 71; Ungan 2006, p. 401). Another reason that has increased 

the use of process maps is the fact that some techniques like data flow diagrams 

(DFDs) and flowcharts cannot model unproductive work or interactions which is a 

serious shortcoming as interactions are the most significant improvement areas 

(Aguilar-Savén 2004, p. 134; Savory & Olson 2001, pp. 10-11). Some other disad-

vantages of DFDs and flowcharts are the limited vocabulary, visualization of costs 

and quality, and they are imprecise about details of sequence and concurrency (Sa-

vory & Olson 2001, p. 11). In order to overcome the previously mentioned disad-

vantages and complexity, process maps were developed (Ungan 2006, p. 401). 

 

Process maps were originally found for exploring manufacturing environments but 

they are useful in the analysis of any organizational process (Davenport & Short 

1990, p. 11; Savory & Olson 2001, p. 11). Process mapping is analytical technique 

to understand processes by visually illustrating how the work flows and it is a useful 

and relatively inexpensive tool to document the current state of process that can be 

used as a baseline for process improvement or process reengineering (Biazzo 2002, 
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p. 42; Paradiso & Cruickshank 2007, p. 32). Process maps can be used to illustrate 

an entire organization, a division, a business unit, a function, a work group or even 

an individual performer (Marelli 2005, 40). Therefore, it can across the functional 

lines, reveal the links between processes and heighten the management understand-

ing of interrelationships (Keller & Jacka 1999, p. 62). Two most common types of 

process mapping techniques are value-added flowchart and cross-functional 

flowchart (Barbrow & Hartline 2015, p. 35; Savory & Olson 2001, pp. 11-12). In 

general, flowcharts are highly flexible as they can be used to describe processes in 

a wide variety of ways and it is easy to recognize the process that they describe. 

Therefore, the visibility and communication ability is one of the strengths of 

flowcharts. However, the flexibility of flowcharts should be used with care so that 

visibility and communication ability will not suffer and the described process will 

remain understandable and the process flow can be tracked. Flowcharts are also 

simple to use as it does not take a long time to draw a draft of a process. (Aguilar-

Savén 2004, p. 134; Damij 2007, p. 86-87.) Value-added flowchart and cross-func-

tional flowchart both have particular extensions to the ordinary flowchart which are 

used to analyze the process. In value-added flowchart, the process activities are 

defined and mapped according to whether they are value-adding or nonvalue-add-

ing activities. Value-adding activity is the one that adds value to the customer or 

the product and activity that only adds cost is defined as a nonvalue-adding activity. 

In cross-functional flowchart, the process is organized by roles and functions, where 

individuals in particular role or function is able to see the parallel interactions, tasks, 

activities, decisions and information for which they are responsible. (Anjard 1998, 

p. 81; Barbrow & Hartline 2015, p. 35; Savory & Olson 2001, pp. 11-12.) 

 

As the theory suggests, there are many process modelling techniques available in 

the field of process modelling and hence, one unique technique for the business 

process modelling does not exists. Different techniques have different capabilities 

and choosing different approaches is related to achieving different purposes and 

goals. Hence, one type of process model may be used to learn and make decision 

about the process and other type of process model may be used to develop a busi-

ness process software and to support programming. Therefore, the use of specific 



23 

technique and process model should always be based on the purpose to which the 

process model will be used which derives from organizational needs and goals, the 

data available for the model development, the characteristics of process to be mod-

eled, and the stakeholders’ availability and willingness to invest time and resources 

into the modelling. For example if the purpose is process improvement, the gathered 

data and selected process model should support waste identification and elimina-

tion. (Aguilar-Savén 2004, pp. 131-132; Barbrow & Hartline 2015, p. 35; Gareth 

2014, p. 838; Damij 2007, p. 73; Phalp 1998, p. 732.) 

 

The purpose of process modelling will also determine the level at which process 

details need to be analyzed and how detailed data is needed for the model (Anjard 

1998, p. 81; Savory & Olson 2001, p. 12). Usually a simple single level process 

models are not enough for in-depth process analysis and therefore, there is a need 

for multi-level process modeling to examine the process in right level of detail to 

identify key process variables (Paradiso & Cruickshank 2007, p. 33; Symons & 

Jacobs 1997, p. 71). Both process diagrams and processes maps are able to support 

modeling at multiple levels or so called macro and micro levels (Anjard 1998, p. 

81; Keller & Jacka 1999, p. 62; Ungan 2006, p. 402). The macro level process il-

lustrates the sequence of the main activities or steps in the process and it indicates 

the scope of the process and the key subprocesses that are involved. The micro level 

process in turn illustrates one of the subprocesses in the macro level process. (An-

jard 1998, p. 81; Symons & Jacobs 1997, p. 72.) The micro level process may be-

come a macro level process if further break down and analysis is needed. Therefore, 

a numbering system should always be used for reference to the process and process 

levels when a further break down is used (Anjard 1998, p. 81; Ungan 2006, p. 402). 

 

Based on the findings of the theory, the organizational goals and the purpose of the 

modelling have influence on the level of detail required, and the characteristics of 

the process, and the stakeholders’ availability and willingness to invest time and 

resources have influence on the data available for the model development. Hence, 

all the factors and the relations between the different factors which affects to the 

selection of the process model type are presented in the figure 5 on the next page. 
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Figure 5. Factors affecting to the selection of process model type (Aguilar-Savén 

2004, pp. 131-132; Anjard 1998, p. 81; Barbrow & Hartline 2015, p. 35; Gareth 

2014, p. 838; Damij 2007, p. 73; Phalp 1998, p. 732; Savory & Olson 2001, p. 12). 

 

2.3 Stages of process documentation 

 

After the understanding has been formed about what process modelling techniques 

there are available in the theory and what are the factors that affects to the selection 

of the process model, it is important to gain an understanding how the process doc-

umentation should proceed in order to ensure successful documentation, and effi-

cient and effective use of resources. Hence, the different stages of process docu-

mentation are next studied and discussed more carefully in this chapter. 

 

Stage 1: select a process and define the scope 

 

The first stage in process documentation is to select a process to be modeled and 

define the scope. Any process can be selected for modelling but the efforts should 

be concentrated to strategically important or problematic processes which are in 

need of description, standardization or improvement in order to make most out of 

the spend time and resources. In order to limit the process modelling and prevent 

going beyond the selected process, the starting and end points of the selected pro-

cess should be determined to define the scope for the selected process. The starting 

and end points can be determined by defining the inputs that trigger the process and 
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the outputs that end the process. (Marelli 2005, p. 42; Martin 2008, p. 33; Nesbitt 

1993, p. 34: Paradiso & Cruickshank 2007, p. 35; Ungan 2006, p. 403). 

 

Stage 2: define the purpose and state the objectives 

 

The second stage of process documentation is to define the purpose and state the 

objectives of the process documentation. The purpose of the process documentation 

project might be related to describing, standardizing, improving or reengineering a 

process and there might be a various objectives related to the purpose of the process 

documentation. (Savory & Olson 2001, p. 14; Ungan 2006, p. 404.) Some of the 

common purposes for process documentation are reducing customer complaints and 

frustration, reducing expenses and cycle times, and improving product or service 

quality and delivery reliability (Savory & Olson 2001, p. 12). 

 

Stage 3: determine the level of detail 

 

The third stage is to determine the level of detail for the process model by deciding 

the levels of process hierarchy which will be included in the process model (Marelli 

2005, p. 42). As discussed in the chapter 2.2, the appropriate level of detail is de-

pended on the purpose and the objectives of the process modelling (Ungan 2006, p. 

404). In order to fulfill the purpose and meet the objectives of the process model-

ling, the level of detail needs to be sufficient to conduct the required process anal-

ysis (Savory & Olson 2001, p. 12). Therefore, there is no right level of detail for 

the process modelling as the level may vary from an overview “macro level” model 

to a very detailed “micro level” model depending on the purpose and objectives of 

the modelling (Janzen 1991, p. F.8.2; Soliman 1998, pp. 811). Usually detailed “mi-

cro level” models can be more useful to obtain valuable information from the pro-

cess than overview “macro level” models. However, as the number of the modelling 

levels increases, the complexity and the costs of the modelling will also increase as 

more detailed modelling requires more time to collect and analyze the process. 

Therefore, optimal level of process modelling should be decided before process 

modelling is started. (Soliman 1998, pp. 811-812.) In general, very detailed process 
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models including minute details should be used if the purpose is to standardize the 

process, and detailed process models should be used if the purpose is to use the 

process model for process description or reengineering purposes in order to get suf-

ficient understanding about the existing or new process (Ungan 2006, p. 404-405). 

If the purpose is to use the process model for process improvement then high level 

of detail should be used in the parts of the process which are perceived to be a cause 

of the problems in order to analyze the root causes. Hence, the parts of the process 

that are working well do not necessary need detailed analysis. (Nesbitt 1993, p. 37.) 

 

Stage 4: select the data gathering method 

 

The fourth stage is to determine the data gathering method for collecting the process 

information. Two commonly used methods are team or interviewing approaches 

that both can be used to collect the process information (Barbrow & Hartline 2015, 

p. 36; Fülscher & Powell 1999, p. 208; Nesbitt 1993, p. 34). In addition to team and 

interviewing approaches, examining existing documents, procedure manuals and 

work instructions can also provide good source for process information (Grover & 

Kettinger 1995, p. 342). Interviewing method is usually suitable for uncomplicated 

processes with limited scope and few stakeholders (Ungan 2006, p. 405). In inter-

viewing method, individuals or small groups verbally walk through the process 

where interviewer takes detailed notes about the process. After the session, these 

notes are translated into process model symbols and process flow is then verified in 

a second set of interviews. Interviewing method should not be used for large and 

complex processes including multiple stakeholders as it is difficult to achieve group 

consensus, incorporate different opinions and solve problems. It is also time con-

suming to use interviewing method for complex processes as it requires multiple 

visits to stakeholders. Therefore, team method is preferred for complex processes 

that cross several functions and include multiple stakeholders. (Nesbitt 1993, p. 34.) 

In team method, a process owner is first selected to help gather the process team 

and provide management support and commitment. The process team should be 

cross-functional and include process owner, process manager and process stake-

holders who are critical participants in the process. The selected team members 
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should be open-minded and innovative, motivated, and willing to take risks. After 

the process team has been formed, workshop sessions are conducted by the facili-

tator to record the process steps and to develop the macro and micro views of the 

process which are turned into graphical process models. The selection of team fa-

cilitator is critical for the success of process modelling as the facilitator should help 

to bypass political issues and ask questions that helps to get the core elements of 

the process. Therefore, the facilitator is usually selected from outside the organiza-

tion. (Marelli 2005, pp. 42-43; Nesbitt 1993, p. 35.; Savory & Olson 2001, pp. 12-

13.) Hence, the selection of the right data gathering method is depended on two 

factors, the complexity of process, and the purpose of process modelling as it de-

termines the level of detail. The level of detail in turn determines whether a team or 

interviewing method is more suitable for the process modelling. A team method 

could be used even in the case of an uncomplicated process if a very detailed pro-

cess model and group consensus is required. The use of team method is also pre-

ferred to be more effective than use of an interviewer in acquiring the tacit 

knowledge that might be involved in the process. This is due the reason that team 

members help each other to articulate their knowledge and ask meaningful ques-

tions to get knowledge out of the participants’ mind. (Ungan 2006, pp. 405-407.) 

 

Stage 5: define the process and identify the process measures 

 

After selecting the data gathering method, the team or interviewer defines the se-

lected process. The purpose of the definition is to explain the objectives that the 

process intends to achieve and document the beginning and ending events and all 

the inputs, outputs, tasks, customers and suppliers for each activity or step of the 

process. In addition, the definition may also include information about the key con-

trols and business risks involved in the process (Keller & Jacka 1999, p. 62-63; 

Laamanen 2002, p. 66; Ungan 2006, p. 407). After this, the next step is identifica-

tion or development of appropriate process measures by identifying the process 

goals and objectives or so called measures of success that are needed to fulfil the 

customers’ needs and business goals (Keller &  Jacka 1999, p. 62; Martin 2008, pp. 
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32-33). The process measures can be related to three different measuring dimen-

sions that are process effectiveness, efficiency and adaptability or they can be 

broader in scope and be related to time, cost and quality (Rohleder & Silver 1997, 

p. 144; Ungan 2006, p. 407). Effectiveness measures how well the process achieves 

its current objectives and efficiency measures the amount of effort and resources 

required to achieve these objectives. Adaptability in turn measures how agile the 

process is by measuring how quickly and easily the process can be changed to meet 

different objectives. (Rohdeler & Silver 1997, p. 144.) 

 

Stage 6: acquire the knowledge of process participants and document the process 

 

After the process has been defined, the team or the interviewer collects information 

how the process actually works in practice. This information is collected from pro-

cess masters who are the most knowledgeable about the process and they might be 

the process owners or the process participants. When the interviewer or the team 

has collected enough information about the process, then the process walkthrough 

should be conducted with the process masters and notes should be taken throughout 

the session. The process walkthrough should not be neglected as it is an essential 

part of the process documentation as it helps to acquire the explicit and tacit 

knowledge of the process by examining how the process masters progresses on the 

job. After the walkthrough, the team or the interviewer should continue to work on 

a detailed process model until they reach a consensus. When the team or the inter-

viewer has mutually agreed on concepts of the process model with the process mas-

ters, the concepts are documented down. After the documentation, the team or the 

interviewer once more reviews and agrees the final form of the process model with 

the process masters to ensure proper documentation. (Ungan 2006, pp. 407-408.) 

 

After reviewing the six stages of process documentation it is important to under-

stand that the process documentation is not as straightforward as presented in this 

chapter. The process documentation is ultimately an iterative process and system-

atic revision of the different stages is needed to develop a desired process model 

(Biazzo 2000, p. 103; Fülscher & Powell 1999, p. 237; Ungan 2006, p. 408). Hence, 
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in order to conduct the process documentation successfully, the process documen-

tation should follow the process cycle which is presented in the figure 6 below. 

 

 

Figure 6. Process cycle for the process documentation. 

 

2.4 Process modelling tools and techniques 

 

In order to support the process documentation and to get a systematic way for iden-

tifying and documenting all relevant elements of the process, SIPOC diagram was 

selected as a tool for the define stage of process documentation. The selection of 

process model type in turn was based on the factors that were found from the theory 

in chapter 2.2. According to these factors, cross-functional flowchart was selected 

for the process model type of this study in order to achieve a description that would 

support the purpose of the process modelling. In addition, the cross-functional 

flowchart will also support characteristics of the process as the process to be mod-

eled is a cross-functional business process which includes a few stakeholders and 

different process hierarchy levels. As discussed in the chapter 2.2, the technique is 

also considered to be simple enough that it would not require huge investments of 

time from the stakeholders and they can participate more easily to the modelling so 

that the required data can be gathered for the process model. Next, SIPOC diagram 

and cross-functional flowchart are studied more carefully in the following chapters. 
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2.4.1 SIPOC diagram 

 

SIPOC diagram is a tool that can be used to define the process by identifying what 

the process needs to do, what inputs are needed in the process, who will use the 

outputs of the process and who will supply the inputs to the process. Hence, the 

SIPOC diagram is abbreviation for Supplier-Input-Process-Output-Customer dia-

gram. (Berman 2014, p. 113.) SIPOC diagram can be used to identify all relevant 

elements of process project before further project work begins and it may help to 

define a complex process projects that may not be well scoped. Hence, SIPOC dia-

gram is most useful in the initial phase of process modelling as it provides a high-

level description of as-is state of the process. The advantage of SIPOC diagrams is 

that is a simple to do and it contains information that allows the process participants 

to learn together about the process. SIPOC diagram may also be used as a baseline 

for swimlane flowchart or other related methods when starting to model the detailed 

levels of the process. (Voehl et al. 2014, pp. 363-367.) 

 

SIPOC diagram is constructed by listing all the major steps in the process vertically 

down the center of the diagram, and listing all the suppliers and inputs on the left 

side of the diagram and the outputs and customers on the right side of the diagram 

(Voehl et al. 2014, pp. 365-366). Creating a SIPOC diagram should start by identi-

fying and documenting the most critical three to six steps of the process that trans-

form inputs into outputs. The starting and ending steps of the process should be 

identified first to scope the process and clarify boundaries between the organization 

and its suppliers and customers. When listing the steps, it is extremely important to 

keep the development of the SIPOC diagram high-level in order to focus on the big 

picture. After documenting the critical steps, the outputs and customers of the pro-

cess are documented by identifying what is delivered to whom. There should be at 

least one or more internal or external customers for each output to confirm that 

output is really needed in the process. Finally, inputs and suppliers of the process 

are documented by identifying what inputs or information is needed to perform the 

process and who are responsible for providing those inputs. Again, there should be 

at least one or more suppliers for each input to ensure that the input can be supplied 
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for the process. (Berman 2014, pp. 115-120; Silverstein et al. 2013, pp. 329-332; 

Voehl et al. 2014, p 369.) Example of SIPOC diagram is presented in the figure 7. 

 

 

Figure 7. Example of SIPOC diagram (Voehl et al. 2014, pp. 365-367). 

 

2.4.2 Cross-functional flowchart 

 

Cross-functional flowchart which is also known as swimlane diagram is used in 

organizations to illustrate the entire business process and the workflow which con-

sists of a set and series of interrelated work activities or steps that flows a distinct 

path as work inputs (resources) are transformed into outputs (items) (Damelio 2011, 

p. 73; Sharp & McDermott 2009, p. 202). Cross-functional flowchart is able to show 

a process at any process hierarchy level, from high-level overview down to one 

showing each individual tasks and it can be used for to understand the as-is work-

flow and to design the to-be workflow (Sharp & McDermott 2009, p. 202).  

 

The strength of cross-functional flowchart is that it extends the ordinary flowchart 

by showing who performs the activities or steps and which actor (person, job title, 

functional department, company, organization unit, external partner, physical loca-

tion of the work, information system etc.) is responsible for those activities or steps. 

As the ordinary flowchart is only able to show what activities or steps are performed 

in the workflow and the sequence of those activities (Andersen 2007, p. 51; Dame-

lio 2011, p. 93; Sharp & McDermott 2009, pp. 216-217). Hence, cross-functional 

flowchart shows what activities or steps are needed to produce the main output of 

the process and who is responsible for those activities or steps, how the activity or 
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step is done and when it is done. These all variables are essential to model if the 

purpose is to understand the process (Damelio 2011, p. 88; Sharp & McDermott 

2009, p. 216). In addition to sequence of activities, steps and responsibilities, cross-

functional flowchart is also able to demonstrate some additional details such as time 

spent in the workflow in specific point, and degree of completion, incurred costs 

and value added thus far in specific point of process (Andersen 2007, p. 52).  

 

In cross-functional flowchart, the most essential elements and key concepts that 

need to be understood before attempting to model a real business process are actors 

and roles, handoffs, activity and step symbols, flow symbols and decision symbols 

(Sharp & McDermott 2009, p. 216-231). Actors are responsible for handling the 

work, they are listed to the left side of the diagram and each actor is given a swim-

lane or a column that extends left to right across the page. Hence, cross-functional 

flowchart is also known as swimlane diagram. Activities or steps performed by the 

actors are located in this specific swimlane which makes the representation of the 

process clearer than the ordinary flowchart. (Andersen 2007, p. 51; Damelio 2011, 

p. 73; Sharp & McDermott 2009, p. 216.) Sometimes the actors that are logically 

grouped together may have different roles in the workflow. In this case, the actors 

should be shown in their own swimlanes in order to illustrate all handoffs in the 

process, even the ones which takes place inside the functional departments. For 

example, this might be necessary if the actors have same job titles but different roles 

and responsibilities in the same functional department. (Sharp & McDermott 2009, 

pp. 246-248.) The activity and step symbols which are in turn performed by the 

actors are shown in the cross-functional flowchart as labeled boxes and the label 

used in the boxes should be less than five words in total to keep the process map 

readable. These five words should include a verb (the activity itself), the object (the 

item receiving the activity) and the actor (the role fulfilling the activity). It is rec-

ommended to use a generic role for the actor instead of named individual to keep 

the map up to date when peoples’ roles and responsibilities change in the organiza-

tion. In cross-functional flowchart, flow symbols in turn are presented as lines with 

arrowheads to show the sequence and flow of work from one step to the next. The 

arrowheads indicate that the completion of the preceding step is a precondition for 
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the initiation of the subsequent step. Therefore, the step with the arrowhead cannot 

be started until the step at the other end has been completed. When the work flows 

from one actor to another and the flow crosses the swimlane between the actors, a 

handoff occurs in the workflow. (Barbrow & Hartline 2015, p. 38; Damelio 2011, 

p. 76; Sharp & McDermott 2009, p. 216.) Handoffs indicate when responsibilities 

in the process shift, how many times it happens and where it happens. Frequent 

shifts between actors might indicate that the overall process responsibility is frag-

mented and there might be a need to redefine responsibilities or place activities in 

new sequence. (Andersen 2007, p. 51.) In cross-functional flowchart, a decision is 

made when an exclusive (conditional) flow occurs in the workflow that directs the 

workflow to one of two or more alternative flows. These points of decisions in turn 

are shown as diamond symbols in the diagram. (Barbrow & Hartline 2015, p. 38; 

Damelio 2011, p. 79; Sharp & McDermott 2009, p. 226.) In order to conclude and 

illustrate the previously discussed key concepts, an example of the cross-functional 

flowchart and the basic symbols are presented in the figure 8 below. 

 

 

Figure 8. Cross-functional flowchart, key concepts and basic symbols (Barbrow & 

Hartline 2015, p. 38; Damelio 2011, p. 74; Sharp & McDermott 2009, p. 220). 
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3 BUSINESS PROCESS IMPROVEMENT 

 

3.1 Framework for business process improvement project 

 

After the understanding has been formed how the business processes can be mod-

eled and documented, it is important to gain understanding how the business pro-

cess improvement project should be conducted. Thus, it can be ensured that all nec-

essary stages are involved in the business process improvement project and system-

atic approach is used for the improvement. Hence, a framework for business process 

improvement is presented in this chapter, and the different stages of the business 

process improvement framework are further discussed in the following chapters. 

 

Organizations are always under a change and improvement is needed in production 

or service processes due to changes in economical, commercial, sociological, and 

political conditions that could introduce new weak points to companies. In order to 

overcome the weak points which are formed by the gaps between the required and 

current conditions, business process improvement (BPI) methodologies are needed. 

(Coskun et al. 2008, pp. 246-247.) However, when organizations are planning to 

launch a business process improvement (BPI) projects, the most frequently asked 

questions among practitioners seems to be “how to do it?”, “what to do next?” and 

“what methodology do you follow?” (Vakola & Rezgui 2000, p. 238). Therefore, a 

key issue related to BPI has been selecting the methodology through which the 

technique can be applied and knowing that the selected methodology does indeed 

work and are of use to the practitioners (Adesola & Baines 2005, p. 37). 

 

In this study, a model designed by Martin (2008) is selected for the framework of 

the BPI project. It has been designed around the five-stage framework of the 

DMAIC (define, measure, analyze, improve and control) six sigma model, but each 

stage has been further subdivided in logical steps. The model has been designed so 

that the steps can be conveniently followed to improve the process starting with 

identifying opportunity for improvement and ending with an opportunity for con-

tinuous improvement. The methodology and model is presented in the figure 9. 
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Figure 9. Framework for BPI project (Martin 2008, p. 32). 

 

3.1.1 Define the process 

 

The first step in the framework is to define the process for the BPI project by iden-

tifying the relevant process measures, defining scope and boundaries of the process, 

and creating a process map in order to form mutual understanding about the process. 

 

Identify process performance measures 

 

In most cases, the process owners have already identified the appropriate process 

performance measures and metrics that provide the best information of their process 

condition and efficiency (Debenham 2002, p. 27). However, if the process measures 

and metrics have not been identified yet it is recommended to work together with 

the management in order to identify the right ones for the process goals and objec-

tives. The purpose of the performance metrics is help to assess the ability to meet 

customers’ needs and business objectives. Therefore, it is important to use the per-

formance metrics to measure the right things so that the ability to improve the per-

formance of the process will not be beyond reach. (Martin 2008, pp. 32-33.) 
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Define process scope and boundaries 

 

As the processes can be at the organizational level, the department level, or even 

employee level, it is necessary to define the process scope and to set the process 

boundaries in the first step. The entry points of the process inputs and the exit points 

of the process outputs form the process boundaries. The scope of the process can 

be broad if the process involves many steps and many employees, or narrower if 

the process involves only specific steps and employees. (Martin 2008, p. 33). 

 

Process mapping and flowcharting 

 

In optimal cases, there is no need to build a process map from the beginning as the 

process owners inherits the processes documentations (Debenham 2002, p. 26). 

