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Reducing planned production downtimes by efficient setup planning
A case study based on a production line at the food production company Paulig
in Gothenburg
Leonique Svensson
Department of Technology Management and Economics
Chalmers University of Technology

Abstract 

This thesis presents a case study conducted at Paulig, a food production company in 

Gothenburg, Sweden, with the purpose of examining how productivity and the 

availability factor in the Overall Equipment Effectiveness (OEE) metrics can be 

increased when focusing on setup times. The examined research questions are “How 

can the availability factor in OEE measurements be increased when focusing on 

downtimes?”, “How can setup times be reduced?”, and “How can standardized setup 

processes be attained?” 

Six setup cases were identified and extensively analyzed, improved, and standardized 

using spaghetti diagrams, work classification, Single Minute Exchange of Die (SMED), 

and work instructions. Collaboration with operators and informal interviews with both 

operators and the management team played a crucial role in the improvement process.  

The first research question aimed to determine how the availability factor could be 

increased by focusing on downtimes. The answer revealed that reducing setup time 

could effectively minimize planned production downtimes. The answer to the second 

research question is that Spaghetti diagrams, work classification, and SMED analyses 

can together be used to reduce setup times. The third research question focused on how 

standardized setup processes can be attained. The result showed that providing clear 

instructions to operators can contribute to the standardization of setup processes. In 

conclusion, this thesis highlights that spaghetti diagrams, work classification, SMED 

analyses, and work instructions can be combined to increase productivity and the 

availability factor at a production line.  

 

Keywords: Production, Productivity, SMED, Standardization, AviX, OEE, Setup planning 
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GRS   Glass robot station near the production line 

LAS   Lid attaching station, called Arol at the company 

LCS Large cardboard station that packs 6 small cardboard containers into one 

large one, called Pester GFP 

OEE Overall Equipment Effectiveness is a metrics to measure production 

performance 

PWS Plastic wrapping station, called Pester DFP at the company 

SCS Small cardboard station that packs 6 jars in each container, called ET-

pack at the company 

SMED   Single Minute Exchange of Die is a method to reduce setup time 

SMFS   Spice mix filling station, called Webben at the company 

STLS   Side and top label station, called Herma Gernep at the company 
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1 

Introduction 

The inaugural chapter of the thesis will commence by presenting the background, followed by 

the research motivation, encompassing sustainability and ethical considerations. Following this, 

the problem description will outline the challenges that underpin the purpose and research 

questions addressed in the thesis. Lastly, the delimitations of the study will be provided.  

1.1  Background 

The global market is currently under considerable pressure to enhance its competitiveness and 

meet the evolving demands of customers (Mendes et al., 2023). This pressure primarily arises 

from a multitude of challenges, including technological advancements, market fluctuations, 

economic shifts, and environmental impacts. Additionally, customers are increasingly seeking 

high-quality products, shorter delivery times, and lower prices (Ghatorha et al., 2021). To gain 

a competitive edge, companies must prioritize their assets (Mendes et al., 2023). Implementing 

continuous improvement initiatives that effectively utilize available resources is crucial for 

reducing costs and improving product quality (Ghatorha et al., 2021). These global challenges 

also amplify the need for organizational reforms and the acquisition of relevant knowledge 

within the organization (Mendes et al., 2023). Therefore, there is an increased demand for 

ongoing improvement efforts. As a result, organizations need to adopt innovative organizational 

and management tools that align with their vision and focus on areas within their authority, 

starting from the factory floor. By continuously improving productivity through the effective 

utilization of available resources, both the economic and environmental challenges can be 

diminished (Tripathi et al., 2023). Consequently, this thesis aims to investigate how 

productivity can be enhanced by prioritizing planned production downtimes with the focus of 

setup time reduction.  
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1.2  Research motivation, including sustainability and ethical considerations 

Environmental sustainability is a critical aspect of all kinds of production, not least the food 

industry (Zhuming & Xiaoqin, 2020). By optimizing the production lines, companies can 

reduce their resources reliance. Sweden has established ambitious environmental objectives, as 

evidenced by its global sustainability rankings. These include attaining the first position in the 

Global Sustainable Competitive Index conducted by SolAbility Sustainable Intelligence (2023), 

as well as securing the fourth spot in the Environmental Performance Index (Yale Center for 

Environmental Law & Policy and Center for International Earth Science Information Network 

(Columbia University), 2010). The Environmental Performance Index is based on 163 countries 

and covers both ecosystem vitality and environmental public health. Sweden’s high 

sustainability objectives create incentives to keep production in-house and to develop and 

improve the Swedish manufacturing companies further. Sweden do also have a rigid developed 

recycling structure, which makes the possibility to be an environmentally sustainable industry 

simpler compared to developing counties that lack the recycling culture and structure at hand. 

Even though, Johansson (2010) presents some critical aspects of Swedish manufacturing 

industry, such as the need for transformation regarding the Swedish work environment due to 

the high competitiveness and their development of production systems, Sweden can be 

considered as one of the top representatives globally regarding sustainability.  

Productivity improvements within the manufacturing sector can also ensure job security and 

economic growth. By implementing quick changeover, employees can focus on value-adding 

tasks which enhance motivation and job satisfaction. Worker’s skills do also become more 

transferable, which ensures steady employment opportunities within the industry. Additionally, 

downtime improvement projects can lead to cost savings (Zandin, 2001-c). When downtime is 

reduced, production throughput increases which leads to increased output levels. The company 

can therefore produce more products with the same number of resources.  

Productivity improvements can have significant effects on the work environment for 

employees, both in terms of motivation physical and mental well-being (Bloom et al., 2015). 

Sufficient time planned for rest and recovery has shown mitigating effects of lack of motivation, 

strain, and reduced performance due to demanding work for employees. Remarkably, more than 
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40% of individuals surveyed in a study involving EU workers reported being burdened with an 

excessive workload (Sluiter et al., 2003). These instances effectively emphasize the importance 

of consciousness and attentiveness when executing improvement initiatives within the 

manufacturing industry. 

1.3  Problem description  

Various companies desire to increase their productivity and Overall Equipment Effectiveness 

(OEE) measurements (Tayel et al., 2023). The competitive environment force companies to 

reduce the risk of producing more than necessary, companies should just produce what is 

needed during a specific period (Zandin, 2001-a). For companies with small batches and an 

extensive variety of products, setup times are essential to increase productivity and OEE 

measurements. Previous research studies have identified the necessity of producing companies 

reducing their setup times to increase the use of their capacity (Mujica-Suarez et al., 2023), 

obtain a high flexibility and quality in production (Sousa et al., 2018), and minimize waste and 

maximize effectiveness (Emekdar et al., 2023). Even though there exists an extensive 

understanding of the criticality of setup time reductions amongst various sectors, a structured 

approach to reduce setup times is needed, especially when there are varieties included in the 

setup procedure.  

1.4  Purpose and research questions 

The purpose of the thesis was to improve the availability factor in the OEE measurement with 

the focus on planned production downtimes and a special focus on setup time reduction. The 

analysis will provide valuable insights on how to reduce setup times and the findings will be 

presented in the form of improvement percentages, and visual representations.  

• How can the availability factor in OEE measurements be increased when focusing on 

downtimes? 

• How can setup times be reduced? 

• How can standardized setup processes be attained? 
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1.5  Delimitations  

The thesis will not address technical availability, but the organizational mechanisms to increase 

availability and thus the OEE measurements. Construction of machines, or the utilization of 

equipment will thus be discarded, and the emphasis will be reduction of setup times with a 

focus on the organizational factors. Additional shifts or employing more staff will not be 

considered due to the company’s ambition. The thesis will not assess the performance of

individual operators, but rather focus on the organizational learning aspect. Potential quality 

improvements regarding the processes or product itself will not be considered in the project, 

the focus should be to maintain the already high-quality levels of the products and processes. 

The focus of the thesis will be the planned stoppages on the production line. The required time 

for external activities during setup will be estimations since the internal activities are of focus.   
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2  
About Paulig and their Challenges 

The thesis is based on a production line at one of Paulig’s production plants, based in 

Gothenburg, Sweden. Paulig is a food production company that is responsible for producing 

two product groups, namely Risenta and Santa Maria. The production plant primarily focuses 

on manufacturing spices, snacks, and Tex Mex products which are produced at low costs per 

unit, high production volumes, and of high-quality standards. A high product quality is essential 

and required by the customers and the Swedish Food Agency.  

Paulig forecasts an increase in demand for the products manufactured on the highly automated 

production line 5403. This presents a challenge for the company since they are not willing to 

hire additional employees or introduce extra shifts to accommodate the expected increased 

demand. The reluctance to expand the workforce and working hours was primarily attributed 

to the associated costs, such as recruiting and training extra staff, additional shift leaders, 

operators, quality assurance measures, and shift allowances. Considering these circumstances, 

the production line was facing a production dilemma, as it needs to find a solution that allows 

it to meet the increase in demand without incurring significant additional costs. Additionally, 

there are two production lines that produce glass jars in the production facility, 5403 and 5401. 

5403 produces small glass jars while 5401 produces larger ones. These production lines are 

situated near each other in the production facility.  

