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The research is a single company case study about implementation of a new ERP system
from the perspective of production planning. As part of the ERP project, production planning
methods are renewed as the software is designed for component level working time tracking.
The company’s highly customized production complicates utilizing the software as intended,
as the delivered devices contain numerous exceptions. The most beneficial way of using the
software and required process changes must be identified.

The research aims to determine the level of detail required in using the new ERP system and
the production loading software from a production planning perspective. Another objective
1s to examine what kind of resource needs will arise in the production planning team due to
the changes. In addition, the study investigates how data from ongoing projects in production
will be transferred into the new ERP system.

The main results provide answers to the set questions derived from the research problem and
objectives. The production time tracking will continue initially at the device level, but with
few improvements. As the process is not changing drastically, the production planning team
will require an additional resource to spend approximately 20 % of working hours per week
on building phase models (routings). The transfer of project data between the systems will
be conducted using Excel and CSV files. Some of the data will be entered manually into the
new ERP system.
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Tutkimus on yhden yrityksen case-tutkimus, joka liittyy uuden ERP-ohjelmiston
kayttoonottoon tuotannonsuunnittelun ndkokulmasta. ERP-projektin myota
tuotannonsuunnittelun toimintatavat uudistuvat, silld ohjelmisto on suunniteltu
osakohtaiselle ty0ajan seurannalle. Yrityksen laajalti kustomoitu tuotanto hankaloittaa
tuotannonsuunnittelua ja ohjelmiston optimaalista kdyttdd, silld toimitettavat laitteet ovat
tdynnd poikkeuksia. Nidin ollen tutkimuksessa tdytyy tunnistaa yrityksen kannalta
hyodyllisin ohjelmiston kayttotapa ja tarvittavat prosessimuutokset.

Tutkimuksen tavoite on selvittdd uuden ERP-ohjelmiston sekd tuotannon
kuormitusohjelman kiyttotavan yksityiskohtaisuus tuotannonsuunnittelun kannalta.
Tavoitteena on my0s selvittdd, millaiset resurssitarpeet tuotannonsuunnittelun tiimissa on
tulevaisuudessa muutoksen myo6td. Lisdksi selvitetddn, miten tuotannossa olevien
keskenerdisten projektien data siirretdén uuteen ERP-ohjelmistoon.

Tutkimuksen péddtuloksena l0ydettiin vastaukset tutkimusongelmasta sekd tavoitteista
johdettuihin tutkimuskysymyksiin. ERP-ohjelmistoa sekd tuotannon kuormitusohjelmaa
kaytetddn aluksi laitetasolla tehtdvain ty0ajan seurantaan. Tuotannonsuunnittelun pysyessa
lahes entisen kaltaisena, tuotannonsuunnittelun tiimiin tarvitaan lisdresurssi arviolta 20 %
viitkkotunneista vaihemallien rakentamiseen. Projektidatan siirto ohjelmistojen valilla
tapahtuu piddosin Excelin ja CSV-tiedostojen avulla, mutta osa datasta kirjataan
manuaalisesti uuteen ERP-ohjelmistoon.
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1 Introduction

Production planning and optimization are important factors in modern manufacturing to
enable companies to maintain competitiveness in the market. The primary production
optimization objectives are efficiency and cost control which are ensured, for example, by
minimizing unnecessary work and time losses. Production planning serves as the backbone
of manufacturing operations by scheduling and allocating resources to projects. With
production planning, it is ensured that products are manufactured and assembled on time,
while also securing the availability of the necessary workforce and materials to carry out the

production operations.

This research investigates the implementation of a new production planning software
introduced alongside a new Enterprise Resource Planning (ERP) system. At the same time,
a renewed production planning approach is implemented as the new software sets certain
constraints. The primary goal of the case company is to improve interoperability between
software systems compared to the current operating method. The transition aims to
streamline internal processes and communication across the organization. By integrating
production data into the new ERP system, the company will be able to gather data of labour
times in different production stages with greater accuracy. Monitoring labour times makes
the production planning process more efficient and enables more exact cost tracking, which

is essential for production optimization.

The topic is relevant, as the transformation process is currently underway in the company,
with the ERP system launch scheduled for May 2026. This research is a detailed case
analysis for which existing literature concentrates on related topics such as production
planning, ERP projects, and Lean philosophy. Most of the literature addressing production
planning theory has been written from the perspective of automated production or
standardized production, excluding the characteristics of customized production. The
customized nature of the company’s projects creates challenges for detailed tracking, making
it essential to evaluate the precision of the software’s operational approach. Challenges
related to data transfer, resource requirements, and the level of detail in the usage methods
are examined in this research. The research is conducted with literature review, expert

interviews, and real-time observations during the software testing phase.
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1.1 Background, Motivation and Research Problem

According to Laitex Oy (N.d.) homepage, Laitex is a family-owned business specializing in
bulk material handling solutions. Deliveries vary from individual equipment to large turnkey
solutions. The manufactured products consist of various types of conveyors, for example,
belt conveyors, screw conveyors and chain conveyors. These solutions are delivered to
companies in the fields of energy and heat production, circular economy, the paper industry

and the mining industry.

In December 2024, the case company started a project regarding a new ERP system. The
old, separate software systems no longer served their intended purpose, which created a
demand for a new system. The company wanted to unify the operation and use of the systems
and to streamline workflows, for example by reducing manual work. Before this research,
the company has assessed and selected the software provider and the systems that will be

implemented.

The production planning process of the case company is undergoing a transformation due to
the implementation of a new ERP system. The process will become more detailed, and a
new production planning software will be implemented. The adoption of both the new

production planning process and the software are the motivation for this research.

The results of this research can be utilized by production planning employees when working
with the new production planning software, and the research will assist in the resourcing of
the production planning team. Further research can be conducted based on this research to

achieve better production efficiency and productivity.

The core research problem of this research is the implementation of renewed production
planning process and the new software. Implementing a new ERP system is a long process
which requires testing and building the system to match its intended use. The process
requires a lot of human resources, which takes considerable time away from other tasks. In
addition, the process may require changes in operating methods and processes, as well as

strategic adjustments.
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1.2 Research Objective

The objective of the research is to conduct a case study on the implementation of a new
production planning software in conjunction with an ERP system transition. The aim is to
investigate how Work-in-Progress (WIP) production data in production can be transferred
to the new software and to analyse the level of detail required in the software usage method.
Through this research, the case company will get a deeper understanding of what the

transition to the new software requires and how it alters the current operating model.

Currently, the case company utilizes the old production planning system, which will be
replaced in late spring 2026. Production data currently in progress must be transferred to the

new software, and the method for tracking the work must be revised accordingly.

The research also aims to identify the challenges associated with customized production and
explain why such production is difficult to integrate into a detailed software system. Once
the necessary level of detail in the usage method is determined, product management can be
restructured, and production strategy can be changed to meet the needs of the new operating
method. The level of detail defines the operating method of the production planning process

upon which the resource requirements can be reassessed.

The software allows detailed tracking of working hours, and the aim of this research is to
examine the degree to which it is beneficial to utilize the level of detail the software provides.
Clear and detailed work phases would enable more accurate assessment of labour hours and
costs, which are key aspects for production optimization. Additionally, the cost variance

tracking as the structure of components evolves becomes easier with the transition.

1.3 Research Questions

The research answers the questions derived from the research problem and objectives. This

research seeks to answer the following questions:

e What level of detail is optimal in the software usage and production planning method,
and how does the chosen approach affect production planning human resource

requirements?
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e How should the Work-in-Progress (WIP) production data be transferred effectively

to the new software system?

These research questions must be examined before implementing the software across the
organization. The research utilizes various research methods and combines, as well as

analyses, the collected information.

1.4 Research Methodology

The nature of the research is a single organization case study, in which the research methods
focus on qualitative theoretical and practical approaches. The research emphasizes practical
approaches where the current state of production and the implementation of new software
are examined through expert interviews and software testing. A literature review is utilized
to identify theoretical frameworks to support the analysis of the results obtained in the

research.

The research observes a change process that is currently underway, which gives the research
characteristics of action research where the researcher participates in the activities of the

research environment (Tripp 2005, 443-466).

The research has also characteristics of applied research, according to Easterby-Smith’s
(2021) definition of the applied research. The theoretical part aims to present the foundations
of production planning and explain the nature of the company’s production based on theory.
Because of the applied nature of the research, case-based qualitative approaches and methods
are utilized to solve specific organizational problems. The focus of the research is to apply
existing knowledge and solve a practical problem: how to implement the new production

planning software in the most beneficial way.

1.5 Hypothesis

The expected result of the research is to find the most beneficial level of production planning
and usage method of the software system, emphasizing detail and traceability. After this, the
software can be used with the selected method. It is expected that the change will require an

increase in production planning personnel, as the process will become more detailed, and the
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current resources are already fully occupied with the present workload. Challenges will most
likely arise continuously as operating methods are changed. These challenges are addressed
during the testing phase by providing feedback and enabling the software to be developed to

meet the company’s needs.

The transition to the new software requires using both the old and the new systems in parallel
to process ongoing project data. The ongoing project data will be most likely transferred
using Excel files, although the exact method will be examined in this research. The research
aims to identify concrete practices for the implementation of the system and for its effective

use.

Hypothesis of the research is that the customized nature of the company’s production makes
highly detailed production tracking impossible without any strategical changes in
production. Detailed tracking is usually used in automated or highly standardized
manufacturing environments where product variation is limited. To track the production time
of individual components, each part’s production phases would need to be defined as a
separate work within the software. Creating a separate work for every component is time-
consuming when the company uses relatively few standardized parts. In the future, the
company aims to gather precise data on production times of the components with component
specific tracking to support production time and cost tracking, as well as production

optimization.

Due to the nature of a case study, careful consideration is needed when generalizing the
findings. Instead of providing new scientific information, the research aims to combine the
information obtained through the selected research methods and to answer questions related
to the implementation process. Other companies undergoing ERP system transformation
may find useful practices in this research, particularly within customized production.
However, to obtain more generalizable results, the research should be conducted repeatedly

across several similar companies undergoing the ERP project.

1.6 Scope and Limitations

This research is conducted as a single organization case study which is divided into a

literature review, current state analysis, analysis of the implementation and results and
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conclusions. The research is mostly qualitative, as quantitative aspects of the production are
for further research, which can be analysed once the software has been fully implemented
and data gathering is started on a detailed level. The research focuses on product families
manufactured in the company’s in-house production and touches briefly on subcontracted
projects, refurbishments and spare parts. The theoretical framework is limited to the
fundamentals of production planning and key methods that are relevant to the planning

practises of the case company.

