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Abstract 

Sandvik Rock Tools is operating in a highly competitive market. This requires them to constantly 
improve the efficiency of their organization, in order for them to maintain their position as market 
leaders, both in a short-term and a long-term perspective. Sandvik Rock Tools is currently working on 
developing and further improving their supply chain. The supply chain is a key organizational function 
and improvements of the supply chain aim to yield benefits like lowered total costs and better utilized 
inventory levels. 

The purpose of our work has been to develop the supply chain between Sandvik’s in-market warehouse 
and their customer site at Dannemora. The main focus of this thesis has been to enable automatic data 
collection and to lower the stock levels at the customer site in Dannemora. This would be 
accomplished by improving the information flow between the two entities in the observed supply chain 
and by enabling real-time inventory information, easily accessible to the warehouse manager.  

A barcode system was implemented in the warehouse at the Dannemora customer site and was 
integrated with warehouse management software that was developed by the authors. The implemented 
barcode system and the warehouse management software were used at the Dannemora customer site 
for a period of two months.  

The effects of the implemented barcode system working in combination with the warehouse 
management software were observed in several operational areas after implementation, and the 
results were positive and beneficial.  

Firstly, the barcode system and warehouse management software simplified the warehouse manager’s 
decision process, by providing easy access to necessary warehouse management information, like real-
time inventory information. Secondly, it made the day-to-day work routine of the warehouse manager 
easier, this being the case because the barcode system that had been implemented had digitalized and 
automated many tasks that had previously been performed manually by warehouse manager. An 
excellent example would be the simplified process for order placement and stocktaking. Thirdly, it 
improved the information flow between the Dannemora customer site and Sandvik’s in-market 
warehouse in Sandviken, thereby improving the overall effectiveness of the entire supply chain, 
through shared information.  

The barcode implementation successfully lowered inventory levels by six percent on average. 

 

 

 

 

 

 

Keywords: Barcode implementation, warehouse management, supply chain, information flow 



 Page 3 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

Sammanfattning 

Sandvik Rock Tools är verksamma på en konkurrensutsatt marknad som kräver att företaget ständigt 
förbättrar sin organisation för att de skall kunna kvarstå som marknadsledande på både kort och lång 
sikt. Sandvik Rock Tools arbetar idag med att utveckla och förbättra sin leveranskedja, vilket är en 
nyckelfunktion i organisationen. Förbättringar av leveranskedja kan leda till fördelar som exempelvis 
sänkta totalkostnader och sänkta lagernivåer.  

Syftet med detta examensarbete har varit att utveckla och förbättra leveranskedjan mellan Sandviks 
centrallager för den lokala marknaden och deras kund vid Dannemoragruvan. Fokus i avhandlingen 
har legat på att möjliggöra automatisk datainsamling vid Sandviks lager, samt att sänka lagernivåer 
vid Dannemoragruvan genom att förbättra informationsflödet mellan de olika enheterna i den 
observerade leveranskedjan, samt genom att tillgängliggöra lagerinformation i realtid för 
lageransvarig. 

Ett streckkodsystem har implementerats hos kundens lager vid Dannemoras gruva. Streckkodsystemet 
integrerades dessutom med egenutvecklad lagerhållningsprogramvara. Streckkodsystemet och 
lagerhållningsprogramvaran användes i lagret vid Dannemora gruva under en två månader.  

Fördelarna med det implementerade systemet identifierades på flera arbetsområden. För det första 
förenklar det den lageransvariges beslutsprocess. Detta genom att erbjuda nödvändiga nyckeltal 
nödvändiga för lagerhållning.  

Streckkodsystemet har dessutom tillsammans med lagerhållningsprogramvaran förenklat det dagliga 
arbetet för den lageransvarige. Detta genom att systemet digitaliserar och automatiserar delar av 
lagret som tidigare sköttes manuellt, som exempelvis orderläggning och inventering.  

Lagerhållningsprogramvaran har ökat informationsflödet mellan kundlagret vid Dannemora gruva 
och Sandviks centrallager i Sandviken. Därigenom har hela leveranskedjans flöde effektiviserats, 
genom ökad informationsdelning. 

Streckkodsimplementationen har minskat lagernivåerna med sex procent i genomsnitt. 
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1. Introduction  

In this chapter, the problem background and additional background information regarding Sandvik 
AB and Dannemora Minerals AB are briefly described, in order to familiarise the reader with the 
actual problem, as well with the companies studied. Thereafter a problem definition is presented, 
followed by a statement of goals and objectives, and further, a specification of the project 
delimitations. At the end of this introduction, a disposition of the report is provided, in order to guide 
the reader through the different chapters of the report. 

1.1 Problem background 
In order to stay competitive as a company, it is of vital importance that the organisation is continually 
improved. One important aspect of achieving this is through the competitive advantage of a well-
functioning supply chain, which can be realised by the means of having a continuous and effective 
information flow. (Lambert & Cooper, 2000, p. 72) This information flow should efficiently distribute 
obtained information, both within the organisation, as well as to partners in the supply chain network. 
Effective tools, methods and guidelines are required in order to reach the level of information flow 
desired. 
 
The working environment at mining sites is often harsh, and as a result, standard operating 
procedures in regard to achieving the desired level of information flow, are often insufficient. The 
consequence of the inadequate level of information flow was that it had accentuated the need for a 
thorough analysis of the current situation. This analysis would help to define more exactly, what was 
most needed in order to best develop the supply chain, and achieve the desired level of information 
flow. The aim of this work is the development of tools, methods and guidelines that will serve to 
improve the supply chain connectivity between Sandvik Mining Rock Tools and local customer sites in 
Sweden. 
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1.2 Company background 

1.2.1 Sandvik AB 
Sandvik AB is a global industrial Group, which is represented in 130 countries around the world. 
Sandvik has a core focus concentrated to niched areas, which all require advanced technical products 
and solutions, for example the mining industry. Sandvik AB’s business concept is: “Sandvik shall 
develop, manufacture and market high-tech products and services that facilitate higher customer 
productivity and profitability.” (Sandvik, 2014) 

Approximately 47,000 people are employed at Sandvik AB. It was Göran Fredrik Göransson who 
originally founded Sandvik AB in 1862. Initially, Sandvik had focused their operations on steel 
production, but has since then, developed into a multifaceted enterprise.  Sandvik currently conducts 
business in five different areas. (Sandvik, 2014, p. 4) 

