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Abstract  
Volvo Trucks is one of the world’s largest truck manufacturers, with a cab production plant located in 

Umeå, Sweden. The variation in batch sizes of the different components causes variation in the length 

of the production plan of subparts, and thus variation in production lead times. This project aims to 

examine how equally sized batches affect the length of the production plan, and what batch size is 

optimal to achieve efficient production planning. The examination was conducted with respect to lean 

principles and a mathematical model was built to simulate the use of different batch sizes. In order to 

run the simulation, both historical and new data was used. Parameters interesting to examine for the 

result are the length and variation of the production plan, number of set-ups, production frequency, 

inventory levels and the annual production. A batch size of 2.0 hours is optimal as the length of the 

production plan then varies the least in the allowed interval. Equally sized batches exclusively were 

not found to contribute to a more efficient production planning. Smaller batch sizes in combination 

with equally sized batches were however shown to decrease the variation in the production plan, and 

to result in increased stock turnover and decreased inventory levels. 

  



  

 
 
 

Sammanfattning 
Volvo Lastvagnar är en av världens största lastbilstillverkare, med en fabrik för tillverkning av hytter 

placerad i Umeå. Variationen i orderstorlekar för olika komponenter orsakar variation i längden av 

produktionsplanen, vilket i sin tur leder till varierade ledtider. Detta projekt syftar till att undersöka 

hur utjämnade orderstorlekar påverkar längden av produktionsplanen och vilken orderstorlek som är 

optimal för en effektiv produktionsplanering. Projektet utfördes med hjälp av leanprinciper och en 

matematisk modell av produktionen byggdes för att simulera användningen av olika orderstorlekar. 

För att köra simuleringen användes både historiskt och nytt data. Intressanta parametrar för resultatet 

är längden och variationen i produktionsplan, antal verktygsbyten, produktionsfrekvens, lagernivåer 

och årlig produktion. En orderstorlek på 2,0 timmar är optimal eftersom längden på 

produktionsplanen då har minst variation inom det tillåtna intervallet. Enbart jämna orderstorlekar 

visade sig inte bidra till en effektivare produktionsplanering, men mindre orderstorlekar i kombination 

med jämna orderstorlekar visade sig minska variationen i produktionsplan och resulterade i ökad 

lageromsättning samt minskade lagernivåer.   
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Terminology 

Batch size Time used to produce a certain component 

Set-up time Time for change of tools for the press line 

Outer set-up Work that can be done while the machine is running 

Inner set-up Work that can be performed only when the machine is turned off 

High volume component Components with high annual demand 

Low volume component Components with low annual demand 

DUGA Volvo’s General Manufacturing Monitoring Software 

Rumba Volvo’s mainframe, containing information about for example order 

and inventory status for every component 

CKD Completely Knocked Down. Kit with fully disassembled components 

shipped for assembly by the end-user 

BIW Body in White. The production line in which the cab's metal 

components have been assembled 

OEE Overall Equipment Effectiveness 

DO Driftområde (Eng. Operating Area) 
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1. Introduction  
The following sections constitute the introduction to this project, including information about the 

company, a description of the problem and some background information.  

1.1. About the Company 

Volvo Trucks is a company in Volvo Group which was founded in 1927 and has their headquarters 

located in Gothenburg, Sweden. As one of the truck manufacturers with the most market shares in 

the world, they currently have over 100 000 employees and production in 19 countries, with 

customers located all over the world. Parts of Volvo Trucks' production are located in Umeå, Sweden, 

with over 1300 employees working with the production of the truck cabs. The components for the 

assembly of the cabs are produced in the press shop in Umeå and delivered to all of Volvo's cab 

assembly plants over the world.1   

1.2. Problem Description 

A truck cab is built from several different components and most of those components are produced 

at two different stations in the factory in Umeå, called press lines. The components are stored as 

inventory, waiting to be assembled to cabs. The production is initiated by a trigger point, defined by 

five days estimated withdrawals from the store. The time used to produce one batch of each type of 

product varies, creating uncertainty and large variations in the length of the production plan. As the 

trigger point is based on five days demand, problems occur if the production plan is longer than five 

days. Production of all types of components needs to be planned at least 2.5 days ahead as the lead 

time for the raw material is approximately 2.5 days. Considering this, problems also occur if the length 

of the production plan is shorter than 2.5 days.   

Furthermore, as the time used to produce one batch varies, the length of the production plan varies 

which causes uncertainty of when to initiate production of certain components. Currently, batch sizes 

are calculated from the annual demand and steel coil sizes, resulting in some batch sizes running for 

a shorter time than the outer set-up time. Batch sizes that are small entail a risk of causing production 

stops.   

If all batches were produced using the same amount of time, the production plan would be more 

predictable as there would be no question about how to fit different batches together during one day. 

Leveling batches with respect to time, affects the number of components produced in each batch, 

increasing the number of components in some batches and decreasing the number of components in 

others, which in turn affects the frequency with which the component will be produced.  

With respect to this problem, the following questions are examined:   

• How would equally sized batches affect the production plan? 

• What batch size would be optimal to achieve efficient production planning?   

1.3. Flow of Material 

Steel coils enter the line when transported from the coil warehouse to the production plant. Inside 

the plant they are unpacked and stored until usage. Some of the coils are slit to a specific width, to 

                                                           
1 All components are denoted with numbers instead of real names; see Table A2 in Appendix 5. 
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suit the ordered components. Steel coils that are not completely served, i.e. there is still some steel 

left on the coil, are stored as secondary coils for later on processing. Coils are transported into a 

machine called cutter, where the steel is cut into rectangular pieces. The cut steel pieces are either 

stacked on pallets or directly transported to a machine called belt press, where they are shape cut. 

The steel stacked in pallets is stored until intake to the press line.  

The press line has a capacity to take two pallets of steel to avoid downtime as pallets can be switched 

during production. The steel is pressed up to five times, depending on the design of the component. 

The pressed components leave the line on one of two conveyor belts and are packed onto pallet cages.  

The flow of material is represented as a flow chart in Appendix 1. 

1.4. Purpose and Goals 

The purpose of this project is to optimize batch sizes, create a mathematical model of the production 

and simulate how optimally and equally sized batches affect the production planning. The aim is to 

decrease variation in lead times, which will help define safety stock levels, and increase knowledge of 

when to initiate production of specific components.  

