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Abstract 

This thesis was carried out at Borggårds Bruk AB, a company which specializes in wire products and is 

located just northwest of Finspång, in Borggård, Sweden. The company’s business idea is to produce 

tailor-made products for Scandinavian customers with high requirements for product development, 

prototyping, quality and reliability. 

The purpose of this thesis is to look further into the raw material warehouse in the factory, to find any 

possible improvements that can be made. This is done by analysing both the material and the 

information flow in the warehouse.  

The analysis results in several problems being acknowledged, such as a complete lack of location labels, 

material stored between the racks and the placement of the most used materials being stored at 

random places in the warehouse. 

A new layout, where all locations can be seen is created to make it easier for anyone to find material in 

the warehouse. A new sorting system is implemented, creating fixed places for the top six most used 

materials (which equal 68% of the material used). These are moved as close as possible to the 

production to decrease any unnecessary transports.  
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1 INTRODUCTION 

1.1 BACKGROUND 
The final stage of the Bachelor of Science in Mechanical Engineering program consists of a thesis, which 

equals around 11 weeks of fulltime studies. The thesis provides an opportunity to focus extensively on a 

particular area of interest within the scope of the program. The thesis results in an academic report 

which presents all of the findings. 

This thesis was carried out at Borggårds Bruk AB, a company which specializes in wire products and is 

located just northwest of Finspång, in Borggård, Sweden. There are about 20 people working at 

Borggårds Bruk. The company has manufactured wired products for over 125 years. It is one of the first 

places in Sweden where this kind of manufacturing was introduced. The company’s business idea is to 

produce tailor-made products for Scandinavian customers with high requirements for product 

development, prototyping, quality and reliability. Volvo, Scania and Electrolux are amongst their bigger 

customers. Borggårds Bruk is a tier 1 supplier to Volvo, which means that the products made here are 

quality checked at the factory, before they are shipped to Volvo’s factories where they are put straight 

into the production lines. Being a tier 1 supplier is something that Borggårds Bruk is proud of and 

keeping the supplier status to Volvo is a priority. For this to happen they have to keep producing high 

quality products.  

At the raw material warehouse (which is the focus of this thesis), there is a storage system in use that 

contains information regarding the amount of inventory of every article in the warehouse. Information 

regarding placement for said inventory is hard to come by, as the warehouse lacks proper labelling. 

Operators who work within the warehouse have a feeling of where specific material is placed, but there 

is no way for others to know where something is placed. If the operators with the placement knowledge 

are ill, or if they quit, Borggårds Bruk would have a serious problem. The production time would then 

increase since it would take more time to find the right material. 

1.2 PURPOSE AND QUESTIONS 
As previously mentioned in the background, there are some problems within the raw material 

warehouse. First of all, the warehouse will be analysed to acknowledge these problems exist. The next 

step is to find solutions to solve these problems. 

The company has already decided that every storage space inside the warehouse should be labelled 

properly. Coming up with a sorting system is part of the objective. A way to label the storage spaces will 

have to be decided and a layout with the labelled spaces will be created.  

 

During this thesis the aim is to answer the following questions: 

1. What problems exists within the warehouse today? 

2. How is a controlled environment created within the warehouse, where information 

regarding amount of inventory and placement is easy to access? 
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1.3 CURRENT SITUATION 
There is a warehouse for raw materials at Borggårds Bruk called Trådlagret (the coil warehouse). The 

name comes from the nature of the material in the warehouse, which is metal wires that are applied to 

coils. There are three lanes where material can be stored on either side, seen in Figure 1 below. 

 

Figure 1: This shows one of the lanes in the warehouse. The metal wires on the coils can also be seen. 

In the middle lane the coils are stored on the floor, while the other lanes have racks where the coils can 

be stored in two levels.  

There are no set places for the material in the warehouse, but the material used most often is placed as 

close to the production line as possible. The wires are of different sorts of metal and diameters. Wires of 

the same kind of metal are for the most part grouped together and ordered by the diameter of the 

materials. 

Material is delivered to the warehouse once every week. When a truck arrives at the factory, an 

operator is called upon and the wares are offloaded with a forklift. If there already is a wire of the same 

material and size, the new wire is placed as close to the other wire as possible. If there are no wires of 

the same material and size in the warehouse, the new wire is placed in a free space. When all wires have 

been offloaded from the truck, notes are attached to the wires with information about the article 

number and the date the wire arrived. 

The amount of material in inventory is measured in kilograms. The status can be seen within the 

Enterprise Resource Planning system (ERP). This information is manually updated by the personnel when 

material has been used in production or when material has been delivered to the warehouse. When the 

company gets new orders, they have to make sure there is enough material to produce the products. 

This is ensured by comparing the status of the material in the ERP and the calculated amount needed to 

produce the products. If the calculated amount needed is bigger than the status in the warehouse, new 

material is ordered. When ordering new material, full coils are ordered. These weigh around 1000 
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kilograms and are delivered within one week. If a rare material or diameter is needed, an order of less 

than 1000 kg might be possible. The price per kilogram is less if you order a full coil. 

Because it is cheaper to order a full coil and the fact that all of the material on a coil is rarely used, there 

are coils in the warehouse that are half-used. Some materials are more frequently used than others and 

these have generally been in the warehouse for a short amount of time. The materials that are less 

frequently used can be stored for a long time, with the oldest one arriving to the warehouse in 1985. 

Different suppliers are used for the wires. These suppliers use two different technologies for coiling the 

wire. The techniques are shown in Figure 2 below. 

 

Figure 2: The two different techniques used for coiling the wire. 

Either the supplier coils the wire themselves and deliver it as seen to the right in Figure 2, or it is 

delivered on a pallet as seen to the left. If it is delivered on a pallet, seen to the left in the picture, the 

operators have to put it on a special coil before it enters production. A different kind of coil is then used, 

seen directly to the right of the pallet in Figure 2. These coils are not stackable and racks are required for 

storage, unlike the other coils which can be stored directly on the floor. The coils to the right can be put 

straight into production. No extra work is needed for them to fit into the machines.  

When a wire is needed in production, it is gathered by an operator with a forklift.  

The warehouse also serves as a storage space for finished products, seen in Figure 3 below, waiting to 

be shipped. These are placed close to the exit door where they are not in the way of truck traffic in the 

warehouse. 
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Figure 3: Layout where the material flow can be seen. 