However, if there is no process map in place then one needs to be created. The 

process maps are normally created by interviewing the people who do the work and 

asking them to describe what they do. After the interviews, process walks are con-

ducted in the process environment to get an understanding of the process, and then 

a process model is constructed. Documenting the process is important as it provides 

mutual understanding of the process steps, process complexity and process diver-

gence for all members of the process improvement project. (Martin 2008, p. 33-34.) 

 

3.1.2 Measure the process 

 

After enough information has been collected to define the process properly and the 

performance measures and metrics of the process has been identified, the next step 

is to identify and measure the desired and actual performance of the process. 

 

Identify desired and actual performance 

 

The desired performance levels of the process can be identified from the business 

goals and stakeholders of the organization. In addition, process goals can also be 

used to identify the desired performance levels for the process, as goals for the cost, 
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quantity and quality of the output, and manufacturing and delivery time are set when 

the process has been designed. After the desired performance levels has been iden-

tified for the process performance metrics, the actual process performance can be 

measured. However, data collection methods and data analysis tools needs to be 

selected first before the process performance metrics can be analyzed further. Some 

of the practical data collection and analysis tools are checklists, bar charts, histo-

grams, Pareto charts, scatter diagrams, cause-and-effect diagrams and control 

charts. Once the data has been collected and appropriate data analysis tools are 

identified, they are used to compare the actual and desired performance. (Martin 

2008, pp. 34-36.) Hence, the process for measuring the performance of process is 

presented in the figure 10 below.  

 

 

Figure 10. Process for measuring the performance of process (Martin 2008, p. 36). 

 

3.1.3 Analyze the process 

 

After the actual performance of the process is measured, the gaps and constraints 

are identified, causes for the constraints and gaps are analyzed, and solutions are 

given to close the gaps in order to achieve the desired performance in the process. 

 

Identifying the gap and constraints 

 

Once there is a metric data available of the performance of the process, any gap that 

exists in the process metrics is identified in the analyze step. In addition, possible 

constraints are also identified that limit or decreases the performance of the system 

and restricts its output. (Martin 2008, p. 36.) According to Goldratt & Cox (1992) 

every organization has one key constraint that limits the system’s performance rel-
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that relates to capacity shortage in a process. Therefore, capacity and utilization of 

process are often measured in order to identify the possible capacity bottlenecks 

(Martin 2008, p. 36). In order to understand how the gaps between the desired and 

actual performance are identified, the method is presented in the figure 11 below. 

 

 

Figure 11. Identifying and measuring the gap between the desired and actual per-

formance of process (Martin 2008, p. 36). 

 

Causes for the gaps and constraints 

 

After the gaps and constraints are identified, the causes and root causes for the gaps 

and constraints are analyzed. Root causes are the specific underlying causes in the 

process that can be reasonably identified and which can be taken under management 

control to fix them. Root causes are the causes for which effective recommendations 

can be generated in order to prevent their recurrences. In order to analyze and iden-

tify the root causes for the gaps, a tool such as causal factor chart can be used for 

example. Causal factor chart is a sequence diagram with logic tests that describes 

the events leading up to an occurrence, and the conditions surrounding these events. 

Causal factor chart helps to chart every cause that might be the reason for any de-

crease in the process performance and it provides a structure to organize and ana-

lyze the gathered information (Martin 2008, pp. 36-37; Rooney & Heuvel 2004, pp. 

46-48). Numerous questions are usually asked during the process of identifying the 

causes and root causes, and every step in the causal factor chart should be analyzed. 
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If a more in-depth analysis is needed to identify the root causes then a cause-and-

effect diagram (ishikawa diagram) can be drawn by following the causal factor 

chart. The cause-and-effect diagram helps to identify reason for each causal factor 

as it structures the reasoning process to identify why the causal factor exists or oc-

curred. Therefore, identifying the different causes helps to identify the fundamental 

root causes so that the problems can be addressed. (Martin 2008, p. 37.) 

 

Identify interventions for the root causes 

 

After identifying the root causes, recommendations are given as a way to close the 

gaps, address the root causes, and achieve desired level of performance. Many pro-

cess performance problems look automation as a solution to improve the process 

performance. However, it is important to understand that it is not always the best or 

only solution to improve the process performance (Martin 2008, p. 37). 

 

3.1.4 Improve the process 

 

Improving the process is more than just planning or redesigning it as the process 

improvement involves implementing the new process and improvements with care-

ful implementation plans for true process redesign and improvement. Hence, the 

concepts and issues of the improvement step are next briefly discussed. 

 

Reengineer or redesign the process 

 

Based on the causes identified and recommended interventions, the process typi-

cally has to be reengineered or redesigned (Martin 2008, p. 38). According to Ham-

mer & Champy (1993) reengineering is defined as the fundamental rethinking and 

radical redesign of the process in order to achieve radical improvements in cost, 

quality, service and speed, and they have also developed the seven principles to 

assist the process reengineering and redesign. In addition, Guha, Kettinger & Teng 

(1993) have also developed their own framework consisting of six different stages, 

sub steps and methods to assist the process reengineering which is known as the 
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process-reengineering life cycle. In addition to these business process reengineering 

(BPR) methods, there are also other methods such as Japanese total quality control 

(JTQC), total quality management (TQM), Deming’s system of profound 

knowledge, lean thinking and six sigma which all are oriented towards the process 

improvement and can be used to assist the process redesign (Chiarini 2011, p. 332). 

 

Manage the changes 

 

Changes typically occur when the processes are redesigned. The scope of the 

change that has to be managed is based on the extent of changes that have occurred 

in the organization. There might have been incremental improvements where pro-

cess is enhanced only in few departments or alternatively there has been improve-

ments that are more radical and variety of processes has been redesigned. Incre-

mental improvements may not require as much change as radical improvements but 

it is recommended to have some type of change management program in the imple-

mentation phase to enable the change and smooth transition of individuals, teams 

and organizations from current state to desired future state. (Martin 2008, p. 38.) 

 

Standardize and document the process 

 

After the new process has been redesigned and validated, it must be standardized in 

order to get it accepted and followed by the entire organization. This involves a 

careful documentation of the process and a proper training to the new way of work-

ing. Therefore, it should be mandatory for the employees to participate in the train-

ing whenever there is a procedure change in the process and these changes should 

be carefully documented, flowcharted and standardized. (Martin 2008, p. 39.) 

 

Continuous process improvement (CPI) & Benchmarking 

 

After the new process has been standardized and documented in the organization, 

it has to be continuously improved. A way to improve the process is to adopt the 

idea of continuous process improvement which is based on the Japanese concept of 
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kaizen. Kaizen is a philosophy of constantly seeking a new ways to improve the 

process. It includes identifying the benchmark targets and implementing the im-

provements to the process. Continuous process improvement is all about searching 

incremental improvements like removing unnecessary activities and variations 

from the process in order to improve customer satisfaction. (Martin 2008, p. 39.) 

 

Benchmarking in turn is a systematic way to measure company’s processes, ser-

vices, and products against those that are the leaders of its industry. Benchmarking 

can be used in continuous process improvement and during the process redesign as 

it provides a valuable source of information for the process redesign. (Martin 2008, 

p. 39.) According to Andersen & Pettersen (1996), there are four types of bench-

marking. These are competitive benchmarking, functional benchmarking, internal 

benchmarking and generic benchmarking. Competitive benchmarking involves an-

alyzing of competitor processes who has the same kind of products or services. 

Functional benchmarking involves analyzing of a particular function and compar-

ing own processes or functions against companies within the same industry. Internal 

benchmarking is comparing of similar operations between departments, units, sub-

sidiaries and countries within the same organization, and generic benchmarking is 

comparing of own processes against the best processes across different industries. 

 

3.1.5 Control the process 

 

In order to maintain and verify the achieved improvements in the process, the pro-

cess has to be monitored and controlled. Hence, the improving phase and control-

ling phase are strongly linked to each other and there are two ways to control the 

process which are monitoring the process and using statistical process control.  

 

Monitoring the process and statistical process control 

 

In process monitoring, the process is monitored continuously so that the desired 

performance rate can be maintained for the process and data analysis tools such as 

checklists can be used to control the process. In statistical process control, statistical 
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tools such as control charts are used to observe for example the performance of the 

production line in order to predict significant deviations that may result in rejected 

products. Hence, statistical process control is a useful way to identify when an ac-

tion should be taken and should not be taken in the process. (Martin 2008, p. 39.) 

 

3.2 Lean thinking in business process improvement 

 

After the key stages of the BPI project has been understood, it is important to form 

understanding how the flow and lead-time of the processes can be improved, and 

what kind of wastes can be found from the processes in order to conduct the process 

analysis and lead-time improvement successfully in the case company. Hence, the 

principles and concepts of lean thinking are next reviewed in the following chapters. 

 

3.2.1 Principles of lean thinking 

 

Lean thinking originated within the Japanese automobile industry and it is based on 

the Toyota Production System (TPS), which was developed by a production exec-

utive named Taiichi Ohno (1988) and which was used to improve the quality and 

productivity within the Toyota Motor Company (Kumar et al. 2013, p. 86). Unlike 

the Henry Ford’s mass production, the TPS focused primary on the diversity and 

quality of products and techniques like just-in-time production, small lot sizes and 

quick changeovers were used to reduce costs in the production (Lacerda et al. 2016, 

p. 1709). Lean thinking increased its popularity in the 1990s, after the publication 

of book “The Machine that Changed the World: The Story of Lean Production” by 

Womack, Jones & Roos (1991) which described how organizations could transform 

their operations by adopting the lean approach developed at Toyota. After since, 

lean has been widely accepted and adopted across every industry, and in the recent 

years, especially wide range of service organizations has adopted lean thinking to 

improve quality and productivity of their operations. (Kumar et al. 2013, p. 86.) 

 

Lean is systematic approach to identify and eliminate waste through continuous 

improvement by flowing the product only when the customer needs it in pursuit of 
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perfection and it focuses on the value added expenditure of resources which is as-

sessed from the customers’ perspective (Alukal 2003, p. 29). Therefore, the main 

principle of the lean thinking is the elimination of waste. In lean, waste is used to 

refer to non-value-added activities. Value-added activities are those that the cus-

tomer values and is willing to pay for. Other activities are considered as non-value-

added activities that should be eliminated. (Kumar et al. 2013, p. 86.) The elimina-

tion of the waste and non-value-added activities reduces costs and cycle times, and 

thus lead-times which results in more agile, customer-responsive and competitive 

organizations (Alukal 2003, p. 29). Hence, the approach of lean is based on map-

ping and analyzing the activities in the processes. In lean, this is called value stream 

mapping (VSM). The value stream includes all activities needed to produce the final 

output and the value stream represents the “flow of value”. (Näslund 2008, p. 274.) 

 

In addition to the elimination of waste, the other principles of lean thinking are 

alignment of production with demand, integration of suppliers, and creative in-

volvement of the workforce in process improvement activities. These principles are 

distinct yet mutually supportive ideas that are needed to reduce cost and improve 

productivity and quality of processes in order to increase customer value and profit. 

For example, the waste elimination and integration of suppliers are required for 

efficient alignment of production with demand. The elimination of waste helps to 

reduce costs and organize the value-creating production activities into an efficient 

system design which supports smooth production flow with minimal interruptions, 

delays and variations. By producing at the pace of customer demand and facilitating 

flow through elimination of waste, organizations can achieve better responsiveness. 

(Lyons et al. 2013, p. 477.) However, achieving such production flow is not possi-

ble without close relationships and integration with suppliers, as material and parts 

needs to be delivered frequently in small quantities directly to the point of use with 

minimal inspections (Lyons et al. 2013, p. 477; McIvor 2001, p. 228). The last prin-

ciple, the creative involvement of workforce in process improvement activities 

which is known as “soikufu” in Japanese manufacturing, is in turn essential for the 

elimination of waste which is achieved through releasing the talents and creativity 

of people. Total employee involvement is also a ubiquitous driver of lean. (Lyons 
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et al. 2013, p. 478.) Therefore, lean manufacturing plants are often characterized by 

the use of team problem solving, worker suggestions for improvement, decentrali-

zation of authority and the use of multifunctional employees (Forza 1996, p. 59). In 

order to achieve these previously discussed principles, the organizational policy de-

ployment and goals needs to be in align with the lean principles and practices (Ly-

ons et al. 2013, p. 478). The lean thinking framework including the goals, principles 

and commonly used practices of lean thinking are presented in the figure 12 below. 

 

 

Figure 12. Lean thinking framework (Lyons et al. 2013, p. 477). 

 

According to the five steps model of Womack & Jones (1996), there are five con-

secutive sets of actions to approach lean thinking which transform problematic op-

erational practices into well-organized flow of goods and services. The first step in 

lean thinking is to define “value” which can only be defined from the perspective 

of the ultimate end customer. By defining the “value”, a real value for the customer 

can be differentiated from “muda” which is the Japanese term for waste. The second 
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step is to identify the value stream by breaking down value adding activities into 

individual steps. This provides the possibility to recognize activities and steps 

which represent or produce waste in the given value stream. After this, the identified 

waste should be eliminated or reduced. This gives the possibility for process re-

engineering and the creation of continuous flow. Therefore, the third step is to make 

the remaining value creating activities and steps to flow without interruption. This 

means that there is no waiting, downtime or scrap within or between these steps. 

The fourth step is to develop a “pull” system where the customer, not the company, 

is the one who triggers the movement and production. Hence, the goods or services 

reach the customer only when they are asked for, not before or after requested. The 

fifth step is to pursue “perfection” which means the complete elimination of waste 

so that all activities create value in the value stream to ensure that the process is as 

improved as it can be. There is always hidden waste in the process that can be re-

vealed by giving a more precise definition of value or making value to flow faster. 

In addition, the harder the customer pulls the goods or services, the more the con-

straints to flow are revealed in the process thus allowing them to be removed. (Vla-

chos 2015, pp. 1352-1353; Womack & Jones 1996, p. 141; Näslund 2008, p. 274.)  

 

3.2.2 Waste identification 

 

In general, waste is composed of unnecessary activities that can be described either 

qualitatively or quantitatively. Identifying and eliminating waste is an effective way 

to increase organizations profitability and it is also called learning to see “muda” 

which is Japanese term for a wasteful activity that does not add value or is unpro-

ductive trivial, or useless. However, “muda” is not the only category of waste that 

Taiichi Ohno realized in the Toyota Production System (TPS). The other two are 

“mura” which means variability, irregularity or inconsistency, and “muri” which 

refers to overburden or strenuous work. Together these key terms describe the waste 

that infiltrates organizations and allows learning to see the waste that needs to be 

eliminated from organizations. (Smith 2014, p. 36; Voehl et al. 2014, p. 59.) 
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“Muda” is the most common and seen waste in organizations and it consist of seven 

individual wastes (Smith 2014, p. 36). Next, the original seven wastes or “mudas” 

that were identified by Taiichi Ohno (1998) are briefly discussed below. 

 

Defects. Quality problems which are caused by products that does not match expec-

tations for form, fit or function which can result in complaints from customers or 

which are detected by inspection or maintenance teams. Defects are typically re-

lated to the lack of standard procedures and quality control systems, or to human 

failure, and they should be avoided as defects have a negative impact on production 

costs and productivity. (Lacerda et al. 2016, p. 1709; Smith 2014, p. 36.) 

 

Inventory. Excess inventory usually derives from the existence of production bot-

tlenecks, slow changeovers, unbalanced processes, queue times and push schedul-

ing not tied to customer demand. This in turn leads to larger inventory holding areas 

and more handling operations are needed. (Lacerda et al. 2016, p. 1709; Smith 2014, 

p. 36.) In addition, excess inventory also create significant storage costs which in 

turn reduces the competitiveness of organization (Hines & Rich 1997, p. 48). 

 

Motion. Movement that does not add value to the product such as stretching, bend-

ing and lifting. This type of waste is related to poor work cell layout without regard 

to ergonomics and it is tiring for the employees and can lead to poor productivity 

and to quality problems. Unnecessary motion can be avoided by placing tools and 

components within the work cells so that materials are where they are needed and 

when they are needed. (Hines & Rich 1997, p. 48; Lacerda et al. 2016, p. 1709.) 

 

Over processing. Processing or any operation that does not add value to the organ-

ization can be considered a production waste and it can potentially increase when 

there are defects in products. For example, any processing that is necessary to cor-

rect defective materials and products (rework) is considered as over processing. 

Over processing can be caused by using inferior raw materials in the process or 

when overly complex solutions are used for simple procedures. (Hines & Rich 

1997, p. 48; Lacerda et al. 2016, p. 1709; Smith 2014, p. 36.) 
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Overproduction. Producing more than required by the customer. As a result, pro-

duction planning becomes less flexible, resources are used without financial return 

and more space is needed in the warehouse. (Lacerda et al. 2016, p. 1709.) Over-

production is considered to be the most serious waste as it discourages the flow of 

products or services, leads to excessive lead and storage times, and is most likely 

to inhibit quality and productivity. Therefore, overproduction is treacherous waste 

as it leads to the other six forms of waste. Hence, the pull or “kanban” system was 

used by Toyota to overcome this form of waste. (Hines & Rich 1997, pp. 47-48.) 

 

Transportation. Any unnecessary movement of products or materials that leads to 

excessive movement and double handling which may cause damage for materials 

or products (Hines & Rich 1997, p. 48). In addition, moving products and materials 

requires transportation systems that might be expensive, need maintenance, and in-

crease the lead-time (Lacerda et al. 2016, p. 1709.) Usually this form of waste is 

often caused by poor layout of work cells and overproduction (Smith 2014, p. 36). 

 

Waiting. Waiting occurs whenever products are not moving or being worked on. It 

may happen due to obstructions in flow, problems in work cells layout, delays in 

delivery of materials or lack of balanced production processes. (Hines & Rich 1997, 

p. 48; Lacerda et al. 2016, p. 1709.) Usually waiting can be reduced by removing 

bottlenecks and addressing “mura” or variability through production smoothing 

which is known as “heijunka” in Japanese manufacturing (Smith 2014, p. 36). 

 

In addition to the original seven wastes, an additional waste has recently been 

pointed out as important and it should therefore be considered in the list of wastes. 

 

Skill or talent. The waste of human potential and underusing of talents because they 

are involved in nonessential and wasteful activities. As a consequence of this waste, 

potential improvement opportunities may be lost as lean thinking advocates that 

every human is a thinker and can contribute with positive outcomes. (Lacerda et al. 

2016, p. 1709; Smith 2014, p. 36.) 
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“Muri” is waste that relates to overburden and it means that employees and pro-

cesses are overburdened. Potential reason for “muri” might be that employees are 

not working to their potential. Therefore, “muri” is related to the waste that was the 

waste of human potential and underusing of talents, and it may be addressed by 

standardizing tasks so all employees are performing work in an efficient way which 

reduces overburden on employees. In addition, reducing “mura” or variability 

through “heijunka” or production smoothing, just-in-time, “kanban” or pull systems 

also helps to eliminate overburden from the systems. Reducing overburden is im-

portant and it should not be neglected as overburdened employees or systems are 

more likely to produce additional “muda” or waste. (Smith 2014, p. 37.) 

 

“Mura” is defined as variability, irregularity or inconsistency and it is important to 

reduce and eliminate because it creates “muda” or waste. One way to reduce “mura” 

is to use “heijunka” or production smoothing. This means that demand is smoothed 

to make processes more predictable. If day-to-day demand varies greatly, it is hard 

to produce strictly just in time. However, demand can be smoothed by looking at 

wider scope of time and average demand levels. Having a larger snapshot of de-

mand and producing according to the average demand leads to less day-to-day var-

iation. In order to use “heijunka” or production smoothing effectively, setup times 

needs to be short that smaller batches can be produced and switches can be made 

frequently between the products. In addition, smoothing demand also helps to re-

duce “muri” or overburden. (Smith 2014, p. 37.) 

 

Hence, the key in the waste elimination is to address all three types of waste, first 

“mura” and “muri”, and then “muda” in order to get the best results and increasing 

the chance of delivering perfection to the customer. This is due the reason that re-

ducing “mura” and “muri” greatly diminishes “muda”. For example, if there is 

“mura” in the system, the system will be overproducing as the system is not working 

optimally. This in turn causes “muri” because the work in the process does not come 

through in a smooth flow which affects to the activity level of the workers. There-

fore, the waste elimination should be started by first eliminating “mura” and “muri” 

and then focusing on the eight common wastes of “muda”. (Smith 2014, p. 37.) 
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4 INVENTORY MANAGEMENT AND REPLENISHMENT 

 

After the understanding has been gained how the lead-time and flow of the pro-

cesses can be improved, and what kind of wastes can be found from the processes. 

It is important to form understanding what alternative replenishment methods and 

systems, and strategies there are available in the theory that could be used to elim-

inate excess inventory and increase the smoothness of the material flow in the case 

company. Hence, these issues are studied more carefully in the following chapters. 

 

4.1 Push and pull replenishment 

 

In a recent years, it has become particular relevant whether the nature of inventory 

replenishment is based on push or pull replenishment. In push replenishment sys-

tem, the inventory is replenished to anticipate future demand requirements which 

are based on predetermined plans such as estimates or forecasts. Hence, the push 

replenishment can be considered as traditional and proactive way to replenish the 

inventory. The pull replenishment system in turn is reactive way to replenish the 

inventory as replenishments are made by using the actual customer demand for a 

product which is then pulled through the supply chain to the inventory. (Rushton et 

al. 2014, p. 219.) The pull replenishment system works on the basis that each pro-

cess pulls just the number of products that the process requires at just the right time. 

Therefore, only a very small strategic level of inventory is hold and maintained in 

stock bins at selected points in the process. The inventory is only replenished when 

a downstream customer consumes specific items and if there is no consumption for 

an item, it is stocked in a bin but not replenished. (Kumar et al. 2013, p. 87.)  

 

This type of consumption driven replenishment is becoming an increasingly com-

pelling option to more traditional materials requirement planning (MRP) or push 

style of systems that rely on forecasts in order to decide what and how much to 

produce or replenish. The forecast may be useful to predict overall demand but they 

can be poor indicators of exactly which products will be needed and when. In addi-

tion, multi-tiered supply chains tend to push manufacturers even further from their 
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customers and information is diluted by each node in the distribution system. This 

in turn pushes the forecasts further and further from the reality which generates 

excess inventory and costly last minute order changes in the supply chain. (Kumar 

et al. 2013, p. 87-88; Laksham 2006, p. 21.) Therefore, push replenishment can lead 

to many problems such as high inventory holding costs, low inventory turns, high 

risk of stock obsolescence and reduced service levels, leading to low profits (Ghra-

yeb 2009, p. 379; Puchkova et al. 2016, p. 66). As a result, many companies have 

adopted pull strategy for replenishment over the past decades as the inventory levels 

are limited and controlled by order requirement signals which are based upon real 

customer demand. However, while there are many advantages in the pull replenish-

ment such as higher service level, decreased inventory, and therefore lower carrying 

costs, there are also disadvantages. Depending on the situation, pull replenishment 

system may face difficulties to satisfy demand variations due to lower levels of 

inventory. Hence, in order to improve inventory turnovers, meet the customer de-

mand and minimize the impact of disruptions to achieve lower operating costs and 

higher profit, companies need to find right balance and use for the push and pull 

replenishment methods. (Puchkova et al. 2016, p. 66.) 

 

Push replenishment methods such as MRP based systems which rely on forecasts 

are typically applicable for products that have dependent demand. Dependent de-

mand occurs for a particular product when the product is directly related to another 

product. Typically, raw materials, components and sub-assemblies have dependent 

demand as their demand is dependent on the demand of the finished product. In 

addition, push replenishment is applicable for cases where there are uncertainties in 

supply, source or production capacity limitations or the need to cater for seasonal 

demand. (Mohammaditabar et al. 2012, p. 656; Rushton et al. 2014, p. 219.)  

 

Pull replenishment methods such as reorder point and Just-In-Time (JIT) based sys-

tems in turn are used for products that have independent demand. Independent de-

mand occurs for a particular product when the demand for the product is not related 

to demand of any other product. Typically, finished goods have independent de-

mand. Pull replenishment is also very useful when there is uncertainty of demand 
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requirements. The reorder point and JIT based systems are the most common form 

of pull-based replenishment as the orders are placed only when the inventory is at 

predefined level that triggers the replenishment order. (Mohammaditabar et al. 

2012, p. 656; Rushton et al. 2014, p. 218-219.) 

 

4.2 Inventory management and item classification 

 

Companies usually deal with inventories which may contain thousands of items or 

stock keeping units (SKUs), while the required resources to manage them such as 

time and money are often limited. Therefore, companies need to use the available 

resources in the best way by focusing on the most important items in order to gain 

an efficient inventory management. (Hatefi et al. 2014, p. 776.) One solution to 

improve the focus of the inventory management is to classify similar items into the 

same item groups in order to have a single policy for the group of items instead of 

having a different policy for each item. For example, the same target service level 

(probability of not incurring in a stock out during a replenishment cycle) could be 

assigned to all the items of the same group. (Lolli et al. 2014, p. 62.) Hence, the 

main purpose of the classification is to simplify the task of the inventory manage-

ment by setting stock control methods and service levels per item group rather than 

for each item separately (Teunter et al. 2010, p. 344). Therefore, in order to achieve 

more efficient inventory management and better focus on the inventory, two prob-

lems needs to be addressed when the item classification is used. How the items are 

to be classified, and which are the most appropriate replenishment policies for each 

group of items. (Mohammaditabar et al. 2012, p. 655.) 