1.5. Software 

This chapter describes the different software that has been used in this project. 

1.5.1. Plant Simulation 

Siemens' software Tecnomatix Plant Simulation 13.1 (Plant Simulation) enables modeling and 

simulation. The software has built-in blocks which make it suitable for modeling a production system. 

By running simulations of the model and changing relevant parameters, a production process can be 

optimized with respect to various aspects. A simulation model enables testing different production 

plans and models without interfering with the current method before knowing if the new model will 

be an improvement.  

1.5.2. Microsoft Excel 

Microsoft's software Microsoft Excel is a spreadsheet allowing data management tasks as searching, 

arranging and retrieving information etcetera.  

1.5.3. Minitab 

Minitab is a statistical software, developed by Minitab Inc. The purpose of the program is to enable 

data exploration and analysis.  

1.6. Limitations 

The project is conducted during the master thesis of 30 credits. This limits the time available to 

approximately 20 weeks. Only batch sizes in Press Line 2 (hereby referred to as press line) will be 

simulated and focus will be on production lead times. 

Batch sizes between 1.5 hours and 5.5 hours were chosen to be simulated. The lower bound of 1.5 

hours was chosen because it was the estimated time of outer set-up (tool change). The upper bound 

was chosen from the largest batch size running today, as the aim is to achieve smaller batch sizes. 
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2. Theory 
This theory chapter includes information about the lean principles, optimization and the modeling and 

simulation process and aims to create an understanding for the method used to conduct this project. 

2.1. Lean Production 

A vision to reach a desired future state where there is no waste is called lean production. Waste is 

referred to as non-value adding activities. To eliminate all kinds of waste is nearly impossible which 

makes striving towards a lean production more of a vision than an actual goal as the improvement 

process takes place constantly. (Petersson et al., 2015, 17-18) The different lean principles used in this 

project are described in the sections below. 

2.1.1. Standardization  

Standardization in production is an agreement on exactly how every task in the production process 

should be conducted. That includes standardization in production flows, processes and on the factory 

floor. Standards can for instance help reveal deviations in time if the time consumed for one process 

is always the same. (Petersson et al., 2015, 129-136)  

2.1.2. Heijunka 

Leveling of production and planning regarding both batches and product types is called Heijunka. 

When Heijunka is applied, production will not be done from actual orders from customers as they may 

fluctuate greatly. Instead, all orders during a certain period of time are taken into account to equalize 

batches and product types produced each day. This allows a reduction of batch sizes and a calculation 

of production frequency of each batch which provides a production plan of each day to be 

constructed. Planned batch leveling provides a number of advantages if the company is able to 

eliminate or decrease the set-up time for changing tools in the machines. These advantages are for 

instance: 

• Flexibility to produce according to actual customer demand.  

• Balanced utilization of labor enables standardized working methods and a more consistent 

production.  

(Liker, 2004, 148-152) 

2.1.3. Just-In-Time Production 

The main principle of Just-In-Time (JIT) production is to enable production of the right number of the 

right component at the right time. In the case where JIT production is possible, waiting time will be 

reduced and thus an elimination of waste. The production flow will be completely unpredictable which 

gives efficiency opportunities by reducing inventory levels. Just-In-Time Production consists of the 

three principles of: 

• Takt Time 

• Continuous Flow 

• Pulling System 

(Peterson et al., 2009, 41) 
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2.1.3.1. Takt Time 

Takt time is a method aiming to calculate the production speed. This refers to the number of 

components produced per time unit. For a takted production flow to be efficient, it needs to be 

equalized regarding the number of produced components per time interval. Takt time is therefore 

based on customer demand whilst cycle time is based on technical conditions which are the 

production capacity of the machine. (Peterson et al, 2009, 41-42) 

2.1.3.2. Continuous Flow 

Having a continuous flow entails a striving towards having material in a constant movement. The aim 

is to minimize waste by reducing production downtime. (Peterson et al, 2009, 48) 

2.1.3.3. Pulling System 

In a pulling system (also called Kanban), the production is initiated only when a subsequent process 

indicates a need. The need is shifted upstream in the flow and reduces unwanted buffers as a result 

of production downtime. The advantages with Kanban arise mainly with a high and consistent demand 

and short replacement times. (Peterson et al., 2009, 50-51)  

2.2. Optimization 

The first step in an optimization process is to identify the real problem, thereafter it can be expressed 

mathematically. The mathematical model will be more simplified than the real problem, allowing a 

solution to be calculated. The final result must be verified and validated to ensure if and how the 

solution can be used for decision making. (Lundgren et al., 2008, 9-10)   

2.3. Modeling and Simulation 

Simulation of production can be used for a number of different purposes, among them visualization 

of how the planning process can be conducted, evaluating different alternatives for the production 

plan. (Bangsow, S., 2010, 1) A modeling and simulation process is divided into three steps; modeling, 

simulation and analysis. A model is first created to show an approximation of the reality. To create a 

valid model, however, the data collection is very important as it is the base for building the model. 

The simulation is an observation of the model, repeated several times and with different parameters. 

The results from the simulation are later analyzed to verify and validate the observation and to finally 

allow conclusions to be drawn from the simulation. (Sokolowski, J. & Banks, C., 2009, 5)  

2.4. Discrete Event Modeling 

A discrete system has state variables changing on different points in time. (Banks, J. et al., 2004, 9) 

Discrete event simulation is defined as the variation in simulation models, caused by different events 

in a time sequence. Usually, a discrete event simulation contains a clock that controls the simulation 

time and is used to trigger different events in the model. The results are not computed from different 

equations within a discrete event simulation but come from running the simulation. (Sokolowski, J. & 

Banks, C., 2009, 48, 73)   
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3. Methodology 
The embodiment of this project is described in this chapter.   

3.1. Disposition of Project 

As described in figure 3.1, the project was initiated with a start-

up time with an analysis of the current situation in order to 

understand the problem. Thereafter a project plan and a 

timetable were created.   

When an overall understanding of the current problem and 

situation was created, the approach of the project was 

formulated. It was decided that a simulation was most suitable 

to fulfill the purpose of the project and to answer the research 

questions. Data was gathered about planning procedure, store 

capacities, inventory levels, trigger levels, annual demand, 

withdrawals, and production times. The model was then created 

by doing continuous execution and validation and thereby 

expanded successively.  