• Sandvik Mining: Supplier of technical solutions for mining companies. This includes tools, 
equipment and service. (Sandvik, 2014)  

• Sandvik Machining Solutions: Manufactures tools and tools systems for industrial metal 
cutting. (Sandvik Coromant, 2014) 

• Sandvik Material Technology: Develops and produces highly engineered products made of 
metal, special alloys, titanium and other materials. (Sandvik, 2014) 

• Sandvik Construction: A construction contractor for a diverse range of construction ventures 
and involved in business areas such as mining, tunneling, demolition, road- and bridge 
building. (Sandvik, 2014) 

• Sandvik Venture: Aims to create an environment that nurtures company growth and makes it 
possible to invest in fast-growing business areas. (Sandvik, 2014) 

The organizational structure of Sandvik AB can be viewed in Figure 1-1 below. 

 

Figure 1-1: Organisational structure of Sandvik AB. (Sandvik, 2014) 
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1.2.2 Sandvik Mining 
Sandvik Mining is a business area within Sandvik AB, which globally supplies tools, services and 
technical solutions for mining enterprises. (Sandvik Mining, 2014) Sandvik Mining consists of 12,965 
employees and the annual invoiced sales were approximately 30,744 MSEK in 2013 (Sandvik, 2014). 
Sandvik Mining has ten different business segments and these are:  

• Rock tools and systems 
• Drilling rigs and rock drills 
• Load and haul equipment 
• Mechanical cutting 
• Crushers and screens 
• Conveyor components 
• Bulk materials handling equipment 
• Breakers and demolition tools 
• Mine automation systems 
• Safety and environmental products 

(Sandvik Mining, 2014) 

1.2.2.1 Sandvik Rock Tools 
Sandvik Rock Tool is a business segment within Sandvik Mining. Their operations are focused on 
supplying drilling and excavation machinery, equipment, tools and services for mining and 
construction industries. (Sandvik, 2014) They offer a wide range of tools and accessories for 
exploration, rock drilling, raise boring, coal and mineral cutting and tunnelling. 

As mentioned, Sandvik Rock Tools has a broad range of tools. We will however, only examine three 
specific rock-drilling tools from their product line Top Hammer. These products are listed as 1-3, and 
can be viewed below.!!

1. RETRAC BIT, shown in Figure 1-2. This is a drill bit. 

 

Figure 1-2: RETRAC BIT T45 76MM RT300 (Sandvik, 2014) 

 
2. MF ROD, shown in Figure 1-3. This is a drilling rod. 

 

Figure 1-3: MF ROD T45 R46 L=1830MM (Sandvik, 2014) 
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3. SHANK, shown in Figure 1-4. This is a drilling adapter. 

 

Figure 1-4: SHANK T45 HL650/700/710/800 D52 L6 (Sandvik, 2014) 

1.2.3 Dannemora Minerals AB 
Dannemora Minerals AB is a company located in the town of Dannemora, in the vicinity of Uppsala. 
The Dannemora concern consists of the controlling company Dannemora Minerals AB, and then three 
subsidiary companies: Dannemora Magnetit AB, Dannemora Förvaltnings AB and Dannemora Iron 
Ore Development AB. The mapping of the Dannemora concern structure can be viewed in Figure 1-5. 

 

Figure 1-5: Organisational mapping of the Dannemora concern. (Dannemora Mineral AB, 2014) 

Their main operation is focused on mining and exploration at the site in Dannemora. Iron ore is the 
most commonly mined mineral. Due to a downturn in the demand of iron ore, the Dannemora site was 
shut down in 1987. In 2005 Dannemora Minerals AB was created in an attempt to revive the mining 
site and in 2012 it was announced reopened. (Dannemora Mineral AB, 2014) 

Sandvik Rock Tool’s customers at the mine site of Dannemora are as follows: Dannemora Magnetit AB 
and Bergteamet AB. Bergteamet is an independent contractor that offers underground services 
(Bergteamet AB, 2014). Sandviken must be attuning to the demand of both their customers. The focus 
in this report, will concentrate specifically, on the supply chain relationship to Dannemora Magnetit 
AB. 
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1.3 Problem definition 
Sandvik Rock Tools is currently in the process of improving the managerial control of their 
consignation warehouses, at their respective customer sites in Sweden. A consignment warehouse is a 
unique form of warehousing that provides customers with direct access to the products offered, while 
the ownership of the products remains to be Sandvik Rock Tools, until purchased by the customer. The 
lack of complete inventory control and the need for continuous stocktaking, is a current problem at 
these warehouses. Stocktaking takes place on a monthly basis and is performed manually. This is the 
cause of considerable inefficiencies in the information flow. Also, on account of the fact that the 
stocktaking is done manually, the risk of inaccuracies is higher. 

As a result of the inadequate information flow, there is a bullwhip effect on the stock replenishment 
system from the in-market warehouse in Sandviken. This, combined with a low inventory turnover 
rate has led to inefficiency in Sandvik Rock Tools supply chain. 

1.3.1 Objectives and goals 
Below are the Objectives and Goals of the Master Thesis. These have been formulated together with, 
both management at Sandvik Rock Tools, and our supervisor at the Umeå University. 

1.3.1.1 Objectives 
The main objectives of the Master Thesis are: 

• To analyse and improve the supply chain from Sandvik Rock Tools in-market warehouse in 
Sandviken to different consignment warehouses in Sweden, including physical handling of the 
tools at the site.  

• The tools and methods that are developed will be based on theories about supply chain and 
warehouse logistics.  

• To improve on Sandvik Rock Tools high standards and delivery service. 

1.3.1.2 Goals 
The goals of the Master Thesis were to:  

• Improve the information flow between consignment warehouses and Sandvik Rock Tools 
Supply chain planning group as well as different planning and ERP systems that are in use. 
This thesis will be limited to three customer sites and focus will lie on the product line Top 
Hammer. 

• Develop tools and models in order to help Sandvik to control the consignment warehouses, 
focusing on a structured and effective process. 

• A document with guidelines on how to efficiently control the consignment warehouses will be 
developed. These will be presented for warehouse managers at customer sites. 