As seen in Figure 3 above, the material flow is shown by the arrows. The space marked with green is 

racked spaces. The orange indicates material is stored on the floor. The black arrow is for material being 

delivered into the warehouse, the red arrow is for material transported from the warehouse to the 

production and the blue arrow is for finished products being delivered to the warehouse before they are 

shipped. 

The dimensions of the warehouse are about 25x70 meters and there are at most two trucks in the 

warehouse at the same time. 
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1.4 DELIMITATIONS 
To make the task manageable, certain delimitations will be made. These are: 

 As was requested by the company, the focus will be the raw material warehouse. The decisions 

made are influenced with the other warehouses in mind though.  
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2 METHODOLOGY 

2.1 APPROACH 
The first part of the thesis work consists of literature studies. These studies comprise published books 

and articles about warehouse management, Lean production and logistics. This is the base of the 

theoretical reference which is used within the thesis.  

After a theoretical reference is in place, the raw material warehouse is analysed. For this, the tool Value 

stream mapping (VSM) is utilized. Three operators, working in different areas of the factory, are 

shadowed during a day each to get an understanding of what is happening within the factory. Theories 

within Lean production is the source for many of the changes being made, mainly the 5S method, which 

is a tool for optimizing a workplace.  

A benchmarking process with a visit to Holms AB in Motala, is done to get further insight into how a 

warehouse can work. 

2.2 QUALITATIVE AND QUANTITATIVE DATA 
Gathering of data differs between various methodologies, depending on the goal of the study1. 

Qualitative data gives a broad picture and comprise countable data. This kind of data is good when a 

statistical approach is utilized2. It is easily presented in the form of tables and diagrams. 

Quantitative data is used when a deep understanding is the goal. Instead of numbers, own 

comprehensions and impressions are of importance. This can be used to describe the flow of a system. 

In this thesis, both qualitative and quantitative data have been used. Observations, shadowing and 

literature studies have been used to create a deeper understanding of the operations and flow of the 

warehouse, and are seen as quantitative data. 

The analysis part of this thesis consists of countable data which means it is qualitative data.  

2.3 OBJECTIVITY AND BALANCE 
Academic studies like these requires the work to be objective and balanced3. To reach the objectivity 

goal, the data presented has to be true and unbiased. To reach a good balance, only essentialities should 

be discussed and anything that does not contribute should be removed.  

To reach the objectivity goal in this thesis, all of my own opinions are put into the discussion chapter. All 

choices are motivated and the final result regarding placement inside the warehouse comes from 

various theories presented in the thesis. 

                                                             
1 Ejvegård. Vetenskaplig metod. 
2 Holme & Solvang. Forskningsmetodik. 
3 Ejvegård. Vetenskaplig metod. 
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2.4 RELIABILITY AND VALIDITY  
A high rate of reliability is acquired if different measurements of the same process produce the same 

results. This in turn would increase the credibility of the work4.  

A high rate of validity means that the information targeted for measurements actually is the information 

measured5. While a high level of reliability is good, without a decent validity rate the information 

gathered does not reflect the targeted measurements. To increase the validity rate triangulating can be 

used. An example of triangulating is to use several different sources for the same topic. If three different 

books describe the same theory in the same way, the information has a higher validity rate compared to 

if only one book is considered. 

In this thesis, a high level of validity is acquired through the use of various different sources for relevant 

theory. Not a lot can be done regarding the reliability rate though. The statistics used in the thesis are 

based on sales numbers provided by the company, and the reliability rate regarding these numbers is 

influenced by the person who recorded them. The placement of the material in the warehouse has been 

noted several times to increase the reliability rate. 

  

                                                             
4 Holme & Solvang, Forskningsmetodik. 
5 Ejvegård, Vetenskaplig metod. 
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3 THEORETICAL BACKGROUND 

3.1 WAREHOUSE AND INVENTORY MANAGEMENT 
A warehouse is a place where goods arrive and are sent off in a controlled manner6. There are certain 

aspects within a warehouse that has to be taken into account when planning a production process. 

Some of these aspects are amount of inventory to be stored, best kind of layout to use, what kind of 

storage systems there are and what type of picking methods that are the best ones to use. 

There is a lot of information to keep track of within a warehouse and there are more or less advanced 

ways of managing all available data7. All warehouses have their own way of solving this, but they all use 

some sort of Warehouse Management System (WMS). The least technology-heavy way of doing this is 

to use a paper-based WMS to manage the data. In this system, most things are done manually, like 

managing inventory or choosing the route to pick an order. There is no location system software and the 

company relies on operators knowing where everything is within the warehouse. 

A more advanced way of doing this is to use an inventory control system. This system comprises 

information regarding the location and the amount of inventory. It will not inform the operators of the 

best route when picking an order. 

The most advanced way of handling the data is to use a real-time WMS, which is a computer software 

that can help increase the productivity, control and flexibility of a warehouse8. There are many different 

suppliers of real-time WMSs, but the general idea is for the system to handle everything. It will manage 

the processes in the warehouse and communicate with other company systems. A properly set up real-

time WMS would handle all of the data within the warehouse and analyse it to determine the most 

productive way of performing processes. 

3.1.1 Inventory 

The most cost-effective amount of inventory to store in a warehouse is the amount needed to continue 

producing according to plan9. However, because of the fact that unexpected things happen, it is 

advisable to keep more inventory than absolutely necessary for the production. To keep extra inventory 

will lower the costs once the unexpected happens10.  

For example, it might be possible to make a deal with a supplier to lower the cost per unit if more goods 

are bought at the same time11. For this to be a good option, the cost of storing the extra goods needs to 

be lower compared to the extra transportation costs as well as the certainty that the extra goods will be 

sold. 

                                                             
6 Richards. Warehouse Management: a complete guide to improving efficiency and minimizing costs in the modern 
warehouse. 
7 Ibid, chapter 8. 
8 Müller. Essentials of Inventory Management, 150-154. 
9 Richards. Warehouse Management: a complete guide to improving efficiency and minimizing costs in the modern 
warehouse. 
10 Relph & Milner. Inventory Management: Advanced Methods for Managing Inventory within Business Systems. 
11 Müller. Essentials of Inventory Management. 
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Another aspect that has to be taken into account is how quickly new goods can be delivered to the 

warehouse. The lower the delivery time is, the less goods needs to be stored in the warehouse. This also 

coincides with the delivery reliability of the supplier.  