The ongoing change in the company involves the implementation of a new ERP system,
Product Lifecycle Management (PLM) system and production scheduling software. The
systems chosen are provided by a Finnish software system supplier Roima Intelligence. The
scope of the research is limited to the opportunities provided by the software from the
perspective of production planning. The aim is to identify the most feasible way to operate

within the constraints of the software.

The implemented ERP system is Lean System ERP, the PLM system is Aton, and the
production scheduling program is Works Balancer. Production planning work is not limited
to the Works Balancer, as a significant part of production planning is managed through the
Lean System ERP. Works Balancer is used to create the production schedule as a swim-lane
view, while other production planning activities are carried out in the Lean System ERP

software.

According to Roima (N.d. -a), the Lean System ERP is a system that integrates data from
different functions into one place and enables the management of order-to-delivery chain
processes. The software aims to improve productivity and production efficiency, for example
by reducing manual entries and enhancing coordination, which saves time. Forecasting
accuracy is improved through automated sales forecasts. Monitoring production changes,
material requirements, and supplier information is possible in real time. The system is
suitable for the business model of the case company, which is order-based planning. In this
research, the examination of the ERP software is mostly limited to the Lean System ERP’s
Production module, as production planning is managed with the module. Lean System ERP’s

Production module includes sections, for example, for routings and works.

As Roima (N.d. -b) defines, device-specific phase models, called routings, are created in the

Lean System ERP. Routings are lists of work phases with their production times. This



18

approach is like the previous production planning method. With routings, production
planning can schedule works for production. Work is an object that transforms components
into finished products and aggregates all manufacturing costs of the product. So called work

is often defined as a work order among other ERP systems.

Works Balancer is an add-on for production planning in which production loads are allocated
to resources. The software can be used to plan schedules and manage workloads. It provides
a visual representation of the load situation and the structure of works. The visual
representation of the load situation is called swim-lane view. Work scheduling, resource
allocation, and capacity can be managed through interactive graphics. Works can be queued
to production bottlenecks, and material availability can be monitored in real time. Works

Balancer view and functions can be seen in Figure 1.
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(Roima N.d., Internal material, edited)
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2 Research Methods

The research methods applied to answer the research questions of the study are presented in
this chapter. The nature of the research is a case study which includes characteristics of
action research and applied research. The research generates and uses non-numerical data,
which indicates a qualitative research approach according to Saunders, Lewis and Thornhill
(2016). The methods applied are qualitative methods as the research does not aim to measure

quantitative aspects, such as working hours or the costs of production processes.

Method triangulation is one of four triangulation types defined by Denzin (1970). Method
triangulation combines multiple research methods in one research. The research
methodology used in this research follows method triangulation approach, combining
distinct yet complementary research methods. These methods form a multi-method
qualitative study (Saunders et al. 2016, 168). Saunders et al. (2016, 173-207) defines that
utilizing two or more independent sources form a triangulation approach in which different
methods are used to combine data to ensure that the findings from one method confirm and
strengthen those gathered from another. The triangulation approach increases the validity,
credibility, and authenticity of the data gathered. The method triangulation used in this

research is presented in Figure 2.
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Expert Interviews

./

Method Triangulation

Literature Review Software Testing

Figure 2: Research triangulation used in the research: expert interviews, literature review,

and software testing

Together these methods form the basis for comprehensive analysis of the software
implementation and its impact for production planning process. These methods produce
information to achieve the research objectives and support each other when finding answers

to the research questions.

2.1 Literature Review

A literature review sets a theoretical framework for the research. A literature review is
utilized to identify the principles of production planning and to find relevant theories for the
case study. Reliability and validity of literature are ensured by using literature published
from the 2010s onward as much as possible. The literature review utilizes academic literature
and authoritative sources, including peer-reviewed studies and other literature in the field,

for example.
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2.2 Expert Interviews

To analyse the current state of production planning in the company, expert interviews are
conducted. The expert interviews are utilized to examine the current state of production
planning, the required level of detail of the usage method, the change in resource needs, and
the transfer of ongoing production data. The interviews use both structured and unstructured

one-to-one interview types (Saunders et al. 2016, 390-394).

2.2.1 Unstructured and Semi-structured Interviews

Most of the expert interviews conducted during the research are unstructured or semi-
structured interviews that do not have predetermined question lists to let the interviewee talk
freely of the defined topic (Saunders et al. 2016, 390-394). Unstructured interviews are
utilized to motivate the interviewee to understand the overall situation, and to ask clarifying

questions (Hirsjarvi & Hurme 2008, 34-37).

There is some conceptual overlap between unstructured and semi-structured interviews.
Therefore, the interviews in this study are conducted by combining characteristics of both
methods. Prior to the interviews, relevant theories and literature have already been
investigated, whereas the interviewees are directly involved in the ERP project. The themes

of the interviews were partially or fully defined in advance.

2.2.2 Structured Interviews

After the unstructured interviews, the same topics are further explored through structured
interviews to go into more detail. Question lists are used as a method of structured interviews

to clarify details and to give the interviewee more freedom to answer questions (Saunders et

al. 2016, 390-394; Hirsjarvi & Hurme 2008, 34-37).
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2.2.3 Critical Examination of the Interviews

Using interviews as a research method has advantages and disadvantages. As an internal
researcher that is currently working in the case organization, the researcher already has
valuable knowledge about the company when starting the research (Coghlan 2019, 78). The
disadvantage of the gathered knowledge is that assumptions and preconceptions may steer
to leading interview questions (Saunders et al. 2016, 208). Therefore, the results and

interpretations of the interviews must be evaluated critically.

Several interviews are conducted during research on diverse topics, and the same topics are
re-discussed if any uncertainties arise. All interviews conducted orally are transcribed to
examine the data repeatedly. Participant validation is used to confirm the interview data
accuracy (Saunders et al. 2016, 207). The interviewees are given the opportunity to review
the text produced, based on the interviews, and to comment if anything is unclear or requires
correction. Potential interviewer bias has been reduced, as the researcher has not been

involved in the ERP project or in production planning before the research.

2.3 Observing the Testing Phase

The experimental part of the research concentrates on observing the testing phase of the
software system. Participant observation is utilized in this research. According to Saunders
et al. (2016, 356-359), participant observation means that a researcher observes a certain
phenomenon by becoming a member of the workgroup. The observer type used during the
testing phase is observer-as-participant, which means observing without need to interact with
the informants. In the observer-as-participant approach, the informants will know the

purpose of the observation.

The implementation process includes multiple testing sessions for both key users and end
users, during which the operational use of the processes are reviewed. The sessions are
organized through Teams meetings. During these sessions, the software usage method for
certain processes and the appearance of the system are determined together with the
representative of the software provider. The software provider’s representative can adjust

the system based on feedback while ensuring the functionality. The testing sessions related
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to production planning and subcontracting participated during the research. By observing
the testing in real-time, insights may arise regarding the selected usage approach, the
required level of detail, and the potential challenges. The testing sessions will be recorded,
allowing reviewing afterwards, which ensures that the information can be processed multiple

times.
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3 Literature Review

This chapter discusses production planning at a general level and examines theories from
literature that are relevant to the research topic. The methods and theories used in the case
company’s production and production planning are analysed with the support of the

literature.

According to Kiran (2019, 1), Production Planning and Control (PP&C) is a significant part
of the production program. PP&C ensures that all resources are available at the right time,
in the right place and in correct quantities to enable production operations to proceed
according to schedule at the lowest possible cost. Production planning covers a broad scope
ranging from the daily activities of human resources to the execution of customer deliveries.

Effective production planning ensures that the full potential of production can be utilized.

Kiran (2019, 1-5) divides production planning roughly into preplanning, planning and
control phases. And to refine further, production planning can be divided into following
sections: product planning, forecasting, process planning, equipment planning, materials
planning and production planning. More detailed workflow and explanations of the PP&C

phases are presented in Figure 3.
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Figure 3: Workflow of PP&C phases (Kiran 2019, 4)

3.1 Enterprise Resource Planning systems as a Tool for Production Planning

Kakouris and Polychronopoulos (2005, 68) states that Enterprise Resource Planning (ERP)
has its roots in Material Requirements Planning (MRP), which is used to plan raw material
requirements in manufacturing industries. Through several stages, ERP evolved to include
not only raw materials and capacity planning, but also finance, supply chain, human
resources and project management. ERP integrates core business and management functions,

offering a comprehensive overview of the organization’s ongoing operations.
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ERP system is a user-interfaced system which provides information that support strategy,
operations, management analysis, and decision making in a company (Matende & Ogao,
2013, 519). ERP systems are usually implemented to integrate business processes and

support managerial decision making (Powell 2013, 1490).

According to Ivanov, Tsipoulanidis, Schonberger (2025, 68-69), ERP working principle is
based on collection of data from different departments within a company for use in almost
every business activity. The information entered to the system is instantly available for other

processes too.

In conclusion, ERP systems serve as a comprehensive tool for production planning,
supporting material and capacity planning while integrating data from various business
activities. For example, a whole production planning module can be embedded within the
ERP system. By combining inventory information, schedules, and production capacity, the
ERP system ensures that real-time data is easily accessible. When applied to production
planning, ERP systems streamline communication across operations, reduces manual work

and enables more effective decision-making.

3.1.1 Implementation of a New ERP System

In Kunduru’s research (2023, 1-6), it is defined that ERP systems manage and automate
various business processes, for example finance, manufacturing and procurement.
Implementing a new ERP system provides benefits regarding process efficiency, data
gathering and processing, automation and reporting. Implementation of a new ERP system
is a time-consuming and extensive process within the company, as it affects different levels
and processes in diverse ways. Implementation might require organizational structure and
process changes, and the implementation process can take many years to be completed
(Ivanov et al. 2025, 69). User participation and involvement are mentioned as the critical
success factors for successful implementation (Matende & Ogao 2013, 519). The process
has a broad impact and initially makes the work more complicated, which may cause
resistance to change within the company. Therefore, change management must be engaged

during the implementation process.
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According to Kakouris & Polychronopoulos (2005, 68) and Ivanov et al. (2025, 69), an ERP
system can be built up by purchasing a whole system from a single supplier or by combining
software sections from different suppliers. When considering a new ERP system, an
organization must evaluate whether to invest in a new expensive software or focus on
developing existing processes. If a new software is the better option, it is essential to find a
system that aligns with the planned objectives. Once the suitable ERP system is found for

the company, the implementation process can start.