• Launch a pilot project where tools and methods will be tested, and analysed to illustrate the 
impact on the end-to-hend value flow and make sure that the proposal works in practice. This 
will be done at one chosen site. 

• Find ways to read inventory balance with better accuracy and higher frequency. 
• Minimizing warehouse levels and the quantity of excess or safety stock. 
• Increase the rate of inventory turnover rate. 
• Develop a business case for the proposed solution, and how to proceed with further 

development.  
• Provide both an oral and written presentation of the results of this thesis, to management. 
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1.4 Delimitations 
In Sandvik Rock Tools original description of the Master Thesis, management presented a rough draft 
of the project goals and objectives. These were used as the basis, in the initial forming of our goals and 
objectives. However, during the planning stage, revisions and delimitations were made in regard to 
what our work would come to encompass. It was vital that both Sandvik’s and the university’s 
expectations were taken into consideration. This is why the delimitations were formed in close 
collaboration with our supervisor from the university, and our company contacts, at Sandvik. We even 
took into consideration the fact that the work must fulfil the criteria of keeping a realistic timeline. 

One of the delimitations made, was that the pilot project would only be conducted at one selected 
customer site, instead of the initial suggestion of piloting it at three different customer sites.  It was 
decided that the Dannemora customer site, would be the most suitable location. This was a decision 
that was taken, based on the information gathered from the case study performed, and together with 
the management. The reason for this was that the conditions relating to the more practical aspects of 
the pilot project were much more conducive at Dannemora, in comparison to the customer sites at 
Garpenberg and Renström. A time limit for the pilot project was also established, being set at two 
months. The pilot project was delimited to include a focus on only three specific products.  

As mentioned above, there are two customers working at the mine site of Dannemora: Dannemora 
Magnetit AB and Bergteamet AB. The project will only focus on the material flow of Dannemora 
Magnetit AB. Bergteamet AB has been omitted from the pilot project, of the barcode implementation. 

At the customer site there is also a material flow consisting of re-sharpened tools, which put back into 
circulation for re-use. This material flow of re-sharpened tools is an integral part of Sandvik Rock 
Tools business. However, time constraints did not allow us to give attention to this aspect. Only the 
direct sale of new products will be considered.  

System specific delimitations to the warehouse management software are presented in Section 3.2.2. 

Through the barcode implementation, data was collected, which allowed for a statistical analysis. 
However, this statistical analysis was not the core focus of this report, and the data collected was very 
limited. Based on this a delimitation was made, that the statistical analysis would merely be used for 
estimating the success of the project, not to statistically prove it. 
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1.5 Disposition of report 
The report will follow the disposition presented below: 

1. Introduction: This chapter gives the reader a brief introduction to the problem that is to be 
addressed, and to the goals and objectives of the report. 

2. Theory: A thorough theoretical basis is laid out in order for the reader to best follow the thinking 
process that unfolds in the report.  

3. Method: The applied methods and tools that have been implemented, in order to achieve the set 
goals and objectives, are described in detail. 

4. Analysis: The case study and barcode implementation is analysed. Also, a statistical analysis of 
collected data as well as a return on investment analysis is presented.  

5. Result: In this chapter, both the case study and the barcode implementation results are presented.  

6. Conclusions and discussion: This chapter consists of a recap of achieved goals and objectives. It also 
discussed the results, followed by recommended continued work for Sandvik. 
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2. Theory 

This chapter provides initially, a basic theoretical framework, where broad concepts like logistics and 
supply chain management, are discussed. The theory then becomes more problem specific, focusing 
more on the inherent effect of information flow, on organisations, and their supply chains. Thereafter 
general warehousing theory is described, moving on to a description of consignment warehousing. At 
the end of this chapter, there is a description of how to perform, a return on investment analysis. 

2.1 Logistics 
The operational function of handling the movement and storage of material through an organisation, 
from supplier to customer, is called logistics. This material can be both tangible and intangible 
material, such that is needed for the organisation to produce goods and to provide services to their 
customers, through its operations. An example of tangible material in our case is tools, and an example 
of intangible material is information. (Waters, 2003, pp. 4,7)  

2.1.1 Definition of Logistics 
Christopher (2001) gives a more formal definition of logistics as:  

“Logistics is the process of strategically managing the procurement, movement and storage of 
materials, parts and finished inventory (and the related information flow) through the organisation 
and its marketing channels in such a way that current and future profitability are maximised 
through the cost-effective fulfilment of orders.” (Christopher, 2001, p. 2) 

There is a value adding aspect to efficient logistics. By making products available at the right time and 
at the right place, value is added to the customer. The aim of logistics should be to achieve customer 
satisfaction through high quality services at low costs, since ultimately the success of a company 
depends on being able to satisfy the customers demand. Logistics is an economically vital part of the 
daily operation within every organization. (Waters, 2003, p. 18) There is of course also a cost 
associated to the logistics of a company. The specific cost of logistics facing different organizations 
varies greatly depending on the customer preferences and what logistic activities a company must 
perform in order to satisfy their needs. (Christopher, 2001, pp. 6-9)  

2.1.2 Logistic Management activities 
There is a set of operations that are commonly associated with logistics. Below are some general 
activities that have been studied during our work. 

• Receipt of goods: Receipt and registration of delivered material. 
• Warehousing: Moving received material into the warehouse for storage. This activity also 

involves making sure that material is available when needed. 
• Stock control: Setting policies for inventory regarding stock levels, customer service, order 

size etc. 
• Materials handling: Moving material from one operational location, to the next, where the 

material is needed. The goal of material handling is to provide for the efficient movement of 
material, through the organisation. 

• Physical distribution management: Delivery of the finished product to customer. 
• Communication: The physical flow of materials through the organisation that must be 

supported by an information flow. For example, warehouse stock levels, is important to keep 
track of. 

• Location: Different logistic operations, like storage for example, can take place at different 
locations. Deciding where to deliver and store finished products is a part of the location 
aspect, of this logistic activity. 
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• Recycling, returns and waste disposals: The logistic operations of an organisation are not 
finished, just because delivery has been made to the customer. For example, the handling of 
warranty claims and the disposal of used products should also be considered. The return of 
products, if too many have been ordered, is also a part of this logistic activity. 
 