The outcome from the simulation was analyzed and discussed 

before a final result was established, including 

recommendations with possible future work to expand the 

model and to include an increased number of areas.  

Finally, a presentation was held to stakeholders and the report 

was handed over.   

3.2. The Use of Software 

The following sections are presenting the application of the 

different software in the project.  

3.2.1. Plant Simulation 

Plant Simulation was used for building the model and run the simulation. Plant Simulation is the main 

software for discrete event modeling and is frequently used for production simulation at Volvo Trucks. 

In this project a digital model of the press line was created.  

3.2.2. Microsoft Excel 

Microsoft Excel was used to construct and design data as input and output files to the simulation 

model constructed in Plant Simulation.  

3.2.3. Minitab 

Minitab was used to find the distribution of certain data. 

3.3. Approach 

The approach of the project regarding production planning was based on different lean principles, 

which are described below.  

Figure 3.1. Disposition of project 
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3.3.1. Production Planning 

Production planning is a necessary activity in a manufacturing company and by making it more 

efficient, the company can develop a competitive advantage. By introducing batch leveling the 

efficiency of the production planning will increase in the areas of flexibility, speed, cost, quality and 

customers' service level. (de Araujo L.F., de Queiroz A.A., 2010, 81) When introducing batch leveling, 

time for set-up, batch size and production speed has to be taken into account. (de Araujo L.F., de 

Queiroz A.A., 2010, 85) 

3.3.2. Lean Principles Decrease Variations 

Using lean principles when planning the production, contributes to decreasing the number of sources 

leading to undesirable variability. Batch leveling leads to a more constant flow of material, a pulling 

system increases the effectiveness and a Takt time leads to a fixed production speed. (Slomp, Jannes, 

Bokhorst, Jos A.C. & Germs Remco. 2009, 586) 

3.3.3. Batch Leveling with Trigger Points 

Heijunka and Just-In-Time production are both lean principles, but a manufacturing company can 

benefit from having a production not solely using one of them. A flexible manufacturing process like 

JIT implies higher production costs as the production capacity is not utilized to the fullest. On the other 

hand, Heijunka with a more inflexible production, which is in need of higher inventory levels and stock 

capacity, has a more efficient utilization of the production capacity. Depending on the company's type 

of production and customer demand, the optimal production method could lie somewhere in between 

producing along the principle of pure Heijunka or pure JIT. Choosing production method is a cost trade-

off between having a more lean production or a more agile production. (Hüttmeir et al. 2009, 501-

507) 

Volvo currently produces cabs directly upon customer demand and it is therefore suitable to produce 

according to JIT. As there is a need of components to assemble cabs, they need to be available when 

a cab order is received. This is to minimize the lead time from incoming cab orders to delivery to the 

end customer. If all components would be produced when a cab order comes in, according to JIT 

production, the lead time for cab production would be considerably longer. The demand of all 

components is thereby produced upon a forecast but still according to JIT and a Kanban system with 

real inventory levels and unique trigger points to be able to deliver the right amount of the right 

components at the right time to subsequent processing.  

The production of components cause difficulties in the production planning as different types of 

components are produced in different batch sizes depending on forecasted demand. Because of this 

and depending on at what time the components are triggered, the number of batches in the queue 

for production differs and thereby does the length of the work plan. The length of the plan 

corresponds to production lead times that also differ and causes a risk of inventory shortages. Current 

varying batch sizes risk a non-continuous material flow, resulting in production downtime.  

To maintain a production according to a pulling system with an indicating demand like Kanban, and 

also a reduced lead time for production of components and thereby facilitate the process of planning, 

Heijunka as a complement to JIT were tested in this project. Batch leveling with a number of different 

batch sizes were tested to find an optimal batch size that reduced the variation in lead time. This was 

tested with simulation and with Kanban, as the current production method, maintained. Using a 
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simulation model as a method to compare different production methods is an easy way to show 

improvements and impairments throughout the whole production flow (Towill, 1992, 12). 

3.3.4. Batch Size Reduction  

Reduced batch sizes, resulting in a higher production frequency, decrease inventory levels and lead 

times as well as increase production flexibility. An increased flexibility in production makes planning 

easier, while lower inventory levels reveal bottlenecks in capacity. To enable a reduction of the batch 

sizes, the crucial factor is the time used for set-ups. The less time used for set-ups in between the 

different components, the smaller the batch sizes can be. (Burcher, Dupernex & Relph, 1996, 213, 219)  

3.3.5. Measurement 

To analyze the output data from the simulation and from the collected data, a number of 

measurements were chosen. Time for set-up and the total number of set-ups will play a part when 

finding restrictions for the lower bound of allowed batch size and to make sure the batch size entails 

the annual demand to be fulfilled. The length and the variation of the production plan were examined 

to measure how the plan changes according to different batch sizes. Variation in the length of the plan 

was measured using standard deviation. To measure how different batch sizes affect inventory levels, 

the number of components in stock was daily measured during the simulated year. The stock turnover 

was examined by measuring the production frequency. 

3.4. Modeling and Simulation  

3.4.1. Procedure of Modeling and Simulation 

When modeling and simulating, a number of steps is recommended to follow. These are as follows: 

1. Formulation of problems  

2. Test of the simulation-worthiness  

3. Formulation of targets  

4. Data collection and data analysis  

5. Modeling  

6. Execute simulation runs  

7. Result analysis and result interpretation  

8. Documentation 

(Bangsow 2010, 2-6) 

At the initiation of the project, the simulation problem was defined together with Volvo to ensure 

both parts agreed of the problem to be studied. To be able to construct a model that is as similar as 

possible to the real production in the press line, data had to be collected. After the majority of data 

had been collected, the modeling phase started. Building the model included testing continuously to 

get an accurate simulation. As the model is a software model and therefore cannot fully represent the 

real production, some decisions about restrictions had to be done to simplify the model. During the 

model construction, the model was continuously executed and documentation of functionality in the 

source code was made. This was to be able to analyze the outcome of the simulation and to be able 

to make further changes of the model. When the model construction was finished, the simulation 

were executed and the output data was documented for each experiment. The results from the 

simulation were analyzed and conclusions were drawn. The result included conclusions and also 

proposals for actions and were documented and presented.  
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3.4.2.  Data Collection  

In order to run the simulation and receive accurate results, historical data was used in some parts of 

the model while in others newly gathered and processed data had to be used.   