In a case study carried out by Kakouris & Polychronopoulos (2005), the ERP

implementation process was divided into four different phases:

e Blueprint-phase: Business functions are analysed together with the consultant.
Operational practices are examined in detail to enable the definition of the systems

parameterization and functionality.

e Development phase: The previously documented scenarios are implemented as

software, which is tested together with the key user and the consultant.
e Integration test: Sample data is created to test the functions.

e Data migration and live start-up: Raw data is prepared, checked, validated, and

uploaded. After this, the live system start-up takes place.

The case study mentioned above provides an example and a rough description of ERP system
implementation. The implementation process of this research consists of a long testing-phase
which is divided into smaller sections. During the testing phase, users become familiar with
their own area within the ERP system. Users learn to use the area, and it is further developed
based on feedback from the users to better serve its intended purpose. After the live start-up

(Go Live), the process continues by practicing and developing working with the new system.

3.1.2 Data Migration Tools

One of the challenges in ERP system implementation is transferring data from the old ERP
system to the new one. Successful data transfer without disrupting business operations is
critical. If the data is not transferred properly, reporting, information processing, and various

departments will suffer such as inventory, logistics, and invoicing (Kunduru 2023, 1-6).
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A large amount of data must be transferred between systems, for example, data related to
projects and products. At the same time, it is easy to eliminate outdated information.
Examples of data to be transferred include device’s Bill of Materials (BOM) structures, sales
orders, and purchase orders. The amount of data to be migrated influences which tools are
appropriate to use for the transfer. The methods supported and provided by the ERP systems,

as well as the users’ skill levels, also affect the choice of tools (Kunduru 2023, 1-6).
Kunduru (2023) presents the following methods as ERP system data migration strategies:

e “Big Bang” Data Conversion in which all data is converted together in a single step
and end users begin to utilize the ERP system on the same day after the data is

migrated.

e Phased Data Conversion in which data migration is conducted incrementally in

changes aligned with the ERP system implementation.

e Parallel Data Conversion in which both ERP systems are used parallel for a certain
period. Data is processed in the old system and at the same time selected data is

migrated to the new system, where it is validated.

Multiple different tools can be used for data transfer between ERP systems. Common tools
used for data transfer include, for example, Comma-Separated Values (CSV) file migration,
Application Programming Interfaces (API), middleware integration platforms, custom
scripts, ERP system provider’s own migration tools and Extract, Transform and Load (ETL)
tools (Dziedzic, Elmore & Stonebraker 2016; Lamothe, Guéhéneuc & Shang 2022, 171:3;
Wairagade 2021, 389-391; Debroy, Brimble & Yost 2018, 1568).

Dziedzic et al. (2016) states that CSV file migration is a general tool for physical data
migration. Databases often support bulk loading and exporting data in CSV format.
However, CSV migration is a slow and heavy data migration tool because parsing and
deserialization consume most of the Central Processing Unit (CPU) resources. Parsing
means detecting line breaks and field delimiters, and deserialization is converting text into a

binary representation.

Open API is set between modules to enable communication and information exchange
between the systems (Lamothe et al. 2022, 171:3; Wairagade 2021, 389). Middleware

integration platforms are platforms that enable cross-directional data exchange and build
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integrated application environments (Wairagade 2021, 391). Debroy et al. (2018, 1568)
explains that ETL tools integrate data from various heterogeneous sources in a central
repository. As the name implies, the ETL system includes data extraction, data transforming,

and data loading phases.

3.2 Production in the Case Company

This section provides an overview of the production chain in the case company, more
specifically the production process and production control methods are explained. The
production environment in the case company is highly customized which makes the
processes complicated. Customers have considerable influence over project execution,
resulting in devices seldom being produced the same way. This variability impacts

production planning by increasing the complexity of the process.

3.2.1 Production Process Categories

Production process flow categorization varies in the literature. According to Schmitt (1985),
production processes are often divided into the following categories: projects, intermittent
processes (job shops or flow shops), or continuous processes (assembly lines or flow
processes). Chapman (2001), on the other hand, divides the processes into five different
categories: projects, job process, intermittent processing, flow processing and continuous
processing which are already included in Schmitt’s categories. [vanov et al. (2025) mentions
job shop, batch shop and assembly line as process flow structure types. The case company’s
production process aligns with the job shop concept, which stands out clearly from other

operating methods.

Job shop (Job shop process) is a term used to describe the complex production system of the
case company. In companies utilizing the job shop process method, the equipment is for
general purposes, production volumes are small, and the flow of work is variable (Chapman,
2006, 5). In job shop production, lead times are relatively long, as projects must be
engineered and manufactured after the order has been received (Bozzone, 2001, 10-11).
Scheduling in a Just-in-Time (JIT) and customized production environment is considered

one of the greatest challenges in resource planning (Thomalla, 2001).
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According to Bozzone (2001, 10-12), the ordinary production planning methods apply in the
job shop process, but in a different way. In a job shop production, the matching of supply
and demand is not product-based, as it is in mass-production companies, because in Make-
to-Order (MTO) production demand and supply are inherently balanced. Compared to
product-oriented mass production, the objective of Lean manufacturing in a customized
production environment is to shorten lead time and make value flow. Flow can be achieved
by eliminating delays in the business process. The shorter lead times, the more competitive

the company will become.

According to Bozzone (2001, 43-48), lead time reduction encompasses the whole process
from the Request for Quotation (RFQ) to the delivery, not only the production. Production
planning and scheduling are part of the preproduction stage where order entry, engineering,
purchasing and materials management are also conducted. Preproduction functions should
work together to ensure that the project is shipped on time. Order should not be released to
the production if tooling is not available, phase models are being revised, or materials are
not available as it would cause start-and-stop production, increase WIP and add costs. Orders
are usually arranged by shipping dates and back scheduled through the production stages to
determine release dates to the production. If the release date is missed, production time will

automatically be shortened.

3.2.2 Production Control

Chapman (2006, 3-4) states that the production times of the company’s products are
significantly influenced by how much the customer has authority to set requirements
regarding the product’s structure or other characteristics states. Production volume and
expected output affect the company’s production model, which are known as Make-to-Stock
(MTS), Assemble-to-Order (ATO), Make-to-Order (MTO) and Engineer-to-Order (ETO).

Multiple production models can be applied within one company.

Based on Chapman’s (2006, 3-4) research, the case company applies MTO and ETO models,
meaning the customer has considerable influence over the project execution. The MTO
model allows the customer to influence product design using standard materials and
components. ETO on the other hand provides freedom regarding materials and enables the

development of entirely new products.
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Project scopes in the company often include various devices, but customer influence is
examined at the product level. Product families are used to define the outlines within which
the ordered product should fit. Standard materials are generally used in projects, but in some
cases, materials may be altered according to customer requirements. Entirely new products
are also sometimes developed if requested by the customer. The utilization of methods
requires skilled employees and flexible production, which causes complexity in production

compared to automated mass-production.

3.3 Production Planning Methods and Theories

Production in the case company follows theories in which the customer may have a strong
influence on project execution. Production is based on device orders. Products are modified
according to the customer’s needs and entirely new equipment is sometimes also developed

in line with customer specifications.

Production and the supply chain are continuously being improved, even though customized
production makes it more challenging. For example, implementation of a new ERP system
streamlines communication between processes. A production process tracking becomes
easier with the system, and by monitoring the processes, unnecessary working time can be

reduced.

3.3.1 Scheduling and Resourcing

Forecasting uses past experiences to forecast future expectations. Forecasting in
manufacturing companies makes decision-making easier when demand data is analysed over
a long period (Winkowski, 2019, 23-24). Forecasting the demand is one major decision in

Supply Chain and Operation Management (SCOM) (Ivanov et al. 2025, 80).

Ivanov et al. (2025, 352-354) states that demand predictions must be made, although the
predictions are often wrong due to market fluctuations. Forecast data is a base for production,
transportation, sourcing and inventory planning. According to Ivanov et al. (2025, 352-364)
and Winkowski (2019, 23-24), forecasting methods can be qualitative or quantitative.

Forecasting can be carried out utilizing expert estimates, time series analysis or regression
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analysis and the methods more in detail can be statistical, analogue, cause-and-effect

prediction or heuristic methods.

Forecasting is based on sales forecasting in the case company. The demand is tracked by
observing the sales performance. According to Proud and Deutsch (2022, 54-55), in a
customized production environment products are not in inventory which means that they
must have material, labour, equipment, capital and time to produce it. Master planning and
scheduling, ERP, Supply Chain Management (SCM) and Integrated Tactical Planning (ITP)
are used to ensure the resources needed. Forecasting can be used as a base for all these
operations. Various mathematical models and programming can be used for forecasting and

allocating resources.

According to Ivanov et al. (2025, 380-381), aggregate planning is utilized to achieve balance
between capacity, inventory and backlog. Three different aggregate planning strategies are
used to make compromises between the factors: capacity options, demand options, and
mixed options. Capacity options assume that production capacity can be adjusted according
to variations in demand. Demand options assume that demand can be changed to slower
periods or to use marketing to increase demand in lower periods. Mixed options combine
both capacity and demand options and is divided into chase strategy and level strategy. With
chase strategy, output rates are matched to the demand forecast. In level strategy, on the

other hand, a constant labour and machine capacity are maintained with steady output rate.

Proud and Deutsch (2022, 72-73) and Ivanov et al. (2025, 389) explain that master
scheduling is a process where a master schedule is built and reviewed. Adjustments are made
to the master production schedule to align it with the production plan. Master Production
Schedule (MPS) provides information about what must be made and when, according to the
aggregate production plan (Ivanov et al. 2025, 389). Based on Proud and Deutsch (2022, 72-
73), master schedule includes time periods, forecast, orders, projected available balance,
available-to-promise and MPS. Master schedule contains also considerations about material

and capacity availability which makes it a base for MRP.
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3.3.2 Continuous Improvement of Production

Continuous improvement is necessary in today’s business world where changes occur
quickly, new technologies are adopted, and market competition intensifies (Bozzone 2001,
9). These reasons push organizations towards improved customer services, faster operations

and cost reductions (Berhe 2022, 205).

According to Pinto, Matias, Pimentel, Azevedo and Govindan (2018, 1-13) and Pazek (2021,
1-16), companies seek to build a competitive advantage through continuous improvement.
From the perspective of production and production planning, the key theories of continuous
improvement are Lean philosophy, JIT and Kaizen which aim to optimize the use of

resources and continuously improve processes.