To be able to follow up their production performance Paulig uses two different OEE 

calculations’ OEE and OEE2. In both OEE measurements, the quality rate is set to 1 to

minimize the documentation work for the operators. The first OEE calculation is based on an 

availability factor which includes time for breaks, setup times, start-up meetings, and shift 

handovers during normal working days. OEE2 has another availability factor that only includes 

the excluded time within the production time that are not planned, such as night shifts or 

overtime. Therefore, OEE2 results in a smaller value than OEE. The reason for this separation 

is to follow up the production times during, for example overtime, and during weekends.  
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Paulig’s OEE and availability equations: 

 /2 =  ×    ×  (1) 

 

 

 

 

 =
ℎ   − 

ℎ   −   ( . )
 

(2) 
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3  
Theory 

This chapter will present a comprehensive theoretical framework that encompasses a diverse 

range of theories pertaining to productivity, efficiency, and process optimization in 

manufacturing companies. It will provide a thorough overview of various areas, including 

calculation methodologies used to measure improvements, strategies for implementing 

improvements, techniques for data collection to facilitate a better understanding of how to 

gather necessary data for improvement, and tools for analysis and optimization to identify key 

areas for improvement. 

3.1  Productivity measurements 

Productivity can be defined as the quantitative relationship between the input of resources 

employed and the resulting output from a given process or operation (Kiran, 2019). This term 

can also be characterized by the effective utilization of a system's capacity, aimed at enhancing 

outputs by efficiently employing all available resources while minimizing production costs. 

Productivity can be determined by multiplying the three key factors: methods used, 

performance, and utilization of equipment (Almström, 2013). The method factor entails 

assessing the effectiveness of the current methods employed, considering the machinery and 

equipment available for the task. The performance factor refers to the proportion of planned 

production time allocated to the intended method, which can be affected by disruptions and 

other inefficiencies. The subsequent sections outline areas of focus and tools that can be 

employed to enhance productivity in a production line, as well as methods to measure the 

present and improved state. 

3.1.1 Overall Equipment Effectiveness 

OEE is a method utilized to gauge productivity within a manufacturing company. Several 

factors contribute to suboptimal OEE, including setups, breakdowns, scrap rates, and ramp-up 
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(Almström et al., 2014). The work executed by operators holds significant influence over OEE. 

The following equation and factors are employed to calculate OEE (Gulati, 2021):  

  =  ×  ×  (3) 

The OEE metric, as presented by Gulati (2021), assesses the productivity of equipment and 

assets by considering their actual availability, performance efficiency, and product quality.  By 

directly impacting the cost of each product, improvements in OEE have the potential to enhance 

the competitiveness of a company in the global market (Ahuja, 2009). 

3.1.2 Availability 

One of the factors contributing to OEE is availability, as noted by Gulati (2021). Various 

approaches exist for attaining cost reductions and enhanced availability within a manufacturing 

organization, as emphasized by Mendes et al. (2023). By minimizing both the number and 

duration of downtimes, the production facility can produce products for a longer duration, 

thereby augmenting the capacity of the production line. The availability is based upon the 

overall available time for a specific operation (Vieira et al., 2020). To determine availability, it 

is essential to consider the ratio between the actual running time and the total planned time, 

which can be computed using the subsequent formula proposed by Ahuja (2009):  

 
 =

  − 

 
 

(4) 

3.1.3 Setup times 

One approach to enhance availability and minimize downtime is to reduce setup times (Zandin, 

2001-a). Setup time refers to the duration between the completion of producing one product 

and the initiation of producing the next product with acceptable quality. The aim of setup time 

reduction is minimizing it to fewer than ten minutes and the rationale behind prioritizing the 

reduction of setup times is to diminish the non-value adding tasks executed within a production 

line. 



 

9

3.2  Setup time analysis 

The tools and methods utilized for reducing the setup times during the project will be presented 

in this section.  

3.2.1 SMED analysis 

One approach to reduce the setup times in a production line is through the implementation of 

Single-Minute Exchange of Die (SMED) analysis (Bhade & Hegde, 2020). The concept of 

SMED originated in the 1950s when Shigeo Shingo initiated a project targeted at enhancing the 

changeover process in the production line of three-wheeled vehicles (Dillon & Shingo, 1985). 

At its core, SMED revolves around distinguishing between internal and external setups. Internal 

setups can only be performed when the machines are stopped, whereas external setups can be 

conducted while the machines are still in operation. 

The initial step in executing a SMED project involves separating the external and internal setup 

processes (Bhade & Hegde, 2020). This step holds significant importance as it facilitates 

information about the present setup procedure. By identifying any external activities, they can 

subsequently be eliminated from the setup time and instead incorporated into the preparation 

or restore time. In the second stage, efforts should be made to convert the internal setup to an 

external one. This step necessitates a comprehensive reassessment of the operations to identify 

any procedures that could be categorized as external activities instead of internal ones. 

Alternative methods should be explored to convert these procedures into external activities. The 

third step concerns streamlining the entire setup procedure, encompassing both external and 

internal activities. A meticulous analysis of each element of the procedure should be conducted 

to identify areas for improvement. Finally, the fourth step involves standardizing parts, raw 

material, and components while eliminating unnecessary setup activities. 

3.2.2 Collection of data for setup time analysis 

There exist various data collection methods when conducting a setup time reduction project, 

one example is time studies which was used by Mateos (2020). Other techniques are video tape 

recorder and stop-watches with the ability to store lap times (Zandin, 2001-a). The utilization 

of video recording is an effective means to collect comprehensive data regarding the research 
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object since it provides the time elapsed for each specific task. When conducting a video 

recording, several imperative factors should be taken into consideration (SOLME AB, n.d.-a). 

These include informing all individuals involved in the recording process, ensuring that the 

camera is focused between the waist and chin to avoid missing any crucial handling actions, as 

well as verifying that the operator's feet are visible. Furthermore, meticulous planning of the 

filming procedure is necessary to determine optimal locations. Prior to commencing the actual 

recording, it is advisable to conduct a test recording to optimize camera functions and lighting 

conditions. Additionally, it is advantageous to request the operator to provide explanations 

pertaining to various operations and potential difficulties that may arise. Lastly, capturing 1-3 

complete production cycles is recommended to document diverse variations. If there are various 

product variants, conduct extra recordings to cover different variants.  

3.2.3 Spaghetti diagram 

A spaghetti diagram is utilized as a means of obtaining an overall understanding of the pathways 

followed by operators within a given analysis period as well as an understanding of the layout 

(Delisle, 2020; Delisle, 2015). To construct a spaghetti diagram, the initial step entails creating 

an appropriately scaled representation of the layout. Subsequently, the identification of the 

workers involved in specific tasks, as well as the marking of processing areas, must be executed 

(Delisle, 2020). Following this, the tasks performed by each worker shall be depicted on the 

layout utilizing different colors to distinguish between them. Lastly, the distances and the travel 

times should be represented in the diagram. The spaghetti diagram can also prove beneficial in 

enhancing workspace layouts and balancing workflow amongst operators, given that the 

challenges are clearly addressed within the figures.  

3.3  Optimizing setup time 

In this section, the improvement tools utilized in the thesis will be presented.  

3.3.1 Work classification 

It is vital to work with waste reduction, such as for excessive movements, inventory, processing, 

conveyance, waiting, over production, space, and processing failures (Connaughton, 2023). 

One approach to work with waste management is using work classification theory (SOLME 
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AB, n.d.-a). It is based on three categories, namely losses, waiting, semi-productivity, and 

productivity. Losses are movements which are non-ergonomic and relocations of pieces, semi-

productivity is based on time spent on affixing, handling of production aids and parts, and 

productivity or value adding time is the time spent on adding value to the final product.  

3.3.2 Work instructions 

Work instructions play a crucial role in the elimination of waste within manual work procedures 

(Jadhav & Ekbote, 2021). There are different approaches to work instructions, including 

codification and personalization (Li et al., 2018). Personalized work instructions rely on human 

interactions while codification depends on information documents. While human interaction 

information sharing can be beneficial as a complement to codification, it may not provide all 

the necessary information that can be included in documentation. Mattsson et al (2018) presents 

six principles that can be used for simplifying working procedures:  

1. Choose a work task in the work place. 

2. Identify and support active cognitive processes in each sub-task. 

3. Analyse tasks based on how the operator perceives the work environment. 

4. Analyse tasks depending on cognitive limitations. 

5. Analyse tasks depending on individual differences and needs. 

6. Analyse tasks depending on placement of information content and carrier. 

3.3.3 Prioritizing 

When prioritizing amongst solutions, the utilization of the priority matrix can be employed 

(Lucichart, 2022). This technique proves beneficial in situations where multiple activities are 

present. Various factors can be of importance when choosing priority order, such as energetic 

cost, time sensitivity, monetary cost, importance, and necessity to subsequent task. The matrix 

itself is divided into the following categories, as depicted in Figure 3.1:  

1. Quick Wins. These solutions yield significant results with minimal effort. These tasks 

should be prioritized and performed directly.  
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2. Major Projects. These solutions have a substantial impact on outcomes but require 

significant effort.  For these tasks, deadlines should be set to reach the goal.  

3. Fill-Ins. These solutions contribute only moderately to the final outcome but require 

little effort. The approach for these tasks is to decline or delegate.  

4. Thankless Tasks. These solutions do not significantly influence the final result yet 

demand substantial effort. These tasks should be either eliminated completely or 

performed later.  

Figure 3.1  

The priority matrix 

 

 

 

  



 

13

4  
Methodology 

In this chapter, a presentation of the research design will be conducted. A qualitative 

methodology was employed to conduct the thesis, specifically utilizing a case study approach. 

This methodology shows beneficial effects, especially when answering research questions of 

“How” and “Why” (Säfsten & Gustavsson, 2019).  