Changing production lines causes down-time and is expensive. This means that the longer the 

production runs, the lower the price per unit produced is. However, this would need more material to 

be stored and also more space for storing finished products. If the cost for storing material and finished 

products is lower than the cost per unit produced, and if the goods produced are sure to sell, then it 

would be more cost-effective to store extra goods and let the production run longer. It has to be taken 

into account that this is only true if the production schedule is not hampered in any way. 

There will be times when inventory is barely, or at all, moving through the warehouse12. This kind of 

obsolete inventory takes up space that could be used for faster moving products. There are a few ways 

of tackling the problem, but this dead- inventory has already been paid for, and might be used at a later 

stage. It might be possible to sell it, or otherwise scrap it if deemed unsellable. It can be hard to justify 

throwing something away that might be used at a later stage however. On the balance sheet it appears 

as an asset, and throwing it away will be negative for the results. 

3.1.2 Layout 

There is no perfect layout that can be applied to all warehouses13, but there are a few things to keep in 

mind when designing a warehouse layout. Using all of the space within the warehouse, both horizontally 

and vertically and keeping movement to a minimum for example. 

Depending on the goods in the warehouse, the layout requirements will differ. A company dealing with 

lots of small goods will have different needs compared to a company that only have the need to keep a 

few bigger goods in a warehouse.  

The shape of the layout will differ depending on the size and shape of the actual building that is the 

warehouse, as well as the nature of the goods within the warehouse. There are a few different layout 

shapes that are normally used, with the U-flow warehouse being one of the most common ones. 

  

                                                             
12 Müller. Essentials of Inventory Management. 
13 Richards. Warehouse Management: a complete guide to improving efficiency and minimizing costs in the modern 
warehouse. 
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U-flow warehouse 

The idea of the U-flow warehouse is that the fastest moving items within the warehouse are stored 

closest to the production lines, and items moving slower are stored further away. The warehouse takes 

the form of a U-shape as seen in Figure 4 below, where goods enter on one side, are transported to the 

correct location and then leave on the other side. 

 

Figure 4: Layout of a U-flow warehouse. A is where items moving fast within the warehouse are placed, B slower items and C 
slowest items. 

As seen in Figure 4 above, goods are only transported in one way inside the warehouse. With traffic only 

going one way the risk of an accident happening is lower compared to when traffic is going both ways, 

which means security measures can be lower in a U-flow warehouse compared to other layouts with 

two-way traffic. 

  



11 
 

3.1.3 Storage systems 

There are several different storage systems used in warehousing today, where block storage and single-

deep racking by far are the most used methods14. 

Block storage 

Block storage means the goods are stored on the floor as high as safely possible. Block stacking is a 

cheap method where no extra equipment is needed. There are a few drawbacks with the method 

however. It is often difficult to use all of the space in a warehouse, especially vertically. With block 

stacking, goods are often stored one upon the other. There is a risk of the one at the bottom being 

crushed by the weight of the others. This requires the packaging to be sturdy, but there will be times 

where the height of the warehouse is not fully used.  

Because of the nature of the method, it will be difficult to achieve good rotation within the warehouse. 

Goods arriving first, will most likely leave last as it will be placed at the bottom with other goods stored 

upon it. There will also be a problem if the material at the bottom is needed as all of the other goods will 

have to be moved first. 

Racking storage 

The single-deep racking system uses racks which can be adjusted to pretty much any dimensions 

needed. This method is more expensive compared to block stacking because racks will have to be 

acquired, but no further extra equipment is needed. Most of the negatives from block stacking are 

negated with racking, as the goods are not stored upon each other with this method. There needs to be 

enough space available for the trucks to operate the area and handle the goods for both methods. 

Depending on the dimensions of the goods, the space needed can vary. The racks are designed for the 

use of pallets, which normally are 1200x800 mm (EUR-pallets) or 1200x1000 (UK standard). If the goods’ 

dimensions are roughly the same, or are placed on pallets already, the two methods require the same 

amount of space. If the goods dimensions are smaller, naturally the block stacking method would 

require less space. 

Other systems 

As mentioned earlier, there are several different kinds of storage systems. There are automated systems 

and more advanced racking systems like mobile racks for example. These are not further presented 

because they do not suit the needs of Borggårds Bruk AB, as will be discussed further in chapter 6. 

3.1.4 Picking methods 

There are many order-picking methods being used in warehousing today15. These range from more basic 

ones, like paper pick lists, to more advanced ones, like radio frequency identification. They all bring 

something different to the table, and as the needs of different warehouses will vary it is impossible to 

say one method is generally better than others16. 

                                                             
14 Richards. Warehouse Management: a complete guide to improving efficiency and minimizing costs in the modern 
warehouse, chapter 10. 
15 Ibid, chapter 6. 
16 Relph & Milner. Inventory Management: Advanced Methods for Managing Inventory within Business Systems, 
chapter 3. 
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Paper pick lists 

Paper pick lists comes with relevant information regarding the order. This can be things like order 

number, location of the goods and quantity to be picked for example. The information will vary 

depending on what each company deems relevant to pick the order. After an order is picked, the 

operator has to enter the details of the list manually into the computer system to keep the data up to 

date17. This is a cheap method which does not require any extra equipment to use. However, mistakes 

can happen, especially when updating the information in the computer system. If something is 

incorrectly entered into the system, it can be difficult to notice. Also, the system is not updated in real 

time, which means that when goods are picked by the operator the system will think the goods picked 

are still there. The correct information will not be seen in the system until the operator, hopefully 

accurately, enters it. 

Barcode scanning 

Another method is barcode scanning18. This utilizes barcodes, which are series of vertical bars of varied 

width that contain information. These barcodes can be read with scanners, which come in different 

shapes like hand-held, truck mounted, static and lately also hands-free scanners. The scanners all work 

in the same way – they scan the barcode, deciphers the information and processes it by either storing it 

for later use or sending it to a computer immediately via radio frequency19. The system can therefore be 

updated in real time, if the scanner sends the data at the moment an operator scans the barcode of the 

goods picked. 

A problem with the barcode scanning method can occur when an operator has to put the scanner away 

to handle the goods. A lapse in concentration can lead to the operator picking from the wrong location 

or the wrong amount. Also, the scanners can be fragile and are easily broken if dropped or exposed to 

water. This is somewhat negated with the introduction of the hands-free scanner however, as operators 

do not have to put the scanners away to use their hands. 

The barcode scanning method is more expensive compared to paper pick lists as extra equipment in 

form of scanners have to be acquired. It will also take some time to set the system up since the 

information regarding the barcodes has to be entered manually. 