Lean manufacturing is a strategic management philosophy of an organization, aiming to
eliminate waste and increase productivity (Pazek 2021, 1-16). According to Chiarini and
Vagnoni (2015, 592), Pazek (2021, 1-16) and Pinto et al. (2018, 8-9), the Lean philosophy
originates from the Toyota Production System (TPS), created by Taiichi Ohno in the 1950s.
Lean manufacturing is based on the improvement of production flows, customer-oriented
production, and ergonomic working environment. The improvements are achieved through
utilizing Lean tools such as 5S, Six sigma, Kanban, Total Productive Maintenance (TPM)
and Single-Minute Exchange of Die (SMED). The expanded TPS structure created by Kehr
and Proctor (2017) is presented in Figure 4.

Pinto et al. (2018, 1-13) states that adhering to the philosophy provides a competitive
advantage for the company, as all forms of waste (muda) in work are minimized. Waste is
defined as anything other than the minimum number of resources essential to add value to
the product. Waste is minimized in such a way that quality and delivery reliability are

maintained, while ensuring customer satisfaction.
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Pull-system is based on an idea that components are produced only when they are needed
for further production (Ivanov et al. 2025, 308). Pinto et al. (2018, 3-4) states that just-in-
time (JIT) follows the Pull-System. Production in a JIT environment works in such a way
that products are manufactured exactly according to what has been ordered, precisely when
they are needed and in the exact quantity ordered. Not a single unit more, nor a single unit
less which applies to both quantity and quality. JIT production is used to increase operational
excellence by continuous improvement, including waste elimination, quality improvement

and cost reduction.

According to Pinto et al. (2018, 29-30), in JIT production planning, the goal is to build an
efficient production system in the following fields: quality, cost, employees and delivery.
Required quality is ensured by process development and working on equipment and
employees. According to the waste eliminating JIT environment, Profit should be Price —
Cost rather than Cost + Profit = Price. The JIT aims for employee flexibility, facilitating

the adaptation to changes. The delivery must be carried out at the required time and customer
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requirements must be met. Manufacturing industry companies have successfully eliminated

waste and increased sales through JIT and Six sigma implementation (Pazek, 2021).

According to Pinto et al. (2018, 14-19) and Rosenberg (2021, 31), Kaizen philosophy is a
way to achieve competitive advantage. Kaizen means change for better and the philosophy
is about continuous improvement alongside Lean and JIT. Kaizen philosophy aims to
standardize and create systems to maintain the level of change and supports everyone in the
organization to perform their work by eliminating non-value-adding activities. The
philosophy is adopted to enhance production values while also improving employee morale
and safety. Kaizen is a way of thinking and is a slow but ongoing process of improvement

(Rosenberg 2021, 31). Kaizen tools are, for example, value-stream mapping and the 5 why’s

(Pazek 2021, 1-16).
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4 Analysis of the Current State of Production Planning

The case company’s production planning challenges are related to customized production
and the lack of interoperability between the software systems in use. The analysis of the
current state of the production planning is based on expert interviews conducted with the
production manager of the case company. The interviews are aligned with the terminology

drawn from the literature and with the production planning theories.

The case company Laitex Oy has production units at Lappeenranta and at Sastamala.
Production at Sastamala concentrates on pneumatic conveyors and at Lappeenranta on the
rest of the products, for example, screw conveyors, belt conveyors and chain conveyors. At
Lappeenranta, there are two production units. At one location, machining and welding are
carried out, while the other includes assembly, warehouse, packaging and the company’s
headquarters. This research concentrates on the production planning in Laitex Oy

Lappeenranta’s production units.

4.1 Current Production Planning Methods in the Case Company

The current production planning software system has been in use at the company for the past
six years. With the software, projects are loaded into production at a device level, and the
device level plan is then allocated to human resources. These human resources include, for
example, steelworkers, welders, machinists, assembly workers and packaging workers. In
addition to these human resources, temporary labour is defined as a resource in the system,
so that work can be assigned to external workforce when necessary. There is a lot of variation
in the working time of the employees, up to 50 %, which is why the production times are
forecasted according to the slowest pace. The ideal load in the production would be a

constant 80 % workload, but this level is frequently exceeded.

At the beginning of a new project, a kick-off meeting is held in which sales transfer the
project for the project management. During the kick-off, the devices sold for the project are
identified, and based on the information, production is loaded into the production planning

software system. Any specific requirements and customized features deviating from the
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device’s root model should be identified at the kick-off. Based on the production plan,
deadlines for design and purchasing are determined. A master schedule is utilized, which is
an easy overview of production outlooks over a longer time. Purchases with long lead times,
such as certain gearmotors, are made immediately once the project has been transferred from
sales to project management and engineering. For the other purchases, a standard lead time

of five weeks is usually utilized.

Projects are manually loaded into the section with the most available capacity to carry out
the work. The loading process begins by considering when the products should be packed,
based on the delivery terms and delivery date. Usually, space must be created for projects
by reallocating works from one employee to another. The advantage of the software is that
the overall load of the production can be reviewed simultaneously. Each project has a
specific colour code, which visualizes the production load. The project statuses are also

colour coded, such as started, not started, and on hold.

There are models created for different devices in the software providing basis for the loading
of new projects. If the structure is nearly identical and no special manufacturing methods or
materials are required, the new device can be loaded using the same production times. If the
device differs from the established models, the production times are adjusted, and any used
special requirements are written down. With the current operating model, the working times
for customized products are estimates based on the production planner’s experience. The
production time for a new device is compared to the working times of several other devices
in the same category to estimate the required time. Customized production results in
significant variation in production times. When calculating working time, support structures
and connection elements must also be considered if they do not have their own work number

but are included under the device’s work number.

4.2 Production Planning Challenges with the Current Method

Devices are always customized to fit the customers’ needs, meaning the product structures
vary a lot. Devices have root models created by the product management, from which they
are designed according to customers’ requirements. In customized products, two devices
may have the same device code, yet their features can differ significantly, making it difficult

to estimate production times. Models are available in the software for several devices, but
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specific characteristics must be considered separately for each device. At Lappeenranta, the
company’s production manager is the only employee responsible for the production
planning, and all expertise in the field is in his knowledge alone. At the moment, only the
production manager knows how the company’s production planning operates in detail.
Based on a long work experience, the production manager can allocate projects to human
resources, as he is thoroughly familiar with the production methods and phases. The risk is
considerable, as the employee’s irreplaceability is extremely high. For this reason, the new
production planning approach should enable the onboarding of new employees into the role
better. This research examines what kind of human resources would ideally be in the
production planning team and how continuity of the work should be ensured when a new

employee begins in production planning tasks.

If notable structural changes occur during the engineering compared to the specifications
made in the kick-off meeting, the design engineer or project manager should inform the
production planning, as structural changes directly affect the required working time.
Communication about the changes is often poor and as a result, production times can be
unexpectedly extended by several hours. There is little room for extensions, as the ideal 80

% production load is continuously exceeded.

The main reason for the ERP system change is that the software system does not
communicate with each other, so data does not move automatically. From the production
planning point of view this causes, for example, a situation where the production supervisors
monitor the work phases and manually enters the production stages into the production
planning software. ERP system tracks the work phases, but it does not exchange data with

the production planning software.
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5 Implementation of the New Software

This chapter focuses on the implementation of the software and the transfer of data to a new
system. Different production planning software usage methods have been introduced, and it
has been examined how the new operating methods will change production planning and
what resources production planning will require in the future. The research methods for

gathering information for this chapter are expert interviews and testing-phase following.

5.1 Implementation of Software

The implementation process is in its final stages at the time of conducting this research. The
process tests are already well underway, but due to many variables, the Go Live date has
been postponed from the original schedule by more than six months. For example,
integrating customized production principles into the software has been one of the
challenges. As the timeline shown in Figure 5 illustrates, the designated implementation time
for the new software, also referred to as Go Live date is in early May 2026, when the software

will be taken into use across the entire company.

Once the work process testing, for example in production planning, is completed, the project
can move on to main and end-user testing as well as end-user training. The production
environment will be established, and ongoing projects will be transferred to Lean System
ERP during the final months of the project. The old and new software will be used in parallel
before the Go Live date, but afterward, the intention is to use only the new software

throughout the company.
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Figure 5: ERP system implementation end schedule and phases (Laitex Oy internal

material, edited)

5.1.1 Transferring the Data of Work in Progress to the New Software

Data migration into a new ERP system has been defined to be one of the biggest challenges
during ERP system implementation (Kunduru 2023, 1-6). The data transfer method is
limited by the software tools available and the users’ abilities. This research focuses on data
transfer between the V10 ERP system and the Lean System ERP. Thus, the methods are
limited to using CSV files exported from Excel spreadsheets, as well as the import tools
provided by the software provider. The information regarding the data transfer is based on

interviews with the finance department of the case company.

Completed and ongoing project data are a large data set to be transferred. The focus of this
research is on transferring WIP production data. Projects consist of many phases, and the
term ‘ongoing project’ does not indicate the current stage of the process.
Ongoing projects can be in different phases, for example, in design, procurement,

production, or warranty, and this categorization forms the basis for how the data transfer is
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structured. These stages may overlap, for example, production and procurement can be
underway simultaneously. The ongoing project data is divided into sections by the ERP

project team. These sections are presented in Table 1.

Table 1: Ongoing projects divided into sections

Ongoing projects

Design started — procurement not started — work created for rough capacity planning — production

not started

Design started — procurement in progress — work created for rough capacity planning — production

not started

Design completed — procurement in progress — production not started

Design completed — procurement in progress — production in progress

Design completed — procurement completed (including all receipts) — production in progress

e Note: Subcontracted production purchase orders may still be open

Design completed — procurement completed (including all receipts) — production completed
e Note: Installation and commissioning material purchase orders and subcontracting purchase

orders may still be open

Design completed — procurement completed — production completed — delivery completed — installation
and commissioning in progress
e Note: Installation and commissioning material purchase orders and subcontracting purchase

orders may still be open

Project completed — warranty period ongoing

e Note: Warranty-period material purchase orders and production tasks may exist under Service

The focus of the research is on projects with production in progress which are written in bold
in Table 1. The data transfer process is divided into two categories: data imported into the

ERP system and data that is newly created within the system.
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Production structures are one of the biggest data transfer processes related to production
planning. Data is transferred between SolidWorks Product Data Management (PDM) system
and the Lean System ERP. The transfer requires error-free data from SolidWorks PDM,
which is why a mechanical design engineer must verify the data. Additional data enrichment
is also required by the Lean System ERP. In addition, correct item types are required, and
these cannot be determined based solely on SolidWorks PDM data. Consequently, the data
transfer process requires diverse expertise from different areas and therefore requires a lot

of human resources.