4.1  Research design 

In this section the various steps taken during the thesis will be presented, this is also represented 

in Figure 4.1. Initially an organizational evaluation was conducted to gain valuable insights into 

the company’s present state and further development areas. The evaluation was divided into

several steps. In the first step, the problem was clearly stated and understood, Section 4.1.1. 

The subsequent step involved conducting a comprehensive literature review to gain a thorough 

understanding of prior research and identify any gaps in the present research, Section 4.1.2. In 

the third step, a comprehensive plan of the execution was developed, Section 4.1.3. The fourth 

step included data collection which was approached in various ways, Section 4.1.4. The analysis 

of data was the next step and included different approaches based on if it was qualitative or 

quantitative data, Section 4.1.5. The last step were the presentation of the results and 

conclusions of the research, Section 4.1.6.  

Figure 4.1  

A visual representation of the methodology used during the thesis 
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4.1.1 Research task definition 

In the first stage, it is imperative to thoroughly comprehend the research task at hand and 

problematize (Säfsten & Gustavsson, 2019). The primary objectives and research questions of 

the study were formulated through multiple company visits as well as a preliminary assessment 

of the existing literature. The company visits encompass a comprehensive examination of 

Paulig’s production line along with meetings conducted with the management team. The 

purpose of this step was to acquire insights into the desired objectives of the management team, 

identify any challenges encountered in production, and gain a comprehensive understanding of 

the working environment for the production operators.  

4.1.2 Literature review 

The second step is to complete a literature review based on the purpose and the objective of the 

study (Säfsten & Gustavsson, 2019). To facilitate the advancement of knowledge within a 

specific field, it is essential to gain a comprehensive understanding of existing scientific 

research. Prior to the case study, a literature review was therefore conducted. A structured 

literature review shall be performed by breaking it down into several steps (Säfsten & 

Gustavsson, 2019). Initially, the purpose of the study needs to be specified. Thereafter 

keywords must be identified and aligned with the purpose and research questions. The literature 

review included terms as (“Downtime” AND “SMED”), (“SMED” AND “Availability”), and

(“Availability” AND “Standardization”).  

Säfsten and Gustavsson (2019) further elaborate that once previous research and relevant 

studies have been found, additional keywords may be incorporated into the literature review. 

Certain criteria should then be established to get the most relevant resources, including the 

exclusion and inclusion of certain publications, time frame considerations, and the language 

requirements of the literature. In this study, Swedish and English literature were used in the 

literature review since the company were operating in Sweden and the author was experienced 

with both languages. The literature will be primarily based on recent literature, 2019 and 

forward, but older literature will not be discarded if they are considered relevant for the purpose 

of the thesis. The relevance was determined by questioning the reliability and validity of the 

literature. The reliability of the literature was determined by the reproducibility of its results 
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and the consistent replication of these findings. Validity, in turn, was ascertained by scrutinizing 

whether the literature effectively addresses the pertinent defining characteristics.  

The fourth step is to select an appropriate database for the literature review (Säfsten & 

Gustavsson, 2019). Next, search strategies must be formulated and implemented into the 

database. If the search strategies are working according to the aim of the study, an overview of 

the studies should be conducted, and the important literature should be identified. Databases 

that are utilized in the literature review are Google Scholar, Scopus, and EBSCO Information 

Services tool. The time constraint of the project reduces the possibility to include more 

databases which is suggested by Saunders et al. (2019). When the most relevant literature was 

found, snowballing was utilized as a compliment to the database search. The seventh step 

involves a deeper analysis of the most relevant literature (Säfsten & Gustavsson, 2019). Data 

from the literature was then extracted and overviews conducted. The material was then 

analyzed, including a content analysis which corresponded to the research questions and 

purpose.  

4.1.3 Research planning 

Once the problem has been identified, and clear objectives and research questions have been 

formulated, it is imperative to construct a comprehensive plan for the execution of the project 

(Säfsten & Gustavsson, 2019). When the research field is relatively unexplored, there is a need 

for a flexible approach and the researcher can iterate between the different stages of the project. 

On the other side, when the subject is highly researched, there is a need for understanding and 

refining already existing theories and the path is more straightforward. One of the existing 

approaches is to conduct a case study.  

Three words for classifying argumentation of a research can be used: induction, deduction, and 

abduction (Säfsten & Gustavsson, 2019). This thesis primarily focuses on abduction. First the 

production line was examined, then relevant theories, methods, and rules were identified to 

improve the setup time, and lastly, six setup cases were identified, observed, and improved. 

Existing theories were used, but some degree of flexibility was allowed to account for 

uncertainties associated with outcomes. 
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4.1.4 Data collection 

Various methodologies exist for gathering data about a process (Säfsten & Gustavsson, 2019). 

This thesis employed a qualitative research approach, incorporating both quantitative and 

qualitative data. The study necessitates the utilization of primary and secondary data to collect 

data about the object of study, which was the production line 5403. Primary data involved video 

recording of the setup activities performed by the operators. Data that was important to extract 

from the video recordings was which tasks the operator performs during setup, in which order 

tasks are performed, and the walking path the operator takes. Other primary data that were 

collected was based on Paulig’s internal production follow-up system. Data that were extracted 

was historical data of their setup times and availability measures. Historical data were used to 

set the baseline of the present state and to know if the improvements that the thesis suggests are 

improving their availability and the setup time. Informal interviews with various employees at 

the company were performed (see Table 4.1). Data extracted from these interviews were 

valuable to get a holistic view of the problem in addition to getting the opinions of 

improvements of the various stakeholders. The secondary data entailed referencing external 

literature with similar approaches.  
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Table 4.1  

Informal interviews and observations at the production line 

INTERVIWEE/OBJECT DESCRIPTION OCCURENCE 
ESTIMATED 

LENGTH 

MANAGEMENT 
Discussion of several problems in the production plant 
to comprehend the situation and to be able to choose 

which project to continue with 
1 60 min 

5403 
Observed the challenges that the operators face and the 

overall production process 
7 120 min 

5403 Observed some setup processes 4 60 min 

SHIFT LEADER 
Discussed how to perform the SMED analysis and 

which operators that have expressed their interest in 
participating in the project 

1 10 min 

QUALITY EXPERT 
Discussion of the extensive documentation at the 

production line related to improvement suggestion 20 
1 5 min 

OPERATOR 
Discussion about the label machine and if it is possible 
to change labels while the machine is running, related 

to improvement suggestion 2 
1 5 min 

OPERATOR 
Was informed about which tools have extra sets to use 

them instead of cleaning the already existing ones 
inside the machine 

1 10 min 

OPERATOR Discussed improvement suggestion 15 1 5 min 

MANAGEMENT 
Discussion about all improvement suggestions and 

update of the project outcomes 
1 45 min 

 

Table 4.2  

Observations of the setup procedure 

OPERATOR DESCRIPTION LENGTH 

PRIMARY Video recording of setup case number 6 43 min 

SUPPLEMENTARY Video recording of setup case number 2 41 min 

PRIMARY Video recording of a setup process that where discarded  73 min 

PRIMARY Video recording of case number 5 29 min 

PRIMARY Video recording of case number 4 29 min 

PRIMARY Video recording of setup case number 3 43 min 

SUPPLEMENTARY Video recording of setup case number 1 29 min 
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4.1.5 Analysis 

There exist differences between the analysis of quantitative and qualitative data (Säfsten & 

Gustavsson, 2019). The process of analyzing qualitative data involves initially presenting the 

data in a format that facilitates analysis. Subsequently, collected data should be methodically 

organized and reduced, followed by the identification of patterns and relationships. The video 

recordings were therefore organized based on different setup cases that were identified for the 

production line, and divided into the primary operator, and the supplementary operator. The 

video recordings that were reliable and valid were kept, while the other recordings were 

discarded. Patterns and relationships were identified by interacting with the operators 

performing the tasks while in parallel identifying internal and external setup procedures. This 

division is one of the primary steps in a SMED analysis (Bhade & Hegde, 2020). The activities 

were also mapped to identify in which order they are performed, and there were continuous 

discussions about this with the operators. Based on these discoveries, conclusions were drawn. 

The conclusions in the thesis involve suggestions about the activities that the operators perform, 

in which orders they are performed, and how they could be improved.  

Conversely, the analysis of quantitative data can be carried out utilizing statistical computer 

software (Säfsten & Gustavsson, 2019). When the data includes words or sentences, it becomes 

necessary to translate this information into numerical values to analyze it within the program. 

Two of the analysis techniques that can be employed to comprehend data are normal 

distribution and confidence interval. One computer software that was utilized in this thesis was 

AviX. AviX were utilized to carry out the SMED analysis and to carry out work instructions 

when the improvements were identified.  

AviX is a system support service that aids companies in enhancing their profitability by 

facilitate the consolidation and streamlining of technical processes across various sectors, 

including production efficiency, production development, producibility, and production 

optimization (SOLME AB, n.d.-b). The management of tools, documents, and methodologies 

necessitates a substantial time commitment and involves a significant number of administrative 

tasks. AviX can be utilized to generate time studies, perform Failure Mode and Effects Analysis 

(FMEA), implement Single Minute Exchange of Dies (SMED), balance line operations, 
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execute Design for Assembly (DFA), and produce work instructions, among other 

functionalities.  