3.4.2.1. Inventory Levels 

To be able to run the simulation, a starting level of inventory had to be created. This was created by 

noting the current stock levels for 12 days and uses the mean value as a starting point.  

3.4.2.2. Trigger Points 

The trigger point decides when a component should be planned for production which is when 

inventory levels decrease to a certain point and should then be added to the production plan to avoid 

inventory shortages. Trigger points differ according to different types of components and is calculated 

to equal the average withdrawals of five days.  

3.4.2.3. Batch Size 

Batch size is the time available to produce a certain component. Data of current batch sizes was 

gathered from internal documents. Today, all components have a specific batch size and in order to 

level the batches and to find an optimal batch size, a number of different batch sizes had to be 

simulated. According to information from Volvo, it was of no interest to decrease or increase the batch 

size beyond the batch sizes running in the production of today. The batch sizes were also not allowed 

to be shorter than the estimated time of a tool change, which is 1.5 hours.  The lower bound was 

therefore set to be the estimated time of a tool change and the upper bound to be the largest batch 

size as of today. Every batch size within these bounds was tested with an interval of 0.1 hours, which 

is the same interval as the current batch sizes differ. 

3.4.2.4. Cycle Time 

Cycle time is the amount of time used to produce one component and is calculated by dividing seconds 

per minute by stamp frequency per minute. Data about stamp frequency was gathered from internal 

documents.  

3.4.2.5. Demand 

The annual demand is the least amount of components that has to be produced during one year. This 

value changes and is updated on a monthly basis, which causes adjustments of the production time 

as well. To make sure that the annual demand corresponds to the right amount of production time, 

both values were gathered at the same time where values of annual demand were gathered from 

Rumba. 

3.4.2.6. Production Time 

It is important that the model includes the right amount of production time to match the annual 

demand, providing an accurate production with true values of number of produced components and 

plan length. The shift calendar that is used to control the production is based on the current shift plan, 

with accurate time for both planned and unplanned production time, gathered from DUGA. As the 

current shift plan is not scheduled throughout the whole year, the production time in the model had 

to be adjusted to correspond to an average amount of weekly production time over the year. 
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The overall equipment effectiveness also affects the outcome and information about this is gathered 

from having personal contact with the production planner, DO2. 

In the calendar, production time include planned stops, such as coffee breaks, lunch breaks, 

preventive maintenance, meetings and try-outs. The amount of time that is devoted to pure 

production is all the time in the calendar, with subtracted time for planned stops. The model will only 

run on planned production time and thus the result of the length of the plan will be shown in pure 

production time. To get the real amount of time for the length of the plan, the result had to be 

multiplied by a factor which corresponds to the amount of time for planned stops that was excluded 

from the calendar. This was done for each day of the week as planned production time differs. 

3.4.2.7. Withdrawals 

The total withdrawals from the stock include withdrawals from both the CKD and BIW departments. 

Withdrawals from the BIW department are relatively regular over the year while withdrawals from 

the CKD department are unpredictable. Though, the withdrawals from the CKD department 

correspond only to a small part (20 percent) of the total withdrawals, as the overall withdrawals can 

simplified be seen as relatively regular. 

The total withdrawals were calculated by dividing the estimated annual demand for year 2017 over 

45 production weeks with five production days each. This gives an average withdrawal per day which 

was used in the model as a simplification of the real withdrawals per day.  

3.4.2.8. Set-Up Time 

Set-up time comprises inner set-up time and outer set-up time. This is important to take into account 

in the model as the inner set-ups cause downtime and the outer set-up time causes a restriction of 

batch sizes in terms of a lower bound. Times for inner set-up is gathered from personal contact with 

the production planner, DO2. For the outer set-up, there was data about an approximate time for tool 

change but no data about real times existed. According to information from Volvo, outer set-up time 

differs, which required actual data to be gathered. A form was constructed and posted close to where 

the tools are changed in the press line, in order to be filled out by the operators, who had been 

informed about the purpose of the form. This form included starting time and ending time for 

changing the tools, as well as the number of the tools that were changed. When enough data was 

gathered, Minitab was used to find the data distribution, mean value and standard deviation.  

3.4.3.  The Simulation Model  

The model was built as a simplified version of the actual press line, see figure 3.2. The flow of material 

from the intake of coils to the factory until the finished components leave the press line was mapped 

out in a flow chart, see appendix 1, this was done with the purpose of visualizing what parts of the 

material flow that needed to be covered in the model. For an accurate model of the flow in the press 

line and how it affects the planning, only the last three steps in the flow chart, from when the steel 

pallets are placed outside the press line, to when the truck cab components exit, needed to be part of 

the simulation model. Apart from the flow of materials through the press line, there is a flow of tools 

that highly affects the flow of materials. The tools are changed between every different component 

produced. The tool changes are shown as a traverse as that is how the tools are moved to and from 

the press line. The following sections constitute a description of the model and how it is constructed.  
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Figure 3.2. Layout of the model 

3.4.3.1. Set-Ups (Traverse)  

The press line has tool set-ups from both sides, making it possible to change the tools simultaneously, 

while a batch is running. However, the model only visualizes the set-up of tools from one side, as a 

double sided tool change would not have added any value to the model. The tool changes are said to 

take approximately 90 minutes. After collecting data on how long a tool change actually takes, that 

data was used in the model as a representation of the duration of the set-up time.  

3.4.3.2. Steel Pallets and Press Line   

The steel pallets, containing the already cut steel, were programmed to generate a specific item from 

a list called WorkPlan and send it to PressLine2 for production. If there are no components in need of 

production, the WorkPlan is empty. The steel pallets would then pause the production completely, 

not sending any components to PressLine2, until WorkPlan is refilled the next day.  

In PressLine2, the total time to produce one batch is fetched from the table BatchSize, as well as the 

cycle time for the specific item is fetched from the table CycleTime. The amount of components 

produced in the batch is calculated from the batch time. Also the OEE is taken into account here, as it 

affects how much time is actually used, and the number of components that are produced with every 

batch, see formula in appendix 2.  