(Waters, 2003, pp. 13-14) 
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2.2 Supply chain  
A simple way of looking at the supply chain is to follow a product moving through many different 
organisations of upstream suppliers, and downstream customers, that all add value to the product as it 
flows through the supply chain from organisation to organisation. (Waters, 2003, p. 9)  

Until now, we have only looked at logistics through the perspective of a single organisation. Today, 
organisations compete in a global market, with complex and dynamic demand, which has forced a 
broader perspective on what scope is incorporated in an organisation.  

In other words, when trying to improve efficiency, companies have traditionally looked for 
improvements in their own internal business processes. For example, as was mentioned above, by 
making warehousing more efficient. Studies have shown that it is no longer enough, to solely focus on 
a company’s internal activities. It is now considered to be crucial, to include external parties in the 
supply chain network when making financial decisions, considering both upstream suppliers and 
downstream customers, as shown in Figure 2-1. (Williamson , Harrison , & Jordan, 2004, pp. 375, 
376).  

 

 

 

 

 

 

The future of a company is decided by its ability to coordinate their network of customers and 
suppliers in an efficient manner (Drucker, 1998, pp. 173-174). This is the reason why more and more 
companies are implementing and practising the paradigm of Supply Chain Management (SCM). They 
do this in an attempt to reap the competitive advantage of capturing the full synergetic effect of 
managing the entire supply chain, compared to only managing the focal firm. (Lambert & Cooper, 
2000, pp. 65-67)  

2.2.1 Definition of Supply Chain Management 
Many definitions of what is incorporated in SCM have emerged during the past decades, leading to an 
ambiguous view of the term. Consensus has not been reached concerning the true definition of SCM 
(Gibson, Cook, & Mentzer , 2005, pp. 17,18). Gibson, Cook and Mentzer(2005) attempt to unite some 
of the existing definitions through their definition below: 

“Supply Chain Management encompasses the planning and management of all activities involved in 
sourcing and procurement, conversion, demand creation and fulfillment, and all Logistics 
Management activities. Thus, it also includes coordination and collaboration with channel partners, 
which can be suppliers, intermediaries, third-party service providers, and customers. In essence, 
Supply Chain Management integrates supply and demand management within and across 
companies.” (Gibson, Cook, & Mentzer , 2005, p. 22) 

 

Figure 2-1: Depiction of a supply chain network. (Waters, 2003, p. 9) 



 Page 18 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

According to Christopher (2001):  

“One goal of supply chain management […] to reduce or eliminate buffers of inventory…through the 
sharing of information on demand and stock levels.” (Christopher, 2001, p. 3) 

2.2.1.1 Logistic flow 

The supply chain consists of a logistic flow of material and an information flow. Each flow is equally 
important to manage, and neither of them can be neglected. (Prajogo & Olhager, 2011, p. 514) Prajogo 
and Olhager describe logistics from a supply chain perspective, and state that logistics is the 
coordinated flow of materials from suppliers, which in turn allow manufacturers to have a stable 
production process, if their logistics are well functioning (Prajogo & Olhager, 2011, p. 520). Logistics is 
only one of the functions contained within SCM. The Council of Logistics Management’s, which is a 
leading professional organisation, give the following definition of logistics within the supply chain. 

“Logistics is that part of the supply chain process that plans, implements, and controls the efficient, 
effective flow and storage of goods, services, and related information from the point-of-origin to the 
point-of-consumption in order to meet customers’ requirements.” (Mentzer, et al., 2001, p. 16) 
(Lambert & Cooper, 2000, p. 67) 

A supply chain, with well-established systems for the logistic flow, can reduce common problems that 
usually occur in a complex supply chain, for example it can reduce the so-called bullwhip effect. The 
bullwhip effect is when demand fluctuations are amplified for suppliers further away from the final 
customer, in comparison to those working close to the customer. In other words there is a distortion of 
demand the further back you go in the supply chain and this distortion can cause problems for 
suppliers in the form of increasingly inaccurate forecasts, excessive inventory and poor customer 
service. (Lee , So , & Tang , 2000, p. 626) 

In order to handle and minimize these demand fluctuations along the supply chain, companies should 
aim to improve certain key operational areas. According to Olhager, there are some actions a company 
can take to reduce the impact of the bullwhip on their supply chain. These are: 

• Shorten lead-times: Shorter lead-times lead to a quick response of supply to market demand. 
• Secure lead-times: Secured lead-times reduce the need of keeping safety stock. 
• Responsive information flow: Quick access and efficiently spread information leads to the 

real-time demand being noticed quicker. 
• Right information: It is important to realise the actual market demand, and not the varying 

demand of different parties in the supply chain. 
 

(Olhager, 2013, p. 399) 

Companies may also reap other benefits from well managed logistics, these include: reduced lead-
time, reduced costs, as well as improved sales, delivery, customer service and satisfaction (Lee , So , & 
Tang , 2000, p. 627). The SCM of the logistic flow also allows companies to practice and implement 
Lean and Agile production systems. These are further discussed under Trends in supply chain 
management.  

2.2.1.2 Information flow  
The main managerial benefits of having visible and clear information are: improved decision-making, 
reduced inventory, reduce lead-time, reduced cost and increased profits. (Handfield & Nichols, 2002, 
pp. 90, 300).  
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The logistic flow, discussed above, must be supported by an upstream and downstream information 
flow. A prerequisite of a well-integrated information flow is Information Technology (IT). IT is 
necessary to achieve a sufficient information flow and for information to be efficiently spread through 
the supply chain. IT and information sharing are two vital components of the information flow. 
(Prajogo & Olhager, 2011, p. 515) The implications of IT and information sharing on the supply chain 
information flow are further discussed directly below. 