5.2 Planned Software Usage Method

Lean System ERP works best when production planning is conducted at the level of
individual components. In an ideal situation, each part would have its own detailed works
including the specific work phases. This approach better suits production environments
where product structures and manufacturing processes are highly standardized. From a data
gathering perspective, the optimal use of the software system would involve creating works
for every component included in the BOM structure of the sold device. The approach would
enable precise tracking of manufacturing time for each component, thereby allowing

accurate production time and cost monitoring.

In customized production environments, tracking every single part creates challenges. The
same components are rarely or never manufactured, which means that the created works
would often be wasted if the same component is not produced again in the near future. It is
therefore necessary to evaluate whether dividing production planning to such a detailed level
is practical. A more suitable approach could involve grouping components into clearly
defined subassemblies. For example, the drive end of chain conveyor could be treated as a

single work, encompassing all parts within its subassembly structure.

Implementing the subassembly-based approach would require standardizing BOM structures
into predefined subassemblies. Achieving the level of standardization would require
substantial changes and active collaboration between product development and product
managers. These efforts are critical to ensure consistency in product structures and to enable

efficient production planning.
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The simplest usage method would be to create only one work for the device sold. This
method corresponds most closely to the previous production planning operating principle
and reduces the possibility of gathering data on production times compared to the other usage
alternatives mentioned. In this scenario, the BOM types of subassemblies are changed to

Pseudo BOM.

According to Arena (N.d.) and Cargoz (N.d.), Pseudo BOM allows the necessary materials
to flow in to sourcing and for the works. A Pseudo BOM, or Phantom BOM, is a reference
tool used in product structures. It is not used in the production process, and it does not
physically exist, but it is used to pass components through to the higher-level assembly

during production. It enables the components to be divided into logical subassemblies.

The final operating method of production planning will be defined in the results. The
following sections are the planned operating methods on a general level, including

uncertainties that will be clarified as testing progresses.

5.2.1 Project Transfer from Sales to Production Planning

Before production planning, the salesperson opens a project to which the sold items are
assigned and creates manufacturing requests from the sold items. The sales team creates
empty manufacturing structures for the items, based on which rough loading and works can
be created in the Works Balancer. In rough-level production loading, works are created at
the device level so that the necessary capacities can be reserved from different resource
groups. Rough-level loading is done only for in-house manufactured products, but the
loading also takes into account the time window for phase subcontracting. The production
planner follows the master schedule, which is the basis for defining production times. The

project manager creates a master schedule for the project.

Once the design of the device is completed, fine-level loading can be conducted. In fine-
level loading, entirely new works are created in the Works Balancer. These works are so-
called main work (at device level / sales line) and its so-called sub works. After the

engineering phase, materials are also reserved from the warehouse.



44

5.2.2 Project Transfer from Production Planning to Sourcing

With manufacturable parts, the sourcing department enriches the items by purchasing
information, such as lead time. If the enrichment has already been completed, the purchase
request will automatically appear in the system and be scheduled according to the production
schedule. The trigger for material procurement is work, which creates demand for
purchasing. Purchase designation does not create demand; work is required for the demand
to be formed. If a component is defined as purchase instead of work, demand will not be

formed for the lower-level components, meaning that material procurement is not triggered.

Sometimes the requested delivery date of a device can be many months forward in the future,
meaning that procurement does not need to be carried out immediately. The works are still
created, but the project does not yet need to be scheduled. It would be beneficial if the

material purchase request were triggered only when the status is changed to planned.

For components with long lead times, the purchase request would still be created manually,
and fully subcontracted parts will be scheduled by the sourcing department in accordance
with the project schedule. It must be determined whether the routings should be created at a
top-level, even when long lead time components are involved. If only a single work is

created, operational monitoring might become more difficult.

The production in Sastamala production unit consists of assembly alone, so the device
structures are clear when they are divided into several works. In Lappeenranta production
units, on the other hand, there is a much wider variety of devices and production processes.
The devices include customized features, resulting in a bigger number of work phases that

are device specific.

For routings in which the device’s work phases are divided, it would be possible to use phase
allocated materials. However, phase allocated materials are not suitable for this context and
therefore should not be implemented. Instead, materials could be assigned and allocated

based on the item type, such as a flame-cut component.

In the overall view, the item appears in the status purchased part, because the assembly
supplier is responsible for procuring the components included in the assembly, while the
company’s own purchasing is only responsible for the top-level assembly item. As a result,

it becomes difficult in the device’s overall view to distinguish which components are
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purchased by the company and which are purchased by the supplier. This could be solved,
for example, by marking the BOM section with a checkmark whenever an item contains
additional components beneath it. This would allow users to immediately see that the item

is not a single standalone component.

5.2.3 Project Transfer from Production Planning and Sourcing to Manufacturing

Changes compared to the device sold during the design phase are common. Communication
of these changes is essential, as production times are affected by structural modifications.
This communication is often poor, which leads to problems in production. Customer

schedule changes also have an impact on the entire production process.

Manufacturing employees will track both their working hours and the progress of works
using the Manufacturing Portal add-on. The start and finish of work are conducted on the
Lean System ERP Manufacturing Portal, where an employee searches for work that is in a
ready-to-start status. Once the task is completed, the production worker chooses the finish
status, and the workshop supervisor confirms the final completion of the task. This change
will improve the accuracy of production time-tracking. However, if works are created for
every individual component, time stamping would become highly time-consuming.
Conversely, if work is created at the subassembly level, time stamping takes less time, but

the accuracy of data tracking would decrease.

For the optimal use of the Lean System ERP, material collection in production would be
required. Material collecting has not been previously used by the case company. For the
perspective of the warehouse and the finance department, material collecting would provide
clear and easily traceable material gathering according to the device’s requirements. No
employees have been assigned specifically for material collection, so it would be necessary
to train production personnel and conduct practical testing using a wide device structure. In
Lappeenranta production units, several new works would be started on average every day,
which makes material collection labour-intensive as an additional task with the current
staffing. Initially, the finance department wanted the material collection to be conducted at
the beginning of the work, but this requirement was allowed to be more flexible. The timing

of the material collection will not be that critical if the material collection is implemented.
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In Lean System ERP, it is possible to define transfer times. The transfer times can represent,
for example, the movement of items from one machine to another in the company’s in-house
manufacturing, transfers between production points or transfers between delivery locations.
Transfer times support the optimization of production lead times. Transfer times will not be
utilized in the company’s in-house manufacturing, but for subcontracted work phases,
transfer times can be utilized. Transfer times can be utilized for subcontracted work phases,

for example, if freight takes two days each way.

5.3 Changes in Production Planning

The monitoring of already loaded projects is improved through the software change. With
the previous operating model, both loaded and unloaded projects are recorded manually,
which is time-consuming and prone to errors. The Lean System ERP software offers

functionalities that can streamline tracking processes, such as the use of a To-Do List feature.

Information flows from the Aton PLM system to the Lean System ERP once the design of
the entire device is completed. At that point, the project appears on the To-Do List, allowing

the production planner to initiate loading for the device.

Under the previous operating model, the project defined the design deadline. In the new
operating model, the project manager creates the master schedule but does not have visibility
into the fine-level loading performed by production planning. With the new method,
production planning follows the master schedule created by the project manager rather than

creating its own schedule.

The tracking of works will differ from the current operating method on some level. The level
will be defined in this research. If work tracking is taken to the component level or even to
the subassembly level, time tracking will become more accurate. With accurate time
tracking, production planning would be easier to conduct, as production times would not be
estimated based on knowledge anymore. If work tracking remains at the device level, a
knowledge of production times will still be required. However, it is possible to divide
production into clearer sections and increase the amount of subcontracting, which could ease

production planning compared to the current situation.
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5.3.1 Change in Resource Requirements in Production Planning

The change in resource needs in production planning depends on multiple factors, such as
how challenging it is to manage the complex structures transferred from Aton PLM system
to Lean System ERP. The chosen software system has limitations related to data handling,

such as restrictions on available views.

If the production planning team in Lappeenranta were expanded to two full-time resources,
instead of one, responsibilities could be divided between planning for in-house
manufacturing and planning for subcontracted production. If one or two production planners
manage all production planning tasks mixed, the work might become disorganized, and

therefore a clear division of responsibilities could be beneficial.

In production planning, detailed scheduling is time-consuming. Due to the poor traceability
of operation times, time estimates for detailed schedules are based on experience. Even
though additional resources would be needed for production planning, it is not feasible at
the moment without extensive experience with the company’s devices and production

operations.

However, additional support is required to build routings in Lean System ERP. The work is
manual, as the operation models are constructed based on the structures from the old
software. The production manager does not have sufficient resources to build routings alone,
and the task does not depend highly on expertise, unlike other production planning tasks in
the company. However, the resource need for building routings might not be full-time and
therefore the production planning team might not need new employees. Once the software

usage method has been defined, the actual resource requirement can be determined.



48

6 Results and Analysis

This chapter presents the results of the research. The results address the research questions
defined in the research, emphasizing the level of detail of the usage method, the transfer of

ongoing project data, and changes in resource requirements.

6.1 Produced New Information

The research succeeds in producing new information regarding the ways in which the
software can be used, and production planning renewed from the perspective of customized
production. For optimal software utilization for production planning, creating detailed works
would be the most beneficial approach, as it enables detailed data tracking and therefore
supports cost calculations. However, highly customized production of the case company is
not yet adaptable enough for creating works for each component or subassembly. The level
chosen in this research is chosen to best support the needs of the case company’s production.

Work tracking will continue at the equipment level and utilize Pseudo BOM structures.

From the beginning of the research, it was evident that additional resources might be needed
for the production planning department without any changes. The research defines the
changes in production planning and based on this, results were obtained regarding what
kinds of additional resources are required and to what extent. With the ongoing software
transition, production planning will be taken to a slightly more detailed level. Additional
resources will be required at least during the implementation and for a while after that as a
part-time resource. The construction of routings in the new ERP system requires the most
additional resources. The estimated additional resource need is approximately 20 % of
weekly working hours, which can be covered by hiring a new employee or by assigning the

work to a designated employee alongside their other responsibilities.

In addition, the research succeeds in defining the way to transfer the WIP production data
into the new software. The ongoing project data will be transferred using Excel and CSV file

formats, through which the required information can be imported into the new ERP system.
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For WIP, it was possible to distinguish between data that is imported to the software and

data that must be manually recorded.

6.1.1 Chosen Software Usage Method

The chosen software usage method selected in this research is developed by utilizing several
expert interviews with the production manager as well as following the software testing
phase. The final version of the operating model was finalized during the production-related
End-to-End testing. During the testing, deficiencies in functionality were still identified. The

figures presented in this subsection are materials from the End-to-End testing.