Upon exiting PressLine2, the number of components produced is added to the table Store to enable 

tracking of the inventory levels over the year and to the table YearlyProduction to ensure that the 

chosen batch time fulfills the annual demand of all different components.  

3.4.3.3. Withdrawals  

The method Method_Withdraw is called one time each day, Monday to Friday. A withdrawal is made 

from the Store and thereafter a new process plan is made. This is where the length of the process plan 

can be measured. Store is searched to see if any of the components' inventory levels are below their 

trigger points. If they are, they are added to the process plan in a specific order depending on if they 

have been in the plan before but have not yet been processed, and for how long they have been 
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waiting. Once all components in need of production have been added to the process plan, its length 

is measured in total production time. After this, the process plan is transferred to the work plan and 

the steel pallets can start generating components for production.  

3.5. Verification and Validation of the Simulation Model 

To examine whether the model is credible and assessable, it is important to make a verification and 

validation of it. How this is done varies between different models, depending on what methods are 

applicable for the simulation. (Kleijnen, 1995, 160) Verification of the model was done by debugging 

it, making sure there are no errors in the source code causing the result to be incorrect and by 

comparing data from the simulation run with real, historical or computed data. To validate the model, 

both real world data and sampled data have been used and results from the different simulation runs 

have been compared to see if they follow the same pattern. These are all verification and validation 

methods recommended by Kleijnen (1995).    
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4. Result 
The results from the simulation regarding set-up time, production plan, number of set-ups production 

frequency, inventory levels, annual production and inventory costs can be found in the sections below. 

All graphs corresponding to the results can be found in the last section of this chapter.  

4.1. Set-Up Time  

The gathered data about the required time for tool change is shown to be normally distributed with a 

mean value of 77 minutes and a standard deviation of 18 minutes, as can be seen in appendix 3. The 

largest value for outer set-ups was 2.0 hours which makes batch sizes smaller than this value critical 

as they entail a risk of production downtime. The time used for a set-up was found to be between 1.0 

and 1.5 hours with a probability of 52 percent and between 0.5 and 2.0 hours with a probability of 98 

percent. The calculations can be found in formula A2 and A3 in appendix 3. 

4.2. Production Plan 

The results regarding the production plan are listed and described below.  

4.2.1.  Length of Plan 

Smaller batch sizes than the current batch sizes were shown to result in shorter production plans in 

average. The production plan for all equally sized batches up to 2.3 hours were found to be shorter 

compared to the production plan for the current batch size.  

4.2.2.  Standard Deviation 

The standard deviation is a measure of how much the length of the plan varies. The larger the batch 

size is, the larger the standard deviation is. It can be read from figure 4.1 that a batch size of 2.2 hours 

and smaller has a smaller standard deviation than the current batch sizes. Batch sizes larger than 2.2 

hours have a larger standard deviation than the current batch sizes. 

4.3. Number of Set-Ups 

For increasing batch sizes the number of set-ups decreases as a result. A larger batch size implies a 

smaller number of required set-ups as the total production time available is the same. As shown in 

figure 4.2, the batch sizes of 2.2 hours and smaller have a higher number of set-ups than the current 

batch size. Batch sizes larger than 2.2 hours have a smaller number of set-ups than the current batch 

sizes.  

4.4. Production Frequency 

With equally sized batches, the production frequency for each component will change. Components 

with a smaller batch size before batch leveling will get a lower frequency of production as a larger 

number of components will be produced each time. Components with a larger batch size before batch 

leveling will get a higher frequency of production as fewer components will be produced each time, 

as can be seen in figure 4.3 and 4.4.  

As some components have a higher annual demand than others, some has to be produced in a greater 

number in total during one year. These high volume components currently have a larger batch size 

than after the batch leveling, which implies them to be produced with a higher frequency. Some low 

volume components get a larger batch size after batch leveling and thus will be produced with a lower 
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frequency. However, in total the production frequency will increase and those components whose 

batch sizes are decreased will have a significantly larger difference between their frequencies.  

4.5. Inventory Levels 

The average total inventory level for equally sized batches increases with an increased batch size. 

Equally sized batches with a batch size equal to or less than 2.3 hours has a lower total inventory level 

in average, compared to current batch sizes. For batches with a batch size above 2.3 hours, the total 

inventory level is higher in average.  

Components that get a smaller batch size compared to current batch sizes get a higher production 

frequency and thus a higher stock turnover. This also decreases their maximum and average inventory 

levels. The same principle applies to components that get an increased batch size but their maximum 

and average inventory levels increase due to lower production frequency and lower stock turnover, 

as can be seen in figure 4.5. 

4.6. Annual production 

The larger batch sizes used in the model, the larger is the total production of the year. The total 

production with the current batch size is 1 914 147 items, which is somewhere in between what the 

batch sizes of 2.4 and 2.5 hours produce. However, all different batch sizes produce enough 

components to fulfill the annual demand. The annual demand used for comparison was 1 820 541 

components. An extended table of the annual production for each batch size can be found in appendix 

4.  

4.7. Inventory Costs  

A decreased inventory level in average entails a possible cut of inventory costs. All components have 

various values and require different storage space, which need to be considered when calculating the 

cut in inventory cost and space. With a batch size of 2.0 hours, the average storage space needed is 

decreased with approximately 500 m3. A smaller number of items stored, imply a decrease of 

inventory value and thus also a decrease of inventory rate of interest. The decrease of inventory value 

is calculated to be approximately 700 000 SEK and the decrease of inventory rate of interest is 

approximately 50 000 SEK. The estimated difference in total inventory cost, including all costs related 

to warehousing, amounts to approximately 155 000 SEK. Calculations can be found in table A3 and 

formula A4 in Appendix 6.  
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4.8. Graphs  

 

Figure 4.1. Variation in the length of the production plan  

 

 

Figure 4.2. Number of set-ups 
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Figure 4.3. Production frequency for a high volume component 

 

 

Figure 4.4. Production frequency for a low volume component  
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5. Discussion  
This chapter includes a discussion of the model and its results. Included is a verification as well as 

limitations of the model.  

5.1. Data Analysis 

From the collection of data about outer set-up time, it was shown that the maximum time used for a 

tool change was 2.0 hours, which means that batch sizes below 2.0 hours entail a risk of downtime. 