Other methods 

Other picking methods worth mentioning are pick by voice, pick by light and Radio Frequency 

Identification. These are not further presented because they do not suit the needs of Borggårds Bruk AB, 

as will be discussed in chapter 6. 

                                                             
17 Müller. Essentials of Inventory Management, 89. 
18 Richards. Warehouse Management: a complete guide to improving efficiency and minimizing costs in the modern 
warehouse, chapter 6. 
19 Müller. Essentials of Inventory Management, 93-112. 
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3.1.5 Location systems 

Every company have some way of locating inventory. The more control of location there is, the more 

accuracy of inventory there is20. To further increase inventory accuracy, it is advisable to use the same 

location system within the factory and also to track the storage and movement of products.  

There are different kinds of location systems, and like other systems described earlier, there is no 

system that is the best one for every company. 

Memory systems 

There are no set places in a memory system21. Every article is placed where there is space and the one 

placing it will at a later stage have a feeling about where it was placed, it is in other words based on 

human recall. This kind of system is heavily operator dependent, as only the one putting the article away 

will know, or have a feeling of, where it is placed. Problems will arise if said operator quits, is ill or simply 

forgets where articles are placed. However, memory systems are easy to learn and use if the number of 

articles are low. 

Fixed location systems 

In a fixed location system, every article has a place assigned to it22. This makes it easy to learn where it is 

and where to put it, which increases efficiency and productivity. The system itself is inflexible because of 

the set places. Every article has to be assigned enough space to cover the max probable amount stored 

at the warehouse at any given time. If the max amount of every article is not stored at the warehouse, 

this means that the assigned space is not fully utilized. 

Random location systems 

Items are placed where there is free space, and at the same time tied to a location address which can be 

used to locate items at a later stage23. A random location system has the potential to fully utilize all 

space within a warehouse as items are assigned to free space. This makes the system flexible, with no 

items tied to any specific place. These kind of systems require constant updates to keep track of every 

movement within the warehouse and the updates will have to be made by an operator in some way. 

This can be unnecessarily complicated, especially if the number of articles in the warehouse is low.  

Combination systems 

Fixed location systems and random location systems are two extremes of location systems24 and it is 

uncommon that a warehouse only uses one of these. It is more conventional to use a combination of the 

two, trying to get the best features out of both systems. This often results in a few fixed locations for 

items often used and a majority of random locations for items used more seldom. To acknowledge 

where an item should be placed, an ABC-analysis can be done25.  

                                                             
20 Ibid, 49-51. 
21 Müller. Essentials of Inventory Management, 53-55. 
22 Ibid, 55-61. 
23 Ibid, 64-66. 
24 Ibid, 67. 
25 Ibid, 70. 
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This is based on “Pareto’s Law” or the “80-20 rule”, which says that 20 percent of all items within a 

warehouse represent 80 percent of the items most used. Items in the warehouse are put into A-B-C 

categories based on their usage, where A represents items most used, B items used more seldom and C 

items used most seldom. To acquire highest efficiency, items in the A-category should be put closest to 

the production, then B and last C. 

3.2 LEAN PRODUCTION 
Lean production26 is a philosophy that is based on the Toyota Production System, which is Toyota’s 

approach to manufacturing. It is a companywide philosophy where everyone is involved and aims to 

achieve great consistency in production. This is done via various lean tools such as Just-in-time, which 

basically means that the right item, in the right amount will arrive to the correct location at the right 

time. Other tools are Value stream mapping and the 5s-method, both which will be further discussed 

below. 

The Toyota Production System started to really grow after World War II, when Japan had to rebuild. 

Compared to the mass production systems used in the US and Europe, Toyota’s market was small and 

they had to make varied products to satisfy it. Because of the varied products, the lines had to change 

regularly. This made it a top priority to decrease the time it took to change the lines between the varied 

products. Toyota realized that the high flexibility led to a higher quality in production and better use of 

space. This prompted the urge to remove every non value-adding process, also called waste, from the 

production system. Waste is central within the Lean production philosophy and there are a total of eight 

wastes, listed below. 

1. Overproduction 

2. Waiting 

3. Transport 

4. Over processing 

5. Excess inventory 

6. Movement 

7. Defects 

8. Unused creativity 

Efficient process flows and limiting these wastes are achieved by balancing the production lines27. Each 

step within the process flow is timed and divided between each workstation. Ultimately, the time it 

takes to finish the work at a station should be equal amongst every station. This would create a smooth 

flow with low to no delay, shorter lead times and potential bottlenecks would be eliminated. Balancing 

the production lines would also lead to the opportunity to lower the amount of inventories. If the lines 

are balanced, there would be less work in progress, which would lead to the earlier need for storage of 

goods to support any step of the line is reduced. Shorter lead times means the products are produced at 

a faster rate, which would mean that the inventory of finished goods could be lowered. 

                                                             
26 Liker. The Toyota Way: 14 Management Principles from the World's Greatest Manufacturer. 
27 Hobbs. Lean Manufacturing Implementation – a complete execution manual for any size manufacture, 5-7. 
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To make the flow even more efficient, processes needed to make a product should be put together in a 

sequential manner. If possible, even physically linked together28.  

This would simplify transportation as there would be less intersections within the factory. This can be 

enhanced further by grouping processes sharing parts together in production29. This way, these parts 

could share the same line and the line could produce different products with little, to no change of the 

line. Thus, higher flexibility within the factory would be achieved. 

A balanced workload means the operators would be in no rush to finish each process. They would know 

how much time they have to carry out their tasks30. Having no time pressure often leads to higher 

quality products. 

Because of the flexibility of lean production, operators are encouraged to change workstations every 

now and then. This require an adaptable workforce, but the system would not be reliant on any one 

person to function. Changing workstations would also bring varied tasks needed from the operators, 

making their work less monotone.  

3.2.1 Value stream mapping (VSM) 

Value stream mapping31 is an analysis tool within Lean production. It visualizes both the information and 

material flow within a factory. Value stream mapping can be used for several different things; for 

example, identifying waste within a production system, reducing lead time or creating a better 

understanding of how a production system works. Depending of what is needed from the mapping, 

different methods can be used. For this thesis, VSM is used solely to describe the production system in 

the factory. Usually, both a current state and a future state map is created when using VSM. The current 

state describes the system as it is and the future state describes the design of the future system. As VSM 

is only used to illustrate how the current production system works in this thesis, only a current state 

map is needed. 