 

In order to create an item classification, three interrelated decisions needs to be 

made: selecting the characteristics for the item classification, selecting classifica-

tion technique that is used to build the item classification, and selecting how many 

classes are used in the item classification and how the borders are determined be-

tween the classes (Van Kampen et al. 2012, p. 869). However, before these deci-

sions are made, the objectives of the classification should have been defined and 

rough-cut data analysis should have been conducted for the data as the objectives 
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and the available data dictates the selection of the classification criteria, and hence 

the design of the item classification. As mentioned before, the objectives of item 

classification are often related to selecting replenishment parameters and policies 

for inventory control or forecasting. However, the objectives may also be related to 

finding items where new ways of working might be utilized, and in this case, the 

item classification may be used to find for example optimal production modes and 

supply chain collaboration practices for items or help to assist with other item re-

lated strategic choices. (Rintala & Huiskonen 2015, pp. 37-40). 

 

Various techniques and approaches exists to classify items in inventory manage-

ment, varying from statistical techniques to judgmental techniques. One well-

known statistical approach is the ABC analysis which usually classifies items based 

on either demand value or demand volume. Other well-known statistical approaches 

are the fast, normal, and slow moving (FNS) technique which classifies items based 

on the demand rate, and the XYZ analysis that classifies items based on the varia-

bility in demand. In addition, other characteristics are used as well to classify the 

items as in the judgmental VED technique that classifies items as vital, essential or 

desirable based on their criticality. These basic statistical and judgmental tech-

niques are widely used and implemented to make it easier for the practitioners to 

tailor inventory management to the demand characteristics of their items. (Van 

Kampen et al. 2012, pp. 851-852.)  

 

However, traditionally these techniques like the ABC analysis is based only on a 

single criterion, which is generally the annual usage value given by the annual de-

mand of the item and the average unit price of the item. Therefore, multi criteria 

inventory classification (MCIC) methods which include a combination of several 

other criteria have been proposed in the theory, as single classifying criterion cannot 

generally represent the whole criticality of an item. (Lolli et al. 2014, p. 62.) For 

example, criteria such as criticality, length and variability of replenishment lead-

time, substitutability, inventory holding unit costs, commonality, certainty of sup-

ply, demand distribution etc. have been taken into account in the studies of MCIC 

which may strongly affect to the class of an item (Hatefi et al. 2014, p. 776). In 



53 

addition, the recent study of Rintala & Huiskonen (2015) points out especially fol-

lowing methods and criteria which are presented in the table 1 that has been used 

in the recent spare part classification studies related to inventory management. 

 

Table 1. Studies related to spare part classification with inventory management im-

plications (Rintala & Huiskonen 2015, p. 24). 

Paper Classification method Implications to inventory management 

Gelders & 

Van Looy 

(1978) 

ABC analysis (demand value) Selecting inventory models 

Huiskonen 

(2001) 

MCIC (part criticality, demand var-

iability, part specificity) 

Guidelines for logistics system design 

(network structure, positioning of materi-

als, control responsibilities and principles) 

Cavalieri et 

al. (2008) 

MCIC (part cost, part criticality, de-

mand variability, part specificity, 

supply characteristics) 

Focusing attention and selecting the fore-

casting and stock sizing approach 

Porras & 

Dekker 

(2008) 

MCIC (part cost, part criticality, de-

mand volume) 

Selecting approaches for determining re-

order point system variables 

Boylan et al. 

(2008) 

MCIC (demand volume and demand 

variability) 

Selecting the forecasting method (moving 

average and exponential smoothing) and 

inventory control rules 

Syntetos et 

al. (2009) 

ABC analysis (demand value) Selecting inventory control rules (manu-

ally vs. automatically created reorder 

points) 

Paakki et al. 

(2011) 

MCIC (part cost, demand volume, 

demand variability, supply charac-

teristics) 

Focusing development efforts (to revise 

inventory policies, to reduce lead times 

and to understand customer behavior) 

Bacchetti et 

al. (2013) 

MCIC (sales cycle phase, response 

lead time to customers, number of 

orders, part criticality, part value) 

Selecting forecasting and stock control 

methods and targets 

 

When combination of characteristics or MCIC is used, researchers use tables, ma-

trices or graphical techniques to present their classifications (Van Kampen et al. 

2012, p. 865). For example, Flores and Whybark (1986) used joint criteria matrix 

in their multi-criteria ABC analysis approach, where the traditional ABC analysis 

was expanded by considering other classification criteria as well such as lead-time 

and criticality to mention a few. Due to its broad application spectrum, the ABC 

analysis is generally used as the primary analysis and supported by other classifi-

cation criteria or analyses in order to form the classification matrix (Reiner & Trcka 

2004, p. 222; Scholz-Reiter et al. 2012, p. 446). Hence, in the next section the ABC 

analysis approach is briefly reviewed in order to get a better understanding about 

how the technique can be utilized in order to improve the inventory management. 
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4.2.1 ABC analysis 

 

The ABC analysis is a simple technique for inventory classification and control that 

is based on the Pareto principle. The objective of the ABC analysis is to classify the 

inventory items or SKUs into three classes which are following: A (very important 

items), B (moderately important items) and C (relatively unimportant items). 

(Hatefi et al. 2014, p. 776.) According to the ABC approach, resources spent on 

inventory management should be related to the importance of each item (Lolli et al. 

2014, p. 63). In a typical ABC analysis, inventory items or SKUs are sorted in the 

descending order according to their annual usage value or volume and it is often 

found that small percentage of the inventory items contribute to the majority of the 

company’s sales and revenue. This is also known as the 80-20 rule. That is, the top 

20% of the items which are account for 80% of total volume are given the A clas-

sification, the next 30% of the items the B classification and the bottom 50% of the 

items the C classification (Millstein et al. 2014, p. 71). Therefore, the class A con-

tains a few items but forms the largest amount of annual usage value or volume, 

whilst class C contains a large number of items but forms a small amount of annual 

usage value or volume. The B class in turn falls between these two classes. (Lolli 

et al. 2014, p. 63.) Hence, the purpose of the ABC analysis is to focus the inventory 

management efforts of the company on the relatively small number of items that 

represents a major share of the sales volume (A class items) so that relatively large 

reductions in inventory costs can be obtained (Van Kampen et al. 2012, p. 852).  

 

The ABC analysis is often employed in three-step approach to improve inventory 

management. First, items or SKUs are grouped into A, B and C categories based on 

their annual sales volume as explained in the previous section. Second, inventory 

and replenishment policies such as target service levels and review systems are de-

termined for each category. The highest service level is often concentrated on the 

A category and the lowest service level on the C category in order to enhance man-

agerial effectiveness. (Millstein 2014, p. 71.) However, as the ABC-analysis does 

not reveal the service characteristics of items, some of the C category items might 

have important supporting role in the terms of total customer service. Hence, those 
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items should be recognized and lifted to the A or B category in order to provide 

better total customer service. The C category items can be considered to be critical 

for the customer service for two reasons. First, if they are sold to the most important 

customers of the company and therefore have a customer-supporting role, and sec-

ond, if they are regularly sold in connection with A or B category items in order to 

make a complete order and therefore have a product-supporting role. (Huiskonen et 

al. 2005, pp 141-142.) After setting the service levels for the categories, inventory 

replenishment systems are set for each category. Continuous review systems are 

often proposed for the very important items (category A), and for less important 

items (category C), periodic review systems are proposed. However, with the new 

technologies it is more common for organizations to have continuous review sys-

tems for their SKUs. (Mohammaditabar et al. 2012, p. 656.) Finally, inventory man-

agers in collaboration with sales and finance review that the inventory management 

policy is as effective as possible and within the available inventory budget (Mill-

stein 2014, p. 71). Effective inventory management policy should be simple to im-

plement, and the service quality and cost effectiveness of the inventory policy 

should be align with the organizational needs (Mohammaditabar et al. 2012, p. 656). 

 

4.3 Inventory replenishment systems and methods 

 

The fundamental purpose of any inventory replenishment system is to maintain a 

proper balance between the cost of holding stock and the particular service require-

ment for customers (Rushton et al. 2014, p. 201). Hence, the trade-off involved in 

all inventory systems is the cost versus service trade-off. Holding inventory gener-

ates capital costs in the form of lost interest on capital tied up in stock that might be 

better invested elsewhere. (Hopp 2008, p. 114.) In addition, storage costs, service 

costs and risk costs are also generated from warehousing and management of stock, 

maintenance and construction of storage spaces, material handlings, quality assur-

ances and risk of products becoming outdated and obsolete if they are stored for 

long periods of time, especially if the product lifecycles are relatively fast. (Rushton 

et al. 2014, pp. 199-201; Van Horenbeek et al. 2013, p. 503.) Hence, these all pre-

viously mentioned costs are also known as holding costs of the inventory (Axsäter 
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2015, p. 38). However, holding inventory also facilitates service by enabling supply 

process to match with demand process without delay which is the essential function 

of any production or supply chain system. (Hopp 2008, p. 114). Therefore, not hold-

ing or holding very low levels of inventory may lead to situations where customer 

orders or needs of production cannot be immediately fulfilled due to a material 

shortages. This in turn may lead to the loss of existing sales and future sales and 

generate shortage costs, and additional setup costs in the production. In addition, 

products may have to be ordered very frequently or with very tight delivery sched-

ule which can cause high ordering costs, handling costs and delivery costs for the 

buyer. (Axsäter 2015, p. 38; Rushton et al. 2014, p. 201; Van Horenbeek et al. 2013, 

p. 503.) Hence, finding an appropriate balance between cost and service is the key 

challenge in inventory management in order to achieve optimal level of total costs 

and effective supply chain management (Hopp 2008, p. 114.) 

 

In order to overcome these issues, inventory replenishment systems were designed 

to find balance between the cost and service factors by identifying the most appro-

priate level of inventory that should be held for the different stock keeping units 

(Rushton et al. 2014, p. 201). Inventory replenishment system helps to resolve how 

often the inventory status should be determined, when a replenishment order should 

be placed and how large the replenishment order should be. The answer to these 

previous questions in turn is depended on importance of the item, review interval 

of the item, inventory policy of the item and service objectives of the item. The 

importance of the item can determined for example by classifying the SKUs into 

different classes with the help of the ABC analysis and its extensions or by using 

other classification techniques or MCIC approaches which were presented in the 

theory chapter 4.2. (Silver et al. 1998, pp. 235-236.) The review interval of the item 

in turn depends on the selected inventory replenishment system of the item, and the 

inventory replenishment systems can be divided into continuous review systems 

and periodic review systems (Axsäter 2015, p. 40; Silver et al. 1998, p. 236; Van 

Horenbeek et al. 2013, p. 500). The most commonly used continuous review sys-

tems and periodic review systems are presented in the table 2 on the next page. 

 



57 

Table 2. Continuous and periodic review systems (Axsäter 2015, p. 40; Silver et al. 

1998, pp. 237-240; Van Horenbeek et al. 2013, p. 500). 

Continuous review systems Periodic review systems 

 Reorder point, order quantity  

(s, Q) system 

 Reorder point, order up to level  

(s, S) system 

 Periodic review, order up to level (R, 

S) system 

 Periodic review, reorder point, order 

up to level (R, s, S) system 

 

In continuous review systems, the inventory position is monitored continuously and 

as soon as the inventory position is low enough, the replenishment request is trig-

gered. In periodic review systems, the inventory position in turn is monitored only 

at certain given points in time and the intervals between these reviews are fixed. 

(Axsäter 2015, p. 40; Van Horenbeek et al. 2013, p. 500.)  

 

The major advantage of continuous review systems is that they can provide the 

same level of customer service and requires less safety stock than periodic review 

systems. This is due the reason that the period over which safety stock is required 

is longer under periodic review systems. However, periodic review systems with a 

short review intervals are very close to continuous review systems. (Axsäter 2015, 

p. 41; Silver et al. 1998, p. 237.) The disadvantages of the continuous review sys-

tems are that the replenishment decisions can be made at any moment in time which 

make the staff workload less predictable. In addition, continuous review is more 

expensive in terms of reviewing costs and reviewing errors, although the modern 

information technology has reduced the costs for monitoring considerably. Hence, 

the advantage of the periodic review is that it will reduce the costs for the inventory 

control system. In addition, coordination of replenishments is easier in periodic re-

view system if the items have the same review interval. (Axsäter 2015, p. 41; Silver 

et al. 1998, p. 237.) For example, all items which use the same transportation mode 

or which are purchased from the same supplier could be scheduled for particular 

day. The periodic review also allows a rhythmic rather than random pattern for the 

monitoring and ordering which is usually more appealing for the staff, and hence it 

allows a better prediction of the staff workload. (Silver et al. 1998, pp. 236-237.)  

 

 



58 

After understanding is gained how often the inventory status should be determined, 

it is important to gain understanding about when the replenishment order should be 

placed and how large the replenishment order should be. Hence, the continuous and 

periodic review systems that are based on the reorder-point are next further dis-

cussed and reviewed in the following chapter. 

 

4.3.1 Reorder point systems 

 

The most common reorder point system is the reorder point, order quantity (s, Q) 

system that is a continuous review system. In the (s, Q) system, a fixed quantity Q 

or multiple of Q is ordered whenever the inventory position drops to the reorder 

point s or lower in order to raise the inventory position above the reorder point 

(Axsäter 2015, p. 41; Silver et al. 1998, p. 237.) One common implication of the (s, 

Q) system is a two-bin system where two bins are used to stock an item. As long as 

the units remain in the first stock bin, demand is satisfied from it. After the second 

stock bin is opened, a replenishment order is triggered. Hence, the second stock bin 

corresponds to the reorder point. When the replenishment arrives, the second stock 

bin is refilled and remainder is put into the first stock bin. The two-bin system is 

especially useful for low cost and high demand items, and the (s, Q) system in gen-

eral is easy for the staff to understand which makes errors less likely to occur in 

such a system. (Silver et al. 1998, p. 238; Van Horenbeek et al. 2013, p. 500.) 

 

The reorder point, order up to level (s, S) system is a continuous review system 

where replenishment is made whenever the inventory position drops to the reorder 

point s or lower (Van Horenbeek et al. 2013, p. 500). However, the difference to 

the (s, Q) system is that a variable replenishment quantity Q is used to raise the 

inventory position to the order up to level S. If all demand transactions are unit 

sized, the (s, Q) system and (s, S) system are identical as the replenishment requi-

sitions will always be made when the inventory position is exactly at the reorder 

point level s. Hence, the order up to level S is the reorder point s plus the order 

quantity Q (S = s + Q).  If the demand transactions are larger than unit size, the 

replenishment quantity Q in the (s, S) system becomes variable. The (s, S) system 
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is also known as the min-max system because the inventory position is always be-

tween a minimum value of s and a maximum value of S. (Axsäter 2015, p. 42; Silver 

et al. 1998, p. 238.) The (s, S) system is often a good choice when dealing with 

items where the potential savings are appreciable such as class A items from the 

ABC analysis. However, the disadvantage of the (s, S) system is that the predicta-

bility of the fixed order quantity is lost as the order quantity is variable. This in turn 

creates demand variations at upstream stages of the supply chain which is known 

as the bullwhip effect and suppliers might make errors more frequently as schedul-

ing operations become harder. (Axsäter 2015, p. 168; Silver et al. 1998, p. 239.) 

 

The last reorder point based system is the periodic review, reorder point, order up 

to level (R, s, S) system. The (R, s, S) system is a combination of reorder point, 

order up to level system (s, S) and periodic review, order up to level (R, S) system. 

In the (R, s, S) system, the inventory position is monitored every R units of time. If 

the inventory position is at or below the reorder point s, a replenishment order is 

made to raise it to the order up to level S. If the inventory position is above the 

reorder point s then nothing is done until the next review where the inventory posi-

tion is monitored again. The (R, s, S) system is able to produce a lower total of 

carrying, replenishment, and shortage costs than any other previously mentioned 

systems and it is often used as an alternative for (R, S) system when a fixed order 

cost is incurred with each order (Bijvank & Vis 2012, p. 610; Silver et al. 1998, pp. 

240-241.) However, the computational effort to find the best values of the three 

control parameters is more difficult than in the other systems, and simplified meth-

ods are often used to find reasonable values. The (R, s, S) system is also more dif-

ficult for the staff to understand than the other systems. (Silver et al. 1998, p. 241.) 

 

Setting the reorder point (s) 

 

According to Axsäter (2015), Silver, Pyke & Peterson (1998) and Vrat (2014), the 

exact value of reorder point s, which is used in all of these previously mentioned 

systems to define when the replenishment order should be made, is determined by 

using the equation 1 that is presented on the next page. 
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Reorder point (s) = 𝐿 ∗ 𝐷 + 𝑆𝑆, where            (1) 

L = mean replenishment lead-time of stock keeping unit per unit of time, 

D = mean demand of stock keeping unit per unit of time, SS = safety stock 

 

Thus, reorder point is formed by two components which are mean demand during 

replenishment lead-time and safety stock which is required to absorb the risks of 

demand and lead-time uncertainty (Vrat 2014, p. 128). The exact value of safety 

stock in turn is determined by using the equation 2 below. (Axsäter 2015, p. 81; 

Silver et al. 1998, p. 255; Vrat 2014, p. 130: Wang et al. 2010, p. 480). 

 

Safety stock (SS) = 𝑘 ∗  𝜎𝐿𝐷, where              (2) 

k = safety factor parameter based on service objective (cumulative distribution func-

tion of standard normal distribution corresponding the acceptable probability of 

stock out or cycle service level per replenishment cycle), 

𝜎𝐿𝐷 = standard deviation of demand during replenishment lead-time per unit of time 

 

Based on the equation 2, the major challenge that remains in determination of reor-

der point is to estimate the standard deviation of demand during replenishment lead-

time (𝜎𝐿𝐷). According to Talluri, Cetin & Gardner (2004), the standard deviation of 

demand during the replenishment lead-time and the determination of safety stock 

can be further presented with the following equations that are presented in table 3. 

 

Table 3. Safety stock equations depending on the nature of demand and lead-time 

(Talluri et al. 2004, p. 65). 

 Constant lead-time Variable lead-time 

Constant demand No safety stock SS = 𝑘 ∗  𝐷 ∗ 𝜎𝐿                         (3) 

Variable demand SS = 𝑘 ∗  𝜎𝐷 ∗  √𝐿  (4) SS =𝑘 ∗  √𝐿 ∗ 𝜎𝐷
2 +  𝐷2 ∗  𝜎𝐿

2    (5) 

 

k = safety factor parameter based on service objective, D = mean demand of stock 

keeping unit per unit of time, 𝜎𝐷 = standard deviation of demand per unit of time, 

L = mean replenishment lead-time of stock keeping unit per unit of time, 𝜎𝐿 = stand-

ard deviation of replenishment lead-time per unit of time 
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However, despite the extensive use of the presented equations in research and prac-

tice, there are some issues regarding the application of the equations (1)-(5) that 

should be understood. First, a key assumption in all of the previously presented 

equations is that replenishment lead-time and demand are uncorrelated. However, 

replenishment lead-time and demand may be actually correlated in some events. 

(Wang et al. 2010, p. 480.) Second, according to Eppen & Martin (1988), the use 

of the previously presented equations to set inventory levels can be problematic as 

the procedure for selecting the safety factor k usually assumes that the demand dur-

ing the replenishment lead-time is normally distributed. However, Tyworth and 

O’Neill (1997) and Lau & Zaki (1982) presents that the assumption of normality in 

demand during the replenishment lead-time is robust in terms of cost and service as 

the errors in total costs are quite low which makes the assumption useful in terms 

of real-life inventory decisions. Hence, the impact of using other distributions is 

usually quite small and assumption of normality remains a practical approximation 

of the distribution of demand during replenishment lead-time (Silver et al. 1998, p. 

272; Wang et al. 2010, p. 481).  

 

However, if one wishes to use other distributions for the demand during replenish-

ment lead-time to determine reorder point and safety stock, a good alternatives are 

for example the Gamma distribution for fast moving items, and the Poisson distri-

bution or Negative binomial distribution for slow moving items. The use of Gamma 

distribution is efficient when the coefficient of variation (CV) (standard deviation 

of demand / mean of demand) of fast moving items is greater than 0.5 or if the 

demand distribution is skewed to the right. The Poisson distribution in turn can be 

used when the variance-to-mean ratio (VMR) (standard deviation of demand
2
/ 

mean of demand) of slow moving items is less than or equal to 1.1 when the demand 

distribution most likely follows the Poisson distribution. If the VMR of the slow 

moving items is greater than 1.1, then it is efficient to use the Negative binomial 

distribution for the items. (Axsäter 2015, pp. 71-73; Silver et al. 1998, p. 273.) 
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Lot sizing 

 

In order to answer to the final question of how large the replenishment order should 

be, the last step is to define the order quantity Q that is used in the particular inven-

tory replenishment system. The key point in lot sizing is to understand what kind 

of impact the replenishment quantity Q has on average inventory and total relevant 

costs. The average inventory is calculated by using the equation 6 below, where the 

order quantity is Q. (Chopra & Meindl 2013, p. 331; Talluri et al. 2004, p. 65). 

 

Average inventory = Cycle inventory ( 𝑄 2⁄ ) + Safety stock (SS)                (6) 

 

As we can notice from the equation 6, the average inventory is the sum of cycle 

inventory and safety stock. The cycle inventory in turn equals half of the order 

quantity Q. Hence, when the order quantity Q grows in the equation so does the 

cycle inventory. The increase in the cycle inventory in turn increases the holding 

cost of the inventory as the average inventory grows with the cycle inventory. How-

ever, the fixed replenishment cost (ordering related costs or setup related costs) and, 

in some cases the material cost decreases (quantity discounts) with higher order 

quantity Q and cycle inventory. Hence, the goal of lot sizing is to minimize the total 

relevant costs which may include the fixed replenishment cost, holding cost and 

material cost depending on the unique costs of each replenishment situation. (Cho-

pra & Meindl 2013, pp. 319-320.) Next, the three primary methods for determining 

the order quantity Q under time-varying demand pattern are briefly reviewed. 

 

The first approach is to use economic order quantity (EOQ) which is a rather simple 

method to determine the order quantity Q. The basic idea of EOQ is to minimize 

the total costs of the equation that include the fixed replenishment cost and holding 

cost to obtain the optimal order quantity Q. EOQ is particularly suitable with items 

where the variability of the demand pattern is low so that the constant demand rate 

assumption of the equation is not significantly violated. There are also many vari-

ants of EOQ available in the theory but the most common one is presented in the 

equation 7. (Axsäter 2015, p. 47; Silver et al. 1998, p. 203; Vrat 2014, p. 164.) 
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Economic order quantity (EOQ) = √2 ∗ 𝐴 ∗ 𝑑 ℎ⁄ , where          (7) 

A = fixed replenishment cost per order, d = demand of the stock keeping unit per 

unit of time, h = holding cost per stock keeping unit per unit of time 

 

The second approach is to use a particular mathematical algorithm other than EOQ 

to find the exact best value of Q. There are many algorithms available in theory and 

academic journals and they usually work under a specific set of assumptions in or-

der to minimize total of certain costs. One known algorithm is for example the 

Wagner-Whitin algorithm that is based on dynamic programming. (Axsäter 2015, 

p. 54; Silver et al. 1998, p. 200; Vrat 2014, p. 164.) Due the limitations of the study 

and practical complexity of the algorithms, they are not reviewed in this study. 

 

The third approach is to use a heuristic method or approximate to capture the es-

sence of the time-varying demand and at the same time remain relatively simple to 

understand (Silver et al. 1998, p. 201). One of the commonly known methods is the 

Silver-Meal heuristic for a variable demand patterns (coefficient of variation ≥ 0.25) 

where EOQ cannot be used. The Silver-Meal heuristic is a sequential method and 

its idea is to select the order quantity Q based on the time period T that minimizes 

the total relevant costs. (Axsäter 2015, p. 57; Vrat 2014, p. 164.) Thus, if total rel-

evant costs per unit of time is TRCUT (T), the fixed replenishment cost per order is 

A and the period of time that the replenishment quantity covers is T then the crite-

rion function that is being minimized is following (Silver et al. 1998, p. 210). 