The selected software usage method evolved during research into a device-level tracking
model which is similar to the previous method in use. Device-level tracking will be
implemented initially, and later, through production-strategic changes, the aim is to
standardize in-house manufacturing so that subassembly-level or even component-level can
be implemented. At present, schedules limit the implementation of larger changes, as the Go

Live date is approaching.

The production planning process in the new software begins after the project kick-off, when
work operations for main work and a preliminary schedule of operations are created. The
sales department has already created empty production structures. Routings and rough-level
production loading are created for works, after which the works are scheduled using Works
Balancer. Structures with long lead times confirmed by design are transferred to the
production structure using the ‘copy BOM’ function, and material reservations are created
for the already existing main work using the ‘create material reservations’ function. After
the device design is completed, the final structure is transferred to the work. Subsequently,
material reservations are updated, and detailed works and schedules are added. A batch run
is executed to generate purchase proposals for procurement. These operations are illustrated

in Figure 6.
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Figure 6: The start of the production planning process: production structures & planning

(Laitex Oy internal material)

The next phase in production planning is creating works from work proposals, and the work

operations are scheduled using Works Balancer. After this, the required components are

purchased by procurement, and subcontracted components are collected and delivered from

the warehouse, while purchased components are received. Purchase invoices are approved

by finance. After that, the work is started, materials are collected for manufacturing, and the

product is manufactured in production. These operations are presented in Figure 7.
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Figure 7: Creating works and transferring the project into manufacturing and procurement

If the project is updated during the design phase, the BOM is added to the production

structure, and the production structure is updated to the work. Finally, the devices are

finalized in production and packed in the warehouse. Finance handles invoicing. The final

phases of production and delivery are illustrated in Figure 8.
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The research focuses on Capital Expenditure (CAPEX) projects manufactured in
Lappeenranta and gives less attention to the pneumatics business in Sastamala as well as the
service business. In these business areas, production planning and software usage methods

differ slightly from standard projects.

In the pneumatic business, production consists solely of device assembly. As the production
there is a simpler process, each component can be assigned to its own individual work. This
method is optimal from the software point of view, as it is designed for component-level

production planning.

In the service business, devices that have already been in use are refurbished or replaced.
Service operations require flexible, device-specific working times. In the Lean System ERP,
only one routing will be created, from which the number of working hours can be adjusted
as needed, and projects will be executed as light Project Management Activities (PMA). The
production planning for service operations will also remain similar to the previous operating

model, as service projects are never standard.
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6.1.2 Defined Work Types

During this research, different types of works created in the system were defined. Works will

be divided into four clearly defined categories in the software. After the implementation of

the new software system, there will be following types of work:

Work: A standard work conducted at device level according to the selected method.

Change work: Used when product structure is revised, meaning structural changes
are made. The process is already underway, so the work is not started from scratch.
When performing change work, it is essential to determine the current stage of the

project. For example, whether the device is already in assembly.

Rush work: A project that requires a rapid schedule for completing sales, design,
procurement, and manufacturing, for example, within two weeks. This requires that
the sales order line is created quickly in the ERP system, from which the BOM and

production structure can be created.

Additional work: Additional tasks, for example a chute, are ordered for an existing
project, which in the old method would have created a new work number. In this
case, a sales order is created with a sales line that proceeds to design, procurement,

and manufacturing. The additional work is linked to the previous complex.

6.1.3 Defined Item Types

In in-house manufacturing, a production structure can have the following item types that are

defined in Table 2. When the device’s design is completed, the final BOM is updated to the

production structure. The top level of the device is: Device, Manufacturing. Devices that are

manufactured in-house must include the structures mentioned above.

A manufacturing BOM is an in-house manufactured structure. A pseudo BOM is an in-house

manufactured subassembly for which no separate work is created. Purchase BOM is a

purchased item which is procured externally through the purchasing department.
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Table 2: Item types for in-house manufacturing

Manufacturing items (production structure)
Manufacturing BOM
Purchase BOM
Pseudo BOM

Outsourced item types were also defined in this research. Outsourced item names describe
in detail how each item is managed. Item types for manufacturing and outsourcing are

presented in Table 3.

Table 3: Item types for outsourcing

Outsourced items

Purchased item

Fully manufactured item

Purchased item, but some components are sent to

a manufacturer

Some subassemblies are purchased, but the final

assembly is done in-house

6.1.4 Solutions for Observations Made During the Software Testing Phase

During the testing phase, observations emerged regarding the use of the ERP system and the
future production planning process. These observations were raised by the key users, and the

solutions were developed collaboratively with the ERP project team.

There were concerns about the operational monitoring of works if they were tracked only at
a top-level (device-level). The solution to this is the previously mentioned Pseudo BOMs.
With Pseudo BOMs, it is possible to avoid creating separate works for each individual

component while still ensuring smooth operational control.
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The visibility of subassemblies from the top-level item was improved by adding a plus sign
to the L-row, which expands to show the subassemblies and immediately indicates whether

any exist. The solution for subassembly viewing is presented in Figure 9.
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Figure 9: How to access the subassembly view in Lean System ERP (Laitex Oy internal

material)

Significant effort has been dedicated to item management during the ERP project. In the user
training, particularly in the Item Management training held by Laitex Oy (2026), the future
way to manage items was introduced. The research used an example earlier suggesting that
materials could be assigned and allocated based on item type, for example, a flame-cut part.
The item group plays a decisive role in how an item is processed in the Lean System ERP,
for example in terms of production loading and procurement. The renewal of item
management aims to achieve more comprehensive item data and eliminate duplicates. This
helps to avoid redesigning, as under the current operating model, thousands of nearly
identical 3D models can be found in the PDM system. Figure 10 presents the top-level item

categories, under which all items should be organized.
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P L0000 Own design items

P RO0O0O0 3rd party equipment

Figure 10: Top level item-categories and codes (Laitex Oy internal material)

6.1.5 Transfer of the WIP Production Data

According to Kunduru (2023), data migration tool selection is usually based on data set sizes,
provided methods and user skills. These factors were influencing the chosen data migration
tool. The parallel data conversion data migration method is used in which both ERP systems
are used parallel for a certain period. Data is processed in the old system and at the same

time selected data is migrated to the new system, where it is validated.

Based on the expert interviews conducted with the finance department of the case company,
it was concluded that the data transfer tool developed by the business controller in spring
2025 will be utilized for the data transfer. The finance department has continued developing
the tool further to enable the transfer of large data sets between software systems. The data
to be transferred is converted into CSV format using Excel, after which it is imported into
the Lean System ERP. Some of the data can also be imported independently, as the new ERP
system includes built-in import tools, and the software provider will import the data for

which no ready-made tools exist.

The functionality of the data transfer tool can be examined in more detail through an example
in which a production structure, for example, a BOM structure needs to be transferred into

the new ERP system. The data transfer tool operating model is presented step by step in
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Table 4. Product structures are transferred from SolidWorks PDM BOM structure to Lean
Import template through an Excel template. Data cannot be lost during the transfer, and all
data must be routed correctly in the Lean System ERP, for example, each item must be

assigned to the correct item type.

Table 4: Transferring a BOM structure

Transferring a BOM structure into the new ERP system

1. The design engineer sends a BOM copy intended for transfer

2. The BOM copy is pasted onto one Excel sheet, from which — in the ideal case — the

imported item list and BOM are automatically generated on other sheets

3. The sheets are saved as CSV files

4. The CSV files are imported into the Lean System ERP

Excel-based transfer has been a clear option from the beginning, as it is efficient and manual
data transfer would consume unnecessary time. The tool is a complex network with

numerous exceptions to its functionality.

From the previously mentioned stages of ongoing projects in Table 1, the projects with WIP

production are monitored.
e Design completed — procurement ongoing — production ongoing

e Design completed — procurement completed (including receipts) — production

ongoing

The data transfer process is divided into two categories: data imported into the ERP system
and data that is newly created within the system. Appendix 1 presents the data transfer
process for a project that has ongoing production. Regardless of the status of procurement,
the transfers are performed in the same way if the project’s production is ongoing. In
Appendix 1, the data to be transferred is separated into two sections: data that will be
transferred to the Lean System ERP and data that will be newly created in the system. Time
entries for works are transferred as opening balances at the activity and work levels,

depending on the role. Production employees record time via works, which are then
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aggregated to activities and projects. For officers, time entries are recorded directly at the

activity level.

6.1.6 Changes in Resource Requirements

The resource need will increase slightly with the new software based on expert interviews
and chosen software usage methods. Full-time resources are not yet required for production
planning with the chosen software usage method. As the works will be still created at the
device level, the role remains dependent on expertise as detailed data on production times
cannot be gathered. In the future, if production planning is taken into subassembly or
component level, data will be easier to monitor, and production planning could be performed
by a person with less expertise. This would help balance the workload, as current resources

are almost fully utilized.

The major limiting factor in resourcing is that the production fine scheduling software,
Works Balancer, can only be used on-site in Lappeenranta or Sastamala. There is only one
license per site, and the software cannot be accessed remotely. Therefore, fine scheduling
cannot be performed remotely by possible additional resources, and additional resources

should be hired to work on-site.

However, during the final months of the testing phase and implementation process, the ERP-
project team started to investigate whether Works Balancer could be used remotely after all.
It must be determined whether Works Balancer could work remotely in a way over a Virtual
Private Network (VPN). At present, there is no solution and solving the problem will happen
outside the scope of this thesis. According to the ERP Project Manager, the external address
used by the browser must be included in the site-to-site VPN tunnel configuration. The
possibility of remote use is, however, considered when defining the resource needs.
Depending on the VPN configuration, it is possible that browser traffic from a laptop
connected via VPN might still use the laptop’s external address and does not route traffic
through the VPN. In such case, accessing would require establishing a remote connection to
a workstation that is inside the customer’s network, and from there the browser could be

used.
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Production and production planning can be divided into in-house manufacturing,
subcontracted items, spare parts, and refurbished items. Therefore, it would be possible to
distribute the production planning process completely across resources. Subcontracted
projects and spare part projects are entities that do not require specific knowledge of
production time estimates. Even a new and inexperienced production planner could manage

production planning and fine scheduling of those projects.

Over the past six years, during which the old production planning software has been in use,
items have been created for each device as new devices have been sold. These existing items
must be transferred to the new software, which requires working time. The company’s
production is MTO and ETO environment, according to Chapman (2006), meaning that the
number of items is extremely large. As a result, the transfer of items alone creates a need for
additional capacity. The greatest resource need is for building routings as a part-time
resource. This means that the work can be performed alongside other tasks, and new
recruitment may not be necessary. If a new hire is made, the role will include responsibilities
beyond production planning. The resource needs are defined based on interviews conducted

with the production manager in Lappeenranta and the business unit manager at Sastamala.