4.1.6 Presentation 

The research should then be presented to the scientific community, and it is therefore necessary 

to choose an appropriate way to present it (Säfsten & Gustavsson, 2019). The presentation of 

the results and conclusions were a scientific report published at Chalmers thesis portal which 

made it available for everyone and an oral presentation at the end of the period. Additionally, 

Paulig was provided with standardized work instructions and a presentation of the final 

outcomes of the project.  
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5  
Present State Analysis 

In this section, the production line and the present setup procedure will be presented. To collect 

data for all defined cases, six video recordings were performed. During the video recordings, 

several notes were taken to consider variations that can occur. These are written in each 

respective case presented in 5.3.2 - 5.3.1. The primary and the supplementary operator have 

been divided and their usual tasks have been defined. If a deviation of the usual tasks occurred 

during the recording of the case, blocks from other recordings were used in the SMED analysis 

to gain consistent results.  

5.1  Production line 5403 

The highly automated production line 5403 produces spice mixes in glass jars and is operating 

at its maximum capacity, and it is only able to meet the existing customer demand. A variety 

of product variants are produced utilizing glass jars. A layout of the production line can be seen 

in Figure 5.1. The conveyors retrieve glass jars from a glass robot situated in proximity to 5403 

and transport them to the spice mix filling station (SMFS). SMFS proceeds to fill the glass jars 

with the spice mix that is transported by a “sock” from one floor above. The refilling of spice 

mix is performed by the spice mix filling operators. Subsequently, the filled jars are conveyed 

to the Lid Attaching Station (LAS). There are four different variants of lids that can be used in 

the production line, which often need to be exchanged during setup.  

After traversing another conveyor, the jars enter the Side and Top Label Station (STLS), which 

attaches labels on the sides and the top of each individual glass jar. Additionally, the small 

cover is fastened to the jars utilizing the 'Enercon' laser machine. The Small Cardboard Station 

(SCS) folds cardboard into containers and the Plastic Wrapping Station (PWS) places six jars 

in small containers and packages these boxes in a plastic wrapper prior to applying a unit label. 

The 'separator' mechanism verifies the correct attachment of labels and plastic covers. 

Afterwards, the Large Cardboard Station (LCS) proceeds to transfer six cardboard boxes into a 

newly assembled cardboard container, which is subsequently transported to the storage area.  
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There are two operators managing the production line, one primary operator and one 

supplementary operator. The primary operator is always at 5403 while the supplementary 

operator is both operating 5403 and 5401, depending on which line is prioritized.  

When focusing on machine efficiency, the availability for October 2023 at the production line 

was 74,8% and 2023 it was 73,3% on average (received 2023-11-14, period length: 7616 

hours). The calculated OEE for 5403 resulted in 67,4% for October 2023 and was 67,1% on 

average 2023 (received 2023-11-14, period length: 7616 hours). OEE2 resulted in 44% for 

October 2023 and was 45,8% on average 2023 (received 2023-11-14, period length: 7616 

hours).  

Figure 5.1  

The layout of the production line 5403 

 

5.2  Present setup procedure  

The production line has long setup times between product variants, and these setups are 

frequently necessitated multiple times during a working day, due to small batches. A multitude 

of diverse product variants are present, each demanding distinct setup procedures and the setup 
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procedures are performed manually by the operators. Standardized procedures are not currently 

present in the setup process. Consequently, operators are required to engage in constant 

communication throughout the setup to ensure that everything is in order. This in turn consumes 

additional time that could otherwise be dedicated to necessary setup duties. Additionally, newly 

hired employees must learn the process through communication with other operators.  

There are often two operators working at the same time with the setups, depending on the 

adjacent production line 5401. If 5401 is prioritized, the supplementary operator will not be 

present during the setup procedure, but in most cases, the supplementary operator will be 

present as well. The primary operator is performing the setup of the SMFS while the 

supplementary operator is performing the setup of other stations. Setup for the SMFS does 

always include extensive cleaning inside the machine, but a variety of cases exists, and they are 

presented as case 3-6 in Table 5.1. In the meantime, the supplementary operator does change 

the labels in the STLS, collects new labels from different label stations (STLS, PWS, and the 

LCS), to check if they are correct. A lot of documenting for quality assurance is present during 

setup, which is primarily performed by the supplementary operator. Different labels are 

attached to a blank paper to ensure that labels and batch codes are correct. Some calculations 

are performed to document how many glass jars were produced during the previous batch. 

There is also some cleaning inside different machines for the supplementary operator, such as 

LAS and STLS. The machines do not produce exactly the right number of containers with glass 

jars, which means that some of the jars and containers must be removed at the end of the 

production line, at the PWS, and LCS. The setup for the supplementary operator has been 

divided into two different cases, case 1-2, which are presented in Table 5.1. During setup, the 

operators does also depend on the spice mix filling operators that operate one floor above the 

production line. Communication by telephone is needed during setup with these operators.  

In the present setup procedure, operators frequently engage in tool search, external part 

cleaning, and communicating with each other. Notably, a standardized procedure is currently 

lacking, as evident from the observed time variance depicted in Figure 5.2. The data upon which 

the figure is grounded consists of 377 occurrences of green setups, which represents one of the 

three setup classifications employed at Paulig. This setup times are obtained from Paulig’s

follow up system where the operators are categorizing stop time. The median setup time is 

41,98 minutes, with the minimum being 5,48 minutes, the maximum reaching 84,4 minutes, 
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and some outliers up to 146,17 minutes. These setup times are classified by the operators and 

sometimes, the setups are divided within a setup and therefore, the graph have the minimum of 

5,48.  

Figure 5.2  

Time required for the green setup procedures between January and October 2023. 

One of the reasons that there is such a large difference between the maximum and minimum 

setup times is that there exist different green setup procedures depending on which spice mixes 

the setup is between. The differences that are identified are presented in Table 5.1. Four 

different cases are identified for the primary operator, case number 3 to 6 and two different 

cases are identified for the supplementary operator, case number 1 and 2.  

Table 5.1  

The different variety of setup cases 

CASE DESCRIPTION OPERATOR 

1 Lids are not needed to be exchanged Supplementary 

2 Lids are exchanged Supplementary 

3 Nothing extra needs to be done, only cleaning Primary 

4 The inner modules and the large vessel in the SMFS must be cleaned Primary 

5 SMFS requires exchange of tools Primary 

6 
Inner modules and the large vessel in the SMFS must be cleaned AND SMFS requires an 

exchange of tools 
Primary 
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5.3  Case specific analyses 

In this section, the result from the six cases presented in Table 5.1 will be presented. The figures 

presented in this chapter can be found in Appendix A which contains the spaghetti diagrams, 

Appendix B which contains the SMED charts, and Appendix C which contains the work 

classification charts. 

5.3.1 Analysis of the setup procedure for the primary operator 

In Figure A.3, the spaghetti diagram for setup case number 3 is presented. The figure confirms 

that there was a lot of walking even though the primary operator should focus on the SMFS. 

The operator performs additional tasks that usually are performed by the supplementary 

operator, such as changing the side labels. The diversion from the production line was due to a 

reminder to the spice mix filling operators to refill the spice mix since the operator could not 

reach that person by telephone. Operators at 5403 waited 11 minutes since the refilling operator 

had not received the calls. There was 27% waiting during the setup which can be seen in Figure 

C.5. In the SMED chart represented in Figure B.3 the time for the entire setup procedure was 

identified to be approximately 41,8 minutes and there are large blocks that are identified as 

external activities.  

The recording of case number 4 started after the operator had emptied the empty jars from the 

conveyor. Additionally, during this setup, the secondary operator completed the attachment of 

the new “sock”. To be consistent in the cases, this has been compensated for by adding this 

activity from another recording. There was 18% loss (see Figure C.7) which together with the 

spaghetti diagram (see Figure A.4) confirms that there was a significant walking distance 

nearby the SMFS. There are some deviations to fetch cloths for cleaning and the carriage that 

were not prepared before the setup. In Figure B.4 all the SMED charts can be seen, the present 

state took approximately 30 minutes.  

In the spaghetti diagram (see Figure A.5) the present state of the walking path of setup case 5 

is represented. The operator surrounded the SMFS two times to clean the other side of the 

machine and remove the internal parts. It was also some unnecessary walking to fetch the carrier 

and material that was not prepared before the setup time. The SMED analysis is represented in 

Figure B.5 and the work classification can be seen in Figure C.9. The whole setup took 
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approximately 30 minutes and there was no waiting during the setup. The losses were mainly 

due to the walking path. The recording of case number 5 started after the operator had removed 

the previous “sock”. This have been considered and to compensate, the recording of case 

number 3 has been used instead to add this activity. Additionally, in the spaghetti diagram, this 

path has been added as well.  

In Figure A.6 the setup procedure for case number 6 is represented by a spaghetti diagram. This 

procedure was delimited close to the SMFS while also walking a lot back and forth to fetch 

different material and tools. In Figure B.6, the present state is represented with a SMED chart. 

The time for this setup was approximately 41 minutes. Approximately 30% of the activities are 

identified as external activities. There was 9% waiting in this setup, which is identified in Figure 

C.11. The reason for waiting was due to a communication challenge towards the operators 

refilling the SMFS. The recording of case 6 did not contain changing the “sock” which was 

compensated for by using the recording of case 3 for this activity. 

5.3.2 Analysis of the setup procedure for the supplementary operator  

During the recording of case number 1, the supplementary operator had to help the primary 

operator with some things since this operator was not experienced. This time has been discarded 

in the analysis by deleting these activities. After the setup was finished for the supplementary 

operator, the primary operator had some remaining activities to perform. The spaghetti diagram, 

for case number 1 (see Figure A.1) shows an extensive walking path all over the production 

line. Additionally, the operator diverges from the production line to ask the shift leader 

something about the setup procedure. The signatures by other operators/shift leaders were not 

included in this recording, so this activity was captured from case number 2. In Figure B.1, 

some preparation tasks are displayed before the actual setup procedure starts. In Figure C.1, the 

loss was identified to be 24%, wait 3%, and the required time was 72%. 