2.2.2 Supply Chain Management activities 
There are six key activities that are often associated with SCM: supplier and customer collaboration, 
information technology, marketing, finance, sales and product design. The two most important of 
these six SCM activities are considered to be supplier and customer collaboration, and information 
technology. (Gibson, Cook, & Mentzer , 2005, pp. 19,20) 

2.2.2.1 Collaboration with suppliers and customers 
Horvath states that one of the driving forces behind efficient SCM, lies in the collaboration between 
supply chain partners. This allows you to understand the demand of all your customers, and at the 
same time, know the restrictions facing your suppliers so that you can fully grasp your own operations. 
(Horvath , 2001, p. 206) Lambert and Cooper argue that the success of a business will be determined 
by its ability to integrate the complex network of business associates into their own business, so called 
cross-functional integration. (Lambert & Cooper, 2000, p. 65) 

Some direct benefits that come from collaboration are lowered inventory, cost reduction in 
warehousing, as well as transportation costs accumulated through the supply chain. In a longer 
perspective, other advantages will become apparent. For example, improvements in customer 
responsiveness, customer service and customer retention, as well as greater flexibility in the supply 
chain making it easier to meet changing market demand. It is essential that organisations integrate 
SCM in the entire value chain in order to optimize value creation. This new era of collaboration is 
enabled through information sharing. (Horvath , 2001, p. 205)  

2.2.2.2 Information technology 
Complex markets have increased the demand on, information and communication technologies, in 
SCM. As mentioned before, SCM is a relatively new paradigm within operational management. 
Through the introduction of information and communication technologies and the Internet, 
implementation of SCM practices has increased significantly, in an attempt to deal with the before 
mentioned complex market. (Gunasekaran & Ngai , 2003, p. 270)  

IT has shifted from being a competitive tool to being a cooperation enabler in the supply chain. In the 
past years companies have made large investments in information systems, for example enterprise 
resource planning (ERP) systems and customer relationship management systems are now being 
integrated into company supply chains. (Akkermans, Bogerd, Yucesan, & van Wassenhove , 2003, p. 
300) 

ERP systems can be described as working in the intersection of IT and the business processes where 
they function as transactional processing engines, workflow management system and organizational 
decision support. (Akkermans, Bogerd, Yucesan, & van Wassenhove , 2003, pp. 288-289) ERP 
systems were originally meant to keep track on internal operations like finance, accounting and 
manufacturing. As these processes got more and more integrated, the focus started moving towards 
coordinating external activities in the supply chain, where more work was needed. The vast amount of 
information and transactions in the supply chain, offers an opportunity to reduce inventory and 
working capital. (Davenport & Brooks , 2004) 



 Page 20 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

Williams, Harrison and Jordan (2004) state that the Internet has allowed for more comprehensive 
inter-organisational information systems (IOS), which are elementary for an efficient information flow 
and communication to suppliers and customers. They further discuss development of IOS over the 
past decades. They make a distinction between four different phases: 

Phase one: In this phase the information flow is made up mainly by paper copies, which leads to both a 
slow internal information sharing and low integration of external business partners in the supply 
chain.  

Phase two: This phase is distinguished by the information flow being automated through different 
Electronic Data Interchange (EDI) systems. Many before labour intensive operational tasks were now 
automated, for example purchasing orders and different transaction information was now 
administered through EDI systems. Standardised EDI-information systems enabled information 
sharing between supply chain business partners in the supply chain.  
 

Phase three: In this phase IOS are getting more integrated and systems encompassing the whole 
organization and databases are being coordinated through IT systems. ERP systems, as mentioned 
above, are being operationalized in the supply chain. This is a huge step forward in the information 
sharing through the supply chain. ERP systems incorporate both supplier and customers and they 
improve transparency in the supply chain.  

Phase four: This phase has been enabled by the Internet, and through web developed information 
sharing systems, companies are now able to integrate their information systems, which has paved the 
way for efficient SCM decision making. For companies to be able to share each other’s data, secure 
portals and sharing systems are required. Companies can now communicate through standardized 
technologies like XML and Java and these enable real-time data interchange between all supply chain 
partners. 

(Williamson , Harrison , & Jordan, 2004, pp. 376-378) 

2.2.2.3 Information sharing 
An implemented technology is only as good as, to which extent, it is utilized. It is vital that data is 
shared through the supply chain, in order to enable sound financial decisions, for the different parties. 
For example, tracking sales can be especially important when making forecasts of demand. (Prajogo & 
Olhager, 2011, pp. 514, 516) Supply chain sharing can also be beneficial for inventory management, 
and has been shown to reduce the bullwhip effect (Towill & Disney, 2003). Investment in IT may fail 
to provide the expected financial outcome, if the information is not shared sufficiently, through the 
organisation (Fawcett , Osterhaus , Magnan , Brau, & McCarter, 2007, p. 367). 

IT is vital for supply chain performance, but it also poses risks to the supply chain. Some examples of 
IT-specific threats are security issues such as confidentiality and integrity. The extensively integrated 
information flow, has removed the internal and external boundaries that traditionally have worked as 
a barriers, against disruptions of assets and processes of the organisation. This has given rise to new 
risks associated to the inter-connectivity in the supply chain, and the result is that when a supply chain 
disruption occurs they are now more severe. (Smith, Watson, Baker, & Pokorski, 2007, pp. 2595-2596) 
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2.3 Warehousing 
Warehousing is an essential part of the supply chain, and acts as a buffer between customer demand, 
and the production of supply. The main use of a warehouse is storing of goods, but there are many 
other activities usually associated with warehousing. Some of these were mentioned under the heading 
Logistic Management activities. (Waters, 2003, p. 283)  

Warehousing is an expensive operation and needs to be managed appropriately, in order to keep down 
costs while still maintaining its main objective, to provide customer service by offering storage where it 
is necessary. There are also other aspects to the objective of warehousing. For example, it may involve 
being adaptable, in order to meet varying demand. (Waters, 2003, p. 289) 

Material handling is the movement of goods within the warehouse. A well-functioning warehouse 
involves only necessary movement, because every time material is moved from one place to another, it 
incurs a cost. Except the physical moving of goods, material handling is also concerned with the 
reduction of warehousing costs. This is achieved through well-organized operations and with the help 
of material handling systems. (Waters, 2003, p. 297) Later we will look at the two relevant 
technologies for supporting material handling and inventory management. These are: barcode and 
Radio Frequency Identification technology. 

2.3.1 Warehousing parameters 
Traditional warehousing was used for long-term storage, but the trend now is to keep down inventory 
levels in order to move stock as quickly as possible and to minimize the amount of capital kept tied up 
in inventory. This is where inventory management comes into the picture. Inventory managers have 
many different performance measures, often related either to inventory turnover or space utilization. 
(Waters, 2003, pp. 203, 286). Below we describe some important parameters to keep track of when 
managing a warehouse.  