 

TRCUT (T) = 𝐴 + (𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑡𝑜 𝑒𝑛𝑑 𝑜𝑓 𝑝𝑒𝑟𝑖𝑜𝑑 𝑇) 𝑇⁄         (8) 

 

In addition to the Silver-Meal heuristic, another simple approximation is the peri-

odic order quantity (POQ) where order quantity of the item is made large enough 

to cover the requirements of fixed number of periods. The advantage of the POQ is 

that the arrivals of replenishments to the warehouse are regular and the order quan-

tities will be variable. One method to calculate the POQ is to use one of the variants 

of the EOQ where the equation is used to calculate the fixed economic period of 

supply (𝑇𝐸𝑂𝑄) which is rounded to the nearest integer. (Silver et al. 1998, p. 214.) 
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Economic period of supply (𝑇𝐸𝑂𝑄) = √2 ∗ 𝐴 𝑑 ∗ ℎ⁄ , where          (9) 

A = fixed replenishment cost per order, d = demand of the stock keeping unit per 

unit of time, h = holding cost per stock keeping unit per unit of time 

 

Finally, perhaps the simplest approximation method is the lot-for-lot method. In 

this approach, the order quantity Q is simply the exact amount needed for each time 

period. However, the lot-for-lot method is not cost effective when the fixed replen-

ishment costs are significant. (Silver et al. 1998, p. 214.) On the other hand, by 

adopting a more proactive way to manage the inventory and focusing on reducing 

the fixed replenishment costs, the lot-for-lot ordering method becomes a more pre-

ferred option to determine the order quantity Q as there is no need to find balance 

between fixed replenishment costs and inventory holding costs. This in turn would 

eliminate the need to use the previously presented heuristics and approximations as 

the replenishments are made against exact customer requirements which is the focus 

of today’s lean supply chains. (Vrat 2014, p. 165.) Hence, in next chapter, one of 

the most commonly known lean supply chain replenishment methods is reviewed. 

 

4.3.2 Just in time replenishment 

 

The concept of Just-in-time (JIT) has been defined many ways in the theory. Some 

authors has defined it as manufacturing or managerial philosophy aimed at contin-

uous improvement through the elimination of all wastes and full utilization of hu-

man resources, while others prefer to operationalize it in terms of practices that both 

implement and support the lean production and lean philosophy. Some of these JIT 

practices are aimed at reorganizing factory floor and streamlining production flows 

within production plants, and they are known as JIT production practices. (Danese 

et al. 2012, p. 443; Furlan et al. 2011, p. 489.) Other JIT practices in turn aims at 

receiving frequent and fast deliveries of small total quality lots according to the pull 

logic from few, local suppliers with whom there is a close relationship based on 

mutual dependency, trust and information sharing in order to facilitate inventory 

reduction. These practices are known as JIT replenishment or JIT purchasing prac-

tices which include operational practices such as pull systems for inbound logistics 
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to synchronize material flow with the rate of real customer demand, linked infor-

mation systems and electronic communication to speed-up information flow and 

increase transparency of the information, and vendor maintained kanbans and 

standard containers to simplify the replenishments. In addition to operational prac-

tices, there are also relational practices such as supplier certification to ensure qual-

ity of the shipments and reduce material related inspections, and single sourcing 

and long-term contracts to concentrate the volume to few strategic suppliers in order 

to benefit from economies of scale. (Danese et al. 2012, pp. 442-443; Giunipero et 

al. 2005, p. 52; Gunasekaran 1999, p. 79; Waters-Fuller 1995, pp. 221-222.) Hence, 

JIT replenishment advocates for collaboration between suppliers, manufacturers 

and other partners such as third party logistics providers in order to reduce replen-

ishment lead times and ordering costs so that lot sizes and inventory holding costs 

can be minimized due the frequent supply activities. Thus, it is not uncommon to 

involve the suppliers in the development and design of products and processes. 

(Chen & Sarker 2014, p. 5086; Gunasekaran 1999, p. 78.) 

 

In order to implement JIT replenishment successfully, it is necessary to change the 

traditional price focused purchasing strategy of the company and extended JIT prac-

tices to the entire procurement and replenishment process (Chen & Sarker 2014, p. 

5086). From the supplier, the JIT replenishment requires complete support and co-

operation, and series of JIT production changes in the manufacturing process in 

order to achieve smaller lot sizes, smoother production and flexible processes so 

that customer requirements can be responded quickly. (Gunasekaran 1999, p. 78; 

Mukhopadhyay 1995, p. 60; Waters-Fuller 1995, p. 229.) In addition, according to 

Vrat (2014) the supplier should fulfill following conditions to make the JIT replen-

ishment practicable between the supplier and the customer: 

 

1. The supplier is 100% dependable and there is no chance of supply failure. 

2. The supplier is local which makes the frequent supply of small lots econom-

ically feasible without increase in any other replenishment related costs. 

3. The vendor has high capacity to supply, just in time without passing on extra 

cost of higher capacity to the buyer.  
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4. Quality of items delivered is 100% and the inspection process is instantane-

ous due to small lot size, and mistake proofing (poka-yoke) is built to the 

supply system to detect possible failures. 

 

From the customer, the JIT replenishment requires the support of the whole organ-

ization and especially the support of the top management to implement the JIT re-

plenishment successfully. In addition, the supplier must receive firm and accurate 

delivery schedules from the customer, and proper transportation system needs to be 

designed to support the JIT deliveries. (Mukhopadhyay 1995, p. 60; Waters-Fuller 

1995, p. 229.) Successful implementation of JIT replenishment can produce bene-

fits of reduced lead times and inventories, improved quality, reduced material han-

dling times, improved flexibility, and increased control over the inventory system 

(Mukhopadhyay 1995, p. 59; Waters-Fuller 1995, p. 228; Gunasekaran 1999, p. 

79). In the survey study of Giunipero, Pillai, Chapman & Clark (2005), the most 

important improvements gained from implementation of JIT replenishment were 

higher inventory turnover, timely deliveries, increased supply reliability, faster de-

livery in critical situations, and improved quality. However, the previously men-

tioned benefits should not be taken as granted as they are achieved through long-

term and continuous implementation of the JIT replenishment philosophy. 

 

4.4 Focus points and strategies for inventory reduction 

 

Variabilities are present in every step of the distribution chain, in supply, demand 

and companies internal processes. These variabilities can cause additional costs in 

the distribution chain by increasing capital, warehousing and stock-out costs. Usu-

ally companies set safety stocks and manually adjust inventory control parameters 

in order to prepare for the variabilities. However, as the resource restrictions are 

tightening and service performance targets are continuously increasing, reactive pa-

rameter adjustments offer only first-aid to overcome the real challenges. Hence, the 

efforts of the management should be focused on the identification and proactive 

elimination of the root causes of the variances in the modern inventory manage-

ment. (Paakki et al. 2011, p. 164; Silver et al. 1998, p. 710.) Otherwise, inventory 
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management has to passively adapt to the constraints in the environment, as the 

variabilities are taken as givens. This in turn is a problematic situation as it allows 

other stakeholders of the supply chain determine the successfulness of the inventory 

management, and such reactive inventory management can become very expensive 

for the whole chain as the local optimization of a single stocking echelon in a large 

distribution network produces sub-optimal results for the whole supply chain. For 

example, if some stocking echelons sub-optimize their replenishment behavior so 

that demand types change from stable to unstable in the distribution center, it can 

decrease the whole chain’s performance. (Paakki et al. 2011, p. 166; Sunil & Cho-

pra 2013, p. 264.) Hence, the reactive inventory management is not sufficient if 

there is a need to improve the performance of the whole distribution chain without 

generating excessive inventory and costs. In order to move towards more proactive 

inventory management, the scope of inventory management should be expanded to 

cover supplier and demand management aspects as well in addition to internal in-

ventory control processes. In this way, the different aspects can be integrated to-

gether as the distribution chain management becomes focused. (Paakki et al. 2011, 

p. 166.) This expanded role of inventory management is presented in the figure 13. 

 

 

Figure 13. Inventory management's expanded role (Paakki et al. 2011, p. 166). 

 

As noticed from the figure 13, the proactive role of inventory management is es-

sential in reducing uncertainty of demand and replenishment lead-time as they have 

direct impact on the size of the safety stock as can be noticed from the equation 5 
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which was presented in the chapter 4.3.1. Thus, in order to reduce the inventory and 

make the supply chain more lean, the standard deviation of demand (𝜎𝐷) needs to 

be reduced by eliminating the demand variability. The demand variability can be 

eliminated through better planning and forecasting in order to increase the infor-

mation sharing and transparency, and changing the ordering behavior of the cus-

tomer in order to create smoother demand patterns. (Paakki et al. 2011, p. 167; Sunil 

& Chopra 2013, p. 359; Vrat 2014, p. 166). Especially in the spare parts environ-

ment, the demand variability can be reduced by changing the reactive ordering be-

havior of the customer that is based on failure-based maintenance towards proactive 

ordering behavior that is based on preventive or predictive maintenance. One of the 

most important indirect benefits of preventive and predictive maintenance is the 

reduction of spare part inventories and inventory costs due the better transparency 

of maintenance needs that is achieved with the prognostic information. In this way, 

the component replacements can be anticipated and spare parts can be ordered just 

in time. (Van Horenbeek et al. 2013, p. 506.) The selling behavior of the company 

can also create unnecessary demand variability by manipulating the ordering be-

havior of the customer. Especially if improperly structured sales incentives or pric-

ing strategies such as quantity discounts and promotions are used which both tend 

to increase the demand variability by creating temporary customer order peaks. 

Thus, sales incentives and pricing strategies should be designed in a way that they 

help to stabilize the orders and demand patterns. (Sunil & Chopra 2013, p. 266). 

 

In addition to reducing the standard deviation of demand (𝜎𝐷), reducing the stand-

ard deviation of replenishment lead-time (𝜎𝐿) by eliminating the supply variability 

through changing the ordering behavior of the company, monitoring and develop-

ing the suppliers and utilizing reliable local source of supply are also vital for the 

inventory reduction. It is also important to avoid more service level than desired 

when choosing the safety factor (k) in the safety stock calculations as it increases 

nonlinearly and has direct impact on the size of the safety stock, as can be noticed 

from the equation 5 of the chapter 4.3.1. In order to avoid more service level than 

needed and make the inventory reduction possible, some item classification method 

such as ABC-analysis, VED-analysis or MCIC approach that were discussed in the 
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chapter 4.2 should be used to select reasonable service levels for the item groups. 

(Paakki et al. 2011, p. 167; Sunil & Chopra 2013, p. 359; Vrat 2014, pp. 166-167.) 

 

Inventory can be also reduced by simplifying the replenishment process in order to 

reduce the average replenishment lead-time (L) as it has direct influence on the size 

of the safety stock as can be noticed from the equation 5 of chapter 4.3.1. The av-

erage replenishment lead-time (L) can be reduced by value stream mapping and 

eliminating the wastes from the process that were discussed in the chapter 3.2.2, 

utilizing local vendors, switching from periodic inventory review system to contin-

uous inventory review system, and leveraging information technology in the supply 

chain by adopting e-procurement, e-governance and e-tendering systems. (Silver et 

al. 1998, p. 711; Sunil & Chopra 2013, p. 359; Vrat 2014, p. 167) In addition, im-

plementing the practices of JIT replenishment into the replenishment process that 

were discussed in the chapter 4.3.2 or using inventory collaboration methods such 

as the VMI (vendor managed inventory) also helps to simplify the replenishment 

process and reduce the inventory. In the VMI, the replenishment responsibility and 

financial ownership of the inventory is transferred to the supplier which simplifies 

the replenishment and reduces the inventory costs for the buyer. (Vrat 2014, p. 168.) 

 

In some circumstances, the excess variety of materials can also generate excess in-

ventory which can be reduced through simplification and standardization of parts 

and machines. Especially the standardization of machines has direct impact on the 

variety of machine specific spare parts, and thus the size of the spare parts inven-

tory. In addition, reducing the stocking echelon related variety by centralizing the 

inventory to a single stocking echelon, for example to the central warehouse or dis-

tribution center, can also help to reduce the inventory. This type of inventory pool-

ing is especially beneficial for slow-moving and expensive items or spare parts that 

are stocked in multiple locations. Hence, unnecessary large variety and availability 

of materials can also generate excess inventory like variability and they should be 

reduced if possible. (Sunil & Chopra 2013, p. 359; Vrat 2014, pp. 167-168.) 
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5 CASE: POWER AND AUTOMATION TECHNOLOGY COMPANY 

 

5.1 Introduction to the case study 

 

This case study was conducted to one of the leading power and automation tech-

nology companies operating in the after-sales service business environment. The 

scope of the case study was the case company’s replenishment process for stock 

transport items which are replenished to the case company’s warehouse from ware-

houses and plants under the same business division. As the main objective of the 

study was to improve the lead-time and inventory management efficiency of the 

replenishment process, the objective of the case study was to identify the root causes 

of the current process wastes, bottlenecks and excess inventory, and develop inter-

ventions which could be used to eliminate the root causes of the process issues. 

Hence, a current state analysis of the replenishment process was conducted in the 

case study by following the phases of the BPI project framework which was intro-

duced in the theory chapter 3.1 in order to get the in-depth understanding about how 

the replenishment process could be improved in the constructive part of the study. 

 

In the first part of the case study, the case company is shortly presented, and after 

that, the current state analysis of the process is given which has been further divided 

into three sub chapters. In the first sub chapter, the replenishment process is first 

defined in order to form the understanding about the as-is state and workflow of the 

process. In the second sub chapter, the performance of the process is measured and 

analyzed by using the developed process performance metrics in order to identify 

the current performance gaps and bottlenecks of the process. In the third sub chap-

ter, a qualitative and quantitative process analysis is conducted by using the findings 

of the interviews, observations, process documentation and process measurement 

in order to identify the root causes of the current process wastes, bottlenecks and 

excess inventory. In the final part of the case study, summary and conclusion of the 

process analysis is given where the fundamental root causes and interventions are 

presented that are taken into account in the constructive part of the study in order 

to improve the lead-time and inventory management efficiency of the process. 
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5.2 Presentation of the case company 

 

The case company is a leading power and automation technology company that 

enables utility, industry, and transport and infrastructure customers to improve their 

performance while lowering environmental impact. The case company operates in 

roughly 100 countries and employs about 135,000 people. In Finland, the case com-

pany is one of the largest industrial employers with over 5000 employees. It oper-

ates in over 20 locations in Finland and the main locations are in Helsinki, Vaasa 

and Porvoo. In year 2015, the case company’s revenue was over 2 billion euros in 

Finland and 138 million euros were allocated to the research and development.  

 

The case company’s business is organized into four divisions according to the cus-

tomers and industries that it serves, and this case study was conducted to business 

division that provides products, solutions and services such as motors, generators, 

drives, power electronics and robotics that increase industrial productivity and en-

ergy efficiency. Some of the main customers of the business division are manufac-

turers, process industry end users, and transportation and infrastructure operators.  

 

The business unit where the case study was conducted is an after sales business unit 

that is a part of a business unit which is responsible for global manufacturing and 

development of low voltage AC drives. The both business units are located in Fin-

land. The after sales business unit is responsible for the global after sales service of 

the drives products and it offers services such as spares and consumables, training, 

maintenance, service agreements, repairs, replacements, upgrades and retrofits re-

lated to the drives products. The drives (variable speed drives or variable frequency 

drives) are products that are designed to run motors based on the demands of the 

processes rather than running them at full speed and reducing output using mechan-

ical controls like throttles, dampers or gears. The drive continuously calculates and 

adjusts the electrical frequency and voltage providing only the power the motor 

needs which in turn saves large amounts of energy. By using the drive instead of 

mechanical controls, it is possible to cut the energy consumption of the motor by 

up to 50 percent and improve the energy efficiency of the operations. 
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5.3 Current state analysis of the replenishment process 

 

5.3.1 Current state description of the replenishment process 

 

The current state of the case company’s replenishment process for stock transport 

items was defined by interviewing the process owner, process masters and stake-

holders’ of the process during the process workshop and process walk sessions, and 

the interviewing template that was used can be found from the appendix 1. Hence, 

a team method was used to collect the process data, as according to Ungan (2006) 

the team method is an effective way to reveal the tacit knowledge that might be 

involved in the process. As a result of the interviews and process workshop ses-

sions, the process definition sheet was created for the replenishment process which 

can be found from the appendix 2, and the key elements of the process were cap-

tured by using the SIPOC diagram form which is presented in the figure 14 below. 

 

 

Figure 14. SIPOC diagram of the current state of the replenishment process. 



73 

The purpose of the process is to replenish the stock transport items to the case com-

pany’s warehouse in order to ensure material availability and to fulfill internal or 

external customer orders. The process is limited to include only the replenishment 

of stock transport items, and therefore, items that belongs to normal procure to pay 

process are excluded from the process. The process consists of five high level ac-

tivities which are generating purchase requisition, processing of stock transport or-

der (STO), processing and picking delivery, delivering delivery and receiving de-

livery. Next, the normal workflow of the process is briefly described and the more 

detailed process workflow can be found from the appendix 3 where the process 

workflow is described in graphical from by using the cross-functional flowchart. 

 

Generating purchase requisition 

 

The process begins when the SAP MRP run generates purchase requisition to the 

SAP ERP system. The inputs for the purchase requisition are monthly forecast, cus-

tomer order, production order or triggering of reorder point. The monthly forecast 

are distributed to the SAP ERP system from the global inventory management 

(GIM) system which is an external software for inventory management. Customer 

orders in turn are distributed to the SAP ERP system from the case company’s busi-

ness online (BOL) order portal. Production orders are generated inside of the SAP 

ERP system and they are based on the assemblies and requirements at the ware-

house workshop. Purchase requisitions are also created if the reorder point triggers 

in the SAP ERP system. The reorder point is distributed to the SAP ERP system 

from the GIM system and it is dynamic which means that the reorder point is con-

stantly calculated and updated by the GIM system based on the demand and main-

tained parameters of the stock transport items. After the MRP run has created the 

purchase requisition, the purchase requisition is waiting for further processing in 

the work queue. The process can also begin without purchase requisition if transfer 

request has been assigned to the purchasing by product manager, purchasing man-

ager, quality manager, global product group (GPG), customer service or workshop. 
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Processing of stock transport order (STO) 

 

After the purchase requisition has been created to the work queue or transfer request 

has been assigned to purchasing, the buyer processes the STO by selecting the pur-

chase requisition and the material code in order to check general information related 

to the material. Information such as material availability class, weight, price, stock 

level and supplying facility is checked for the material in the SAP ERP system. The 

availability class of the material is based on the stocking policy of the item and it 

specifies whether the item is stocked or non stocked item, and whether the item is 

used in internal production or sales purposes. After the required information has 

been reviewed, the current material requirements, previous consumption of the item 

and stock level at the supplying facility are checked manually in the SAP ERP sys-

tem. If the material is available at the supplying facility, the material code is adopted 

for the order and stock transport order is selected for the order type of the order. 

 

After the material code has been adopted and the right order type has been selected 

for the order, the order quantity and delivery date are reviewed. The order quantity 

might be needed to change if there is not enough inventory in the supplying facility 

or if the order quantity is not align with the current consumption level and require-

ments of the item. The order quantity proposed on the purchase requisition is based 

on the fixed order quantity that is calculated and distributed to the SAP ERP system 

from the GIM system. The fixed order quantity is based on how many times per 

year the material is ordered which is defined in the inventory management policy 

of the GIM system. This fixed order quantity in turn is further used in the SAP ERP 

system’s MRP run to calculate the order quantity for the purchase requisition. After 

the order quantity has been decided, the delivery date is reviewed for the STO. The 

delivery date might be needed to change if the SAP ERP system notifies that there 

is not enough inventory in supplying facility on the requested delivery date. If there 

is not enough inventory then the stock level of the supplying plant needs to be 

checked manually in the SAP ERP system in order to select a new delivery date 

when the material is available in the supplying warehouse or plant. The estimated 

replenishment lead-times that have been agreed between the case company and the 
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supplying facilities are currently 3 to 16 days for the components, 16 days for semi-

finished product assemblies and 23 days for finished product assemblies. However, 

these are estimated lead-times and they can vary depending on the material availa-

bility. After the order quantity and delivery date has been reviewed, the STO is 

saved and the STO document is created to the SAP ERP system and the processing 

of the STO ends. However, if the buyer has not processed the purchase requisition 

in full quantity, it will remain open and the purchase requisition needs to be closed 

manually in the SAP ERP system in order to remove it from the work queue. 

 

Processing and picking delivery 

 

After the STO document has been created, the SAP ERP system confirms the ma-

terial availability and creates delivery note which is further distributed to the sup-

plying facility. If there is not enough material available in the supplying facility, the 

STO may wait production order to finish or shipment to arrive to the supplying 

facility before the delivery note is created. After the delivery note has been created, 

the delivery note is waiting for further processing in the work queue of the supply-

ing facility. At the moment, there are seven facilities that supply the stock transport 

items to the case company’s warehouse. Three of these are warehouses that are 

managed and operated by third-party logistics providers and the rest are production 

plants that are managed and operated by the case company. Therefore, the pro-

cessing and picking the delivery in these facilities is not described in this study as 

every location has own defined processes for picking and processing the delivery.  

 

Delivering the delivery 

 

After the supplying warehouse or plant has processed and picked the delivery, the 

delivery is waiting for transportation company to collect the delivery. At the mo-

ment, the transportation companies are doing daily milk runs between the case com-

pany’s warehouse and the supplying facilities which means that deliveries are col-

lected from these facilities every day by using predefined collection rounds. The 

estimated duration to transport the delivery to the case company’s warehouse is one 
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or two days depending on whether the STO has been ordered from facility that is 

locating inside or outside of Finland, and at the moment, there are three facilities 

locating outside of Finland and the rest four are locating inside of Finland.  

 

Receiving the delivery 

 

After the transportation company has transported the delivery to the case company’s 

warehouse, the delivery is unloaded, and the radio-frequency identification (RFID) 

gate reads the delivery to SAP ERP system’s goods receipt work queue and goods 

receipt document is created to SAP ERP system. After the RFID gate has read the 

delivery successfully, the transportation company assigns the delivery to the ware-

house and the warehouse worker makes visual inspection for the delivery in order 

to check the condition of the delivery. If the delivery has arrived in good condition, 

the warehouse worker processes the waybill and transfers the delivery to visual 

work queue where the delivery waits for further processing. After the delivery has 

been transferred to the visual work queue, the warehouse worker processes and re-

ceives the delivery in the delivery work queue of the SAP ERP system which is 

used to monitor the unprocessed shipments. Currently the cycle time for processing 

and receiving delivery should take less than one day including the waiting time and 

the actual processing time in order to keep the delivery times for the customers. 

After the delivery has been processed in the SAP ERP system, goods receipt slip or 

document is automatically printed for the delivery and transfer-posting document 

is created to the SAP ERP system which transfers the materials to the case com-

pany’s inventory. After the required documents has been formed in the SAP ERP 

system, the materials are prepared for the shelving by printing the code labels and 

prepacking the materials if necessary. After the preparations have been done, the 

storage bin is searched for the materials and they are shelved to the inventory, and 

the goods receipt document is signed and archived by the warehouse workers. If the 

shipment has not been domestic delivery, then forwarding collects the documents 

from the inbound logistics and archives the documents in order to inform necessary 

information for the customs. The process ends when the materials have been re-

ceived and shelved, and the documents have been archived accordingly. 
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5.3.2 Process metrics and performance of the replenishment process 

 

The process performance metrics were developed in the process workshop sessions 

by first identifying the critical success factors of the process with the process team 

and then connecting the appropriate performance metrics to measure these factors. 

The link between the performance metrics and the critical success factors was es-

sential in order to ensure that the metrics are used to measure the critical process 

factors that have to go right so that the process will support the strategical objectives 

of the case company. As a result, on time delivery (OTD) percentage metric for 

STOs, inventory turnover and average inventory value metric for stock transport 

items and replenishment lead-time metric for stock transport components were de-

veloped. Next, these performance metrics are further discussed in this chapter. 

 

On time delivery (OTD) percentage of stock transport orders 

 

The purpose of the OTD percentage metric is to measure the supply capability and 

accuracy of the supplying facilities in order to ensure the material availability and 

on time fulfillment of the orders. The supply capability and accuracy of the supply-

ing facilities are critical factors for the process success as they have direct influence 

on the replenishment lead-time, customer satisfaction and loyalty, and thus the sales 

of the case company. Therefore, OTD percentage metric of STOs was developed to 

monitor that the STOs are arriving at right time to the case company’s warehouse, 

and that the supplying facilities have the necessary material availability to fulfill 

the STOs on time. The desired target level for the metric was determined to be 99.0 

percent per month based on the previous performance of the facilities and the ac-

ceptable number of late deliveries. The results for the metric were calculated for 

rolling 12-month period which will be updated monthly by using the equation 10. 