The method within VSM used in this thesis is called “Learning to See”, which is a common32 way of 

illustrating a value stream. The point of this method is for it to be easy to use and easy to learn. The 

symbols used are designed to be as easy to understand as possible, for example a truck symbol means 

transport. Information boxes are used for different stages within the factory, making the map less 

cramped and easier to follow.  

 

  

                                                             
28 Ibid, 110-126. 
29 Ibid, 20-23 
30 Hobbs. Lean Manufacturing Implementation – a complete execution manual for any size manufacturer, 37. 
31 Rother & Shook. Learning to See: Value stream mapping to Create Value and Eliminate Muda.  
32 Bicheno & Holweg. The Lean Toolbox, 104. 
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Seen in Figure 5 below is an example of a value stream map. It shows the information and production 

flow for a specific part made at Borggårds Bruk. This figure will be further analysed and discussed in 

chapter 4. 

 

Figure 5: A map showing the information and production flow of the factory. The map is made via www.lucidchart.com. 

The blue part of the VSM, as can be seen in Figure 5 above, is the production part of the factory. C/T 

means cycle time and C/O is the change-over time. WIP means there is work in progress between 

workstations. Transports to and from the factory can be seen in the truck-figures. The flow represents a 

specific article’s way through the factory.  
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3.2.2 5s-method 

The 5s-method is a tool within the Lean production philosophy. The purpose of the tool33 is to create 

and maintain a well-functioning workplace, where everyone knows where everything is. This is achieved 

by removing any unnecessary items from the workplace and allocate everything that remains to a set 

place. The goal34 is that no one has to wonder where anything is. The method is divided into five 

different parts, which is further described below. 

Sort 

The first step is to determine what is needed at the workplace and what is not. Simply go through all the 

items at the workplace and decide if they are needed. The items that are deemed necessary should 

remain at the workplace, whereas the unnecessary items should get a red tag. Write the date on the 

tags and if the tagged items have not been used within a week, remove them from the workplace. The 

removed items should either be sold, thrown away or, if deemed too valuable, put in storage. 

Simplify 

The second step is to determine a location for everything that remains at the workplace and put all 

items in the allocated places. It is important to think about the ergonomic part when placing the items. 

Minimize stretching and bending, and put items most frequently used closest to the workplace. The 

perfect spot to put an item is where it would be foolish to put it anywhere else. Drawing a line around 

every item easily identifies their allocated places.  

Shine 

Keep the workplace in at least the same condition as set up by the previous steps. Employ a daily routine 

to clean the area, take out the garbage, check that everything is in place etc. If there is a problem, it is 

important to solve both the problem and the root of the problem. Then, hopefully the problem will not 

occur again. Creating a list of things to do during this step speeds things up, but it is important to always 

try and improve the process. 

Standardize 

This part combines all three previous steps by creating a standard way of doing them. This could mean 

the drawing of a line around a tool to identify its allocated place, or describing the best way to perform a 

task. With standardized ways of doing things on different workplaces, operators can work in different 

locations and still know how to do things the intended way. 

Sustain 

The last part of the 5s-method is about sustaining the other steps. Work out a way to keep doing the 

steps to reap the rewards that comes with them. It is all about continuity and improvement. This could 

be done by tracking the progress. 

 

                                                             
33 George et al. The Lean Six Sigma Pocket Toolbook, 206-212. 
34 Bicheno & Holweg. The Lean Toolbox, 78-81. 
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4 ANALYSIS 

Here different analyses will be presented. Relevant data can be found in the appendix chapter. 

4.1 VALUE STREAM MAPPING 
As mentioned before in chapter 3.2, Value stream mapping (VSM) can be used for several things. This 

thesis focuses on the raw material warehouse at Borggårds Bruk and VSM is used for two reasons here. 

The first reason is to illustrate what happens in the factory and give a quick insight to daily procedures. 

The other reason is to identify any problems, focusing on the raw material warehouse. 

With this in mind, a problem has been identified within the raw material warehouse, seen in Figure 6 

below. As can be seen, material can be stored in the warehouse for days or years, which seems like a 

large interval. To understand the problem, the warehouse has to be analysed further. 

 

Figure 6: The star marking indicates there is a problem within the raw material warehouse. The map is made via 
www.lucidchart.com. 

In figure 6 above, the red star marking indicates there is a problem without the raw material warehouse. 

There are actually more problems seen in this chart, but as this thesis focuses on the raw material 

warehouse these problems will not be presented further. 

http://www.lucidchart.com/
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4.2 ANALYSING THE WAREHOUSE 
First, information of the warehouse is gathered. This information is used to create a map showing 

problem areas in the warehouse, seen in Figure 7 below. Worth noting is that this map is seen from 

above and that there are different levels of racking at various places in the warehouse, which will be 

shown later on. Right now, only the areas are of interest. For a more detailed view see Appendix 2. 

As was mentioned in chapter 3.1, the shape of the layout depends on the needs of the warehouse. At 

Borggårds Bruk AB traffic is scarce, more often than not only one truck is present in the warehouse. This 

lower the needs to create a U-flow warehouse, described in 3.1.2. Instead, the shape seen in Figure 7 

below is used. 

 

Figure 7: Layout of the raw material warehouse, showing problem areas regarding placement. 

Four groups of problems, based on what was mentioned in chapter 3, are created; Empty spaces, 

unmarked material, misplaced material and scrap. 

As seen in Figure 7 above, there are several places which are empty. There is also material tucked in 

between the racks at some places.  
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There are more empty spaces available than there is material tucked in between racks, meaning free 

space is not utilized. There is also material in the warehouse that is not labelled. As mentioned in 

chapter 3.1, this lowers inventory accuracy and picking speed.  Also mentioned in chapter 3.1 as well as 

chapter 3.2, scrap metal should be disposed of to free up space.  

At Borggårds Bruk AB, two different storage systems are used in the warehouse, block storage (which 

means inventory is stored on the floor) and racking storage (which means inventory is stored in racks), 

described in chapter 3.1.3. Because of the fact that inventory is stored on the floor, the use of vertical 

space in the warehouse is not as high as it could potentially be if only a racking storage system was used. 

The picking method used in the warehouse is a variant of paper pick list, described in 3.1.4. Only one 

article is handled at time. There is no information regarding location on the list, only article name and 

amount of material to pick up. A truck is needed to collect the material. 