During the recording of case 2, the operator completed the mounting of the new “sock”. This 

activity has been deleted to gain a consistent result in all cases. In Figure A.2, the present state 

of case number 2 is represented with a spaghetti diagram. The figure confirms that there was a 

lot of walking between different stations. The operator was also fetching redundant jars from 

both the LCS and PWS. During the setup, the operator was also waiting for lids to be emptied 

while trying to increase the speed of that procedure by rotating manually by hand. In Figure 
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B.2, the setup procedure is represented by the SMED chart. The first chart represents the present 

state, and the external and internal activities are not identified and in the second chart, the 

activities are identified. The time for this setup was approximately 41,2 minutes. There was 5% 

of waiting during this setup which can be seen in Figure C.3. The waiting time was due to the 

required time for lids to be emptied. There was a large part that was classified as loss in this 

setup case, which can be associated to the spaghetti diagram that shows the long walking 

distance. It is therefore reasonable to identify the walking path as the main reason for the loss 

during this setup.  

Both setup cases include the supplementary operator and the time for the lid exchange are 

shown to be approximately 12 minutes, when case 1 and 2 are compared (see Figure B.1 and 

Figure B.2). 
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6  

Improvement Suggestions 

In this section, the improvement suggestions found during the SMED analyses are presented 

and categorized based on the theory presented in paragraph 3.3.3. The improvement suggestions 

are validated based on a qualitative estimation of their value to Paulig. This data has been 

inserted into the matrix in which Paulig can choose the most appropriate improvements. The 

improved time represented in the last column in Table 6.1 are based on the SMED analyses and 

the average time was based on the recordings of the related cases.  

6.1  Identified improvement suggestions 

In Table 6.1, the identified improvements are presented, based on the SMED analysis. The 

estimated time is based on the recordings that were relevant, the relevance was determined 

based on if the specific improvement appeared in the case.  

Table 6.1  

Improvement suggestions 

No. 
Related  
cases 

Actions Description Average time 

1 1,2 
Both carriers closer to the 
supplementary operator 

When the side labels are exchanged, the carriers 
should be placed closer to reduce the walking back 

and forth. 
9 

2 1,2 Reconfigure the STLS 
To be able to exchange the top labels while the 

machine is running 
112 

3 1,2 
Implement a recognition 

system 
That informs other operators or team leaders that 

5403 needs signatures. 
97 

4 2,3,6 
Communication 
improvements 

Closer communication with the operators that are 
refilling the SMFS to reduce waiting time. Use 

headsets to ease the communication. 

278 
 

5 2 Discard half-filled jars 
In the start of the setup there are half filled jars 
from the machine. Instead of refilling manually, 

these could be discarded. 
41 

6 4,5 
Carriers closer to the 

primary operator 
Place every carrier that should be used close to the 

station. 
17 

7 5,6 
Place Knee pad near 
SMFS before setup 

The knee pad should be placed underneath the 
doors to SMFS, which reduces the walking back 

and forth to fetch it. 
12 

8 3,4,5,6 
Add a fastener attachment 
on both side of the SMFS 

To fasten the vacuum cleaner, this would reduce the 
time the operator is adjusting the vacuum cleaner. 
The same thing can be done for compressed air. 

34 
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for vacuum cleaner and 
compressed air 

9 3,4,5,6 
Prepare all the tools, the 

extra vessel, and all 
supporting tools 

The extra vessel should be prepared with rubber 
band. All the tools that should be changed in the 
machine should be replaced with backup tools 

instead of cleaning the ones inside the machine. 
Place on a carrier near the SMFS. Supporting tools 

should be checked before setup. 

221 

10 3,4,5,6 Reconfigure the SMFS Standardize parameters for every spice mix. 66 

11 3,4,5,6 
Attach a container that is 
fastened underneath the 

doors of SMFS. 

To put empty jars at the start of the setup. This 
reduces the walking path around the doors to SMFS 
back and forth. Another solution could be to have a 
container so the operator can fill if before walking 

around the doors to SMFS. 

32 

12 4 
Place the garbage can 
near the output of the 

SMFS 

Place it close to reduce the number of steps when 
discarding the empty jars. 

11 

13 - Additional training 
Invest in training since there are some variations 

due to lack of training. 
- 

14 1,2 
Automate reconfiguration 

of the numbers after 
STLS. 

To reduce the time the operators, spend 
reconfiguring different screens on the production 

line. 
67 

15 1,2 
Wait for the last container 

to leave 5403 before 
removing redundant jars 

Wait for the last container to leave the production 
line. When the setup time is completed, the 

supplementary operator can remove the redundant 
jars. 

139 
 

16 3,4,5,6 
Prepare cleaning cloth, 

plastic gloves, and 
disinfection 

Put them close to the SMFS to minimize the time 
for searching for it during setup. 

38 

17 1,2 
Change the side labels 

when the machine is still 
running 

This activity can be started when there are 
approximately 70 jars left before STLS. 

56 

18 3,4,5,6 
Install an automatic 

vacuum cleaner 
To reduce the time spent inside the machine 

cleaning. 
432 

19 - 

Improved communication 
between spice mixes 

refilling operators and the 
operators at 5403 

Give the refilling operators a time span of 3 
minutes to clean the upper part of the “sock”. 

- 

20 1,2 
Reduce manual 
documentation 

Reduce the quality documentation and the required 
operators to approve the start after setup. 

851 

21 2 
Reduce the number of 

changes of lids between 
batches 

This can be done by planning the production 
according to the lids. 

323 

22 1,2 
Do not clean the inside of 
LAS, STLS, SCS, PWS, 

and LCS during setup 

These stations can be cleaned during the production 
time or when there are some other technical 

problems on the line.  
38 

In Figure 6.1, the improvements found in Table 6.1 are categorized based on the impact and the 

effort at Paulig. The estimated time was determined based on the relevance of the specific 

improvement in each case. Relevance was determined by whether the improvement suggestion 

appeared in the case or not. Table 6.1  displays the amount of time saved in the last column for 

each improvement suggestion. This saved time was subsequently converted into a relative scale, 

assigning a numerical rating between 1 and 10 to each time value. This relative scale was 

utilized to implement the improvements in the "Impact" axis. The "Effort" axis represents the 

necessary resources, investments, and competences required for implementation, which was 
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estimated based on informal interviews conducted with operators and the management team at 

Paulig. Referring to the theory presented in 3.3.3, green improvements are referred to as “Quick

Wins”, blue as “Major projects”, yellow as “Fill-Ins”, and red as “Thankless Tasks”. Number

13 and 19 are omitted from the graph due to the absence of estimated time, as depicted in Figure 

6.1. The threshold for distinguishing between High and Low impact was set at 70 seconds. 

Figure 6.1  

Priority matrix with improvements 

 

6.2  Evaluation of improvements 

The improvements 1, 6, 7, 12, and 16 can readily be incorporated into the setup routine as they 

largely involve arranging items in proximity and preparing to minimize search time and walking 

distance during setup. Although the individual impact of these improvements may seem 

relatively minor, they are all included with the intention of fostering a mindset that recognizes 

the cumulative effect of every improvement, ultimately resulting in a significant reduction in 

time. When these improvements are integrated, a total of 84 seconds is saved, making them 

suitable for classification under the "Quick Wins" category when combined. 
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The second improvement necessitates a reconfiguration of the STLS, which entails technical 

adjustments to the machine and potential consultation with the manufacturer. The cost aspect 

associated with these improvements justifies its classification as a “Major Project” in Figure 

6.1.  The third improvement can be easily implemented within Paulig's own system. By sending 

notifications to shift leaders regarding the need for production line signatures, the risk of 

operators having to search for other signatories was eliminated. Therefore, this improvement 

was categorized as a “Quick Win”.  

The fourth improvement, which reduces waiting time for the spice mix, is also relatively easy 

to implement. Since Paulig has previously utilized headsets for operators, this improvement 

was also classified as a "Quick Win". Another improvement suggestion to decrease waiting 

time is to install a light that informs spice mix refilling operators when 5403 requires cleaning 

and refilling. To mitigate the risk of refilling operators being on a break when needed, breaks 

for both refilling personnel and operators should be synchronized. The nineteenth improvement 

suggestion is also a “Quick Win”, although it is not represented in the graph, it involves 

straightforward preparation.  

The fifth improvement would reduce the time by 41 seconds, but it would also increase the 

scrap rate of the production line. Its classification as a "Fill-In" (see Figure 6.1) is due to the 

low effort required, as operators only need to leave the glass jars during setup and then discard 

them afterwards. The eighth improvement would reduce the adjustments necessary for the 

vacuum cleaner and compressed air used for cleaning. This would result in a 34 second time 

reduction, which is relatively low. However, the effort required is considered minimal since 

attaching a fastener to the machine for both the vacuum cleaner and the compressed air is a 

simple task. Therefore, it was categorized as a "Fill-In". 

The ninth improvement would significantly reduce time while requiring relatively minimal 

effort from operators. With the presence of necessary documents to guide tool usage during the 

next batch, the improvement suggests using an extra set of tools instead of cleaning them during 

setup. This improvement was therefore classified as a "Quick Win" in Figure 6.1. The tenth 

improvement would reduce the time by 66 seconds, but it involves high effort. This effort stems 

from the need for management to contact the manufacturer of the SMFS to reconfigure the 

machine, which would incur significant costs for the company. Hence, it should likely be 



 

31

abandoned as a "Thankless Task". The eleventh improvement aims to decrease walking time 

by approximately 32 seconds. The effort required by Paulig is minimal, as they only need to 

attach a container to the machine. Therefore, it was categorized as a "Fill-In" and holds third 

priority. 