 

OTD % of STOs = 𝑆𝑇𝑂 𝑟𝑜𝑤𝑠 𝑜𝑛 𝑡𝑖𝑚𝑒 𝑆𝑇𝑂 𝑟𝑜𝑤𝑠 𝑡𝑜𝑡𝑎𝑙⁄ × 100 %       (10) 

 

The data for the metric was gathered from the case company’s SAP ERP system’s 

database, and after the data collection and cleaning, the results were calculated by 
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using the equation 10 in order to visualize the results into a figure. As a result, OTD 

percentage of STOs is presented in the figure 15 below where the OTD percentage 

of STOs is presented for the previous years and rolling 12-month period. 

 

 

Figure 15. On time delivery percentage of stock transport orders. 

 

As can be noticed from the results of the figure 15, the OTD percentage of the STOs 

is at the moment on good level and the results have been actually growing slightly 

each year even when there has been a major increase in the total number of the STO 

rows. In addition, on the rolling 12-month period there have been only four months 

where OTD percentage has been significantly below the desired target level. Based 

on these findings, it can be analyzed that there does not exists major performance 

gap between the actual and the desired results. Hence, it can be stated that the supply 

capability and accuracy of the supplying facilities are not forming a bottleneck for 

the new lead-time targets in the replenishment process. However, the OTD percent-

age results needs to be analyzed continuously and actions needs to be made in order 

to remove the minor root causes that have caused the few late deliveries so that the 

process can be continuously improved and the critical process success factors can 

be fulfilled in order to support the strategic objectives of the case company. 
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Inventory turnover and average inventory value of stock transport items 

 

The purpose of the inventory turnover and average inventory value metric is to 

measure that there exists right balance between the supply and demand with the 

stocked items in order to ensure the necessary material availability for the custom-

ers and to avoid excess stocking in the replenishment process. The right balance 

between the supply and demand of the stocked items is a critical factor for the pro-

cess success as it has direct influence on the amount of net working capital, inven-

tory holding costs, sales and customer satisfaction of the case company. Hence, the 

inventory turnover and average inventory value metric was developed to monitor 

how many times in year the case company’s inventory is sold and replaced in order 

to determine the average days to sell the inventory. By analyzing these factors, it is 

possible to identify where the unbalances between the supply and demand exists in 

the process so that inventory management actions and root cause identification of 

excess inventory can be focused to the right items. The desired inventory turnover 

target levels for the metric were determined to be 12 for the components, 10 for the 

semi-finished products and 8 for finished products and they were based on the sup-

ply capability and desired inventory coverage of the different material types. Hence, 

the average days to sell the inventory is then 30 days for the components, 37 days 

for semi-finished products and 45 days for the finished products. The inventory 

turnover and average days to sell the inventory were calculated for 12-month period 

which will be updated quarterly by using the equations 11 and 12 below. 

 

Inventory turnover = 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐺𝑜𝑜𝑑𝑠 𝑆𝑜𝑙𝑑 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦⁄    (11) 

 

Average days to sell the inventory =  365 days 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟⁄                (12) 

 

The cost of goods sold and value of average inventory for the metric were gathered 

from the internal reports of the case company, and after the data collection and 

cleaning, calculations were made by using the previously mentioned equations 11 

and 12 in order to visualize the results into a figure. As a result, the inventory turn-

overs and average inventory values of the stock transport items are presented by 
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material type in the figure 16 below where the average days to sell the inventory 

and the number of stock keeping units (SKUs) are illustrated as well. 

 

 

Figure 16. Average inventory values and inventory turnovers of the stock transport 

items by material type. 

 

As can be discovered from the results of the figure 16, the majority of the SKUs are 

components (COMP) and the majority of total inventory value is formed by finished 

products (FINI) and semi-finished products (SEMI) inventories which are logical 

discoveries. However, the most critical discovery is that the stock transport items 

that are under the component material type have the worst inventory turnover and 

the average days to sell the inventory is as high as 65 days. Hence, the components 

are not align with the supply capability of the items, as they can be currently re-

plenished from the supplying facilities with 3 to 16 days lead-time. Therefore, the 

components are clearly overstocked and excess inventory exists for these items. In 

addition, the semi-finished products have quite similar issues as the components, as 

they can be replenished with 16 days lead-time and the average days to sell the 

inventory is 49 days. Compared to the components and semi-finished products, the 

finished products are best align with the desired inventory turnover target. This is 
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due the reason that the lead-time for the finished products is 23 days and the inven-

tory coverage has to be higher in order to compensate the longer lead-time. How-

ever, there still exists some excess stock also for the finished products and the per-

formance gap can be identified from the figure 16. Based on these findings, the 

components and semi-finished products have the most serious performance gaps as 

the inventory coverages are not clearly align with the supply capability and demand 

volumes. Therefore, the inventory management actions and root cause identifica-

tions of excess inventory should be focused to the component and semi-finished 

products to close the most critical performance gaps and to reach the desired inven-

tory turnovers in order to support the strategic objectives of the case company. 

 

Replenishment lead-time of stock transport components 

 

The purpose of the replenishment lead-time metric of stock transport components 

is to measure the duration of the process cycle times for the component replenish-

ments in order to ensure the fulfillment of the new shorter replenishment lead-times. 

The process cycle times are critical factor for the process success as they have direct 

influence on the replenishment lead-time and customer delivery times which in turn 

have further influence on the customer satisfaction, sales, size of the safety stock 

and amount of the net working capital of the case company. In order to reach the 

new replenishment lead-time targets for the stock transport components, the process 

cycle times have to be short, stable and align with the target level. Therefore, the 

replenishment lead-time metric of stock transport components was developed in 

order to monitor the process cycle times and to identify the current bottlenecks and 

constraints from the replenishment process. The desired target level for the replen-

ishment lead-time of stock transport components was determined to be 24 hours 

based on the new target level. As the metric was developed to identify the current 

bottlenecks from the process, the metric is not updated on a regular basis like the 

two other metrics that were presented before. Hence, the next lead-time measure-

ment should be made after the lead-time improvement actions have been imple-

mented to the process in order to validate the effect of the improvement actions. 
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The process cycle times for picking, transportation and goods receipt were calcu-

lated by using the timestamps of the different documents of the process which were 

gathered from the case company’s SAP ERP system. As the MRP run in the SAP 

ERP system was constantly rewriting new timestamps to the purchase requisition 

documents, the process cycle time for stock transport order processing was not pos-

sible to calculate from the data of the SAP ERP system. Therefore, estimate given 

by the process owner and stakeholders’ of the process was used instead to estimate 

the cycle time for stock transport order processing. After the required documents 

and information was gathered, the process cycle times including the value added 

times and waiting times were calculated for the process steps by comparing when 

the action was started and when it was completed according to the timestamps of 

the documents. After the process cycle times were calculated for the process steps, 

histograms were formed in order to analyze the distribution of the data. As the dis-

tribution of the data was skewed to the right in most of the data series, the median 

values were determined to be used instead of means in order to give more reliable 

estimates of the process cycle times. After the median values were calculated, the 

process cycle times were formed and the results were visualized into the figure 17. 

 

 

Figure 17. Replenishment lead-time of the stock transport components. 
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In the figure 17, the estimated time to complete one particular process step in the 

replenishment process is presented with blue color, and the current estimated time 

that is used at the moment in the SAP ERP system is presented with red color. The 

new target lead-time in turn is presented with the grey color. As can be noticed from 

the results of the figure 17, the current estimated replenishment lead-time is much 

shorter than now used in the SAP ERP system. In addition, it can be discovered that 

the short cycle times of picking and transportation have given some flexibility to 

the STO processing cycle time. Therefore, the replenishment lead-time has still 

stayed under three days (72 hours) even when the STO processing cycle time has 

not been taken into account at the replenishment lead-time of the SAP ERP system 

at all. As the new replenishment lead-time target for stock transport components is 

one day (24 hours), it can be discovered from the results of the figure 17 that the 

cycle times of STO processing and goods receipt are the obvious bottlenecks that 

form the current performance gaps in the replenishment process. Therefore, the pro-

cess analysis should be focused to these process steps in order to improve the points 

of the process where the most time is spent at the moment so that the desired lead-

time targets can be reached to support the strategic objectives of the case company. 

 

5.3.3 Process analysis and root cause identification 

 

The last step in the current state analysis was to conduct the process analysis in 

order to find the root causes for the factors that currently restrict the lead-time and 

inventory management efficiency of the replenishment process so that interventions 

could be developed to address the process issues. The analysis of the process was 

conducted by using the qualitative and quantitative process analysis approach. In 

qualitative process analysis approach, the process was first analyzed by using the 

findings of the interviews and current state description of the process, and observa-

tions of the process walk sessions in order to identify the different type of wastes 

from the process and then tracking the root causes that causes the existence of these 

wastes. In quantitative process analysis approach, the results and findings of the 

process performance measurement were further analyzed in order to find the root 

causes for the performance gaps in the inventory turnover and current operations. 
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Root causes of process wastes (qualitative process analysis) 

 

The qualitative process analysis was conducted first and the different type of wastes 

and root causes of the wastes that were found by analyzing the replenishment pro-

cess are now briefly presented. The results of the analysis were based on the current 

state process documentation, findings of the interviews and observations from the 

process walk sessions that were conducted in the actual process environment. 

 

Waste 1: Physical excess inventory at the warehouse 

 

The first identified waste was the excess inventory at the case company’s ware-

house. The reason why the excess inventory has been accumulated to the case com-

pany warehouse is that the stock replenishments for the stock transport items are 

made too early to the case company’s warehouse to wait for consumption. This in 

turn causes the issue that the storage bins are used to store items that are not imme-

diately required by the customers which in turn affects to the warehousing capacity 

of the case company’s warehouse. Two root causes were identified why the replen-

ishments are made too early to the case company’s warehouse. The first root cause 

is that some of the stock transport items are replenished against monthly forecasts 

in the SAP ERP system (push scheduling) as can be noticed from the figure 18 

where the current replenishment policies of different material types are illustrated. 

 

 

Figure 18. Current replenishment policies of the different material types. 
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As a result of the push scheduling, months consumption is replenished at once to 

the case company warehouse which causes the too early replenishment as more is 

ordered than immediately required by the customers. Hence, excess inventory is 

accumulated to the warehouse. The second root cause is the fixed order quantities 

that are calculated by the GIM system. The issue with the fixed order quantities is 

that they are not align with the supply capability and demand volumes of the stock 

transport items at the moment as can be noticed from the table 4 below where av-

erage coverage of lot size is illustrated for different replenishment lead-time groups. 

 

Table 4. Average coverage of lot size for different replenishment lead-time groups. 

Replenishment lead-time group Average coverage of the lot size (weeks) 

≤ 3 days 45 

4-16 days 33 

≥ 17 days 20 

Total average 40 

 

As a result, unnecessary large order quantities are distributed from the GIM system 

to the SAP ERP system for the items that are replenished against monthly forecast 

or reorder point which in turn causes the excess inventory at the case company’s 

warehouse as the lot sizes are covering demand for a longer period than necessary. 

 

Waste 2 and 3: Over processing and unnecessary transportation of materials in the 

material shelving at the warehouse 

 

The second and third identified wastes were the over processing and unnecessary 

transportation of materials in the material shelving at the case company’s ware-

house. At the moment, a lot of time is wasted on searching and creating free storage 

bins for the replenishments as the lot sizes are large and the shelves are already full 

at the warehouse. Two root causes were identified why the lot sizes used in the 

stock transport item replenishments are so large at the moment. The first root cause 

is that some of the stock transport items are replenished against monthly forecasts 

(push scheduling) as mentioned before. As a result, months consumption is ordered 

at once which in turn causes the unnecessary large lot sizes in the replenishments. 

The second root cause is the fixed order quantities that are calculated by the GIM 



86 

system and distributed to the SAP ERP system that causes the issue that the lot sizes 

are not align with the supply capability and demand volumes of the stock transport 

items at the moment. As a result of the both root causes, unnecessary large lot sizes 

are used in the stock transport item replenishments which in turn causes the over 

processing and unnecessary transportation of materials in the material shelving at 

the case company’s warehouse which have no value for the customers. 

 

Waste 4, 5 and 6: Over processing of STOs, underusing of employees skills and 

overburden at the purchasing department. 

 

The fourth, fifth and sixth identified wastes were the over processing of STOs, un-

derusing of employees skills and overburden at the purchasing department. At the 

moment, a lot of inspections are needed to be done for the items in the SAP ERP 

system, purchase requisitions needs to be reworked and each purchase requisition 

needs to be processed manually in the SAP ERP system in order to process the STO. 

Two root causes were identified why there is need to conduct manual inspections 

in order to process the STO, and why the purchase requisitions needs to be reworked 

and processed manually in the SAP ERP system. The first root cause that causes 

the manual inspections is that the stock transport items that could be replenished 

from the supplying facilities automatically without inspections have not been iden-

tified in the current inventory management policy. Therefore, the buyers need to 

execute many manual process steps and inspections for all of the stock transport 

items in order to search and check specific material related information in the SAP 

ERP system that creates no value for the customers of the case company. The sec-

ond root cause that causes the reworking of the purchase requisitions is the fixed 

order quantities that are calculated by the GIM system and which are not align with 

the supply capability and demand volumes of the stock transport items at the mo-

ment. Thus, the buyers’ needs to rework the order quantities of the purchase requi-

sitions and conduct additional inspections for the items which in turn causes the 

issue that the purchase requisitions cannot be approved automatically in the SAP 

ERP system. As a result of the two root causes, every purchase requisition of stock 

transport item needs to be processed manually in the SAP ERP system which leads 
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to vicious cycle of over processing as the process steps that creates no value for the 

customers are continuously repeated. In addition, the over processing of STOs leads 

to underusing of employees skills as the buyers expertise and time is used to con-

duct wasteful human-computer interactions instead of using their expertise to man-

age the supply chain. This in turn creates unnecessary overburden or “muri” to the 

process and the buyers are more likely to produce additional wastes to the process. 

 

Waste 7 and 8: Over processing and transportation of materials in the material 

returns to supplying facilities 

 

The seventh and eight identified wastes were the over processing and transportation 

of materials in the material returns to supplying facilities. The issue with the mate-

rial returns is that extra handlings and transportations are needed to return the ma-

terials back to the supplying facilities if there are material shortages in the produc-

tion. The reason why the materials needs to be returned back to the supplying facil-

ities is often caused by the issue that the materials has been ordered more than im-

mediately required. This in turn is caused by the push scheduling of the stock 

transport items and using the fixed order quantities that are not align with the supply 

capability and demand volumes of the stock transport items as discussed before. As 

a result of the both root causes, unnecessary large lot sizes are used in the replen-

ishments which in turn causes the over ordering of materials and increases the prob-

ability that the materials needs to be returned back to the supplying facilities as 

more is ordered than immediately required by the customer of the case company. 

 

Root causes of performance gaps and bottlenecks (quantitative process analysis) 

 

Based on the performance measurement of the replenishment process, performance 

gaps were found from the inventory turnover of components and semi-finished 

products, and the process operations that were forming the current process bottle-

necks were the STO processing and goods receipt operations as they had the highest 

cycle times.  Next, these performance gaps and process bottlenecks are further an-

alyzed and the root causes for the performance gaps and bottlenecks are presented. 
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Performance gap 1: Low inventory turnover and high number of average days to 

sell the inventory of component and semi-finished product material types. 

 

The stock transport items that were under the component and semi-finished product 

material types had the biggest performance gaps in the inventory turnover. Hence, 

the average days to sell the inventory was not align with the supply capability and 

demand volumes of these material types, as the replenishment lead-times are be-

tween 3 to 16 days for the components and 16 days for the semi-finished products. 

Two root causes were identified why the average days to sell the inventory was so 

high for the component and semi-finished product types. The first root cause is that 

some of the components and semi-finished products are replenished against 

monthly forecasts (push scheduling) as can be noticed from the previously pre-

sented figure 18. As a result of the push scheduling, the items are replenished un-

necessary early to the warehouse as more is ordered than immediately required by 

the customers. In addition, as the components and semi-finished products are 

mainly used for spare part purposes, most of them have rather unstable and infre-

quent demand pattern as can be noticed from the table 5 below where the segmen-

tation of coefficient of variation (CV) is illustrated for different material types by 

using the number of SKUs. 

 

Table 5. Segmentation of coefficient of variation for different material types. 

Material Type No. of SKUs with 

CV: < 0,5 

No. of SKUs with 

CV: 0,5 – 1,0 

No. of SKUs with 

CV: > 1,0 

COMP 237 280 869 

SEMI 88 70 169 

FINI 35 53 124 

Total 360 403 1162 

 

As can be noticed from the table 5, most of the component and semi-finished prod-

uct SKUs have completely irregular demand pattern as the higher the coefficient 

variation gets the higher is the fluctuation in the demand. This type of demand pat-

tern in turn is not an optimal for the push scheduling as the demand varies heavily 

and there is no guarantee when the item will be needed next time. As a result, the 

items may have to wait long time for consumption in the warehouse and more days 
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are required to sell the inventory. The second root cause for the low inventory turn-

over and high number of average days to sell the inventory of components and semi-

finished products are the fixed order quantities. At the moment, the fixed order 

quantities that are calculated by the GIM system and distributed to the SAP ERP 

system are not align with the supply capability and demand volumes of the stock 

transport items as can be noticed from the previously presented table 4. As a result, 

unnecessary large lot sizes are used in the replenishments and demand is covered 

for a longer period than necessary which in turn increases the number of days that 

is required to sell the inventory and thus increases the amount of excess inventory. 

 

Process bottleneck 1: High cycle time of STO processing 

 

The current issue with the high cycle time of STO processing is that it forms a major 

bottleneck for the new lead-time target of stock transport components as the esti-

mated cycle time for STO processing was 24 hours and the new lead-time target is 

only one day (24 hours). The reason why the cycle time of the STO processing is 

so high at the moment is that there is a lot of variability or “mura” in the STO 

processing times which is caused by the long waiting times before the STOs are 

processed in the SAP ERP system. This variability in the STO processing times in 

turn makes the replenishment process unstable and in worst case may affect to the 

customer delivery times. Hence, the variability should be eliminated in order to 

reduce the cycle time of the STO processing and ensure that the customer orders 

could be fulfilled on time. Three root causes were identified why the waiting times 

before the STOs are processed in the SAP ERP system are so long. The first root 

cause is that the afternoon MRP run in the SAP ERP system is not align with the 

buyers working time at the moment. As a result, purchase requisitions are created 

to the SAP ERP system when the buyers have already left the office and the after-

noon purchase requisitions are not processed in the SAP ERP system until the next 

day which in turn causes the long waiting times in the STO processing. Another 

issue that is causing long waiting times in the STO processing is that the purchase 

requisitions cannot be processed automatically in the SAP ERP system at the mo-

ment. The reason why the purchase requisitions cannot be processed automatically 
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is that the stock transport items that could be replenished without inspections have 

not been identified in the current inventory management policy, and the purchase 

requisitions needs to be reworked because of the unnecessary large lot sizes as dis-

cussed before. Hence, the buyers need to process all the purchase requisitions man-

ually in the SAP ERP system in order to verify the validity of the replenishments. 

 

Process bottleneck 2: High cycle time of goods receipt 

 

Another constraint for the new lead-time target of the stock transport components 

is the high cycle time of goods receipt as the estimated cycle time for goods receipt 

was 18 hours and the new replenishment lead-time target for the stock transport 

components is only one day (24 hours). The reason why the cycle time of the goods 

receipt is so high at the moment is that there is lot of variability or “mura” in the 

goods receipt processing times which is caused by the long waiting times before the 

deliveries of the stock transport items are processed from the goods receipt work 

queue. Three root causes were identified why the waiting times before the deliveries 

are processed from the work queue are so long at the moment. The first root cause 

is that the transportations from the supplying facilities with largest material flows 

arrives to the case company’s warehouse on the afternoon. As a result of the late 

transportation, there is not enough time to process all the deliveries from the work 

queue during the same day, as many deliveries are transferred to the work queue at 

once. This in turn creates long queues to the process and leads to a situation where 

most of the afternoon deliveries are not processed until the next day which in turn 

causes the long waiting times and increases the cycle time of the goods receipt. In 

addition, another issue that is increasing the waiting time of the deliveries in the 

work queue is the large lot sizes which are caused by the push scheduling of the 

stock transport items and using of lot sizes which are not align with the supply 

capability and demand volumes of the items. As a result of the large lot sizes, the 

processing of the deliveries takes more time from the warehouse workers which in 

turn increases the waiting time of the deliveries and the length of the work queue in 

the goods receipt. Thus increasing the cycle time of the goods receipt operations. 
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5.4 Summary and conclusion of the process analysis 

 

The findings of the qualitative and quantitative process analysis are gathered to the 

table 6 below where the type, location, cause and root causes of the process issues 

are presented which were found by analyzing the replenishment process. 

 

Table 6. Type, location, cause and root cause of the current process issues. 

Type and location of process issue Cause and root cause of process issue 

Physical excess inventory at the case 

company’s warehouse, and low in-

ventory turnover of component and 

semi-finished product material types. 

 Replenishments are made too early to the ware-

house and the lot sizes are unnecessary large as 

some of the stock transport items are replenished 

against monthly forecasts (push scheduling), and 

the fixed order quantities calculated by the GIM 

system are not align with the supply capability and 

demand volumes of the items. 

Over processing and unnecessary 

transportation of materials in the ma-

terial shelving and material returns at 

the case company’s warehouse. 

Over processing, underusing of em-

ployees skills and overburden in 

stock transport order processing at 

the purchasing department. 

 Manual inspections needs to be conducted for all of 

the items as the items that could be replenished au-

tomatically without inspections have not been iden-

tified in the current inventory management policy. 

 Order quantities of the purchase requisitions needs 

to be reworked as the fixed order quantities calcu-

lated by the GIM system are not align with the sup-

ply capability and demand volumes of the items. 

Variability in stock transport order 

processing times. 

 Afternoon purchase requisitions are not processed 

until the next day as the afternoon MRP run is not 

align with the buyers working time. 

 Purchase requisitions cannot be processed automat-

ically as the items that could be replenished auto-

matically without inspections have not been identi-

fied in the current inventory management policy, 

and the fixed order quantities calculated by the GIM 

system needs to be reworked as they are not align 

with supply capability and demand volumes. 

Variability in goods receipt pro-

cessing times. 

 Most of the afternoon deliveries are not processed 

until the next day as the transportations from the 

supplying facilities with largest material flows ar-

rives on the afternoon. 

 Lot sizes are unnecessary large and takes time to 

process as some of the stock transport items are re-

plenished against monthly forecasts (push schedul-

ing), and the fixed order quantities calculated by the 

GIM system are not align with the supply capability 

and demand volumes of the items. 

 

Based on the results of the qualitative and quantitative process analysis, the causes 

of the various process issues can be narrowed down to a five common root causes 

that causes the existence of the process wastes, bottlenecks and excess inventory. 
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These are the fundamental causes that should be addressed in order to improve the 

lead-time of the replenishment process and to eliminate the excess inventory from 

the process. Next, these five common root causes are reviewed and interventions 

are given which helps to eliminate the root causes from the replenishment process. 

 

The first root cause is the push scheduling of the stock transport items which has 

caused the too early replenishment of the items, unnecessary large lot sizes and 

increased lot processing times at the case company warehouse. In order to eliminate 

these process issues that are caused by the push scheduling, the current replenish-

ment policies needs to be reviewed and the items where the demand pattern allows 

the use of forecast based replenishments should be identified in order to better align 

the supply with demand. Hence, the intervention for the first root cause is to develop 

the inventory management and replenishment by identifying the stock transport 

items where the use of push or pull based replenishment is more appropriate. 

 

The second root cause is the fixed order quantities that are not align with the supply 

capability and demand volumes of the stock transport items which has caused the 

unnecessary large lot sizes, reworking of purchase requisitions and increased lot 

processing times at the case company warehouse. In order to eliminate these process 

issues that are caused by the unaligned lot sizes, the current lot size calculation 

needs to be reviewed and the lot sizes needs to be aligned with the supply capability 

and demand volumes of the items in order to better align the supply with the phase 

of the customer demand. Hence, the intervention for the second root cause is to 

develop the inventory management and replenishment by using lot sizing that is 

based on the supply capability, delivery times and demand volumes of the items. 

 

The third root cause is the stock transport items which could be replenished auto-

matically without inspections but which have not been identified in the current in-

ventory management policy. As a result, many manual inspections needs to be con-

ducted for all of the stock transport items in the STO processing and the automated 

order processing cannot be utilized for the stock transport items. In order to elimi-

nate these process issues, the items which could be replenished automatically needs 
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to be identified. Hence, the intervention for the third root cause is to develop the 

inventory management and replenishment by identifying the items where the supply 

capability, replenishment parametrization and characteristics of the items allows the 

use of automated order processing. In addition, addressing the previously men-

tioned root causes one and two will also help to facilitate the correct parametrization 

of the items so that the automated processing of orders could be utilized. 