If the Works Balancer can be used remotely, it is possible to divide the production planning
tasks so that a less experienced production planner can manage the loading of subcontracted
projects and spare part projects. However, fine scheduling is only a small part of the work,
as most production planning tasks can be performed in the Lean System ERP. Additional
resources are needed, at least for building routings. The resource need is not full-time, so if
anew hire is made, the role will include other responsibilities. The most cost-efficient option
would be that the work is performed by a designated employee already working in the
company. The estimated division between production planning and other tasks would be
approximately 20 % production planning and 80 % other tasks, based on the estimate of
weekly workload for production planning. The production planning resource needs vary
depending on the projects sold. In addition, the resource need is initially temporary,
approximately four months from the Go Live date. It is not yet possible to estimate the need

beyond that.

A dedicated person has also not yet been assigned for production planning at the Sastamala
office. The workload there is even less, as the production volume is significantly lower than

at Lappeenranta. Production planning in Sastamala will be performed at the component
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level, as assembly is the only production process. Therefore, strong production planning
expertise is not required for the role, at least initially. Production planning could therefore
be managed, for example, by a designated project engineer alongside other tasks, or a new
hire could be made to manage both production planning and additional responsibilities. In

Sastamala, there would be needs especially related to logistics and warehouse operations.

6.2 Concrete Applications

The concrete applications of this thesis are the implementation of ERP-based production
planning software and enhancing the production and production planning processes. The
results show that standardization of production processes is required to enable production
time tracking further process development. Additionally, the results show that the risks in

the production planning process should be addressed.

The software will be implemented with the selected level of detail and adjusted later if
necessary. The product families can be further refined and standardized to enable more
detailed production tracking in the future. The development of the production strategy will
continue, particularly concerning outsourcing. The more in-house production is
standardized, the easier it becomes to monitor production times. Precise tracking of
production times facilitates production planning, as production time data allows accurate
estimation of time required for new devices. This, in turn, would simplify detailed
production scheduling, as production times would no longer be experience-based estimates.
Consequently, new personnel could be hired for production planning to distribute the

workload and improve continuity of the production planning process.

6.3 Generalizable Results

As this research is a single-company case study, the amount of generalizable results is
limited. The generalizable results concern detailed production time tracking in a job shop
environment, risks in the production planning process, and data migration tools. By applying
the same research methods and research design, similar research could be conducted in
another company undergoing an ERP system transition or the implementation of new

production planning software.
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The most generalizable finding concerns data migration, as CSV files are a widely applicable
solution for transferring data between software systems (Dziedzic et. al. 2016, 2). The chosen
tool is suitable for large amounts of data and using it does not require specialized expertise,

and software providers are likely to support the use of CSV files (Kunduru 2023, 1-6).

The phases of the WIP production data transfer are described in detail in this research, and
the distinction between data to be transferred and data to be newly created is presented
comprehensively in Appendix 1. These results can be applied to cases where data must be
transferred between two software systems, especially in situations involving the transfer of

WIP production data.

The other findings of the research are strongly tied to the operations of the case company.
There are some generalizable results considering software usage method and risks of
production planning team. The company’s production is a complex filled with exceptions,

and no identical production environment exists.

Companies that are considering replacing their ERP system or are currently implementing
an ERP system may benefit from the results of this research, especially when considering
implementing the same ERP system as in this research. Manufacturing companies with
similar processes and customized production environment may find the results particularly
useful when planning or executing an ERP project. The aim of the ERP system replacement
was to introduce a more detailed method for tracking production works, although it was not
yet implemented. However, the research partially identified a strategy for achieving the
desired goal: tracking works at the subassembly or component level. The most important

acts are increasing subcontracting and standardizing the subassemblies of product families.

In addition, the research identified risks in production planning as well as ways to improve
continuity if a new production planner is hired for the team. The risks were related to the
dependence of production planning on process knowledge and to the resourcing of the
planning team, for which risk mitigation actions were also identified. Many companies may
face similar risks in production planning, and therefore the mitigation acts introduced

especially in the Discussion section may be applicable in other organizations as well.
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7 Discussion

This chapter presents the key findings of the research and compares the results to previous
research in the field. The quality and objectivity of the results are discussed, and the novelty
values are examined. Finally, suggestions for future research are provided based on this
research, with the aim of supporting the ongoing development of the company’s production

and production planning.

7.1 Comparison and Connections to Previous Research

Previous research has addressed the implementation of Lean System ERP, but not widely
from the perspective of customized production. The studies examining the implementation
of the software are mainly theses, meaning that only the themes can be compared for the
sake of reliability. However, the literature provides extensive information on ERP projects,

production environments, Lean philosophy, and data transfer.

The complex customized production of the case company creates several challenges during
the research process, and as Thomalla (2001) states, JIT and customized production
scheduling are a great challenge for production planning. Theories related to job shop
processes and MTO and ETO environments are also applicable to the company’s production.
According to Bozzone (2001), the methods and traditional tools of production planning are
utilized differently in the job shop process. As observed in this research, the company has
developed production planning methods that suit their own needs. However, these methods
require modernization to achieve shorter lead times, reduce costs, and maintain
competitiveness in the market, as highlighted by Berhe (2022). Production planning methods
are being renewed due to the new software implementation. The use of To-Do lists improves
the monitoring of the already done work. Production strategy and potential categorization of
production (in-house manufactured, subcontracted, spare parts, refurbished) will clarify the

production planning process.

Although Lean philosophy is not the research focus, the ERP project follows the core

principles of Lean philosophy, aiming to eliminate waste and increase productivity (Pazek
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2021, 1-16). The implementation of the new ERP system marks the beginning of a new era
for the company. In this new era, the aim is to eliminate all unnecessary work, ensure that
every activity creates added value, and avoid redundant rework. An example of this is the
renewed item management approach, where duplicates and unnecessary rework are
eliminated. In production planning, the aim is to improve monitoring, which in turn enables
shorter lead times and more efficient production. Although the change of production

planning software did not directly enable full traceability, it remains a long-term goal.

The reasons for replacing the ERP system were similar to those identified in previous studies.
The reasons were mostly that the software must be modernized, and new features and
functionalities were desired. As in this research, ERP projects are driven by goals and
schedules set by the company and the software provider. The main phases of the ERP project
in this research are similar to those described in the literature review. According to Kakouris
& Polychronopoulos (2005), the software is developed, tested, data is transferred, and finally

the system is taken into use.

This research provides some new perspective on the customized production topic. This
research thoroughly reflects both the current state and the future and presents a wide range
of factors influencing production planning. The research highlights, on a general level, how
challenging production planning can be in a highly customized production environment, as
well as the risks associated with the current operating model of the production planning
process. In this research, it is identified that fewer devices should be in in-house
manufacturing in the future so that production can be monitored more effectively and
production planning can be conducted at a more detailed level. The research also presents
solutions for how the production planning process can be improved in the future and how

associated risks can be mitigated.

In previous research, data transfer was transferred using Excel and CSV file exports, which
was chosen to be the method used in the ERP project of this research. This form of data
transfer is simple, well suited for moving large volumes of data, and does not require strong
specialized expertise. The method has its downsides as the method is heavy and time-
consuming (Dziedzic et al. 2016). The ERP system also supports this transfer method, which,

according to Kunduru (2023), are essential factors when selecting a data migration tool.
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7.2 Objectivity

Objectivity and subjectivity describe the role of the researcher in research and directly
influence validity and reliability (Bayramova & Edwards 2026, 5913). The research is
executed as objectively as possible, meaning that bias and dependence on the research are
avoided. According to Drenth (1998), objectivity is defined as the degree to which observers
record data in the same way, as the evaluation of data in scientific research should not be

affected by the researcher’s subjectivity.

Especially conducting research within the researcher’s own organization, attention should
be given specifically. According to Coghlan (2019), a researcher must rise above their own
perspective when studying their own organization. According to Fellows and Liu (2016, 9-
10), the researcher’s influence on the research should be considered in situations where their
presence affects the data collection and the results derived from it. Bias may arise
consciously or unconsciously during data collection, analysis or interpretation. The

researcher’s influence can be avoided through careful documentation and reporting.

As the research was conducted within the researcher’s own organization, all bias has been
intentionally minimized, and the interview and observation notes have been written down
strictly based on what is heard, without the researcher’s interpretations. The analysis of the
research results and the formation of conclusions are inevitably influenced by the
researcher’s interpretation, but the results are based on the information collected and
documented during interviews and observations. No prior perspective on the research topic
has been formed, as the themes of the ERP project and production planning were mostly

unfamiliar to the researcher beforehand.

7.3 Reliability, Validity and Saturation Analysis

Based on the analysis of reliability, validity, and saturation, it is possible to evaluate the
repeatability of the research, the suitability of the research methods, and the sufficiency of
the collected data. Research is considered high quality when both reliability and validity are
strong. However, according to Saunders et al. (2016, 203-205), measuring quality through

these aspects is sometimes considered problematic in qualitative research, as quality is
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socially constructed and multidimensional. Therefore, these aspects should not be applied

too rigidly when analyzing qualitative research.

7.3.1 Reliability of the Research

Saunders et al. (2016, 204-205) divides reliability into internal and external reliability.
Internal reliability refers to the consistency with which the research is conducted. External
reliability means that if the research methods were repeated by the same or another
researcher, similar results would occur. Qualitative research does not need to be repeatable
in a way that produces the exact same results, as the participants’ situational interpretations
influence the outcome. However, the methods, context, and research design must be

repeatable.

The reliability of this research is threatened by participant error and bias, as well as
researcher error and bias, which are presented in Figure 11 and are particularly important
when using interviews as a research method. The reliability of interviews is strong when
interviewing the same person yields the same result on two different occasions (Hirsjarvi &
Hurme 2008, 186). In general, the reliability of research is strong if the researcher can repeat

the research and obtain the same results.



Threat

Definition and explanation

Participant error

Participant bias

Researcher error

Researcher bias

Any factor which adversely alters the way in which a participant
performs. For example, asking a participant to complete a
questionnaire just before a lunch break may affect the way they
respond compared to choosing a less sensitive time (i.e. they may
not take care and hurry to complete it)

Any factor which induces a false response. For example,
conducting an interview in an open space may lead participants
to provide falsely positive answers where they fear they are being
overheard, rather than retaining their anonymity

Any factor which alters the researcher’s interpretation. For
example, a researcher may be tired or not sufficiently prepared
and misunderstand some of the more subtle meanings of his or
her interviewees

Any factor which induces bias in the researcher's recording of
responses. For example, a researcher may allow her or his own
subjective view or disposition to get in the way of fairly and
accurately recording and interpreting participants' responses
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Figure 11: Common threats to reliability, including participant and researcher error and

bias (Saunders et al. 2016, 203)

The findings answer the research questions based on the research problem and objectives.