2.3.1.1 Inventory turnover and inventory turnover rate 
The value of inventory held, varies over time and it is therefore the average that is used when 
calculating inventory value. The average inventory value of a specific unit is its average value 
multiplied with the number of the specific unit held in stock. In order to get the average total inventory 
value, the value all of all units are summed, see equation 1. (Waters, 2003, p. 203) 

!"#$%&#!!"!#$!!"#$"%&'(!!"#$% = (!"#$%&#!!"#$%&!!"!!"#$!ℎ!"#!×!!"#$!!"#$%)!"#!!"!#$!!!"#    (1) 

A more reasonable measurement is inventory turnover. This relates the average total inventory value 
to the actual sales. In other words, it relates the average inventory to what is supplied. Inventory 
turnover is calculated according to equation 2. (Waters, 2003, p. 203) 

!"#$"%&'(!!"#$%&'# = !""#$%!!"#$!!
!"#$%&#!!"!#$!!"#$"%&'(!!"#$%             (2) 

However, inventory turnover is not the focus of this report. The aim of our work is lowering the 
inventory turnover rate. The inventory turnover rate is the average amount of days that it takes to sell 
the inventory. In other words, how fast inventory moves through the warehouse. Inventory turnover 
rate should be as low as possible in order to keep down inventory costs, which is the cost incurred 
when holding a unit for a specific period of time (Olayinka, 2010).  
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A high inventory turnover rate means that inventory is stored in the warehouse for too long of a period 
before it is sold, indicating inventory levels that are too high. The inventory turnover rate is calculated 
as in equation 3. (Waters, 2003, p. 257) 

!"#$"%&'(!!"#$%&'#!!"#$ = ! !"#!!"#$
!"#$"%&'(!!"#$%&'#    (3) 

2.3.1.2 Safety stock 
To deal with the uncertainty of demand, inaccurate sale forecasts, and variability in lead-times 
companies use safety stock. Basically safety stock can be explained as the holding of additional stock. 
So, in the case of an unexpected increase in demand, the stock will not run out before the next order 
delivery. The safety stock is only used when the normal stock runs out. The safety stock is designed to 
prevent the risk of running out of stock, based on the maintaining of a predetermined service level. 
The service level is a percentage set by the company. It is based on what percentage of all orders that 
the company want to be able guarantee to be fulfilled. A high service level leads to a high level of safety 
stock, and therefore increased warehousing costs. (Waters, 2003, p. 268) 
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2.3.1.3 Re-order point 
The re-order point is a predetermined stock level, which decides when a new order must be placed at 
the supplier to guarantee the desired stock levels. The re-order point depends on two variables, the 
lead-time for the product and the demand of the product. The lead-time is the amount of time that 
lapses, between the placement of the order, and when it arrives in stock. The objective of the re-order 
point is to place the new order so that the delivery of ordered goods arrive just when the stock is 
running out. This means that the re-order point should be placed exactly one lead-time away from 
when the stock is predicted to run out. (Waters, 2003, pp. 262-263)  

Figure 2-3 shows the re-order point marked with a circle. 

 

 

 

 

 

 

 

 

2.3.1.4 Stock accuracy 
Stock accuracy, also called inventory accuracy, describes how well system inventory levels, match the 
physical inventory levels. Mismatches between the two can be caused by different factors, for example 
faulty equipment or simply human error. (Lee Q. , 2006, pp. 7-10)  

 

Figure 2-3: The graph visually describes the re-order point in relation to stock level and 
time.  (Waters, 2003, p. 263) 
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2.4 Consignment warehousing 
Traditional logistics policy dictates that a customer acquires ownership over ordered goods, when the 
supplier has delivered the order. (Gumus, Jewkes, & Bookbinder, 2008) When the goods have been 
transported to the customer warehouse the ownership shifts, from supplier to customer. From this 
point, the goods have become stock in the customer warehouse, and from here on out it is up to them 
to make decisions regarding: re-order point and order placement. Most importantly, they have to carry 
the costs for the warehouse, and manage the costs connected with it. (Rauvola, 2012, p. 25) 

With consignment stock policy the goods remain in the supplier’s ownership even when the goods 
have been delivered and are situated at the customer’s warehouse. The customer obtains ownership of 
the goods first at the point when they choose to use it, or they sell it to their customers, further down 
the supply chain. (Gumus, Jewkes, & Bookbinder, 2008, pp. 502-504) Through this kind of ownership 
agreement the customer will achieve lower warehouse management costs since they do not tie up 
capital in inventory. (Gumus, Jewkes, & Bookbinder, 2008, p. 503) The customer still has to pay for 
warehousing, but their management costs will be lower with consignment policy.  

Figure 2-4 illustrates a comparison of the transfer of ownership in traditional inventory sourcing, 
compared to using a consignment inventory policy. (Gumus, Jewkes, & Bookbinder, 2008, p. 503) 

 

Figure 2-4: Comparison of the transference of the ownership. (Gumus, Jewkes, & Bookbinder, 
2008, p. 503) 

Generally speaking, the achieved benefits of this type of policy are for the customer, short lead-times 
and cost savings. The customer still pays for the warehouse cost, but the supplier is responsible for the 
warehouse managing costs. For the supplier this logistics policy can be beneficial because it can 
strengthen the supplier and customer relationship. In some cases the customer will demand a 
consignment logistic policy, forcing the supplier to adapt if they want to keep the contract. 

Consignment policy results in a shift in responsibilities and requires specially developed contracts. The 
supplier, in the case of a consignment policy, manages re-ordering and decides on an appropriate re-
order point. Contracts are developed where the supplier and customer decide on a maximum and 
minimum stock level for the goods, it is then up to the supplier to fulfill these goals. (Gumus, Jewkes, 
& Bookbinder, 2008, p. 504) 

However, there is a conflict of interest. The supplier wants the minimum stock level to be as low as 
possible, in order to minimize the capital tied in inventory. The customer, on the other hand, wants the 
minimum level to be as high as possible, to guarantee that they get a high service level.  