 

The fourth root cause is the afternoon MRP run in the SAP ERP system that is not 

align with the buyers working time which has caused the issue that the afternoon 

purchase requisitions generated by the MRP run are not processed until the next 

day which causes the variability in the STO processing times. In order to eliminate 

the variability in the STO processing times, the waiting time between the afternoon 

MRP run and STO processing needs to be reduced. Hence, the intervention for the 

fourth root cause is to develop the timing and sequence of the current operations by 

synchronizing the STO processing with the SAP ERP system’s MRP run. 

 

The fifth root cause is the afternoon transportations from the supplying facilities 

with the largest material flows which has caused the issue that most of the afternoon 

deliveries are not processed until the next day which in turn causes the variability 

in the goods receipt processing times. In order to eliminate the variability in the 

goods receipt processing times, the waiting time that the deliveries spend in the 

work queue at the warehouse needs to be reduced. Hence, the intervention for the 

fifth root cause is to develop the timing and sequence of the current operations by 

smoothing the arrival and processing of the inbound material flows. In addition, 

addressing the root causes one and two where the use of push scheduling and fixed 

order quantities are improved by developing the inventory management and replen-

ishment will also help to increase the processing smoothness of the material flow 

as the lot sizes are better aligned with the supply and demand volumes of the items. 

 

Based on the given interventions, there are two ways to eliminate the root causes of 

the process issues. The first way is to develop the inventory management and re-

plenishment by reengineering how the inventory is replenished, when the inventory 
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is replenished and how much of the inventory is replenished at once. The second 

way is to develop the timing and sequence of current process operations by reengi-

neering when the processing begins in the process, and how the processing of alter-

native material flows is going to be prioritized in the process. By developing these 

points in the process, it is possible to improve the smoothness and pace of the cur-

rent material flow so that the replenishment lead-time could be reduced and the net 

working capital could be released in the case company. The findings and results of 

the process analysis are summarized to the figure 19 below where the root causes 

of the process issues, interventions and purpose of the interventions are presented. 

 

 

Figure 19. Summary of the process analysis and the purpose of the interventions. 
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6 IMPROVEMENT OF THE REPLENISHMENT PROCESS 

 

6.1 Developing inventory management and replenishment 

 

In this chapter, solutions and recommendations are developed in order to improve 

the current inventory management efficiency of the process. Based on the results of 

the case study, the inventory management and replenishment related interventions 

were focused to following points of improvement that should be addressed in order 

to improve the smoothness of the material flow, reduce the over processing of STOs 

and excess inventory and thus release the net working capital in the case company. 

 

 Identification of the push and pull replenishment items. 

 Aligning lot sizes with the supply capability and demand of the items. 

 Identification of items where the supply capability, parametrization and 

characteristics of the items allows automated processing of orders. 

 

In order to improve the identification of the push and pull replenishment items, the 

current inventory management process and policy selections needs to be reviewed 

first so that understanding is gained about the replenishment policy selection and 

how it could be improved. In addition, deeper understanding is needed also how the 

current lot size calculation and alignment is done so that the lot size alignment with 

supply capability and demand of the items can be improved. After the improvement 

points has been identified, the correct replenishment policies and lot size parameters 

can be ensured for the items in order to proceed to identify the items where auto-

mated order processing could be used. Next, the current inventory management 

process including the stocking and replenishment policy selection are reviewed. 

 

6.1.1 Current inventory management process and policy selections 

 

At the time the study was conducted, there was not any formal inventory manage-

ment process available or documented in the case company. However, unformal 

process cycle including four interrelated phases that were related to the selection of 
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the inventory management policies were identified based on the results of the inter-

views. This unformal process cycle is presented in the figure 20 where the first 

phase is related to the selection of the stocking policy, the second phase is related 

to the selection of the replenishment policy, and the third phase is related to the 

upkeep of the selected policy. The fourth phase in turn is related to the review of 

the inventory management policy that triggers the process cycle from the beginning. 

 

 

Figure 20. Current inventory management process and policy selections. 

 

The process begins by making the stocking decision which is made when new item 

is opened to the SAP ERP system or policy of existing item is reviewed. The stock-

ing decision is based on predefined stocking criteria and person who is responsible 

to make the decision is the product manager of the item. Some of the predefined 

criteria that is reviewed during the stocking policy selection are device and process 

criticality, stocking agreements, specificity, aging, weight and annual consumption 

estimate of the item. Based on the previous mentioned criteria, the product manager 

defines the stocking policy of item either to be stocked item or non-stocked item. 

 

After the stocking policy of the item is decided, the buyer selects the replenishment 

policy for the item based on the buyer’s own judgmental decision criteria. Some of 

the criteria which is reviewed before the replenishment policy selection are pur-

chase value, delivery time, annual consumption estimate, aging and weight of the 
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GIM system
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4. Review of the inventory 
management policy
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item. At the moment, there are three different replenishment policies that are used 

in the case company. The first one is the forecast based planning policy where the 

replenishments are based on the monthly forecasts and fixed order quantities of the 

items. The second one is the reorder point, order quantity (s, Q) policy where the 

replenishments are based on the reorder point levels and fixed order quantities of 

the items, and the third one is the lot-for-lot policy where the replenishments are 

based on the exact customer orders and it is used only for the non-stocked delivery 

time items. Based on the stocking policy of the item, the buyer makes judgmental 

decision and chooses between the previous mentioned replenishment policies. 

 

After the replenishment policy selection, the replenishment parameters such as 

monthly forecast, safety stock, reorder point level and fixed order quantity are dy-

namically calculated for the forecast based planning and reorder point, order quan-

tity (s, Q) policy items by the GIM system. The dynamic calculation of the previous 

mentioned replenishment parameters is based on the consumption history of the 

items, and service level and order frequency targets of the GIM system. In the GIM 

system, the service level targets are aligned and selected for the items by using the 

inventory policy matrix of the GIM system where the items are classified into dif-

ferent item classes based on the classification characteristics of the inventory policy 

matrix. The characteristics and dimensions that are used in the inventory policy 

matrix are the pick frequency, sales frequency and value of annual usage (VAU) of 

the item. Based on the classification of the item, different service level targets are 

used to calculate the safety stock and reorder point levels for the items. The order 

frequency targets in turn are aligned and selected for the items based on the VAU 

classification of the items in the GIM system. This order frequency target is then 

used with the estimate of annual demand to calculate the fixed order quantity for 

the item that is further used to determine the order quantity in the SAP ERP system. 

 

The fourth step in the inventory management process is the review of the inventory 

management policy in order to review the validity of selected stocking and replen-

ishment policies. At the moment, there is no systematic procedure to maintain and 

update the inventory management policy of the items in the case company. Hence, 
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the inventory management policy reviews have been mainly reactive reviews which 

have been handled case by case when the need has arisen, and thus, there has not 

been regular interval between the reviews. In addition, as there is no systematic 

procedure available to select the replenishment policies at the moment, the need to 

update the inventory management policy of the item has based solely on the buyers' 

own judgmental decision criteria. However, if the inventory management policy of 

the item needs to be updated then the process cycle is started from the beginning. 

 

Based on the findings of the current inventory management process and policy se-

lections, the identification of push and pull replenishment items and the lot size 

alignment with supply capability and demand of the items can be improved by de-

veloping following three points of the current inventory management process. 

 

The first point that needs to be improved is the replenishment policy selection. At 

the moment, the identification of the push and pull replenishment items is problem-

atic as there is no systematic procedure available for selecting the replenishment 

policies for the items and the decisions has solely based on the buyers’ own judg-

mental decision criteria. This in turn can lead to a situation where the supply chain 

characteristics of the item might not be suitable for the selected replenishment pol-

icy and it can result in sub optimization of the items and inventory. Thus, better 

results could be achieved by utilizing the same replenishment policy for the group 

of items with the same supply chain characteristics. Hence, a systematic procedure 

should be developed for the replenishment policy selection by designing a replen-

ishment policy matrix for the stock transport items that is based on the item classi-

fication in order to identify and group items with the same supply chain character-

istics. After this, the most suitable replenishment policies can be aligned for these 

item groups in order to ease the selection of the replenishment policy for the items. 

 

The second point that needs to be improved is the order frequencies of the items in 

order to improve the lot size alignment with supply capability and demand of the 

items. At the moment, the alignment of the order frequencies is problematic as all 

of the case company’s items are managed in the same item pool in the GIM system, 
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and the GIM system does not take into account the different aspects of the supply 

chain in the alignment of the order frequencies. As the fundamental purpose of the 

inventory management is to find balance between the supply and demand, the char-

acteristics that are used to align the replenishment policies and order frequencies 

for the items should be related to the upstream and downstream of the supply chain. 

In the inventory policy matrix of the GIM system, the characteristics are only re-

lated to the downstream of the supply chain and the VAU is the only characteristic 

that is used to align the order frequencies and thus the lot sizes for the items. This 

in turn leads to the situation where the lot sizes are not align with the supply capa-

bility of the items as the upstream characteristics of the supply chain has not been 

taken into account at all. Hence, the current dimensions of the inventory policy ma-

trix are not suitable to align order frequencies or replenishment policies for the stock 

transport items as the dimensions that are now used (VAU, pick frequency and sales 

frequency) are more suitable to define the stocking or production strategy, and the 

picking and warehousing location for the items. Thus, the new replenishment policy 

matrix of the stock transport items should include dimensions that are related to the 

upstream and downstream characteristics of the supply chain in order to better align 

the supply of the items with the demand of the items. In addition, these dimensions 

should also support the identification of the items that could be replenished without 

inspections in order to use the automated processing of orders for these items. 

 

The third point that needs to be improved is the review of the inventory manage-

ment policies of the items in order to ensure that up to date replenishment policies 

and lot size parameters are always used for the items. At the moment, the inventory 

management policy reviews have been mostly reactive and the need to update the 

inventory management policy of the item has been hard to recognize, as there has 

not been any formal procedure for the reviews or selecting the replenishment poli-

cies. Hence, the review of the inventory management policy of the items can be 

improved by developing the new replenishment policy matrix for the stock transport 

items in order to ease the selection of the replenishment policy, and designing a 

systematic procedure for the reviews with regular intervals in order to change the 

reactive inventory management towards more proactive inventory management. 
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6.1.2 Replenishment policy matrix for the stock transport items 

 

Based on the findings of the previous chapter, a replenishment policy matrix should 

be developed for the stock transport items in order to improve the identification of 

push and pull replenishment items, align the lot sizes with supply capability and 

demand of the items, and identify the items where automated order processing could 

be utilized. In addition, the replenishment policy matrix should have following be-

low mentioned features in order to fulfill the objectives and purpose of the matrix. 

 

 Replenishment policy matrix is based on item classification in order to 

group items with the same supply chain characteristics and select replenish-

ment policies for the item groups having the same kind of characteristics. 

 Dimensions of the replenishment policy matrix are related to the upstream 

and downstream supply chain characteristics of the items in order to better 

align the supply of the items with the demand of the items. 

 The selected supply chain characteristics and dimensions supports the iden-

tification of items where the automated order processing could be utilized. 

 

According to the theoretical findings of the study, three interrelated decisions needs 

to be made first in order to create the replenishment policy matrix that is based on 

the item classification. First, characteristics and dimensions needs to be selected for 

the item classification based on the available data and objectives of the classifica-

tion. Second, classification technique that is used to build the item classification 

framework needs to be selected, and third, the number and cutoff values between 

the different classes used in the item classification framework needs to be decided.  

 

Based on the available data and objectives of the classification, three different char-

acteristics were selected for the item classification framework including the value 

of annual usage (VAU) of the item, replenishment lead-time of the item and demand 

pattern of the item. The VAU criteria was selected to identify the items which are 

significant either by their price or demand volume in order to align the inventory 

management efforts to the items which have the biggest impact on the inventory 
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value and inventory holding costs. The replenishments lead-time criteria was se-

lected to identify the supply capability of the items in the upstream supply chain as 

the replenishment lead-time is used to indicate the shelf availability of the stock 

transport items. Hence, the replenishment lead-time criteria is used to align the lot 

sizes with the supply capability of the items, and to identify the items where the 

shelf availability and lead-time targets foster the use of automated order processing. 

Finally, the demand pattern criteria was selected to identify the demand behavior 

of the items in the downstream supply chain in order to select the suitable replen-

ishment policies and align the lot sizes for the items based on the demand frequency 

and variability of the items. The primary classification technique that was used to 

build the classification framework was the ABC analysis which was expanded with 

the replenishment lead-time and demand pattern analyses in order to form the ma-

trix. As the purpose was not to overcomplicate the task of the inventory manage-

ment, the demand pattern analysis was used only for the items with the biggest 

impact on inventory value and holding costs in order to align the inventory man-

agement actions efficiently. Hence, suitable number of different classes was de-

cided to be 15, and the classification framework is presented in the figure 21 below. 

 

 

Figure 21. Classification framework of the replenishment policy matrix. 
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As can be noticed from the figure 21, the VAU and replenishment lead-time dimen-

sions have been further divided into three different classes based on their cut-off 

values which were selected in order to frame the items with similar kind of charac-

teristics into same groups. The bar next to the dimensions is used to indicate how 

high the VAU or replenishment lead-time, and thus the size of the safety stock is 

for the particular class of items. In addition, the AX, AZ and AY class items were 

further classified into three different categories by their demand pattern and the bar 

next to the demand pattern dimension is used to indicate the stability and predicta-

bility of the demand. The different demand patterns were separated from each other 

by using the coefficient of variation and the number of non-zero demand periods in 

a year in order to identify the demand variability and frequency of the items. Similar 

kind of classification has been used for example in the study of Paakki et al. (2011) 

to categorize the demand patterns efficiently and the results are easy to understand. 

 

The demand pattern classification began by dividing the demand pattern into stable 

demand pattern and unstable demand pattern based on the demand variability of the 

items. The unstable demand pattern in turn were further divided into continuous 

and erratic demand pattern, and sporadic and lumpy demand pattern based on the 

demand frequency of the items. As a result, the AX, AZ and AY class items were 

further classified into stable demand pattern (CV < 0,35), erratic demand pattern 

(CV ≥ 0,35 & number of non-zero demand periods ≥ 7) and sporadic demand pat-

tern (CV ≥ 0,35 & number of non-zero demand periods ≤ 6). Another method that 

could have been used to identify the demand pattern of the items is the method 

provided by Syntetos et al. (2005). However, it has been developed for selecting 

the forecasting techniques and not the replenishment policies or lot size parameters. 

In addition, the method is not particularly suitable for items where the demand oc-

curs in short time period once in a year as it considers these items to have continuous 

demand pattern based on the average inter-demand interval. This in turn leads to 

the wrong demand pattern classification of the spare parts that are used for seasonal 

or customer specific maintenances where the demand for the particular spare part 

occurs during a few sequential months. Hence, the method was not considered to 

be suitable to analyze the demand pattern of the case company’s items.  
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After the classification framework was validated, the items were categorized into 

the different classes according to the rules of the classification framework. Based 

on the results of the classification, the items were positioned to following classes 

which currently have following average inventory values, lot sizes, service levels 

and shares from the total values which are presented in the figure 22 below. 

 

 

Figure 22. Current stock transport items within the replenishment policy matrix. 

 

As can be noticed from the figure 22, the A class items represents 61,7 percent from 

the total average inventory value (1 751 343 €) but only 6,6 percent from the total 

number of stock keeping units (1 925). Hence, these items are the one that have the 

biggest impact on the inventory value and holding costs, and the most detailed in-

ventory management actions and efforts should be focused to these items. The B 

and C class items in turn represents 93,4 percent from the total number of stock 

keeping units but only 38,3 percent from the total average inventory value. Hence, 

the inventory management actions and efforts should be kept as simple as possible 

in these groups in order to align the resources efficiently. Based on the results of 

the classification, it was also confirmed why the performance gap in the inventory 
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turnover of the finished-products was lower. As can be noticed from the figure 22, 

the AZ stable demand and AZ erratic demand item classes contains mostly expen-

sive items with high VAU which forms majority of the finished products inventory 

value. As a result of the high VAU, increased ordering frequency has been used for 

the finished products in the GIM system and the lot sizes have been smaller. Hence, 

the lot size alignment based only on the VAU criteria that is currently used in the 

GIM system is not suitable for all of the stock transport items. In order to make the 

corrective inventory management actions, following new replenishment policies 

and lot sizes were suggested for the items that are presented in the figure 23 below. 

 

 

Figure 23. New replenishment policies and lot sizes for the stock transport items. 

 

The replenishment policies and lot sizes were aligned for the different item classes 

based on the supply capability (replenishment lead-time) and demand behavior (de-

mand pattern) of the items, and their impact on the inventory value and holding 

costs (VAU). The service levels in turn were aligned for the different item classes 

based on the acceptable number of stock outs which is determined by the probability 

of the stock out and the expected number of the replenishment cycles in a year.  
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In the replenishment policy matrix, the A stable demand class items are the ones 

where the most strict control and frequent ordering can be utilized due the high 

stability of the demand. In addition, the highest service levels can be focused for 

these items as keeping the safety stock is cost-effective due the low demand varia-

bility. The AY and AZ stable demand class items are also the ones where the push 

scheduling of the items could be used due the longer replenishment lead-time and 

high predictability of demand. However, the case company did not wanted to use 

the push scheduling any more for the stock transport items as most of them have 

high demand uncertainty, and hence the reorder point, order up to level (s, S) policy 

based on the pull scheduling was selected for all the A stable demand class items. 

 

The A erratic demand class in turn contains the items where the variability of the 

demand is higher which make the strict inventory management more difficult. 

Hence, the “heijunka” or production levelling should be utilized for these items in 

order to smooth the demand and make the supply and replenishment processes more 

predictable. Based on this observation, the reorder point, order quantity (s, Q) pol-

icy was selected for this group of items in order to increase the smoothness and 

predictability of the material flow by using the fixed order quantities. The A erratic 

demand class items are also the items where the case company should make the 

efforts to reduce the variability of demand by increasing the transparency of the 

demand and inspecting the selling and ordering behavior of the items as significant 

savings can be achieved on the safety stock levels due the high VAU of the items.  

 

The A sporadic demand class contains the items where the variability of the demand 

is the highest due the sporadic and lumpy demand behavior, and they are the most 

challenging items to control as demand occurs infrequently and the demand quan-

tities varies a lot. Hence, these items should have only minimal base stocks availa-

ble and most of the inventories should be centralized to the supplying facilities. For 

this reason, the reorder point, order up to level (s, S) policy and the lowest service 

levels were aligned for these items in order to restrict the over ordering of the items, 

and thus the formation of slow moving and excess inventory. As the number of the 

A sporadic demand class items was relatively low in the case company, they also 
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provide great opportunity to make the efforts to reduce the variability of the demand 

and inspect the possibility to centralize and pool the inventories back to the supply-

ing facilities in order to achieve further savings on the inventory holding costs. 

 

The B and C class contains the items which have moderate or low impact on the 

inventory value and holding costs. Hence, the inventory management actions 

should be kept relatively easy in order to minimize the inventory management ef-

forts and align the resources to control and manage the A class items. This does not 

mean that the importance of these items is neglected but the fact is that inventory 

management efforts and actions will generate much higher cost savings with the A 

class items, and thus the resources can be used more efficiently in the case company. 

Hence, the reorder point, order quantity (s, Q) policy with fixed order quantities 

was selected for these items in order to keep the inventory management relatively 

simple. In addition, if the C class contains items which have relatively high material 

price and they have no annual usage value during the 12 month period, they can be 

raised to the A sporadic demand class. This gives a cost saving opportunity also for 

the non-moving and expensive items as the over ordering can be restricted and the 

possibility to centralize the items back to the supplying facilities can be inspected. 

 

Finally, the X class contains the items where the automated processing of orders 

should be utilized due the supply capability, parametrization and lead-time targets 

that require the immediate processing of the orders. In addition, the automatic pro-

cessing of the X class items is also most risk free as the replenishment lead-times 

are short, and hence, the safety stock, reorder point levels and inventory values of 

these items will be minimal. Thus, the manual ordering efforts should be focused 

to the Y and Z class items with longer replenishment lead-times as the inventory 

values and decisions becomes more significant in these item classes. For this rea-

son, the automatic JIT replenishment with the reorder point, order up to level (s, S) 

or the reorder point, order quantity (s, Q) policy was selected for the X class items 

based on the demand behavior of the items. In addition, the lot sizes were kept as 

minimal as economically possible in order to foster the idea of JIT replenishment 

and further reduce the financial risks related to the automated order processing. 
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6.1.3 Implementation potential of the replenishment policy matrix 

 

In order to illustrate the benefits and saving potential of the replenishment policy 

matrix, inventory level simulations were conducted for the stock transport items by 

using the new replenishment policies and lot sizes for the different item classes. 

The data that was used in the simulation of the items was gathered from the case 

company’s SAP ERP system and it was based on 12 months transaction history. As 

the purpose of the simulation was to illustrate the benefits and savings of the re-

plenishment policy matrix so that the practitioners can easily understand them and 

the number of sporadic demand items was relatively low, assumption of normality 

was used for the distribution of demand. In addition, as there was no performance 

gaps in the supply capability and accuracy of the supplying facilities, the replenish-

ment lead-time was considered to be constant. Hence, the results of the simulation 

were calculated by using the equations 1, 4 and 6 that were presented in the theory 

chapter 4.3.1, and the impact of the replenishment policy matrix on the average 

inventory values of different material types is presented in the figure 24. 

 

 

Figure 24. Impact of the replenishment policy matrix on average inventory values. 

 

As can be noticed from the figure 24, the most significant changes in relation to the 

baseline situation have been achieved with the component and semi-finished prod-

uct types as they had the most significant performance gaps. As a whole, the impact 
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on the inventory value is -781 721 € which means 45 percent decrease compared to 

the baseline situation, if the guidelines of the replenishment policy matrix are uti-

lized for the items. In addition, the overall service level has also increased 1,1 per-

cent at the same time as should be as the order frequencies have been increased 

which means that there is more replenishment cycles compared to the baseline sit-

uation. Hence, the service levels have to be higher in order to prevent the stock out 

situations, and the impact on the service levels is illustrated in the table 7 below. 

 

Table 7.  Impact of the replenishment policy matrix on average service levels. 

Material 

type 

Current average service 

level (%) 

Optimized average service 

level (%) 

Change 

(%) 

COMP 87,0 % 88,2 % 1,2 % 

SEMI 87,4 % 88,5 % 1,1 % 

FINI 88,3 % 88,3 % 0,0 % 

Total 87,2 % 88,2 % 1,0 % 

 

In addition, further inventory reduction potential of 94 628 € can be achieved if the 

inventory centralization and pooling of the A sporadic demand class items is uti-

lized. However, exact inventory reduction for these items is hard to estimate as the 

items might be critical for the devices and customers’ processes and hence every 

item’s stocking policy needs to be reviewed in cooperation with the product man-

agers in order to clarify the exact values. The impact of the replenishment policy 

matrix on inventory turnover and target values in turn is illustrated in the figure 25. 

 

 

Figure 25. Impact of the replenishment policy matrix on inventory turnovers and 

target values. 
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As can be noticed from the figure 25, all the material types exceeds the set target 

values, if the guidelines of the replenishment policy matrix are utilized for the stock 

transport items. In addition, the items belonging to the semi-finished product type 

have now actually the best inventory turnover. This is due the reason that there were 

seven items with very high VAU that represent 53 percent from the total VAU of 

the semi-finished products, and they were classified to the A stable demand class 

where the demand behavior of the items makes the strict inventory control and in-

ventory value reduction possible. The impact of the replenishment policy matrix on 

the inventory coverage in turn is presented in the table 8 below where the average 

days to sell the inventory and changes to the baseline situation are illustrated. 

 

Table 8. Impact of the replenishment policy matrix on inventory coverage 

Material 

type 

Baseline average days to sell 

the inventory 

New average days to sell the 

inventory 

Change in 

days 

COMP 65 days 26 days -38 days 

SEMI 49 days 23 days -26 days 

FINI 55 days 42 days -13 days 

Total 55 days 30 days -25 days 

 

As can be noticed from the table 8, the biggest change has occurred with the items 

under the component material type as they had the biggest performance gaps based 

on the findings of the process analysis. In total, the inventory coverage has de-

creased 25 days which means that the cash conversion cycle (CCC) of the stock 

transport items has improved significantly. This in turn would allow the case com-

pany to turn the working capital tied up to the order delivery process of stock 

transport items into cash flows more rapidly which in turn would improve the fi-

nancial profitability of the case company. In addition, the potential working capital 

that could be released by reducing the inventory coverage of stock transport items 

could be used instead to fund the strategic investments and growth of the case com-

pany in order to create new cash flows and more value for the customers of the case 

company. However, in order to illustrate the cost of the potential working capital 

release, the increase in total order rows needs to be compared, and the impact of the 

replenishment policy matrix on the total number of yearly order rows is presented 

in the figure 26 on the next page. 
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Figure 26. Impact of the replenishment policy matrix on yearly order rows. 