Borggårds Bruk AB uses a memory system, described in 3.1.5, as a location system. There are no set 

places in the warehouse for the inventory, which means only the one who put the material in place 

roughly knows where it is located.  
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In the next step, every article number and placement of all material in the warehouse is gathered. This 

information is used together with production numbers over the past two years. Combining the article 

numbers with the production numbers results in Figure 8 below. This is done to get a feeling of how fast 

inventory is moving in the warehouse, which was mentioned in chapter 3.1.1. Worth noting is that there 

are different levels in the racks in the warehouse. If there is an empty space at one level and a material 

not used in another level, it is noted as “Not used the previous two years” in the figure. The marking 

“Empty spaces” is used when all levels are empty. For a more detailed view regarding placement, see 

Appendix 2. 

 

Figure 8: A layout of the raw material warehouse that illustrates if material stored in the warehouse has been used in the last 
two years or not. 

The red parts of the map show material that has not been used during the last two years in production. 

As previously mentioned in chapter 3.1, slow-moving inventory is seen as a problem area. As can be 

seen in Figure 8 above, there are 42 green squares and 23 red ones. This shows that some materials are 

used more than others, and this is also the reason why the storing problem previously presented in the 

Value Stream Map in chapter 4.1, in Figure 6, had a large interval. 
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Mentioned in chapter 3.1, material often used should be placed as close as possible to the production, 

while slower moving material should be placed further away. Ideally, this would mean all the red parts 

of the map should be placed together in the top left-hand corner of the map, as that is furthest away 

from the production lines. Before that, it should be established if these red-part materials should be 

kept at all or disposed of.  

Another thing worth noting is the lack of labelled places in the warehouse. There are two general labels 

at the middle row, indicating where two large groups of material should be placed. The material is 

randomly placed in the warehouse however, which means these labels are not followed. 
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The production numbers during the previous two years for every article number in the raw material 

warehouse is put into a pie chart to illustrate how often they are used in production, seen below in 

Figure 9. During these two years 90 articles were used, some more often than others. The six most used 

articles can be seen in the boxes in Figure 9.  

 

Figure 9: A pie chart of all articles in the raw material warehouse used the previous two years in production. 

These six materials equal 68% of all material in the warehouse that have been used in production the 

previous two years. Based on Pareto’s Law, briefly discussed in chapter 3.1.5, it makes sense to store 

these materials closest to the production. The size of the warehouse is about 25x70 meters. By moving 

these materials closer to the production, transportations could be lowered by up to 130 meters. 
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In Figure 10 below, the location of the top six materials used in production the previous two years can 

be seen. 

 

Figure 10: The location of the top six materials used in production the previous two years. 

As can be seen in Figure 10 above, one of the materials is missing. The information gathering regarding 

placement of articles happened on two separate occasions with a couple of weeks in between. At both 

times R1312hh-1600x400 was missing from the warehouse. However, based on the production numbers 

(that shows the material has been used both this year and the previous year), this is seen as an 

irregularity. Another thing is the placement of these six materials, especially the red and light blue 

squares. These are placed far away from the production lines and should ideally be placed closer 

together in the lower right-hand corner of the warehouse, which is closest to the production (again, 

based on Pareto’s Law discussed in chapter 3.1.5). 
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4.2.1 Recap of the problems within the warehouse 

The results of the analyses of the warehouse shows there are a few problems that needs to be fixed. 

These problems are listed below. 

Layout 

The big problem with the layout is that there are no set locations in the warehouse. Other than that, the 

vertical space is not utilized fully. As there are empty spaces in the warehouse, this is not as big of deal 

however. 

Labelled places 

Except for the two general labels that are not in use, there is a complete lack of labelled places in the 

warehouse. The kind of location system used in the warehouse is a memory based system, mentioned in 

chapter 3.1.5, which is very operator dependent. The lack of labelled places and the location system in 

use makes it difficult for all operators to find material in the warehouse.  

Old inventory 

Much of the material in the warehouse has not been used during the previous two years. In fact, some 

of the material has been in the warehouse since 1985. There is also material marked as scrap, but still 

present. Based on chapter 3.1 and 3.2, this is a problem area. 

Use of space 

There are empty spaces in the warehouse not utilized.  

Placement 

The top six most used materials are scattered around the warehouse, which is seen as a problem based 

on Pareto’s Law discussed in chapter 3.1.5. Also, some of the material was not labeled. This makes it 

harder to find the correct material. 
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5 RESULTS 

The results presented in this chapter is based on the theoretical part presented in chapter 3 and the 

analysis part in chapter 4. 

5.1 LAYOUT 
Part of the problem regarding labelled places is solved by allocating set places to all locations in the 

warehouse. This is done by creating a new layout with new locations in the warehouse, seen in figure 11 

below. To solve the other part of the labelled places problem, actual labels will have to be attached at 

every location in the warehouse. 

 

Figure 11: The new layout of the raw material warehouse. 

As mentioned earlier, Borggårds Bruk AB uses two different storage systems – Block storage and racking 

storage. In Figure 11 above, the green squares represent material which is stored on the floor (block 

storage). The yellow squares represent a two level racking storage system, blue squares represent a 

three level racking storage system and the orange square represents a four level racking storage system. 
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The idea behind the layout is for it to be easy to read, yet consist of a lot information. The layout 

comprises of different colors to quickly illustrate how many levels each rack in the warehouse are made 

of while letters and numbers are used as location names for each location in the warehouse. If the 

location data were to be implemented into the WMS already in use at the factory, it would be possible 

to search for C21 to get information regarding what is placed in that exact spot. Where there are 

additional levels in the racks (like the D-section) the different levels are reached by adding, for example, 

‘:2’ in the end of the location, like D10:2 or D10:1 where 2 represents level 2 and 1 represents level 1. 

This layout should be placed at several locations in the warehouse to allow anyone to find their way 

around the warehouse. 
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5.2 LABELLED PLACES 
The labelling problem mentioned earlier in chapter 4 could be solved as seen in figure 12 below. The left 

part of the rack illustrates how it looks today, while the right part of the rack is an example of how it 

could look where the actual location names can be seen. If every location in the warehouse were to be 

updated in the WMS system as well as actual location labels attached to every position, finding material 

in the warehouse would be easier than it currently is. It would be possible for anyone to find any 

material, compared to the situation right now where only a selected few know a materials’ general 

whereabouts.  