Regarding the maximum stock level, supplier will strive after keeping it as high as possible. For the 
supplier this would mean a lot of space at the customer’s warehouse storage, allowing a more flexible 
production. However, the customer will want the maximum stock level to be as low as possible, 
because more space means more warehousing costs for the customer. (Valentinia & Zavanella , 2003, 
p. 221) The conflicting interests can make the consignment policy contracts very complex and difficult 
to construct. Compromise is required from both parties. (Rauvola, 2012, p. 27)  
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2.5 Automatic data collection technology 
Companies are continuously looking for ways to improve productivity, inventory accuracy, cost 
savings, customer service and communication. (Garg , 2012, p. 1) Two commonly used technologies for 
achieving these goals are explained below. Also, a comparison of these two technologies is presented at 
the end. 

Automatic data collection (ADC) can be defined as the transfer of information to a computer, without 
the manual operation of typing it in by hand. The ADC method is like using a keyboard, but removing 
the human factor, which improves speed and accuracy immensely. (Lebow, 1998) 

2.5.1 Barcode technology 
A global development found within many industrial sectors today, is that organisations are to a much 
greater extent, now incorporating barcode systems into their operations, in order to automate the 
identification of goods. Barcode systems are suitable for companies striving for better inventory 
control. Warehouses that directly sell to customers may also benefit from automating inventory 
control, since automatic data processing may allow for system alerts, warning when stock levels of a 
certain product, have fallen below a certain point. (Manthou & Vlachopoulou , 2001, pp. 157, 158) In 
order to improve the transmission of data through the organisations, barcode systems can help with 
improving accuracy and efficiency. Using barcode scanners is very efficient in comparison to manually 
tracking products. (Garg , 2012, p. 1)  

The technical definition of a barcode is an optically machine-readable surface where data is stored. 
This data often contains product specific information. (National Barcode, 2014). This information is 
however not directly readable by a computer. For a computer to be able to interpret the information 
contained in the barcode it must be decoded. This is done with the help of a scanning device, which 
first optically reads the barcode and then decodes the information. The scanning device requires a 
photo sensor to enable the reading of the barcode. It also requires software that then converts it into 
readable text and displays it on the computer. (Garg , 2012, p. 1) 

There are two components to a barcode system: the scanner and the decoder. The scanner is needed 
for the reading of the barcode. The decoder, placed inside the device, transforms the barcode into 
readable information, for example, product information and time of scanning. This data is sent to a 
computer for analysis. (Garg , 2012, pp. 1, 4) 

Today, many different scanning methods exist. For example, there is the traditional barcode scanner, 
or a smartphone with a decoder app. The barcode scanner may be stationary or a wireless handheld, or 
perhaps in the form of a pen scanner. (Garg , 2012, p. 1) 

2.5.2 Radio Frequency Identification technology 
Radio Frequency Identification (RFID) is a relatively new technology. RFID transmits information 
through so-called, non-contact technology, using a radio frequency signal that is powered by an 
electromagnetic field, allowing it to transmit data. RFID is being applied at an increasing rate, as an 
enabler of SCM. It is used to improve both accuracy and efficiency in the supply chain. (Tan, 2008, p. 
1063) 

An RFID system contains four components, these are: tag, reader, antenna and data management 
software. The tag consists of a barcode, as well as a chip containing a unique electronic code, for 
identification of a product. The reader device reads, writes and processes information. The 
information is then sent from the reader to a computer system. The antenna is needed to create a 
connection in order to enable transmission between the tag and the reader. The management software 
in the computer fills the function of storing, processing and managing retrieved information from the 
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reader. ERP systems and inventory management system are two examples of this kind of system. (Tan, 
2008, p. 1064) 

The work process of a RFID system starts with the reader transmitting a radio frequency, retrieving 
the information contained in the tag chip. Then, when within range of the tag with help of the induce 
current from the antenna, the stored data in the tag chip is sent to the reader. This information is in 
turn transmitted from the reader to the computer management system (Tan, 2008, p. 1064) 

2.5.3 Comparison of technologies 
Many of the functions and benefits of the two ADC systems overlap. The joint advantages are 
presented below, where ADC systems are compared to manual data collection. This is followed by a 
description of both the advantages and the drawbacks of these barcode and RFID systems.  

2.5.3.1 Joint benefits of implementing ADC systems 
• The ability to capture vast amounts of data that was previously difficult or impossible to 

retrieve manually. 
• Increased speed and accuracy of data entry. 
• Reduced inventory losses. 
• Enabling of management through real-time information. 
• Improved traceability and visibility of product and processes. 
• Information automation in inventory locator systems, EDI systems and ERP systems. These in 

turn can be used to improve warehouse efficiency. 
• Labour saving.  
• Improved sharing of data. Avoids duplication of data between departments. 
• Improved analysis of data. For example through the ability to access product information 

history.  
 

(Sarac, Absi, & Dauzere-Peres, 2010, p. 92) (Lebow, 1998, p. 37) 

2.5.3.2 Advantages of barcode systems 
The specific benefits associated to barcode system compared to RFID systems, are: 

• Barcode labels are cheaper than RFID tags. Depending on the quality and where they are 
purchased, the cost of a single barcode label, consisting of paper and ink, ranges from 1 to 4,2 
SEK per label. The RFID tag cost range is from 2,8 to 10,5 SEK. This cost difference might 
seem insignificant, but when multiplying it with hundreds of thousands, it becomes a 
significant cost. (Boman, 2014) 

• Barcodes are unaffected by the materials which they are labelled on. (Logistics & Material 
handling, 2014) 

• Companies who have applied barcode technology to their operations can read labels from all 
over the world, since the barcode technology is more or less a norm. The barcode labelling is 
standardised and universal. (Sarac, Absi, & Dauzere-Peres, 2010, p. 93) 

• The barcode technology has existed for some time now and is a well-established technology in 
comparison to RFID technology, which is still relatively unexplored. (Garg , 2012, p. 3) 
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2.5.3.3 Advantages of RFID systems 
The specific benefits associated with RFID system compared to barcode systems are: 

• Its superior reading technology allowing item recognition at greater distances, eliminating 
need for line of sight between reader and tag.  

• The RFID technology allows for multiple tags to be read at the same time, and has the ability 
to store a greater amount of information in the RFID tags, which are tags that can be 
dynamically modified through the use of a so-called interrogator. (Bolic, Simplot-Ryl, & 
Sojmenovic, 2010, p. 4) 

• RFID tags are more durable, since they are encased in plastic. Because of this RFID tags are 
not as easily polluted as the paper printed barcodes, allowing them to be re-used to a greater 
extent. (Tan, 2008, pp. 1064-1065)  

2.5.3.4 Drawback of barcode systems 
• The barcode needs to be re-printed when changing the information previously imprinted. 