 

As can be noticed from the figure 26, the total number of yearly order rows has 

increased 14 224 order rows and the biggest change (13 563) has occurred with the 

X class items where the characteristics of the items allows the automated processing 

of the orders. By using the automated order processing, resources could be in fact 

released and further used in the manual order processing at the purchasing depart-

ment. In addition, the manual order processing times could also be reduced as the 

lot sizes that are used in the replenishment policy matrix are now better align with 

the supply capability and demand of the items which would reduce the rework and 

inspections in the STO processing. Hence, it was estimated that the order processing 

time of the manual order rows could be reduced from 2 minutes to 1 minute per 

order row, and the impact on the buyers’ working time is illustrated in the table 9. 

 

Table 9. Impact of the replenishment policy matrix on the buyers’ working time. 

Scenario Processing time 

per order row 

No. of manual 

order rows 

Working 

time (h) 

Working time in 

days (7,5 h / day) 

Baseline 2 min / order row 8426 281 h 37 days 

After implementation  1 min / order row 9087 151 h 20 days 

Total Change -1 min / order row 661 rows -130 h -17 days 

 

As can be noticed from the table 9, the improved lot size alignment of the replen-

ishment policy matrix and the utilization of automated order processing could save 

up to 17 working days of the buyers’ working time. This saved working time in turn 

could be further used to conduct the inventory management actions, and manage 

the suppliers and different distribution chains which would create more value for 

the case company and customers than the wasteful human-computer interactions.  
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However, as can be noticed from the figure 26, the total number of the yearly order 

rows has increased compared to the baseline situation which means that amount of 

the replenishment costs will increase. Hence, it is important to find the right balance 

between the inventory holding costs and the replenishment costs when the working 

capital is released in the case company. At the moment, the inventory holding cost 

is 18 percent from the average inventory value in the case company, and the yearly 

savings that could be achieved on the inventory holding costs by utilizing the pre-

viously mentioned inventory reduction actions are illustrated in the table 10 below. 

 

Table 10. Impact of the inventory reduction actions on inventory holding costs. 

Inventory reduction actions Impact on average 

inventory value (€) 

Impact on inventory 

holding costs in a 

year (18 %) 

Implementation of replenishment policies and 

lot sizes of the replenishment policy matrix 

-781 721 € -140 710 € 

Inventory pooling and centralization of A spo-

radic demand class items 

-94 628 € -17 033 € 

Total change -876 349 € -157 743 € 

 

As can be noticed from the table 10, total yearly saving potential of 157 743 € could 

be achieved if the above mentioned inventory reduction actions are utilized for the 

stock transport items. However, if the fixed replenishment cost is more than ~11 € 

per order row, the amount of total costs will exceed the savings that are achieved 

on the inventory holding costs based on the increase in the order rows. In this case, 

the more frequent ordering will generate additional costs for the case company and 

the releasing of the working capital cannot be done without additional costs. How-

ever, at the time this study was conducted, the case company was looking for new 

third party logistic partner and hence the fixed replenishment cost of 11 € per order 

row can be used as a reference cost when the new agreements are being negotiated. 

In addition, if the number of order rows needs to be reduced, the most cost-effective 

results can be achieved by increasing the lot sizes in the CX class which includes 

inexpensive items that forms 44 percent from the total number of the order rows. 

 

On the other hand, it is important to understand that the increased order frequency 

of the replenishment policy matrix will enable many other benefits and cost saving 

opportunities that are much harder to estimate than the impact on the inventory 
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value and inventory holding costs, and which are only visible after the implemen-

tation. One of the most important benefits of the increased order frequency is the 

reduction of demand variability in the supplying facilities as it lowers the standard 

deviation of demand which in turn would allow to reduce the amount of needed 

safety stock, and thus the average inventory value and inventory holding costs also 

in the supplying facilities. In addition, the increased order frequency would also 

benefit the case company as it would help the supplying facilities to increase the 

predictability and smoothness of the supply which in turn would allow to reduce 

the supply variability. Hence, the increased order frequency could create significant 

benefits and cost saving opportunities on the divisional level of the case company. 

Another important benefits would be the improved lot processing times, reduced 

over processing and transportation of materials in the operations of the case com-

pany’s warehouse and smoothed truck fill-rates as the lot sizes are smaller. In addi-

tion, as the case company is already using the daily “milk runs”, the potential of 

such transportation system could be better utilized without any additional transpor-

tation costs. In fact, the more frequent ordering might even reduce the transportation 

costs, as the probability that all the deliveries can be loaded to the truck increases 

which in turn would reduce the amount of additional “milk runs”. Hence, when the 

order frequency and lot size decisions are made in the case company, the impact of 

the decisions on the total costs and processes of the supply chain should be always 

considered instead of sub optimizing total costs only in one echelon of the supply 

chain as it generates sub-optimal results for the whole supply chain. 

 

6.1.4 New inventory management process and policy selections 

 

In order to finalize the development of inventory management, a systematic proce-

dure for reviewing and selecting the inventory management policies needs to be 

designed. When systematic procedure exists for reviewing and selecting the inven-

tory management policies, the case company could move from the current reactive 

inventory management towards more proactive inventory management and ensure 

that the stocking and replenishment policies and lot sizes of the stock transport 

items are always based on the up to date supply chain characteristics. Based on the 
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review of the current inventory management process, the current challenge with the 

review procedure was the missing of structured procedure for the replenishment 

policy selection. However, now that the missing link has been designed in the form 

of the replenishment policy matrix, the stocking and replenishment policy selection 

can be integrated together in order to develop the systematic procedure for the in-

ventory management policy selections which is presented in the figure 27 below. 

 

 

Figure 27. New inventory management process for the stock transport items. 
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As can be noticed from the figure 27, the new inventory management process be-

gins with the selection of stocking policy where the product manager defines the 

stocking policy for the item based on the same predefined criteria as in the current 

inventory management process. If the product manager defines the item to be non-

stocked delivery time item then the inventory management process and policy se-

lection ends as delivery time items are not under the scope of replenishment policy 

selection because they are only ordered against actual customer orders. If the prod-

uct manager defines the item to be stocked item then the inventory management 

process proceeds to the next phase which is the replenishment policy selection. 

 

In the replenishment policy selection, the buyer chooses the most suitable replen-

ishment policy for the item according to the replenishment policies of the replen-

ishment policy matrix. However, if the item is new and no transaction history exists, 

the buyer uses the annual consumption estimate and material price to estimate the 

VAU and possible demand pattern for the item. Otherwise, the VAU and possible 

demand pattern is analyzed for the item according to the existing transaction history 

in order to select the most suitable replenishment policy for the item. After the re-

plenishment policy has been selected, the buyer updates the replenishment param-

eters to the GIM system and decides the lot size for the first replenishment that also 

defines the beginning level of the inventory. After this, the item moves to the up 

keep phase in the inventory management process. 

 

In the up keep phase, the GIM system dynamically calculates the safety stock, re-

order point and lot size for the item based on consumption of the item and parame-

ters of the replenishment policy matrix until the item’s inventory management pol-

icy is reviewed. In the new inventory management process, the inventory planner 

reviews the inventory management policies quarterly by using the classification 

framework of the replenishment policy matrix in order to classify the items into the 

different item classes. Based on the results of the classification, the buyer approves 

the new policies by first reviewing the A sporadic demand class items and expen-

sive C class items with zero VAU where the stocking policy could be changed to 

non-stocked delivery time item. If the stocking policy of the item could be updated 
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then the process starts from the beginning and the item is further reviewed with the 

product manager in order to ensure that the criticality of the item allows the stocking 

policy change. If the stocking policy of the items cannot be changed or it does not 

need to be updated then the buyer reviews the new parameters and updates them to 

the GIM system. After this, the item moves once again to the up keep phase where 

the GIM system dynamically calculates the safety stock, reorder point and lot size 

for the item based on the updated parameters and consumption of the item. If the 

stocking and replenishment policy of the item does not change then nothing is done 

until the next review and same parameters are maintained for the item. As a result 

of the new process, the case company could achieve more systematic approach to 

the policy selections and better control over the inventory which would help to en-

sures the inventory management efficiency of the process also in the future. 

 

6.2 Developing timing and sequence of current operations 

 

In this chapter, solutions and recommendations are developed in order to address    

variability in the current operations of the replenishment process. Based on the re-

sults of the case study, the first operations related intervention was the synchroni-

zation of the STO processing with the MRP run in order to eliminate the variability 

in the STO processing times. The second operations related intervention in turn was 

to smooth the arrival and processing of the inbound material flows in order to elim-

inate the variability in the goods receipt processing times. By reducing the variabil-

ity in the current processing times, it would be possible to improve the lead-time of 

the process, decrease the amount of required safety stocks and thus release the net 

working capital in the case company. In addition, the shorter lead-time would also 

help the case company to achieve higher customer satisfaction as it lead to better 

inventory fill-rates and faster customer delivery times which in turn would reduce 

downtime of the customers’ operations as the spare parts could be acquired more 

quickly. However, in order to ensure realization of the short lead-times, purchase 

requisitions of the STOs have to be processed without delays, and the arrival and 

processing of materials have to be smooth enough in the goods receipt and therefore 

solutions and recommendations are next developed to address these issues. 
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6.2.1 Synchronizing the STO processing with the MRP run 

 

At the moment, the current variability in the STO processing times is caused by the 

MRP run schedule as it is not align with the buyers’ working time. This in turn leads 

to a situation where the afternoon purchase requisitions are not processed until the 

next day as the buyers have already left the office. Hence, long waiting times occurs 

before the purchase requisitions are converted into STOs which causes the variabil-

ity in the STO processing times and makes the process unstable. In order to reduce 

the variability in the STO processing times, three different solutions were devel-

oped that could be used to synchronize the STO processing with the MRP run. Next, 

these solutions are discussed and recommendations for implementation are given. 

 

Purchase requisitions are converted automatically into STOs after the MRP run 

 

The first solution to synchronize the STO processing with the MRP run is to gener-

ate a scheduled background job to the SAP ERP system that will automatically con-

vert the purchase requisitions of the items into STOs where automated processing 

of orders can be utilized. The strength of the automated STO conversion is that the 

STO processing could be synchronized to be done right after the MRP run in order 

to ensure the immediate processing of the STOs. However, the weakness of the 

solution is that it can be only used for the stock transport items that can be replen-

ished automatically. Hence, the solution is not suitable for the items where the man-

ual order processing is required in order to verify the validity of the replenishment. 

The implementation of the solution for the items that are suitable for the automated 

replenishments is rather simple, as the functionalities already exists in the SAP ERP 

system and the items that can be replenished automatically have now been identi-

fied in the developed replenishment policy matrix. However, in order to implement 

the solution successfully, piloting of the solution should be conducted for small 

group of suitable items before the large-scale implementation as there can be a risk 

that the solution will not work optimally due inaccurate inventory records or human 

errors in the systems. The major opportunity that could be achieved by implement-

ing the automated STO conversions is that resources could be released from the 
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manual order processing to improve the efficiency of the operations in the purchas-

ing as discussed in the chapter 6.1.3. Hence, it is the most recommended option to 

reduce variability for the items where the automated processing can be used. 

 

Weekly job rotation and afternoon shift in the purchasing department 

 

The second solution to synchronize the STO processing with the MRP run is to use 

weekly job rotation and afternoon shift in the purchasing department in order to 

ensure that the afternoon purchase requisitions are converted into STOs during the 

same day. The strength of the solution is that changes would not be needed to the 

existing systems or processes as the variability is eliminated by extending the buy-

ers working time in order to synchronize the STO processing with the MPR run. In 

addition, as the job rotation is already used at the purchasing department, the buyers 

are already familiar with the different stock transport items and the processing of 

another buyer’s STOs should not be an issue. However, the weakness of the solution 

is that it would require changes to the buyers’ working time and hence it might be 

harder to implement in practice. Therefore, the possible change resistance should 

be addressed by carefully informing the buyers about the benefits of the lead-time 

reduction and the importance of the same day order processing. The implementation 

of the solution is especially recommended for the stock transport items that requires 

the manual order processing as the buyers will verify the validity of the replenish-

ments. However, the second solution can also be implemented as a standalone im-

provement for the manual and automated replenishment items if necessary but then 

the order processing will not be as efficient as with the automated STO conversions. 

 

Rescheduling of the MRP run 

 

The third solution to synchronize the STO processing with the MRP run is to re-

schedule the MPR run with the buyers working time so that the afternoon purchase 

requisitions could be processed during the same day. However, the weakness with 

the third solutions is that it will not reduce the amount of manual order processing, 

and the risk with the solution is that the rescheduling of the MRP run can lead to 
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various other timing issues as the MRP run is also used to schedule other operations. 

Hence, the impact of the rescheduling should be carefully identified with the key 

stakeholders’ and system specialists’ before any changes are made to the run sched-

ules. Thus, the rescheduling of the MRP run is recommended only if the first and 

second solution cannot be utilized as the rescheduling of the MRP run can be very 

challenging as it might affect to the other operations of the case company. 

 

In order to summarize and analyze the feasibility of the previously mentioned solu-

tions, the SWOT analysis, difficulty of implementation and effect of the implemen-

tation is presented for each given solution in the table 11 below. 

 

Table 11. Summary of the STO processing time improvements. 

Solution 1. Purchase requisitions are 

converted automatically 

into STOs after the MRP run 

2. Weekly job rotation and 

afternoon shift in the pur-

chasing department 

3. Rescheduling of 

the MPR run 

Strengths - Immediate and automated 

processing of the STOs. 

- Only minor system 

changes needed as function-

alities already exists in the 

SAP ERP system. 

- No changes needed to 

systems or processes. 

- Buyers are familiar with 

the different items as job 

rotation is already used in 

the purchasing department. 

- MRP run could be 

aligned with the 

buyers working 

time to ensure the 

same day pro-

cessing of STOs 

Weaknesses - Not suitable for the items 

that requires the manual or-

der processing. 

- Piloting and testing needs 

to be done before the large-

scale implementation. 

- Buyers working time 

needs to be changed. 

- Amount of manual order 

processing will be high if 

implemented without the 

automated STO conver-

sions. 

- Radical changes 

needed to systems 

and processes. 

- Amount of manual 

order processing. 

- Requires consult-

ing of various stake-

holders. 

Opportuni-

ties 

- Resources could be re-

leased from the manual or-

der processing. 

- Variability and replenish-

ment lead-time could be re-

duced. 

- Net working capital could 

be released. 

- Cross training could be 

further leveraged in the 

purchasing department. 

- Variability and replenish-

ment lead-time could be 

reduced. 

- Net working capital could 

be released. 

- Variability and re-

plenishment lead-

time could be re-

duced. 

- Net working capi-

tal could be re-

leased. 

Threats - Over ordering or ordering 

wrong items due inaccurate 

inventory records or human 

errors in the systems. 

- Change resistance to-

wards the new way of 

working. 

- Timing issues with 

other operations of 

the case company 

Difficulty of 

Implemen-

tation 

Easy Moderate Hard 

Effect of 

implemen-

tation 

High Moderate Moderate 
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6.2.2 Smoothing the arrival and processing of inbound material flows 

 

At the moment, most of the largest inbound material flows arrives to the case com-

pany warehouse on the afternoon as the transportations from the supplying facilities 

have been scheduled accordingly. This is causing the issue that the warehouse 

workers do not have enough time to process the afternoon shipments during the 

same day as the amount of shipments in the work queue increases suddenly creating 

a long queues to the process. As a result, some of the afternoon shipments are not 

processed until the next day which in turn causes variability in the goods receipt 

processing times and makes the process unstable. In order to reduce the variability 

in the goods receipt processing times, three different solutions were developed that 

could be used to smooth the arrival and processing of inbound material flows. Next, 

these solutions are discussed and recommendations for implementation are given. 

 

Using the lot sizes of the replenishment policy matrix for the stock transport items 

 

The first solution to smooth the arrival and processing of the inbound material flows 

is to use the smaller lot sizes of the replenishment policy matrix for the stock 

transport items in order to increase the delivery frequency of the items. As can be 

noticed from the figure 22 of the chapter 6.1.2, the supply coverage of the current 

lot sizes is more than one month. The problem with such large lot sizes is that they 

are taking a lot of time to process as the sizes of the inbound shipments are large. 

Hence, the processing smoothness of the inbound material flows could be improved 

by reducing the lot sizes in order to reduce the sizes of the inbound shipments. Thus, 

the major strength of the smaller lot sizes is that they could be used to improve the 

lot processing times in the goods receipt and reduce the waiting time of the ship-

ments in the work queue. Hence, it would be possible to process more shipments in 

the same time window than before. In addition, the smaller lot sizes would also help 

to increase the efficiency of the case company’s existing transportation system as 

the smaller shipments helps to improve the truck fill-rates which in turn may help 

to lower the transportation costs. However, the weakness of the smaller lot sizes is 

that they will increase the number of the order rows and thus the replenishment 
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costs which in turn may increase the total costs as discussed in the chapter 6.1.3. 

On the other hand, the smaller lot sizes would also help to decrease the average 

inventory levels in the case company’s warehouse and reduce the variability of de-

mand in the supplying facilities, as more frequent ordering is utilized for the items. 

This in turn would give the both facilities a mutual opportunity to increase the ware-

housing space of the items and create savings on the inventory holding costs. In 

addition, as a consequence of the increased warehousing space and smaller lot sizes, 

the time that is currently wasted on the over processing and unnecessary transpor-

tations of materials in the case company warehouse could be reduced and used in-

stead to conduct the value adding activities in the process. As the implementation 

of the solution requires only updating the lot size parameters of the replenishment 

policy matrix to the GIM system, it is the most recommended option to start to 

reduce the variability in the goods receipt processing times. 

 

Using visual signal and own work queue for the stock transport item shipments 

 

The second solution to smooth the arrival and processing of the inbound material 

flows is to use own visual work queue and visual signal or “poka-yoke” such as a 

colorful label or sticker for the shipments of stock transport items. In that way, the 

stock transport items could be separated from the other inbound material flows to 

their own work queue. As a result of the separation, the processing of the shipments 

could be prioritized by aligning own dedicated resources to process the shipments 

of stock transport items. In addition, as the work queue is visual, the amount of the 

shipments waiting for the processing in the work queue could be checked instantly 

in order to ensure the same day processing of the shipments and reduce the varia-

bility in the goods receipt processing times. The weakness of the solution is that it 

will require some process changes and training, as the layout of the goods reception 

needs to be changed and using of the visual signals needs to be implemented to the 

picking process of the supplying facilities. In addition, the threat that may be related 

to the solution is that the processing of other inbound material flows may suffer, as 

the resources have been prioritized to process the stock transport item shipments. 

However, this can be seen also as an opportunity as it gives a better understanding 
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about the resources that are required to process the different material flows in order 

to achieve the different material flow related lead-time targets. As the smaller lot 

sizes are needed to ensure the efficient processing and flow of the materials in the 

work queue, the implementation of the solution is recommended to be done after 

the implementation of the smaller lot sizes in order to align the resources efficiently 

and to avoid taking too much resources from the other operations of the warehouse. 

 

Rerouting and rescheduling of the daily milk runs 

 

The third solution to smooth the arrival and processing of the inbound material 

flows is to reroute and reschedule the daily milk runs by changing the sequence and 

timing of the shipment collection from the supplying facilities. In the new shipment 

collection route, the shipment collection is started from the locations where most of 

the daily inbound material volumes arrive and the afternoon shipment collections 

are instead focused to the locations that represents minority of the material volumes. 

In practice, this means that instead of starting the shipment collection from the fa-

cility C, the collection is started from the two nearest locations next to the case 

company warehouse known as facilities A and B as together they form the majority 

of the yearly order rows and material volumes as can be noticed from the table 12. 

 

Table 12. Number of supplied order rows and pieces by supplying facilities. 

Supplying facility Number of supplied order 

rows in a year 

Number of  supplied pieces 

in a year 

A 3 058 119 595 

B 1 970 44 541 

C 1 771 26 866 

D (collected from facility A) 925 20 775 

E (collected from facility A) 702 24 022 

Total 8 426 235 799 

 

The strength of the previously mentioned changes is that the arrival of the inbound 

material flows could be smoothed as the largest material flows arrive already before 

the midday to the case company warehouse. Hence, the warehouse workers would 

have more time to process the largest inbound material flows during the day which 

in turn would help to prevent the emergence of the long shipment queues on the 

afternoon. In addition, the activity level of the workers could be better stabilized 
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which in turn would reduce the overburden and lead to better utilization rate of the 

human resources. However, the weakness of the solution is that it will require mak-

ing a new pick-up time agreements with the supplying facilities which in turn may 

reschedule other operations in the supplying facilities. Hence, the implementation 

of the solution should be done after the implementation of the smaller lot sizes, and 

visual signal and work queue, as the rerouting and rescheduling of the milk runs 

can be challenging if it has radical impact on operations of the supplying facilities. 

 

In order to summarize and analyze the feasibility of the previously mentioned solu-

tions, the SWOT analysis, difficulty of implementation and effect of the implemen-

tation is presented for each given solution in the table 13 below. 

 

Table 13. Summary of the goods receipt processing time improvements. 

Solution 1. Using the lot sizes of 

the replenishment policy 

matrix for the items 

2. Visual signal and own 

work queue for the stock 

transport item shipments 

3. Rerouting and re-

scheduling of daily 

milk runs 

Strengths - Reduced shipment sizes 

and inventory levels. 

- Improved lot processing 

times and truck fill-rates. 

- Requires only updating 

the lot sizes parameters to 

the GIM system. 

- Separation and priori-

tized processing of stock 

transport item shipments.  

- Shipments waiting for 

processing in the work 

queue could be checked 

instantly. 

- Warehouse workers 

have more time to pro-

cess the shipments dur-

ing the day. 

- More stable activity 

level of the warehouse 

workers. 

Weaknesses - Increases the amount of 

replenishment costs as the 

number of order rows in-

creases. 

- Requires training and 

process changes in the 

goods receipt and supply-

ing facilities. 

- New pick-up time 

agreements needs to be 

made with the supply-

ing facilities. 

Opportuni-

ties 

- Mutual chance to reduce 

inventory holding costs 

and to increase the ware-

housing space of items. 

- Transportation costs 

could be reduced. 

- Variability and replen-

ishment lead-time could 

be reduced. 

- Net working capital 

could be released. 

- Better understanding 

about required human re-

sources. 

- Mistake proofing (poka-

yoke) and prevention of 

processing delays. 

- Variability and replen-

ishment lead-time could 

be reduced. 

- Net working capital 

could be released. 

- Utilization rate of hu-

man resources could be 

increased. 

- Emergence of the long 

queues on the afternoon 

could be prevented. 

- Variability and replen-

ishment lead-time 

could be reduced. 

- Net working capital 

could be released. 

Threats - Amount of total costs 

may increase. 

- Processing of other in-

bound material flows 

may suffer. 

- May affect to the other 

operations of the sup-

plying facilities. 

Difficulty of 

Implemen-

tation 

Easy Moderate Hard 

Effect of im-

plementa-

tion 

High Moderate High 
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6.2.3 Implementation of the operations related improvements 

 

Based on the given recommendations about the implementation of the solutions, 

four alternative implementation routes could be used to reduce the variability in the 

STO and goods receipt processing times. These implementation routes, solutions 

and the outcomes of the implementations are presented in figure 28 below. 

  

 

Figure 28. Implementation and outcomes of the operations related improvements. 

 

As can be noticed from the figure 28, the implementation route used to reduce var-

iability in the STO processing times depends on the selected solutions. Regardless 

of the selection, all the implementation routes related to reducing variability in the 

STO processing times can be used to achieve the same day processing of the STOs 

in the purchasing department. However, based on the efficiency of the solutions and 

the difficulty of the implementation, the most recommended implementation route 

is the route number one as it maximizes the efficiency of the STO processing and 

the least recommended implementation route is the route number three. In order to 

reduce the variability in the goods receipt processing times, there is only one rec-
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ommended implementation route available as all the solutions should be imple-

mented in the right sequence in order to achieve the same day processing of the 

stock transport item shipments. As a result of the implementations, the STOs and 

shipments of the stock transport items could be processed during the same day 

which would help to eliminate the current variability in these operations. This in 

turn would allow to reduce the lead-time of the process by two days as currently the 

cycle time for each of these operations is roughly one day as can be noticed from 

the figure 17 of the chapter 5.3.2. As a result of this lead-time reduction, the replen-

ishment lead-time of one day could be achieved for the component material types 

which currently have three days replenishment lead-time, and the safety stocks of 

the stock transport items could be further reduced.  In order to illustrate the impact 

of this lead-time reduction on the inventory levels, the new safety stock levels were 

calculated for the items by using the new replenishment lead-times and comparing 

the further change in the inventory levels after the implementation of inventory 

management related improvements of the replenishment policy matrix. Hence, the 

A sporadic demand class items were left out from the calculations as the purpose 

with these items was that they could be centralized back to the supplying facilities. 