 

Figure 12: Example of how the labelling problem could be solved. 
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5.3 PLACEMENT 
As mentioned earlier, six of the materials in the raw material warehouse makes up for 68% of all used 

material. In other words, these six materials make up the majority of the materials used in production 

and therefore it makes sense to put these as close to the production as possible (as Pareto’s law 

mentioned earlier clearly states). Based on this, a location system with fixed locations for these six 

materials and random locations for the rest of the material is implemented. The fixed locations for the 

six materials are allocated to C18-21 and B18-21, which is as close to the production as possible. The 

placement of all material before adjustments were made can be seen in detail in appendix 2.  
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Material not used in the previous two years are moved further away from the production, while 

material that has been used the previous two years are moved closer. The results can be seen in Figure 

13 below. 

 

Figure 13: A layout displaying where materials that has been used and has not been used during the previous two years are 
located. Empty spaces and mixed spaces are also shown, as well as material most used. 

The dark green, seen in Figure 13 above, represents material most used during the previous two years, 

the grey stripes are empty spaces, the light green represents material used the previous two years, the 

red represents material unused the previous two years, the blue wave pattern represents a multi-

leveled racking storage system which contain material not used in the previous two years as well as 

empty spaces while the yellow check pattern represents a multi-leveled racking storage system which 

contain material used in the previous two years as well as empty spaces. 

Borggårds Bruk will have to decide what to do with the old material that has not been used in the 

previous two years, especially the material that has been in the warehouse since 1985. 

Material that were tucked in between the racks are moved to new, actual, locations. There is potentially 

room for more material in the warehouse. If the setup stays the same, there are about ten empty 

locations in the warehouse. If new racks were to be installed in the middle row (C- and B-section), 42 

new locations could be created.  
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The new location of all material within the warehouse can be seen in detail in appendix 4. 

5.4 ANSWERS TO THE QUESTIONS MADE AT THE BEGINNING 
In chapter 1.2 a couple of questions were presented. The aim during this thesis was to answer them 

properly. The questions were: 

1. What problems exists within the warehouse today? 

2. How is a controlled environment created within the warehouse, where information 

regarding amount of inventory and placement is easy to come by? 

Question 1: 

The problems that existed at the beginning has been presented throughout this thesis, especially 

detailed in chapter 4.2.1. There were problems with the layout, where there were no set locations in the 

warehouse. This made it hard for operators not accustomed to the warehouse to find anything inside it. 

Another problem was the lack of labelled places in the warehouse, something that also made it hard to 

find specific material.  

Old inventory was also presented as a problem. As previously mentioned, there is material in the 

warehouse that has been there since 1985. Based on what was discussed in chapter 3.1 and 3.2, this can 

be seen as dead- inventory and decisions have to be made whether it is worth keeping it or not.  

Use of space was another problem in the warehouse. At several locations, material had been tucked in 

between the racks in the warehouse. This happened even though there were more free space at actual 

locations, than amount of material tucked in between.  

Lastly, the sorting system used to decide the placement of the material in the warehouse lead to 

unnecessary transportations. 

Question 2: 

First, question 1 has to be answered. In other words, the warehouse has to be analysed to find any 

problems within it. The next step is to solve the problems. 

A new layout was created where names to all locations in the warehouse can be seen. This layout should 

be placed in several locations in the warehouse, with easy visual access, to make it easier for anyone to 

find anything in the warehouse. Furthermore, every location in the warehouse should be labelled 

properly, as was previously discussed in chapter 5.2.  

Placement of the materials was looked over, and adjusted to fit the production numbers better. 

Materials used often in production are moved closer to the production, while materials used more 

seldom are moved further away. This was done to lower unnecessary transportations. 

The material tucked in between the racks are moved to actual locations. 

The changes previously mentioned can be done without any purchases being made by the company. If 

they want to create an even more controlled environment in the warehouse, they could implement a 

barcode scanning system. Today, all data is entered into the system manually. A barcode scanning 

system would automate this somewhat, lowering the chance of any data being entered incorrectly.  
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The new locations should be updated in the WMS that is already in use in the factory. If barcode 

scanning was implemented, information about amount of inventory and placement could be 

automatically updated in the system. This would mean that anyone at the company could find 

information regarding any material with a quick search in the WMS. 
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6 DISCUSSION 

Inventory 

Keeping the right amount of inventory is an art. However, as shown several times in this thesis, the 

amount of inventory kept in the raw material warehouse at Borggårds Bruk could be lowered. Out of all 

96 different articles in the warehouse, 34 of them have not been used in the previous two years. It can 

be discussed when the material should be seen as dead- inventory, since it is metal (which does not 

have a set expiry date). According to Borggårds Bruk the material does not have an expiry date. One 

could argue that the space this slow-moving material takes up could well be used for faster moving 

material. I would recommend Borggårds Bruk to look into the matter further, to determine what to do 

with the slow-moving material and if the space it takes up could be better utilized. 

Layout 

The only changes that were made to the layout was to label all locations. There is no reason to adjust 

the actual layout of the warehouse as the traffic inside is minimal. More often than not, there is one 

truck in the warehouse. This means there is no need for one-way lanes or other solutions.  

If traffic were to increase in the future, it might be an idea to remove C1-2 and B1-2 and implement a U-

flow warehouse described in 3.1.2. This might be redundant however, as this would require the 

production to increase a lot for more trucks to be needed without outgrowing the current warehouse. 

Storage systems 

Borggårds Bruk uses a combination of block storage and racking storage today. If more space is needed, 

the block storage area could be made into a racking storage area. 

As was mentioned in chapter 3.1.3, there are more advanced systems like mobile racking or automated 

systems. These kind of systems cost more money compared to the existing system however. The main 

thing about mobile racking is to utilize space better, which sounds great. It is not really needed at 

Borggårds Bruk though, as there already is free space available in the warehouse.  

Automated systems are used to shorten picking times. At Borggårds Bruk, the collecting of material is 

not the thing that takes the most time. Change-over times and cycle times at the machines are longer by 

far. Therefore, purchasing an expensive automated storage system makes little sense. 

Picking methods 

Today, the paper pick list method (described in 3.1.4) is used at Borggårds Bruk. This is a simple, 

inexpensive method. It is not, however, updated in real-time. If they want their Warehouse 

Management System to be updated in real-time, something like barcode scanners would work. 

Other methods include pick by light, pick by voice or Radio Frequency Identification. The pick by 

light/voice methods are great at big warehouses where many articles (10+) are handled at the same 

time, but at a smaller one it is redundant. Aslo, at Borggårds Bruk only one coil at a time is handeled. 