With a certainty of 98 percent, the outer set-up time is below or equal to 2.0 hours. Comparatively, 

with a certainty of 52 percent, the outer set-up time is below or equal to 1.5 hours, see formula A2 

and A3 in appendix 3. With a batch size smaller than 2.0 hours, the risk of downtime increases 

significantly. The length of the downtime is the difference between the batch size and the time for the 

tool change.   

Thus, the lower bound for the batch sizes was set to 2.0 hours. All other batch sizes, up to 5.5 hours, 

are allowed as they fulfill the annual demand. However, batch sizes larger than 2.2 hours show an 

increase of the variation in the length of the production plan, compared to the production plan with 

the current batch sizes. A larger variation implies a more uncertain lead time, causing problems in the 

planning process and risk of stock shortages. The batch size of 2.0 hours was found to be the batch 

size with the least variation in the length of its production plan.  

With respect to the mean value of the outer set-up time which is 77 minutes, a standard deviation of 

18 minutes is a quite large variation of the duration. The reason for the large variation is that the outer 

set-up sometimes includes changing five tools and sometimes only four, which affects the duration of 

the set-up.    

The average length of the production plan decreases with a batch size of 2.0 hours compared to the 

current batch sizes. However, the average length of the new production plan lies within the interval 

of allowed length for causing no downtime or inventory shortages. The maximum length of the plan 

after batch leveling with a batch size of 2.0 hours is lower than the required maximum length of five 

days. The minimum length has shifted downwards, which could increase the risk of downtime, due to 

the length of the plan being too short. However, that downtime could be used for tryouts and 

preventive maintenance and thereby causing no inventory shortages.   

It is also shown in figure 5.1 that for a batch size of 2.0 hours, the advantage of the decreased inventory 

levels for components with a higher production frequency outweighs the disadvantage of increased 

inventory levels for components with a lower production frequency. 
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Figure 5.1. Difference in production frequency, with components sorted after decreased frequency.  

A smaller batch size and a higher production frequency mean that the stock has a higher turnover. As 

can be seen from the result in figure 5.1, does not every component get a higher production frequency 

and thus not a higher stock turnover. These components are low volume components and thus do not 

have as big impact on the overall inventory levels as high volume components. High volume 

components that get a smaller batch size also get a higher turnover of inventory. Despite the fact that 

there is an increase and a decrease in inventory turnover, the simulation runs show that the average 

inventory level in total for all components have decreased, see figure 5.2. In figure 5.3 it is also shown 

that 28 out of the 46 different components have decreased their average inventory levels while only 

15 components have increased their inventory levels, the three remaining components have an 

unchanged inventory level. 

 

Figure 5.2 Average total inventory level 

-200%

-150%

-100%

-50%

0%

50%

100%

150%

200%

1 3 11 15 25 27 7 18 20 9 12 6 40 29 37 33 45 24 31 44 38 39 26

D
if

fe
re

n
ce

 P
ro

d
u

ct
io

n
 F

re
q

u
e

n
cy

Component

Difference Production Frequency
Current Batch Sizes and Batch Size 2.0 h

0
5000

10000
15000
20000
25000
30000
35000
40000
45000

C
u

rr
e

n
t

1
.6

1
.8

2
.0

2
.2

2
.4

2
.6

2
.8

3
.0

3
.2

3
.4

3
.6

3
.8

4
.0

4
.2

4
.4

4
.6

4
.8

5
.0

5
.2

5
.4

N
u

m
b

e
r 

o
f 

It
e

m
s

Batch Size (h)

Average Total Inventory Level



18 
 

 

Figure 5.3. Difference in inventory levels  

As a consequence of smaller batch sizes, the number of set-ups increases. A reduction from the 

current batch sizes to 2.0 hours entail an increase of 217 set-ups, six minutes each. With a total of 330 

production days in 2017, that is a loss of approximately four minutes of production time each day. 

However, the annual demand is met with margins. 

5.2. Verification of the Model and the Results 

During the development of the model, the results when the current batch sizes were used were 

measured and compared to the real values. The current average length of the production plan is 

estimated to 3 days (72 hours), including different stops such as coffee breaks, lunch breaks and 

production stops for preventive maintenance. The average length of the resulting production plans 

from the model is 61 hours, including only processing time. As the calendar in the model uses 83 

percent of the day as production time the total time in the plan was calculated to be approximately 

72 hours, including all different stops.  

The total production over one year in the press line is approximately 1.9 million components, the total 

number of components produced over one year in the model resulted in 1 914 147 components. The 

number of set-ups is estimated to be between 1550 and 1600 in 2017. For the current batch sizes in 

the model there were determined to be 1646 set-ups, somewhat higher than the estimation of reality, 

just as the total annual production was determined as somewhat higher than the actual production.  

5.3. Limitations of the Model  

There are a few factors causing the model to divert from reality. One of them is how components are 

withdrawn from the store. In the model they are withdrawn with the same amount every day, while 

in reality they are different throughout the year. The BIW department, which is the main production, 

is accountable for 80 percent of the annual withdrawals, while the CKD department accounts for 20 

percent. The stream of withdrawals made by the BIW department follows a similar pattern every day, 

which is why the simplification of even withdrawals in the model was made. This creates an even flow 

through the process plan and may cause the inventory levels to look like they are following a pattern 

while in reality they might not be following exactly that certain pattern.  
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The total time used for production each week is another factor that differs over the year, depending 

on how the prognosis of the demand looks at the moment. This model uses an estimated time for 

production based on the annual demand that the prognosis was based on in March 2017.   

How the production plan is created in the model is different from the reality in the sense that the plan 

in the model is static while the plan in reality is more dynamic as it is created by a human rather than 

a computer. For instance, one component cannot be added to the plan more than once in one day no 

matter how far below the trigger point the inventory level is. In reality, a particular component can be 

added to the plan several times in one day if that would be necessary, something that affects the 

length of the production plan. The order in which the components are added to the plan is also 

different as the model only picks the component that has been below their trigger point for the longest 

time. In reality another component could be prioritized if it is further below its trigger point or if it is 

about to have a big withdrawal from the store.  

The store has a limited capacity, something that has not been considered in the simulation model. The 

maximum inventory level for every different component is three days of demand plus one batch. 