In addition, the items locating in non-domestic facilities were left out from the cal-

culations as well as they are not in the scope of the lead-time reduction. Otherwise 

same assumptions were used in the calculations as before, and the further impact of 

the lead-time reduction on the safety stocks and inventory is presented in figure 29. 

 

 

Figure 29. Further impact of the replenishment lead-time reduction on safety stocks. 
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As can be noticed from the figure 29, the most radical safety stock reduction has 

occurred with the stock transport items under the component material type where 

the safety stock has reduced 25 percent. This is due the reason that most of the 

component material types are currently replenished with three days lead-time. 

Hence, the reduction in the lead-time has been more significant than with the other 

material types, as the finished products are currently replenished with 23 days lead-

time and the semi-finished products with 16 days lead-time. Therefore, the impact 

of the lead-time reduction on the safety stocks of finished and semi-finished prod-

ucts is only three percent. In total, the reduction of the lead-time would allow further 

inventory reduction potential of 49 277 € which in turn would generate following 

additional savings on the inventory holding costs that are presented in the table 14. 

 

Table 14. Impact of the replenishment lead-time reduction on inventory holding 

costs by material type. 

Material type Change of the safety stock 

value (€) 

Impact on inventory holding costs in a 

year (18 %) 

COMP -33 472 € -6 025 € 

FINI -9 815 € -1 767 € 

SEMI -5 990 € -1 078€ 

Total change -49 277 € -8 870 € 

 

As can be noticed from the table 14, additional saving potential of 8 870 € in a year 

could be achieved by reducing the replenishment lead-time by two days. Although 

the savings are not as significant as the savings that could be achieved by imple-

menting the inventory management related improvements of the replenishment pol-

icy matrix, the lead-time reduction will allow many other benefits and opportunities 

that are harder to present in monetary terms. The most important benefit of the re-

duced lead-times is the better responsiveness of the case company’s supply chain 

which would allow to react more quickly to the requirements of the customers. This 

critical feature of the supply chain in turn is needed to win the customer orders in 

the currently challenging markets and to ensure the high satisfaction of existing 

customers. Therefore, the increased responsiveness would help the case company 

to reduce the amount of lost sales and customers, and the downtime of customers’ 

operations by offering better material availability and faster delivery times which 

can be a game changers for the customer satisfaction and customer order decisions. 
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7 DISCUSSION AND CONCLUSIONS 

 

7.1 Findings and results 

 

The purpose of the study was to support the long-term strategic goals of the case 

company by improving the current replenishment process so that the new process 

lead-time and inventory level targets could be met. By meeting the new lead-time 

and inventory level targets, the net working capital of the replenishment process 

could be released and the efficiency of the case company’s operations could be im-

proved. As a result of the improvement, the released net working capital could be 

used instead to fund the strategic growth of the case company, and as less net work-

ing capital is required to run the daily operations of the replenishment process, the 

financial profitability of the case company could be increased. In order to meet the 

purpose of the study, the main research objective of the study was to analyze the 

current state of the process and develop solutions and recommendations that could 

be used to improve the lead-time and inventory management efficiency of the re-

plenishment process. Next, the main finding and results of the study are presented 

by answering to the research problem of the study which is presented below. 

 

 How the lead-time and inventory management efficiency of the replenish-

ment process could be improved in order to release the net working capital 

and to improve the efficiency of the case company’s daily operations? 

 

As a result of the process analysis, five fundamental root causes were found from 

the process which were causing the existence of the various process wastes, bottle-

necks and excess inventories which in turn were restricting the current lead-time 

and inventory management efficiency of the replenishment process. Three of these 

root causes were related to inventory management of the process and the remaining 

two were related to the timing and sequence of the current process operations. 

 

The inventory management related root causes were the push scheduling of the 

stock transport items, lot sizes which were not align with the supply capability and 
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demand of the items and items which could be replenished automatically but which 

were not identified in the inventory management policy of the case company. These 

root causes were causing issues to the process where replenishment were made too 

early to the case company warehouse, lot sizes were unnecessary large and purchase 

requisitions needed to be reworked, and manual inspections needed to be made for 

all of the stock transport items in the STO processing. As a result of the too early 

replenishment and unnecessary large lot sizes, excess inventories were accumulated 

to the case company warehouse, and over processing and unnecessary transporta-

tions of materials was needed to be done in the operations of the case company’s 

warehouse. In addition, the unnecessary large lot sizes were also causing a part of 

the variability in the goods receipt processing times as the large lot sizes were taking 

more time to process from the warehouse workers which caused the increased wait-

ing times in the goods receipt work queues. The need to rework the purchase req-

uisitions and conduct manual inspections for the stock transport items in the STO 

processing in turn caused the vicious cycle of over processing of STOs which in 

turn led to the underusing of employees skills and overburden at purchasing depart-

ment. In addition, the automatic processing of the purchase requisitions was not 

either possible which caused a part of the variability in the STO processing times. 

 

In order to improve the inventory management efficiency of the process, the inven-

tory management related root causes were eliminated by developing a replenish-

ment policy matrix and new inventory management process for the stock transport 

items to help select and maintain the inventory management policies for the items. 

By using the replenishment policy matrix, the case company could identify the 

items where the push or pull replenishment should be used, align the lot sizes with 

supply capability and demand of the items, and identify the items where automated 

processing of orders could be used. This in turn would allow the case company to 

eliminate the excess inventories and increase the efficiency of the material pro-

cessing in the process as the balance with the supply and demand of the items could 

be ensured, and the flow of the materials could be smoothed. Furthermore, the re-

working and manual order processing of the purchase requisitions could also be 

reduced by using the better aligned lot sizes and automated processing of orders for 
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the replenishments. In addition, the case company could also use the replenishment 

policy matrix to align the inventory management actions more efficiently, as the 

items where the inventory pooling and customer ordering behaviors should be in-

spected in order to achieve further savings on the inventory holding costs have also 

been taken into account in the replenishment policy matrix. By using the new in-

ventory management process, the case company could in turn move from the cur-

rent reactive inventory management towards more proactive inventory manage-

ment. As in the new inventory management process, the inventory management 

policies of the items are reviewed regularly, and the policy selections are based on 

the guidelines of the replenishment policy matrix. This in turn would allow the case 

company to ensure the inventory management efficiency of the replenishment pro-

cess also in the future, so that accumulation of excess inventory could be prevented. 

 

As a result of the implementation of the replenishment policies and lot sizes of the 

replenishment policy matrix, 17 days of the buyers working time could be saved by 

reducing the time that is currently wasted on the manual order processing, and net 

working capital release potential of 781 721€ could be achieved by reducing the 

inventory values. This in turn would allow the case company to meet the new in-

ventory level targets of 30, 37, 45 days for the component, semi and finished prod-

uct material types, and achieve savings of 140 710€ on the inventory holding costs 

of the items. In addition, further net working capital release potential of 94 628€ 

could also be achieved by pooling and centralizing the inventories of the A sporadic 

demand class items back to the supplying facilities which in turn would generate 

further savings of 17 033€ on the inventory holding costs. However, before the 

items are centralized back to the supplying facilities, they should be reviewed to-

gether with the product managers, as the items might be critical for the devices and 

customers’ processes. In addition, before the new replenishment policies and lot 

sizes are implemented in the case company, the impact of the new order frequencies 

on the total costs should be taken into account as the amount of the replenishment 

costs will increase with the new parameters. Hence, if the fixed replenishment cost 

is more than 11€ per order row, the replenishment costs will exceed the savings on 

the inventory holding costs thus increasing the amount of total costs. 
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The root causes in turn that were related to the timing and sequence of the process 

operations were the afternoon MRP run in the SAP ERP system and the afternoon 

transportations from the supplying facilities with the largest material flows. These 

root causes were causing the issues to the process where most of the afternoon pur-

chase requisitions and afternoon deliveries were not processed until the next day 

which led to long waiting times and caused the variability in the STO and goods 

receipt processing times. In order to improve the lead-time of the replenishment 

process, the operations related root causes that were currently restricting the flow 

of the operations were eliminated by synchronizing the STO processing with the 

MRP run and smoothing the arrival and processing of the inbound material flows. 

 

In order to synchronize the STO processing with the MRP run and achieve the same 

day processing of STOs in the purchasing department, three different solutions were 

developed for the case company and three different recommendations were given 

how the solutions could be implemented into the process. In the first option, the 

automated conversion of the purchase requisitions into STOs should be used for the 

purchase requisitions of the items where the automated processing of orders can be 

used and the afternoon purchase requisitions of the items which require the manual 

order processing should be converted into STOs by using the afternoon shift in the 

purchasing department. Hence, the afternoon purchase requisitions of the items 

which require the manual order processing could also be processed during the same 

day as the buyers would verify the validity of the replenishments. As both automatic 

and manual order processing is used in the first option, the efficiency of the STO 

processing could be maximized in the purchasing department as less buyers work-

ing time is wasted on the manual order processing. Hence, the first option is the 

most recommended choice to synchronize the STO processing with the MRP run. 

The second option in turn was a compromise between the first and third option, and 

in the second option, the afternoon purchase requisitions are converted into STOs 

by using only the afternoon shift in the purchasing department. Hence, the effi-

ciency of the second option is not as high as with the first option because all the 

order processing needs to be done manually in the purchasing department. There-

fore, the second option should be used only if the purchase requisitions cannot be 
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converted automatically into STOs in the case company. In the third option, the 

MRP run should be rescheduled in the SAP ERP system to a time that is more 

suitable for the buyers so that all the STOs could be processed during the same day. 

However, due the lower efficiency and difficulty of the implementation, the third 

option is recommended only if the two previously mentioned options could not be 

used in the case company. As a result of the implementation of the solutions, the 

STOs could be processed in the purchasing department during the same day which 

would help to eliminate the variability in the STO processing times thus allowing 

the case company to reduce the lead-time of the replenishment process by one day. 

 

In order to smooth the arrival and processing of the inbound material flows and 

achieve the same day processing of shipments in the goods receipt, three different 

solutions were developed for the case company which should be implemented in 

sequential order. The first solution is to use the smaller lot sizes of the replenish-

ment policy matrix for the stock transport items in order to improve the lot pro-

cessing times of the items in the goods receipt. By improving the current lot pro-

cessing times, the waiting time of the stock transport item shipments in the work 

queue could be reduced which in turn would help to prevent the emergence of long 

queues in the goods receipt so that the materials could flow efficiently through the 

work queue. The second solution which should be implemented after the smaller 

lot sizes is to use visual signal and own work queue for the stock transport item 

shipments in order to separate the stock transport items from the other inbound ma-

terial flows. This in turn would help to prioritize the processing of stock transport 

item shipments in the goods receipt by giving an opportunity to align own dedicated 

resources to process the shipments of stock transport items. In addition, as the work 

queue is visual, the amount of shipments waiting for processing could be checked 

instantly which in turn would help to prevent the processing delays. The third solu-

tion which should be implemented last is to reroute and reschedule the daily milk 

runs by changing the shipment collection to start from facilities where the largest 

inbound material flows arrives at the moment. This would give the warehouse 

workers more time to process the largest inbound material flows during the day 

which in turn would help to prevent the emergence of long queues on the afternoon 
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thus increasing the probability of same day processing of the shipments. In addition, 

the activity level of the warehouse workers could be better stabilized which in turn 

would help to increase the utilization rate of human resources in the goods receipt. 

As a result of the implementation of the solutions, the shipments could be processed 

and received during the same day in the goods receipt which in turn would help to 

eliminate the variability in the goods receipt processing times thus allowing the case 

company to reduce the lead-time of the replenishment process by one day. 

 

As a result of the same day processing of STOs and shipments, the flow of the 

current process operations could be increased and lead-time of the process could be 

reduced by two days. Hence, the two days lead-time reduction would give the case 

company an opportunity to reduce the replenishment lead-time for the component 

material types from three days to one day thus allowing the case company to meet 

the new one-day replenishment lead-time target for the component material types. 

In addition, due the faster replenishment lead-times, the responsiveness of the case 

company’s supply chain could also be increased which in turn would give an op-

portunity to reduce the amount of lost sales and customers, and the downtime of 

customer’s operations, and less net working capital would be required to run the 

daily operations of the replenishment process. Therefore, in addition to the imple-

mentation of the inventory management improvements of the replenishment policy 

matrix, reducing the lead-time of the process by two days would generate further 

inventory reduction potential of 49 277 € on the safety stock levels which in turn 

would generate annual saving potential of 8 870 € on the inventory holding costs. 

 

As a result of the lead-time and inventory management efficiency related improve-

ments, a total net working capital release potential of 925 626 € could be achieved 

by reducing the inventory values of the stock transport items which in turn would 

generate total yearly savings of 166 613 € on the inventory holding costs of the case 

company. As a result, the financial profitability of the case company could be in-

creased by operating with less net working capital and the released net working 

capital could be used instead to fund the strategic growth and investments of the 

case company in order to create new cash flows and more value for the customers. 
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7.2 Evaluation of the results and further research 

 

Based on the evidence of the results on the previous chapter, the results were able 

to answer to the research questions and problem of the study, and the usefulness 

and usability of the results can be considered to be significant for the case company. 

As the study used both qualitative and quantitative data collection and analysis 

methods which allowed the cross validation of the results, and which did not re-

stricted the data collection and analysis in any way to achieve truthful and accurate 

descriptions, the validity and reliability of the results can be considered to be on a 

good level. In addition, as the team method was used to collect the data for the 

process analysis and improvement, the semi-structured interviews which were con-

ducted during the process workshop and walk sessions involved always more than 

one person from the different roles of the process which in turn helped to increase 

the reliability of the results. However, ultimately, the true test of validity is con-

ducted for the results of the study once the solutions have been implemented to the 

replenishment process and the change in the performance of the process has been 

monitored by using the developed process performance metrics. Hence, there might 

be gap between the actual results and results of the study, as now, the validity of 

the solutions has solely based on the calculations and estimates in order to achieve 

results that are reliable enough as the implementation of the solutions was not pos-

sible due the limitations of the study. However, the transparency of the results was 

kept as high as possible throughout the study in order to increase the reliability. 

 

In general, the constructive case study approach and the used data collection and 

analysis methods were suitable for this kind of study as they helped to employ a 

systematic framework to solve the research problem, and to understand the causal 

relationships between the factors which in turn helped to focus the process improve-

ment actions. Hence, the used methods also helped to increase the validity of the 

results. In addition, the results of the study gave the case company a valuable infor-

mation about the current state of the process, and the solutions and recommenda-

tions which were provided in the study offers the necessary tools and actions which 

can be used to start the journey towards the continuous process improvement. 
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As the solutions and recommendations of the study were used to solve very case 

specific problems and the purpose of the study was not to produce results that would 

be generalizable, the developed solutions and recommendations are not generaliza-

ble to other organizations in their current form. However, due the high applicability 

of the dimensions of the replenishment policy matrix, the item classification frame-

work itself can be applied to other organizations and business environments as the 

framework can be tailored to the individual needs of the organizations by adjusting 

the number and cutoff values between the different item classes. Hence, in addition 

to the implementation of the developed solutions and recommendations, the further 

research should study the possibility to use the developed replenishment policy ma-

trix also with the case company’s items which belongs to the procure to pay process 

as they have similar kind of problems as with the stock transport items. In addition, 

once the case company becomes familiar with the use of the replenishment policy 

matrix, the further research should focus on expanding the demand pattern analysis 

of the replenishment policy matrix also to the B and C class items. Hence, it would 

be possible to maximize the efficiency of the inventory management and replenish-

ment in the case company and get the most out of the replenishment policy matrix.  

 

In addition to the previous research topics, it would also be interesting to further 

study the possibility to use direct deliveries from the supplying facilities to reduce 

the replenishment lead-time even more. In fact, if the direct deliveries could be used 

in the case company the replenishment lead-time would be zero as the stock 

transport items could be dispatched straight to the customers without transporting 

the items within the case company’s internal logistic processes. This in turn would 

allow the case company to further reduce the net working capital and waste as the 

inventories could be centralized to one location and the duplicate operations could 

be eliminated. However, in the current state of the case company, the direct deliv-

eries have not been possible due the different distribution chain requirements and 

the organization structure which have caused the need to transfer the items between 

the locations. For this reason, the direct deliveries were not exploited in this study. 
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8 SUMMARY 

 

This study was conducted to one of the leading power and automation technology 

companies operating in the after-sales service business environment. The purpose 

of the study was to support the long-term strategic goals of the case company by 

improving the current lead-time and inventory management efficiency of the re-

plenishment process so that the new process lead-time and inventory level targets 

that were established on the divisional level of the case company could be met. 

Hence, the main objective of the study was to provide a current state analysis of the 

replenishment process with development solutions and recommendations that could 

be used to improve the lead-time and inventory management efficiency of the pro-

cess. In order to meet the objectives of the study, the study was divided into theo-

retical and empirical research part which helped to complement each other as the 

theoretical part of the study provided the necessary information, tools and methods 

which were required to conduct the empirical part of the study successfully. Hence, 

the theoretical framework of the study focused on subjects such as business process 

modelling and documentation, business process improvement, and inventory man-

agement and replenishment. As a result of the theoretical findings, understanding 

was gained how process documentation, analysis and improvement should be con-

ducted, and what techniques and methods there are available in theory that could be 

used to improve the lead-time and inventory management efficiency of the process. 

 

In the empirical research part of the study, the current state of the case company’s 

replenishment process was first described, measured and analyzed in order to get 

the in-depth understanding about the as-is state of the process and identify the root 

causes of the current process wastes, bottlenecks and excess inventory. As a result 

of the analysis, five different root causes were found which were restricting the 

lead-time and inventory management efficiency of the process, and three of these 

root causes were related to inventory management of the process and the remaining 

two were related to the timing and sequence of the current process operations.  
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In order to improve the inventory management efficiency of the replenishment pro-

cess, the inventory management related root causes were addressed by developing 

replenishment policy matrix and new inventory management process for the stock 

transport items. As a result of the new guidelines of the replenishment policy ma-

trix, the case company could ensure the better balance between the supply and de-

mand of the items, reduce the amount of reworking and manual order processing in 

the STO processing operations, and align the inventory management actions more 

efficiently. In addition, as a result of the new inventory management process, the 

case company could also move towards more proactive inventory management in 

order to ensure the inventory management efficiency of the process also in the fu-

ture, so that accumulation of the excess inventory to the process could be prevented.  

 

In order to improve the lead-time of the replenishment process and eliminate the 

operations related root causes, four different recommendations were given how the 

STO processing could be synchronized with the MRP run in the purchasing depart-

ment, and how the arrival and processing of inbound material flows could be 

smoothed in the goods receipt. By synchronizing the STO processing with the MRP 

run and smoothing the arrival and processing of the inbound material flows, the 

case company could process the STOs and stock transport items shipments in the 

purchasing department and goods receipt during the same day. This in turn would 

help the case company to eliminate the current variability in these operations so that 

the lead-time of the replenishment process could be reduced which in turn would 

allow the case company to increase the responsiveness of the item’s supply chain. 

 

As a result of these improvements, the lead-time of the process could be reduced 

by two days and 17 days of the buyers working time could be saved by reducing 

the time that is currently wasted on the manual order processing. In addition, total 

net working capital release potential of 925 626 € could be achieved by reducing 

the inventory values of the stock transport items which in turn would generate total 

yearly savings of 166 613 € on the inventory holding costs. Thus giving the case 

company an opportunity to meet the new lead-time and inventory level targets, and 

opportunity to improve the financial profitability and efficiency of the operations. 
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Appendix 1. Process interview template 

 

Questions related to the process objectives, scope and measures: 

 

1. What is the name of the process?  

2. What are the objectives of the process? What purpose the process is needed for? 

3. Who is the process owner (person who is responsible for the management and 

improvement of the process)? 

4. What business risks are involved in the process? 

5. What is the scope and limitations of the process? 

6. How does the process start? What input triggers the process? Is there alternative 

ways to start the process? 

7. How does the process end? What output ends the process? Is there alternative 

ways to end the process? 

8. Who are the customers and the stakeholders of the process? 

9. Is there other organizational processes involved in this process? What other pro-

cesses are linked to this process and how the boundaries are defined? 

10. What are the measures of success of the process (factors which are critical for 

the business success and the customer satisfaction)? 

11. What performance metrics are currently used to measure the process? 

 

Questions related to the process elements: 

 

1. What are the major activities that form the process? 

2. What outputs are produced in the process? 

3. Who are the internal or external customers of these outputs? 

4. Where the internal or external customers are using these outputs and what kind 

of requirements do they have for these outputs? 

5. What inputs are needed in the process? 

6. Who are the suppliers of these inputs? 

(continues) 

 



 

(Appendix 1. continued) 

 

Questions related to the process workflow: 

 

1. What are the major tasks that are performed in order to complete this particular 

process activity? 

2. How roles and responsibilities are divided in the process workflow? Who gets 

the work after each activity or task, and why? 

3. What information systems are used during the process, and why? 

4. Where in the process decisions are being made which directs the workflow to 

alternative flows, and why? 

5. Where in the workflow delay and waiting exists, and why? 

6. Where in the workflow inspections are being made, and why? 

7. Is there a need to repeat work in some point of the process? How often the work 

is repeated, and why? 

8. How the process workflow is controlled? What are the key controls? 

 

Questions related to the process improvement: 

 

1. How the process is currently being improved and how the improvements have 

been documented? 

2. What are the current bottlenecks and constraints of the process, and why? 

3. What process activities or tasks requires over processing, searching, motion or 

transportation in order to get it performed? 

4. What process activity or task is the most time taking, and why? 

5. What is the estimate time of this process activity or task, and how often this 

activity or task is performed (hourly, daily, weekly, monthly etc.)? 

6. Is there a possible way to improve or eliminate this process activity or task? 

7. How the process could be improved in general, and how this would affect the 

performance of the process? 

8. How the possible improvements should be prioritized? What improvements are 

seen as the most important at the moment?



 

Appendix 2. Process definition sheet 

 

 

Process: Stock transport item replenishment process 

Purpose and objective: Replenishment of stock transport items to warehouse 

stock in order to ensure material availability and to ful-

fill internal or external orders. 

Business risks: Financial risk, reputational risk, customer satisfaction 

and loyalty risk. 

Process scope and  

limitations: 

The process involves only the replenishment of stock 

transport items, therefore items that belongs to normal 

procure to pay process are outside of the scope of this 

process. 

Event starting  

the process: 
 SAP MRP run generates purchase requisition. 

 Transfer request assigned to purchasing. 

Event ending  

the process: 
 Warehouse worker archives the delivery docu-

ments. 

 Forwarding processes and archives the deliv-

ery documents. 

 Warehouse worker delivers reclamation to lo-

gistics manager. 

 Buyer processes purchasing order for material. 

 Buyer informs customer service that material 

is not available. 

 Buyer processes reclamation to supplying 

warehouse or plant. 

Key controls: SAP ERP system, purchase requisition work queue, 

picking work queue and goods receipt work queue. 

 

Inputs: Supplier(s): 

Customer order / sales order Business online (BOL) or SAP (ERP) 

Forecast Global inventory management (GIM) 

Production order SAP (ERP) 

Reorder point triggers SAP (ERP) 

Transfer request Product manager, purchasing manager, 

quality manager, global product group 

(GPG), customer service or workshop 

Delivery note SAP (ERP) 

Pick up ready shipment Supplying warehouse or plant 

Waybill Supplying warehouse or plant 

Delivery documents Supplying warehouse or plant 

Delivered shipment Transportation company 

 

(continues) 

 



 

(Appendix 2. continued) 

 

 

Outputs: Customer(s): 

Purchase requisition Purchasing department 

Stock transport order (STO) SAP (ERP) 

Goods issue document SAP (ERP) 

Archived waybill Forwarding or Warehouse 

Goods receipt document SAP (ERP) 

Transfer posting document SAP (ERP) 

Received shipment Workshop, end customer, subcontrac-

tor, local business unit or service center 

Archived delivery documents Forwarding or Warehouse 

 

Measures of success 

(critical factors for 

customer satisfaction 

and business goals): 

 Supply capability and accuracy of supplying 

facilities.  

o Needed to ensure material availability, 

accuracy of replenishment lead-times 

and right time of arrival so that cus-

tomer orders can be fulfilled on time. 

 Right balance between supply and demand. 

o Needed to ensure right material availa-

bility, low inventory holding costs and 

to avoid excess stocking. 

 Fast process cycle times of stock transport 

component replenishments. 

o Needed to ensure the fulfillment of 

new replenishment lead-times so that 

net working capital could be released 

and more competitive delivery times 

could be offered for the customers. 

Process performance 

metrics: 
 On time delivery (OTD) % of stock transport 

orders. 

 Inventory turnover and average inventory 

value of stock transport items. 

 Replenishment lead-time of stock transport 

components. 

 

 



 

Appendix 3. Current state and workflow of the replenishment process. 
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