Radio Frequency Identification is a more expensive variant of barcode scanning, with the difference it 

uses radio frequency instead of barcodes to read data. Sometimes, this method can be susceptible to 
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error around metals, making it hard to transfer data. As metal is the thing stored in the raw material 

warehouse, it might be better to use barcodes for a real-time updated system. 

Location systems 

Leaving the memory system for a combined system with a few fixed locations and the rest random 

locations will make the company less operator reliant, as well as making it possible for anyone at 

Borggårds Bruk to see where a material is located. Combining this with the Warehouse Management 

System already in place and if barcode scanning is implemented, material could be traced in real-time. 

Value stream mapping 

The analysis tool Value stream mapping was used to indicate there was a problem at the raw material 

warehouse. However, the map used in this thesis indicates there are more problems at Borggårds Bruk, 

for example the work in progress between each process. As this thesis was about the raw material 

warehouse, this was not mentioned earlier. 

5s-method 

The 5s-method combined with Pareto’s law was the foundation for the new placement of the material in 

the raw material warehouse.  

How do the suggested changes affect the working environment? 

One of the major differences to the working environment the purposed changes would lead to is shorter 

traveling times for the operators. Items used often are moved closer to the production, which means 

that the travelling distance is shorter.  

By implementing proper labelling and location names to every space in the warehouse, material is easier 

to find for everyone. This should decrease the time it takes to find any material in the warehouse. Also, 

moving the material that was tucked in between the racks to actual locations means the operators don’t 

have to get into awkward positions to get said material.  

Overall, the proposed changes lead to a neater warehouse, which should result in a better working 

environment. 
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APPENDICES 

APPENDIX 1. PRODUCED 2014-2015 
Table 1: Amount produced the previous two years for every article. 

Article number Produced 2015 (kg)    Produced 2014 (kg) 

R1142mv1500x250 0,39 0 

R1312drs-hå-td342 0 228,9 

R1312drs-hå-vd345 0 57,83 

R1312drs-hå-vd470 960,96 0 

R1312drs-hå-vd595 0 0,93 

R1312drs-hå-vd700 82,09 0 

R1312hh-1600x400 12240,16 17136,68 

R1312hå-5µ300 105,04 205,23 

R1312hå-td295x295 0 13,48 

R1312hå-td310 0 120,12 

R1312hå-td376 0 5,8 

R1312hå-td397 1433,97 1912,71 

R1312hå-td433 2597,56 1575,69 

R1312hå-td495 0 143,68 

R1312hå-td500 213,59 891,34 

R1312hå-td568 0 115,56 

R1312hå-td595 140,8 192,22 

R1312hå-td630 471,33 588,08 

R1312hå-td700 9623,62 15605,47 

R1312hå-td795 269,03 544,55 

R1312hå-td886 347,06 1035,75 

R1312hå-vd300 252 335,96 

R1312hå-vd436 23,91 0 

R1312hå-vd500 1767 4337,34 

R1312hå-vd518 2428,14 9430,18 

R1312hå-vd700 1266,83 2430,78 

R1312hå-vd795 39174,62 61310,37 

R1312hå-vd995 7717,45 7778,48 

R1312mg-td397 480,83 327,08 

R1312mg-td888 548,91 0 

R1312mg-vd150 29,95 73,08 

R1312mg-vd200 6,74 6,61 

R1312mg-vd256 17,84 9,01 

R1650hå-td886 809 816 

R1650hå-vd704 29646 46991 

R1774fos150 20,78 87,03 
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R1774fos175 0 36,24 

R1774fos225 0 25,71 

R1774fos300 20,59 63,65 

R1774vd130 0 4,89 

R1774vfz-ed150 107,55 75,07 

R1774vfz-ed170 240,24 0 

R1774vfz-ed250 153,31 615,57 

R1774vfz-ed400 19,32 0 

R1914hå-td594 63 71 

R2172hå-td500 0 76,57 

R2172hå-td600 240,11 247,62 

R2172hå-vd1070 305 1414 

R2172hå-vd1200 0 408,47 

R2172hå-vd433 193 0 

R2172hå-vd495 2353,56 5151,09 

R2172hå-vd600 107,57 12,56 

R2172hå-vd792 2623,75 4753,7 

R2172hå-vd800x730 2870 33494 

R2172hå-vd995 4794 6491 

R2172mg-vd992 1090,32 1824,39 

R2331hå8000x100 2991 2954 

R2332hå-td120 45,76 0 

R2332hå-td180 10,82 19,87 

R2332hå-td200 0 168,48 

R2332hå-td230 39 37 

R2332hå250 70 106 

R2332ld-bl-1400-500 3221,45 2534,95 

R2332ld-bl500 1078,12 1454,94 

R2332ld-bl528 2367,21 3013,53 

R2332ld-bl710 3020,85 5117,71 

R2332ld300 1126,16 1280,85 

R2332ld637 0 29,35 

R2332ld690 3,37 0 

R2333gl12600x400 176,08 860,86 

R2333gl500x400 683,1 1621,44 

R2333gl7800x250 358,8 755,88 

R2333gl9500x250 574,93 1093,39 

R2333gl9500x300 617,48 901,07 

R2333ld600 54 122 

R2333ld890 854,66 1372,24 

R2343ld530 182,99 407,77 

R2347gl438 0 38,03 

R2347gl500 52,59 0 
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R2347ld250 0 87 

R2347ld300 52,21 0 

R2347ld400 48,75 105,31 

R2347ld440 110 158 

R2347ld710 131,46 257,09 

R5150hh10200x250 2137,95 3537,85 

R5150hh11500x500 0 77,77 

R5150hh12500x400 1300,84 2637,94 

R5150hh270 412,26 0 

R5150hh6300x250 0 196,44 

R5150hh7000x250 526,29 686,75 

R5150hh9500x300 3245,77 3306,98 

RETG25hå-td1460 31,8 0 
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APPENDIX 2. PLACEMENT AND PROBLEMS 

 

Figure 14: Problems in the warehouse can be seen in red. It indicates the space is either empty, material unused the previous 
two years or material unmarked. 
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APPENDIX 3. THE NEW LAYOUT 

 

Figure 15: The new layout of the raw material warehouse. 
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APPENDIX 4. NEW PLACEMENT 

 

Figure 16: The new placement for every article in the warehouse. As can be seen, more frequently used articles are moved closer 
to the production while less frequently used articles are moved further away. 