The thirteenth improvement has not been estimated in time and effort due to the difficulty of 

measuring this confidently, therefore it was not included in Figure 6.1. The fourteenth 

improvement would reduce the time by 67 seconds, but it requires high effort from Paulig’s

management team. As they would need to contact the machine manufacturer, incurring 

additional costs, this improvement was classified as a "Thankless Task". The fifteenth 

improvement proposes that operators wait until the last container leaves the production line 

before removing redundant jars and containers. This significantly reduces time spent on 

thinking, calculating, and walking. The effort required is considered low, prioritizing it as a 

"Quick Win". However, further discussion with an experienced operator is necessary to ensure 

awareness among operators to prevent potential mixing of jars with the upcoming batch of 

product variants. The seventeenth improvement listed in Figure 6.1 was classified as a “Fill-In”

due to the relatively low effort required for the operators to change the side labels before setup.  

The eighteenth improvement involves cleaning the SMFS and installing an automatic vacuum 

cleaner, which could potentially save 432 seconds during setup. However, it requires a high 

effort from the company, primarily due to installation costs. Thus, it was classified as a "Major 

Project" (see Figure 6.1) with second priority. The nineteenth improvement has no estimated 

reduction in time due to the difficulty of estimation. The new working method decreases the 

number of steps and overall setup time. Instead of walking to the front of the SMFS after 

attaching the “cleaning sock”, the operator walks to the backside of the SMFS to perform 

cleaning before returning to attach the new “sock”. Improvement number 20 would save 851 

seconds. However, after consulting with the quality expert at Paulig, it was deemed an 

important step requiring high effort. Due to the significant time reduction, it was categorized 

as a "Major Project" with secondary priority, despite not being represented in the graph. The 

twenty-first improvement suggestion was classified as a "Quick Win" due to the substantial 

time saved and the relatively low effort required from management. Lastly, improvement 

suggestion 22 was categorized as a “Fill-In” due to the low effort of changing the routine of 

cleaning the machines.  
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6.3  Case specific improvements of the SMED analyses 

The improvements incorporated in the SMED analyses as detailed in Appendix B, are derived 

from those outlined in Table 6.1, specifically 1, 3, 4, 5, 6, 7, 8, 9, 11, 12, 15, 16, 17, and 22. 

These selections were made on the basis of their convenient and direct applicability within the 

production line.  

The first setup case has been improved by approximately 10,8 minutes (see Figure B.1). 

Furthermore, work losses have been reduced by 15% (as shown in Figure C.1 and Figure C.2) 

and waiting times have decreased by 3%. Similarly, the second setup case have been improved 

by approximately 18 minutes (see Figure B.2). Work losses have been reduced by 21% (as 

presented in Figure C.3 and Figure C.4). Moving on to the third case (as displayed in Figure 

B.3), improvements have resulted in a reduction of approximately 24 minutes. Moreover, 

waiting times have been cut down by 27% (as depicted in Figure C.5 and Figure C.6).  

The fourth case has been improved by approximately 11 minutes (see Figure B.4). 

Correspondingly, losses have been reduced by 9% (as shown in Figure C.7 and Figure C.8). 

Concerning the fifth case, improvements have resulted in an improvement of approximately 10 

minutes (as demonstrated in Figure B.5) and losses have been reduced by 5% (as depicted in 

Figure C.9 and Figure C.10). Finally, the sixth setup case have been improved by approximately 

14 minutes (as illustrated in Figure B.6). Waiting times have been reduced by 9% (as shown in 

Figure C.11 and Figure C.12).  
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7  
Time Balancing of Setup Cases  

This chapter addresses the need to streamline operations by combining the six identified setup 

cases presented in Table 5.1 to provide standardized tasks for operators at the production line 

5403. A detailed analysis of the eight specific combinations is provided in the following 

chapter, along with corresponding work instructions for each combination.  

7.1  Case 1 combined with the setup cases performed by the primary operator 

The SMED balancing between setup case number 1 and 3 can be found in Figure D.1. The 

difference in time between the operators for this combination is 31 seconds, and the total time 

required for this combination is approximately 18 minutes. The work instructions for both the 

primary and supplementary operator are found in Figure E.1. For the setup combination of case 

number 1 and 4 (see Figure D.2), the difference in time between the operators is 38 seconds 

and the total time required for this combination is approximately 19 minutes. The work 

instructions for this combination are provided in Figure E.2.  

The SMED balancing between setup case number 1 and 5 (see Figure D.3), reveals a difference 

in time between the operators of 39 seconds, with a total time requirement of approximately 18 

minutes. The work instructions for this combination can be found in Figure E.3. Regarding the 

SMED balancing between setup case number 1 and 6 (see Figure D.4), the difference in time 

between the operators is 2 seconds, and the total required time for this combination is 

approximately 24 minutes. The work instructions for this combination are provided in Figure 

E.4.  

7.2  Case 2 combined with the setup cases performed by the primary operator 

The SMED balancing between setup case 2 and 3 can be found in Figure D.5. The difference 

in time between the operators for this combination is 31 seconds, and the total time required for 

this setup combination is approximately 21 minutes. The work instructions for both the primary 
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and supplementary operator can be found in Figure E.5. For the setup combination of case 2 

and 4 (see Figure D.6), the difference in time between the operators is 6 seconds, and the total 

time required for this setup combination is approximately 21 minutes. The work instructions 

for both the primary and supplementary operator are provided in Figure E.6.  

The SMED balancing of setup case 2 and 5 can be found in Figure D.7. In this combination, 

the difference in time between the primary and supplementary operator is 46 seconds, and the 

total time required for this setup combination is approximately 20 minutes. The work 

instructions for both the primary and supplementary operator are provided in Figure E.7. 

Similarly, the SMED balancing of setup case 2 and 6 can be found in Figure D.8. The difference 

in time between the operators for this combination was 2 seconds. However, the total time 

required for this setup combination is approximately 23 minutes. The work instructions for both 

the primary and supplementary operator are provided in Figure E.8. In this combination, the 

supplementary operator was performing the changing of the “sock” due to the heavy workload 

on the primary operator.  
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8  

Recommendations for Prioritizing and Implementing Improvements 

This chapter presents company-specific recommendations with respect to specific 

improvements and the balancing between setup cases.  

8.1  Prioritizing improvement suggestions 

It is highly recommended to initiate the implementation of the “Quick Wins” as outlined in

Figure 6.1. These notable improvements include numbers 3, 4, 9, 15, and 21. The third 

improvement pertains to the system and effectively leverages existing capabilities by sending 

a notification to the shift leader when signatures are required on the production line. The fourth 

improvement involves employing headsets to facilitate communication between the operators 

at 5403 and the refilling personnel, thereby reducing the time spent on phone calls and 

minimizing the risk of waiting for the spice mix. The ninth improvement concerns the 

preparation of tools, with operators possessing comprehensive knowledge within this domain. 

They have supporting documents that outline the requisite tools for setup and subsequent 

batches. This process should ideally become a routine practice on the production line. Similarly, 

the fifteenth improvement within this category emphasizes the importance of trusting machines 

and waiting for redundant jars to pass through each station before removal. If this improvement 

is implemented it could lead to mixed jars between batches, but due to the time saved during 

set-up this should be considered and evaluated further. To ease the memory of removing the 

redundant jars, the headsets that should be provided to the operators could include a reminder. 

The final improvement suggestion within this category is the twenty first, which encompasses 

the comprehensive planning of production as well as the organization of batches. Given the 

significant time savings, prioritization should be given to determining the sequence in which 

batches are to be produced.  

The secondary priority is focused on the improvements relating to the "Major Projects", 

specifically addressing numbers 2, 18, and 20. Regarding number two, which pertains to the 

reconfiguration of STLS, it is recommended that Paulig explore the possibility of engaging the 
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company technicians to investigate such reconfiguration. However, if the involvement of the 

machine manufacturer is required, this improvement may need to be dismissed and deemed a 

“Thankless Task”. The tenth improvement pertains to the spice mix parameters in the SMFS, 

similarly to the prior recommendation, this matter should be deliberated within the company. 

Nonetheless, it is likely that this improvement suggestion will be abandoned due to the necessity 

of contacting the machine manufacturer. The eighteenth improvement promises substantial 

time savings and thus, it is advised to further investigate this opportunity. The twentieth 

improvement also presents significant time-saving potential during setup, thus a discussion on 

the possibilities of reducing documentation is needed.  

The third priority consists of the “Fill-Ins” and the associated improvements, which are

numbered as 1, 5, 6, 7, 8, 11, 12, 16, 17, and 22. Among these, improvements 1, 6, 7, and 12 

specifically pertain to the relocation of items closer to the necessary stations. These adjustments 

can be directly executed by informing the operators about how much they can save regarding 

the setup time just by rearrangements. Number 5 can be easily implemented, but its adoption 

requires internal discussions within the company to ensure awareness and consideration of the 

associated costs and sustainability implications. The eighth and eleventh improvements can be 

readily implemented by attaching a fastener and a container to the machine. The sixteenth 

improvement necessitates establishing a routine among operators to prepare for the setup prior 

to its commencement. Similarly, the seventeenth improvement can be directly implemented and 

should be incorporated into the company's routine practices. Finally, it is imperative that the 

operators incorporate the twenty-second improvement into their regular practices. Internal 

cleaning should thus be performed during machine failures and the technical team are required, 

opposed to performing this task during the setup process.  