There is a risk that the model produces more, but considering how the process plan is constructed, 

the inventory levels cannot be measured in an exact number of components. The inventory levels 

from the model can only be used to compare how different batch sizes behave and if they are able to 

fulfill the annual demand.  

Finding the optimal batch size to ease the planning process is a sub optimization in the sense that the 

batch sizes that are possible to use, are affected by the surroundings of the press line. How many 

items that can be produced during one batch is decided by how many steel sheets there are on a steel 

pallet as well as how many items that can be placed on the racks at the end of the line. This can in 

reality make it difficult to use one single batch size for all types of components.  
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6. Conclusion 
The questions to be answered were: 

• How would equally sized batches affect the production plan? 

• What batch size would be optimal to achieve efficient production planning?   

Equally sized batches exclusively, were not shown to contribute to a more efficient production 

planning. This was concluded from noticing that the result from all tested batch sizes did not 

contribute to decreasing variation in the production plan. However, smaller and equally sized batches 

in combination were found to decrease variation in the production plan and therefore resulting in a 

more certain lead time, while the variation was found to increase correlatively with increased batch 

sizes. Smaller batch sizes also generate other advantages, which are decreased inventory levels and 

increased stock turnover.   

The conclusion is that a batch size of 2.0 hours is the optimal batch size. As can be seen in figure 6.1, 

the allowed interval of batch sizes is located between the batch sizes of 2.0 hours and 5.5 hours. It can 

also be seen in figure 6.1 that a smaller batch size results in a smaller variation in the production plan.  

 

Figure 6.1. Intersection of allowed and optimal batch size 
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7. Recommendations and Future Work 
The conclusion that a batch size of 2.0 hours is optimal is based on current trigger levels. By examining 

how the trigger points could be adjusted for every component, it is not unlikely to find a combination 

of advantageous trigger points. One way to do this could be by using multi-objective optimization 

(Pareto Optimization). As there are a number of factors that affect the production flow, it might not 

be possible to run all components with the same batch size. As can be seen in figure 6.1, it would be 

allowed to run the batches between 2.0 and 2.3 hours and still avoid an increased variation of the 

length of the production plan.  

As the optimal batch size of 2.0 hours is based on given parameters, the result is static. By examining 

a number of external factors including steel plates per pallets, it is likely to find a more dynamic 

optimal batch level as every type of produced component have different requirements, that need to 

be taken into account, i.e. the batch size could slightly differ for different components. In this way, the 

optimal batch size for production in the press line would not be a sub optimization. 

The model can be expanded to test how the production plan would be affected with more aspects 

included.  As the production shift plan with associated production time differs over time, the model 

could be expanded by adding a number of frames corresponding to different shift plans including 

associated demand of components.  

Instead of having average withdrawals, a distribution of forecasted cab demand could be inserted. 

This would give more accurate daily withdrawals over the year. With changed demand of different cab 

types, the demand of different component types changes. Distributed withdrawals would make it 

possible to run a simulation in order to test how changed cab demand affects the outcome.  

The production planning process could be more efficient by developing software that construct the 

production plan by adding triggered components to the plan automatically. A possible way would be 

by letting the program detect triggered components and calculate the next days’ demand and 

according to that adjust the plan with containing components in a priority order. In this way, stock 

shortages could be avoided.  

With a different production frequency for all components, the storage area needed might differ and 

would be examined for every type of components.  

A safety stock is a buffer of components that aims to assist situations with unexpected stops in the 

production which causes delays of delivery. A safety stock increases the ability to deliver in time and 

facilitate the production planning, in which the possibility would be to further examine a suitable 

safety stock level. 
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Appendices  

Appendix 1 – Flow Chart  

  

Figure A1. Flow chart of press production 
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Appendix 2 – Produced Items per Batch  

 

 

 

  

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑖𝑡𝑒𝑚𝑠 =  
𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒

𝐶𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 
×

1

2 − 𝑂𝐸𝐸
 

 

Formula A1. Calculation of number of produced items per batch. 



iii 
 

Appendix 3 – Probability Calculations of Set-Up Time  

 

Figure A2. Probability plot of set-up time 

 

 

 

 

 

 

 

 

 

 

 

 

  

𝜇 = 77.11 

𝜎 = 18.34 

120 = 𝜇 + 𝑎 ∗ σ 

𝑎 =
120 − 77.11

18.34
= 2.34 

P(𝜇 − 2.34𝜎 ≤ 𝑋 ≤  𝜇 + 2.34𝜎) =  Φ(2.34) − Φ(−2.34) = 0.98 

 

Formula A2. Calculations of probability of tool change smaller or equal to 2.0 hours. 

𝜇 = 77.11 

𝜎 = 18.34 

90 = 𝜇 + 𝑏 ∗ σ 

𝑏 =
90 − 77.11

18.34
= 0.70 

P(𝜇 − 0.70𝜎 ≤ 𝑋 ≤  𝜇 + 0.70𝜎) =  Φ(0.70) − Φ(−0.70) = 0.52 

 

Formula A3. Calculations of probability of tool change smaller or equal to 1.5 hours. 
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Appendix 4 – Annual Demand  