Internal reliability has been ensured by writing memos, as suggested by Saunders et al.

(2016), which later supported the analysis of interviews and observations. Repeating the

research methods would produce similar results regarding the themes examined. As noted in

the analysis of objectivity and subjectivity, it is possible that interpretations of the results

may differ between researchers, but all perspectives that emerged have been presented

without any bias.

Participant error and bias, as well as researcher error and bias, are minimized by scheduling

interviews on less busy days and conducting one-to-one interviews, ensuring that responses

were not influenced by the presence of others. The interviewer’s attitude did not influence

the recording of data, as the notes were written to reflect all perspectives. Taking all these

aspects into account, the results of the research have been measured appropriately, and the

research is repeatable. Therefore, the reliability of the research is strong.
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7.3.2 Validity of the Research

Saunders et al. (2016, 202) divides validity into measurement validity, internal validity, and
external validity. The concept of measurement validity includes face validity, construct
validity, content validity, and predictive validity. Validity is strong when the correct things
have been measured, the analysis of the results is accurate, and the findings are generalizable.
In interview research, construct validity related to the research design is strong when the

research examines exactly what it is intended to examine (Hirsjdrvi & Hurme 2008, 186).

The validity of this research is strong, as the chosen research methods support answering the
research questions. For each research question, the data collection methods were clearly
defined, and by following these methods, the necessary information was obtained. The
literature review established the theoretical framework of the research, which helps in
understanding the topics investigated in this research. Different types of interviews were
used to examine software usage method, changes in resource requirements, and data transfer.
Testing was observed to understand system usage and to build an overall picture of the ERP
project. Based on this, it can be concluded that the research has measured and examined the

correct aspects that correspond to the research questions.

7.3.3 Saturation Analysis

Theoretical saturation is achieved when the collection of new data reveals little, if any, new
characteristics, information, or themes that would be relevant to the research (Saunders 2016,
194-297). The amount of qualitative data collected in this research and the findings are
sufficient. The use of method triangulation with three research methods has produced enough
data to enable the formation of conclusions. Therefore, the saturation of this research can be

considered adequate.

7.4 Key Findings

Key findings of the research are related to the research questions. Chosen production

planning method and software usage method indicates what changes must implemented in
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the production of the case company. The implemented changes would enable more detailed
work monitoring. Although the production planning resource needs did not increase
significantly during the implementation, it was possible to identify risks of the current

production planning resourcing as well as the changes needed to eliminate those risks.

7.4.1 Chosen Software Usage Method — BOM structures, Product Families and

Subcontracting

In the beginning, the production planning software was planned to be implemented at the
subassembly level, where works would be created for device’s subassemblies. The method
was not planned to be implemented at the component level, where each component would
have its own work. However, the final decision was to implement an approach closer to the
previous operating method, meaning that works are created at the device level. The aim is to
take production planning to a more detailed level in the future, but with the current schedule

and strategic changes already made, it is not feasible.

More detailed production time tracking requires standardizing the structure of the existing
devices. Detailed tracking requires that product families are refined, and the functionality of
device BOM structures are improved. The products will remain customizable, but the

standard products in in-house production must be further standardized.

At the same time, a strategic shift is needed in which entire product families are transferred
from in-house manufacturing to subcontracting. Procurement and production collaborate to
find machine shops that could operate as subcontractors with the required quality, cost, and
lead time. For example, cooled devices are planned to be moved to subcontracted
manufacturing. Certain product families, however, intend to remain in in-house
manufacturing, where the more detailed production data tracking enabled by the ERP system
would be utilized. Product families remaining in in-house manufacturing include selected

groups as rotary feeders and slide gate valves.
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7.4.2 Changes in Resource Requirements

Production planning and fine scheduling at the Lappeenranta office are currently handled
entirely by the production manager, which makes it clear that additional resources are
needed, especially with the new software and production planning method. However, the
continuity of production planning has not been secured, meaning that a new employee cannot

be hired directly into a full planning role but only into supporting tasks.

The change into a new software will increase the production manager’s workload, and even
with the previous operating model, the workload level was already high. It should be
considered whether fine-scheduling should be separated from the production manager’s
responsibilities, as scheduling is currently performed only in the gaps between meetings.
The workload of in-house production planning should be brought to a level where other
employees can also perform the fine scheduling, as the amount of work is becoming too

large for one person.

At present, no one else can perform fine-scheduling for in-house manufacturing projects or
refurbishment projects. The task requires a thorough understanding of the company’s
production processes, as in the company’s job-shop environment the production planner
must know all production processes and the skill levels of employees in detail to perform
fine-scheduling. An additional resource could support the fine-scheduling of subcontracted
projects and spare part projects, but for now this would only be possible on-site due to the

remote-use limitations of Works Balancer.

If a new person starts in production planning, continuity should be ensured. The current lack
of continuity poses a significant risk: for example, if the production manager were to take a
long sick leave, a substitute would not be able to perform the work at the same level.
Comprehensive instructions must be created for production planning, covering software
usage and the entire planning process. In the future, shifting from device-level works to
subassembly-level or component-level works will help improve the accuracy of time
tracking, enabling others to participate in the fine scheduling. However, this transition will
take time, and it will be a long while before production times can be reliably monitored based

solely on data.
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7.5 Novelty Values of the Results

The research highlights challenges in combining highly customized production with detailed
production planning which is an area that previous research has not strongly focused on. The
research identifies factors that can improve the efficiency of production planning. However,
achieving these improvements requires significant changes in production, and the role of
subcontracting becomes more remarkable. The changes will require time and resources.
Nevertheless, enhancing production planning and production process efficiency could lead

to substantial time and cost savings.

7.6 Further Research

The implementation of the new ERP system enables production time tracking for individual
components within product structures. If the production strategy and BOM structures are
clarified, it will be possible to gather numeric data on production times. Before going to
production times in more detail, the division between in-house manufacturing and
outsourcing should be examined to reduce the number of in-house manufactured devices that

need to be monitored.

Once production strategy has been clarified, the BOM structures of the devices could be
reviewed. The subassemblies require optimization and standardization so that production
times can be tracked in detail at the subassembly or later at the component level, which

would be the most efficient way to monitor production.

Currently the collection of detailed numeric data is not possible, but in the future, such data
could be utilized to optimize the production. Customized production complicates data
gathering, as data from identical components can be collected infrequently or never.
Nevertheless, the company has a few relatively standardized structures, which could serve

as a starting point for systematic production time tracking.

By monitoring the production time on each components’ production, it becomes possible to
identify production bottlenecks and unnecessarily time-consuming factors. According to
Pinto et al. (2018), non-value adding factors are considered as waste regarding to Lean

philosophy. Eliminating waste can lead to time and cost savings, which is defined as
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productivity increase. Adopting different Lean manufacturing tools could provide
competitive advantage for the organization through production optimization and
productivity increase. After the elimination it is possible to examine the reduction of lead
times even over a longer period, as well as the improvements in production planning resource

planning and scheduling.
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8 Conclusion

This research examines the implementation of a new production planning software in an
industrial manufacturing company undergoing an ERP system transition. The research is a
case study that defines the optimal level of detail for the software’s usage method, identifies
the resource needs for the production planning team, and defines how the WIP production
should be transferred into the new ERP system. The research combines literature review,
expert interviews, and testing phase observations, forming a comprehensive case study of

the implementation process.

The new ERP system, Lean System ERP, and fine scheduling software add-on Works
Balancer enable detailed component-level tracking of the production. The findings showed
that such an approach is not feasible in the case company’s customized production
environment yet. The device variation and lack of standard parts in the in-house production
make detailed tracking impossible without any significant production strategy changes. As
a result, the company will initially continue tracking production times at the device level,
with incremental improvements to the existing method. This combines the benefits of the

new system with the realities of customized production.

The research indicates that resource need will increase slightly. While the overall production
planning method remains mostly unchanged, the building of routings to the Lean System
ERP requires additional resources temporarily. The additional resource can be a designated
employee or a new hire that manages other tasks at the same time as the workload will be

approximately 20 % production planning and 80 % other tasks weekly.

The research defines also the transfer of WIP production data. The transfer of production
data will not be automated as most of the data is migrated using Excel and CSV files. Some
of the data will be entered manually. The process is labour-intensive but enables data

filtering and outdated information can be excluded.

The research succeeded in finding also areas for improvement in the production planning
process which should be further studied to ensure continuity and minimize risks. The
research shows that the production and production planning in the case company would need

further research.
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In conclusion, the implementation of the new ERP system and the production planning
software allows more traceable production processes. The implementation unifies
communication, reduces manual work and enables detailed production time monitoring,
which will be later utilized more accurately. The chosen level of detail for the production
planning is defined by considering the customized production environment and the resource
needs are defined realistically. Further research based on this research should cover the
following topics: production strategy, BOM structure optimization, Lean manufacturing tool
utilization in the production and production data gathering for production cost tracking and

optimization.
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Appendix 1: Transfer of WIP production data (Laitex Oy internal material, edited)
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?n FoBTesS structure. activity project structure for activities ERP. ERP, Lean System
prog structure activity / cost | project through the ERP; received
Design completed — per V10 category at planning. transac.tlon table payments are
work budgeting — opening recorded to the
Procurement .
. . number. level. balance. project as
completed (including .
. . realized revenue
receipts) — Production .
— opening

balance.




Sales

Sales

Purchase

Purchase

Purchase Order

Purchase

Production Works

Time Entries

Order Invoices Quotations | Orders Payment Schedules | Invoices Receipts Inventory (incl. Subcontracting) | for Works Deliveries
Imported | New New ones | Open purchase | Open payment New Receipt of As a cost Works in progress are Works actual | New
into Lean | invoices are | are created | orders are schedules are purchase purchase allocated created. Detailed hours as deliveries
System | created at in Lean imported into imported into Lean invoices are | invoices either to the | scheduling of works opening will be
ERP. Lean System | System Lean System System ERP. processed in | arriving after [ project orto | must be performed. balances on created in
ERP; open [ ERP, ERP. Includes Lean System | the Go Live inventory Work in subcontracting | activity and Lean
sales also ERP. day are done | balances is considered work level. System
invoices are subcontracting in Lean (must be work-in-progress and ERP.
not and phase- System ERP. [assessed on | must be created in Lean
imported. subcontracting an item-by- | System ERP.

purchases.

item basis).