The fourth categorization, termed as the "Thankless Tasks," should perhaps be considered for 

elimination. It comprises only the fourteenth and tenth improvement, rendering its significance 

questionable. The potential time savings associated with its removal can further be deliberated 

upon by the company's management team. 

8.2  Implementing time balancing improvements 

Regarding the balancing of setup cases, there exist eight cases according to this thesis. 

According to Berlin and Adams (2017) it is essential to ensure that operators have a 
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comprehensive understanding of the work instructions and are given sufficient time to 

familiarize themselves with them. This will minimize the need for frequent consultation of 

documentation during setup, thereby saving both time and effort. Paulig should therefore invest 

in creating detailed documentation that can assist newly employed operators at the beginning 

of their employment. However, it is equally important to maintain an overview of work tasks 

to support experienced operators in their setup process, which the work instructions provided 

in this project aim to do.  

It is also important to have in mind that there exist other variations that this thesis has excluded, 

such as the amount of spice mix spillages produced, which need to be cleaned during setup. 

Therefore, some variations must be allowed during the setup process.  
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9  
Discussion 

In this chapter, a discussion of the theories, methodology, and outcomes of the project will be 

presented and related to the research questions. 

9.1  Increasing the availability factor in OEE measurements: Focusing on 

downtimes 

The OEE measurement aims to set the baseline for the whole productivity improvement project. 

OEE is affected by several factors, such as breakdowns, setups, ramp-up, and scrap rates as 

Almström et al. (2014) mentioned. In this thesis project, the setup times have been the focus, 

which is only one of the reasons for a suboptimal OEE measurement. To further improve the 

OEE measurement, other improvement projects could be performed, such as analyses of the 

machine breakdowns, the ramp-up procedure on the production line, and the scrap rates. At 

Paulig, the quality measurement is set at 1, although this may not be entirely accurate. This 

discrepancy is primarily attributed to the refilling of partially empty jars during the ramp-up 

phase. Additionally, the scrap rates are not constantly equal to one, as the end of the production 

often involves the removal of containers with uneven counts. To further get more reliable OEE 

measurements the scrap rates could be included as well, but this would lead to more work for 

the operators. The emphasis of the project has been the availability factor, as it directly 

influences the reduction of setup times, as mentioned by Mendes et al. (2023).  

9.2  Setup time reduction 

Since setups frequently occurred on the production line because of relatively small batches, and 

these setups were relatively lengthy, it appeared rational to prioritize the reduction of setup 

times to increase the availability factor in this thesis project. As Bhade and Hegde (2020) 

mentioned, the SMED technique provides the distinction between external and internal 

activities. This separation and subsequent conversion of activities provides a comprehensive 

understanding of the entire setup procedure, which can be used for further improvements. 



 

39

Streamlining the setup procedure is particularly important, as certain activities are dependent 

on each other. To accomplish this step, it is necessary to be aware of the dependencies within 

the system. Analyzing each individual activity has facilitated the process of streamlining the 

setup process. Thorough standardization of parts and components could have been implemented 

to a greater extent in the project. However, this was not deemed necessary due to the operators’

knowledge and the existence of documentation for the various parts required during different 

setup processes. Nevertheless, the unnecessary activities were eliminated during this step to 

ensure that the operators are focusing on essential setup activities.   

The primary tool used for the collection of data to conduct the SMED analyses was video 

recording. Video recording is an invaluable tool for the purpose of productivity improvement 

and has been employed in various prior productivity projects within the manufacturing industry, 

as demonstrated by the work of Ramani and Tripathi (2013), Vairagde and Hans (2018), and 

Zandin (2001-b). Video recording significantly mitigates the risk of omitting crucial data 

pertaining to the examined system, ultimately preventing the possibility of erroneous decision-

making based on inaccurate measurements.  

However, it is important to consider the potential ethical concerns with video-analysis that was 

used during the thesis project. The collection and the utilization of video data must adhere to 

ethical standards to ensure a fair treatment of employees. Säfsten and Gustavsson (2019) 

present the main themes of engineering ethics, which include showing integrity, practicing the 

profession with competence, show leadership, and protecting natural and constructed 

environment. This theory must be applied, and protect employee privacy; therefore, the video 

analysis must be conducted after the employee’s consent. The employees must be informed

about the purpose of the video recording, who will have access to it, ensure the consent is freely 

given, and how it will be used. The storage of the video data can pose ethical challenges, the 

data was therefore limited to the operator being on the video and the researcher. To adhere to 

ethical standards, the operators in the whole facility were informed about the video recording. 

The operators participating in the study were informed of the purpose of the recording, and who 

will have access to the data.  

The data collected during the setup procedures was obtained from six recordings. To enhance 

the data collection and obtain a more comprehensive understanding of the variations that can 
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arise during setup, the number of recordings could have been increased. Additionally, the 

present recording method relies on a restricted number of operators, which could lead to 

misleading results if these operators fail to consistently execute the setup. Given the scarcity of 

operators included in the study, the working procedure merely takes into consideration their 

individual approaches. This could potentially result in dissatisfaction among operators, as their 

respective working methods are not acknowledged. Furthermore, if the number of recordings 

had been increased, the reliability of the thesis could have been improved.  

Spaghetti diagrams were used to get a comprehensive understanding of the operators’ walking

path during setup. The walking time, however, were not included in the spaghetti diagrams 

since they are already represented in the work classification graphs (see Appendix C). Instead, 

the walking times were analyzed separately to gain insight into the operators’ tasks during setup

and to form a holistic understanding of the losses represented in the work classification graphs. 

AviX software facilitated the setup time reduction with the integrated SMED analysis and work 

classification tools. As a result, the entire setup process could be examined comprehensively in 

one software, providing an overview of the whole setup process.   

In this project, the work classification technique aims to assess the level of waste in the actual 

setup process. This assessment is fundamental in understanding the improvement potential of 

the work performed and plays a significant role in the project’s execution. Moreover, the work 

classification facilitates the evaluation of improvements after conducting the SMED analyses, 

making improvements more visually apparent and easily understandable in terms of waste 

reduction.  

The priority matrix, as shown in Figure 6.1, does not consider nuances among the different 

improvements. It strictly classifies the improvements into four distinct categories.  To mitigate 

the potential drawback of such strict categorization, an evaluation of the improvements is 

presented in paragraph 6.2. This evaluation provides a more comprehensive analysis of the 

categorization of the different improvements, stating that some of the improvements may be 

potentially relocated to a different category. This provides a more thorough and analyzed 

perspective on the categorization process which strengthens the validity of the result.   

The improvement suggestions represented in Table 6.1 were derived from all identified cases 

in the thesis. Some of these improvements, such as those involving placing items closer to the 
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stations (improvements 1, 6, 7, and 12), have the potential to be merged. This could result in 

classifying these improvements as “Quick Wins” rather than “Fill-Ins” in Figure 6.1, giving 

them a higher priority. The decision to divide them was made to clearly outline all 

improvements and their potential time reduction during setup. By dividing the improvement 

suggestions, operators will likely understand the importance of each adjustment. It should be 

noted that some of the improvement suggestions are based on limited recordings, which 

introduces a risk that the estimated time reduction could have differed if the study were 

replicated. Therefore, to enhance the study’s reliability, additional recordings could have been 

conducted for each case. Nevertheless, the validity of the improvement suggestions is relatively 

high since video recordings were used, which made sure that the researcher was examining the 

right things in the recordings.  

The evaluation of improvements was an important step to thoroughly assessing the provided 

improvements. Moreover, this involves identifying stakeholders who will be affected by the 

improvements and those who have the capacity to implement them, thereby enhancing the 

credibility of the outcomes. Additionally, when the improvements are categorized in the priority 

matrix (Figure 6.1), it allows the company to establish a prioritization order which can be highly 

beneficial when deciding among various improvement suggestions.  

Furthermore, it is important to acknowledge that this thesis project involved the participation 

of only three operators, which may have resulted in the exclusion of highly knowledgeable 

operators. This potential limitation could have hindered the identification of significant 

improvements and missed out on some of the most effective improvements. To address this 

limitation and improve the validity in this regard, it would have been advantageous to involve 

a larger number of operators, selected based on their experience.  

 

The improvements included in the improved SMED charts were improvements 1, 3, 4, 5, 6, 7, 

8, 9, 11, 12, 15, 16, 17, and 22. These were selected based on their convenience and ease of 

implementation. Number 18, for instance, was discarded because it is not feasible to eliminate 

all internal cleaning processes, as indicated in Table 6.1, which represents the potential 

improvement potential, if all internal cleaning were discarded. This would require a large 

improvement project within the company. The decision to exclude improvement number 18, 

was sought to increase the validity of the improvement potential depicted in the SMED charts.  
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Regarding the time balancing of setup cases, these are considered reasonable in relation to each 

other. One combination that diverges is case number 2 and 6. It is odd that the time required 

for this combination is shorter than the combination of case number 1 and 6, considering that 

case number 2 includes the changing of lids. It is possible that the recording of setup case 

number 1 took longer time than it should have, resulting in this outcome. This is further 

supported by the fact that every setup case combined with case number 2 has a similar time 

difference compared to when combined with case number 1. Therefore, additional recording 

would have increased the reliability of the study and the variations within different cases could 

have been identified.  