Table A1. Fulfillment check of annual demand 

 Batch Size (h) Total Production  Annual Demand  Difference  Demand Fulfilled  

Current  1 914 147 1 820 541 93 606 ✓ 

1.5  1 876 681 1 820 541 56 140 ✓ 

1.6   1 882 419 1 820 541 61 878 ✓ 

1.7   1 887 421 1 820 541 66 880 ✓ 

1.8   1 895 437 1 820 541 74 896 ✓ 

1.9   1 896 282 1 820 541 75 741 ✓ 

2.0   1 904 578 1 820 541 84 037 ✓ 

2.1   1 905 457 1 820 541 84 916 ✓ 

2.2   1 906 466 1 820 541 85 925 ✓ 

2.3   1 908 999 1 820 541 88 458 ✓ 

2.4   1 913 631 1 820 541 93 090 ✓ 

2.5   1 914 540 1 820 541 93 999 ✓ 

2.6   1 917 189 1 820 541 96 648 ✓ 

2.7   1 919 300 1 820 541 98 759 ✓ 

2.8   1 920 596 1 820 541 100 055 ✓ 

2.9   1 925 262 1 820 541 104 721 ✓ 

3.0   1 924 369 1 820 541 103 828 ✓ 

3.1   1 924 937 1 820 541 104 396 ✓ 

3.2   1 930 487 1 820 541 109 946 ✓ 

3.3   1 929 154 1 820 541 108 613 ✓ 

3.4   1 930 225 1 820 541 109 684 ✓ 

3.5   1 931 287 1 820 541 110 746 ✓ 

3.6  1 933 489 1 820 541 112 948 ✓ 

3.7   1 933 896 1 820 541 113 355 ✓ 

3.8   1 934 740 1 820 541 114 199 ✓ 

3.9   1 935 926 1 820 541 115 385 ✓ 

4.0   1 937 360 1 820 541 116 819 ✓ 

4.1   1 936 778 1 820 541 116 237 ✓ 

4.2   1 934 440 1 820 541 113 899 ✓ 

4.3   1 938 578 1 820 541 118 037 ✓ 

4.4   1 939 883 1 820 541 119 342 ✓ 

4.5   1 940 329 1 820 541 119 788 ✓ 

4.6   1 942 093 1 820 541 121 552 ✓ 

4.7   1 940 452 1 820 541 119 911 ✓ 

4.8   1 937 292 1 820 541 116 751 ✓ 

4.9   1 940 419 1 820 541 119 878 ✓ 

5.0   1 939 986 1 820 541 119 445 ✓ 

5.1   1 944 839 1 820 541 124 298 ✓ 

5.2   1 940 815 1 820 541 120 274 ✓ 

5.3 1 945 483 1 820 541 124 942 ✓ 

5.4   1 942 281 1 820 541 121 740 ✓ 

5.5   1 948 697 1 820 541 128 156 ✓ 
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Appendix 5 – Table of Items  

Item number with corresponding number 

Item 
Number 

Number 
Item 

Number 
Number 

82122352 1 82074677 24 

82057106 2 84225322 25 

82122350 3 84213720 26 

82154693 4 82152046 27 

82155289 5 82416295 28 

82091209 6 82416263 29 

82091218 7 82247712 30 

82150430 8 84225821 31 

82150439 9 84225459 32 

84219710 10 82214423 33 

84203759 11 82149078 34 

82094920 12 82149082 35 

82150942 13 84213879 36 

82309911 14 82152631 37 

82065273 15 84225450 38 

82158019 16 84225698 39 

82154995 17 82149043 40 

82176161 18 82149045 41 

82176539 19 84213777 42 

82179368 20 82149049 43 

82163476 21 82152635 44 

84225540 22 82345028 45 

82074675 23 82077936 46 
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Appendix 6 – Difference in Inventory  

Table A3. Calculation of difference in inventory.   

Item 
number 

Inventory 
Difference 

Items/batch 
(current) 

m3/batch m3/item 
price/item 
(SEK) 

Difference 
inventory (m3) 

Inventory 
cost/item 
(SEK) 

Difference 
inventory 
(SEK) 

1 -688 2400 309.52 0.13 X -88.73 X X 
2 -680 2400 43.84 0.02 X -12.42 X X 

3 -680 2400 43.78 0.02 X -12.40 X X 

4 -177 875 357.14 0.41 X -72.21 X X 

5 -261 1110 203.18 0.18 X -47.69 X X 

6 -108 920 198.08 0.22 X -23.35 X X 

7 -100 1000 226.08 0.23 X -22.58 X X 

8 -147 920 197.56 0.21 X -31.52 X X 

9 -98 1000 225.31 0.23 X -21.99 X X 

10 -297 1200 104.95 0.09 X -26.01 X X 

11 -249 1200 104.71 0.09 X -21.72 X X 

12 -150 865 120.15 0.14 X -20.86 X X 

13 -150 865 120.30 0.14 X -20.88 X X 

14 -148 1120 105.34 0.09 X -13.90 X X 

15 -147 890 161.74 0.18 X -26.76 X X 

16 -108 1010 97.99 0.10 X -10.50 X X 

17 -45 970 9.68 0.01 X -0.45 X X 

18 -45 970 9.69 0.01 X -0.45 X X 

19 -45 970 7.12 0.01 X -0.33 X X 

20 -45 970 7.16 0.01 X -0.34 X X 

21 12 675 50.55 0.07 X 0.91 X X 

22 -73 900 315.78 0.35 X -25.60 X X 

23 -59 750 51.01 0.07 X -4.03 X X 

24 -23 800 61.20 0.08 X -1.75 X X 

25 -114 900 315.72 0.35 X -40.02 X X 

26 0 400 4.93 0.01 X 0.00 X X 

27 -131 1000 107.19 0.11 X -14.00 X X 

28 0 860 287.07 0.33 X -0.16 X X 

29 -3 710 295.44 0.42 X -1.41 X X 

30 30 750 107.94 0.14 X 4.38 X X 

31 37 540 166.12 0.31 X 11.38 X X 

32 69 540 166.14 0.31 X 21.37 X X 

33 16 850 49.30 0.06 X 0.91 X X 

34 10 630 32.96 0.05 X 0.55 X X 

35 5 700 63.28 0.09 X 0.45 X X 

36 81 465 8.54 0.02 X 1.48 X X 

37 -3 700 63.48 0.09 X -0.27 X X 

38 53 550 35.79 0.07 X 3.43 X X 

39 87 540 35.29 0.07 X 5.69 X X 

40 -34 815 39.68 0.05 X -1.64 X X 

41 34 780 43.08 0.06 X 1.86 X X 

42 268 420 7.13 0.02 X 4.55 X X 

43 58 600 53.14 0.09 X 5.17 X X 

44 58 600 53.15 0.09 X 5.17 X X 

45 -15 690 38.30 0.06 X -0.84 X X 

46 -54 1000 107.24 0.11 X -5.78 X X 
      -503.28  - 704 540.30 
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𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒 = 7% 

𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑐𝑜𝑠𝑡 𝑟𝑎𝑡𝑒 = 22%  

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 =  −704 540 𝑆𝐸𝐾 

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑐𝑜𝑠𝑡 =  −704 540 ∗ 0.22 =  −154 999 𝑆𝐸𝐾  

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑟𝑎𝑡𝑒 =  −704 540 ∗ 0.07 =  −49 318 𝑆𝐸𝐾 

 

Formula A4. Calculation of difference in inventory cost.  