The recommendations towards Paulig are foremost based on the priority matrix presented in 

Figure 6.1, which considers the time reduction of the different improvements and the effort 

required by the company and their employees. Moreover, it is imperative to ensure the 

operators’ comprehension of the novel work procedures. Failure to do so may result in

discontented operators and increased stress within the workspace.   

9.3  Standardize setup processes  

The present setup process involved ongoing discussions and communication among employees, 

which could be decreased by standardized setup processes. In this scenario, the use of work 

instructions is likely to be advantageous to minimize unnecessary tasks and excessive 

movement. When there are multiple cases within a company, work instructions can prove to be 

valuable, particularly in reducing the extensive communication required among operators to 

ensure a smooth setup process. The present work instructions depend on personalized guidance, 

where operators train one another in performing the setup procedure. The objective of this part 

of the project has been to enhance the codification of setup instructions to ensure that operators 

adhere to standardized work routines.  

9.4  Significance of the chosen research design 

The qualitative methodology is rooted in the gathered data (Säfsten & Gustavsson, 2019). 

Qualitative data encompasses the essence, traits, and can be represented in both visual and 

textual formats and it is not feasible to assign numerical values to it. The decision to adopt a 

qualitative approach was to thoroughly comprehend the entire production system, inclusive of 
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the synergy between operators and machines. Achieving such an understanding appears 

unattainable without the utilization of the qualitative methodology.  

The case study approach is valuable when the aim is to gain comprehensive understanding of a 

specific situation or occurrence, or when it is necessary to describe multiple aspects of various 

phenomena (Säfsten & Gustavsson, 2019). This approach can be applied to one or several 

research objects that require investigation. Case studies are particularly suited to address 

research questions that explore the “how” of a given issue (Yin, 2018). A case study does not 

necessitate extensive prior knowledge about the subject matter, as it allows for exploratory 

research (Säfsten & Gustavsson, 2019). Based on the research questions, a case study can 

provide both descriptive and explanatory insights. In this thesis, the primary research object 

under investigation was the 5403-production line. The aim was to comprehend the current 

procedures and contribute to the existing knowledge in the research field. Therefore, the case 

study approach was selected as the most appropriate methodology. The research questions in 

this thesis focus on the “how” aspects, further reinforcing the suitability of the case study

approach. The outcome of this study provides both explanatory work instructions and 

descriptive work classification graphs, SMED analyses, and Spaghetti diagrams are descriptive.  

The informal interviews and observations presented in Table 4.1 and Table 4.2 are significant 

in obtaining a comprehensive understanding of the challenges faced by the operators in their 

daily work.  The informality of these interviews was thoughtfully chosen to obtain honest 

responses from the operators. Formal interviews could have potentially resulted in the operators 

providing different scenarios. Furthermore, the researcher sought direct answers whenever 

something was unclear regarding the setup procedures, and informal interviews were therefore 

considered the most appropriate. Additionally, Paulig experienced a stressful situation within 

the company during the thesis project, which limited the feasibility of conducting formal 

interviews with the operators.  
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10  

Conclusion 

This chapter presents the conclusion and establishes its connection to the purpose of the thesis. 

Moreover, the proposed approach for implementing a setup reduction project is outlined, along 

with the methods utilized throughout this thesis. The purpose of the thesis was to examine how 

to improve the availability factor in the OEE metrics with the focus on planned production 

downtimes. 

10.1 How the availability factor can be increased when focusing on setup time 

A structured approach or method is advised, such as the one used in this thesis. Using video 

recording is recommended during setup time reduction studies to ensure critical information is 

not missed. Operators should be recorded simultaneously to ensure even distributed efforts. 

Setups should be divided into multiple cases and preferably recorded multiple times to capture 

variations within each case. If recording of each operator is not possible, analyzing each 

recording is necessary to minimize the risk of overlooking activities. In situations where 

activities are not clearly divided, segments from other recordings can be reused.  

This approach can effectively increase availability and improve OEE in a production 

environment, thereby enhancing competitiveness in the global market. Moreover, 

manufacturing companies can implement this approach to enhance the utilization of their 

existing resources, thereby leading to an increase in their environmental sustainability rate.  

The work classification tool and spaghetti diagrams can help understand challenges and identify 

areas for improvement in setup time reduction. SMED analyses are appropriate for reducing 

setup times. However, it is important to thoroughly analyze each element of the setup to 

accurately classify and potentially eliminate some of the activities during the improvement 

process. The divided setup cases should be combined to obtain a comprehensive understanding 

of the time required for each combination.  
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Analysis and collaboration with operators are important in accurately classifying and 

eliminating activities during the improvement process. Involving the operators in the 

development of work instructions increases their likelihood of understanding and implementing 

them.  

10.2 Future research 

To further reduce setup time, production lines can be evaluated based on the location of 

different machines and stations. Additionally, technical availability could be examined to 

develop a plan for improvements. To further increase the OEE measurements, the performance 

factor could be examined and how this can be combined with the improvements of the 

availability factor. To improve the availability factor, unplanned stoppages could be examined 

as well, such as machine breakdowns and ramp-ups.  

To enhance work instructions for setup processes, additional explanations can be incorporated 

for newly hired employees. Additionally, there is potential for further development of the work 

instructions regards to the fifth point in the theory (as stated in paragraph 3.3.2), considering 

individual needs and variations. As noted by Li et al. (2018), work instructions can be carried 

out codified and personalized. To further expand on this research, it is recommended to explore 

the potential combinations of spaghetti diagrams, work classification, SMED analyses to 

identify the most effective approach for presenting improvements to the operators. This will 

help increase their motivation to implement these improvements.  
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Appendix A  

Spaghetti diagrams 

In the spaghetti diagrams, yellow boxes represent pallets or carriages, blue boxes screens, grey 

boxes garbage cans, and black boxes represent a table. The two yellow boxes outside of the 

production line represent two carriages that are placed outside of the production line, but within 

the production facility. The path outside of the production line is an estimation and the scale is 

not entirely correct in this diversion.  
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Figure A.1  

Present state of case number 1 

 

Figure A.2  

Present state of case number 2 
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Figure A.3  

Present state of case number 3 

 

Figure A.4  

Present state of case number  4  
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Figure A.5  

Present state of case number 5 

 

Figure A.6  

Present state of case number  6 
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Appendix B  

SMED charts 

In the SMED charts, the non-classified activities are light green, green activities are external, 

and yellow activities are internal. The walking path towards an internal activity is classified as 

an internal activity as well and the walking path towards an external activity is classified as 

external. 
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Figure B.1  

Steps of the SMED analysis, case 1  

 

 

Figure B.2  

Steps of the SMED analysis, case 2 
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Figure B.3  

Steps of the SMED analysis, case 3

 

Figure B.4  

Steps of the SMED analysis, case 4  
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Figure B.5  

Steps of the SMED analysis, case 5  

 

Figure B.6  

Steps of the SMED analysis, case 6 
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Appendix C  

Work classification  
In the work classification, activities that are classified as losses are walking and unnecessary 

activities, activities classified as wait contains several reasons of waiting, both for the product 

and for the other operator, and activities classified as required are tasks required during the 

setup procedure. There are no value adding activities during the setup procedure since this does 

not generate value towards the end customer. 
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Figure C.1  

Work classification, present state, case 1 

 

Figure C.2  

Work classification, improved, case 1  

 

Figure C.3  

Work classification, present state, case 2 
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Figure C.4  

Work classification, improved, case 2 

 

Figure C.5  

Work classification, present state, case 3 

 

Figure C.6  

Work classification, improved, case 3 including the internal setup activities  
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Figure C.7  

Work classification, present state, case 4 

 

Figure C.8  

Work classification, improved, case 4 

 

Figure C.9  

Work classification, present state, case 5 
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Figure C.10  

Work classification, improved, case 5 

 

Figure C.11  

Work classification, present state, case 6 

 

Figure C.12  

Work classification, improved, case 6 
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Appendix D  

 

Work balancing 

In the SMED charts, the non-classified activities are light green, green activities are external, 

and yellow activities are internal. The walking path towards an internal activity is classified as 

an internal activity as well and the walking path towards an external activity is classified as 

external. 
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Figure D.1  

Balancing of case number 1 and 3 

 

Figure D.2  

Balancing of case number 1 and 4 
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Figure D.3  

Present state of case number 1 and 5 

 

Figure D.4  

Balancing of case number 1 and 6  
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Figure D.5  

Balancing of case number 2 and 3 

 

Figure D.6  

Balancing of case number 2 and 4 
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Figure D.7  

Balancing of case number 2 and 5  

 

Figure D.8  

Balancing of case number 2 and 6  
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Appendix E  

Work instructions 

The work instructions in this appendix are based on the balanced SMED analyses between 

different cases.   
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Figure E.1  

Changeover instruction for the balancing of case number 1 and 3 
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XXII 
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XXIV 
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Figure E.2  

Changeover instruction for the balancing of case number 1 and 4 
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XXVIII 
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Figure E.3  

Changeover instruction for the balancing of case number 1 and 5 
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XXXII 

 



 

XXXIII



XXXIV 
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Figure E.4  

Changeover instruction for the balancing of case number 1 and 6 
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XXXVIII 
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Figure E.5  

Changeover instruction for the balancing of case number 2 and 3  
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XLII 
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XLIV 
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Figure E.6  

 
Changeover instruction for the balancing of case number 2 and 4 
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XLVIII 

 



 

XLIX



L 

 



 

LI

  



LII 

 

Figure E.7  
 

Changeover instruction for the balancing of case number 2 and 5  
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Figure E.8  

Changeover instruction for the balancing of case number 2 and 6  
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