(Tan, 2008, pp. 1064-1065) 
• Labour intensive, since all items need to be scanned individually. However, this has proved to 

lead to a higher accuracy compared to RFID. 
• Easily damaged. (Logistics & Material handling, 2014) 

2.5.3.5 Drawback of RFID systems 
• The RFID technology lacks international standards.  There is a difference between frequencies 

used in Europe and USA, which creates problems for global supply chains. (Sarac, Absi, & 
Dauzere-Peres, 2010, p. 93)  

• In much literature RFID is presumed to eliminate all inventory inaccuracy, which is far from 
reality. It is often found to be the case that the read rate, is below 100 %. This inaccuracy stems 
from different technological aspects of the RFID system. One problem is that even if the 
reader is in range of the tags, it frequently occurs that not all tags are read. (Bolic, Simplot-Ryl, 
& Sojmenovic, 2010, p. 366)  

• One reason for these inventory inaccuracy is so-called tag collision, which occurs when the 
reader tries to simultaneously identify two different tag transmissions. (Myung, Lee, & 
Srivastava, 2006, p. 144) 

• The RFID technology is far from perfect. The signals between the RFID tags and their readers 
can be disturbed by such environmental factors as metal and liquid. Testing is however being 
conducted in order to identify frequencies that would work better in these types of 
environment. (Sarac, Absi, & Dauzere-Peres, 2010, p. 93) 

• There are two different kinds of RFID tag chips. Readable and read/writeable tag chips. These 
require two different machines to be read. (Logistics & Material handling, 2014) 

 

 



 Page 28 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

2.6 Barcode implementation theory 
There are some factors to take into consideration before implementing a barcode system. Manthou 
and Vlachopoulou present some guidelines to be applied when implementing a barcode system into an 
organisation.  

First of all, they make it clear that a structured planning stage is important, which they call the 
Primary investigation. This stage is critical for avoiding future, preventable hinders. They stress that a 
barcode system should not be viewed as the solution directly, but should first become the solution 
after having reviewed the goals set by company management. In the planning stage, there should be an 
assessment of different technological solutions, where consideration is taken to the requirements of 
the involved parties. A time and cost estimation for the chosen system must also be performed. Early 
involvement of end-user is critical for future success of the project. (Manthou & Vlachopoulou , 2001, 
pp. 159,161) Lebow further expands this stage into six sub stages. The sixth sub stage is omitted from 
this report. The five remaining are:  

1. Presenting a clear problem definition.  
2. Set priorities and state expected benefits. 
3. Decide on project scope by determining constraints on the proposed system, and set goals. The 

goals should satisfy management. Some helpful questions to ask yourself are: 
a. Too what extent is data collected today? 
b. How is data collected and processed? 
c. Is there need for labelling? 
d. What level of experience with computers do the employees possess? 

4. Choose project name. This should accentuate the benefits of the project. 
5. Set milestones together with management.  

(Lebow, 1998, p. 35) 

System analysis is the second stage in the barcode implementation method present by Manthou and 
Vlachopoulou. This initially consists of an assessment of which manual processes are going to be 
replaced, when the scanner is implemented. Examples of operations easily substituted with a scanner 
are, for example, physical activities like inventory control and sales. This stage of the implementation 
includes a study of which kind of computer systems the barcode scanner will work against when 
implemented, because more often than not, there are already systems in use that the barcode system 
will have to co-exist with. During this stage, it is also important to interview vital parts of the 
organisation that will be affected by the implementation. Interviews should be conducted on different 
organisational levels, as well as within different organizational areas, such as distribution, sales and 
inventory management. This is important since they have special competence that allows them to 
better foresee eventual problems that may occur. The system analysis should also incorporate a system 
boundary definition specification, and software and hardware interface, should be specified. (Manthou 
& Vlachopoulou , 2001, p. 160) This second step is also broken down to key activities by Lebow. The 
ones that are relevant to this implementation are: 

1. Identify business goals, which the implemented system must fulfil. 
2. Mapping of current material and data flow through a process analysis. 
3. Make a sample of what data the system should incorporate. 
4. Create a flow chart, identifying the current work process, before the implementation of the 

barcode system. 
5. Modify the flowchart after expectations on the integrated system, an after-picture.  

 
(Lebow, 1998, p. 36) 
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The third stage of the implementation is the System design, and includes selection of both software 
and hardware. The choice of hardware should be based on environmental factors at the site of 
implementation. Another aspect complicating the choice between different barcode systems is the 
rapid and constantly growing field of such technologies. It is important to choose a technology that fits 
the budgetary constraints of your company (Garg , 2012, p. 4). 

The fourth stage that they discuss is the Development stage, which is simply developing what has been 
planned so far in the project. This should be done with continuous review and approval from 
management. (Manthou & Vlachopoulou , 2001, p. 160) 

Implementation and evaluation is the last stage. This stage is initiated by a testing phase. System 
testing is vital. Install both software and hardware in order to see how they work together and make 
sure that everything runs efficiently, when integrated with each other. This simplifies debugging of the 
system. Design labels, in collaboration with the vendor, and then begin barcode labelling and make 
sure that all products labelled for when the system is put into use. Then inventory and other necessary 
data are entered into the program. Then the developed system is introduced to the intended user and 
training is necessary for the user to get comfortable with the new work process. It is essential to be 
responsive if the user has suggestions on how to modify or improve the barcode system. A thorough 
evaluation of the system is also necessary, to assess if goals have been reached, and in such case to set 
new service level goals. (Manthou & Vlachopoulou , 2001, p. 160) (Garg , 2012, p. 5) 
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2.7 Return on investment analysis theory 
Return on investment (ROI) analysis is a tool for investors to gain information about the potential 
profitability of the suggested investment. It can also be used to compare different investments, which 
is done by applying the ROI analysis on each of the proposed investments. This evaluation method 
gives the investor help in finding the most profitable investment. The ROI analysis method can also be 
applied in order to assess future actions of currently active projects, perhaps if it should be 
implemented elsewhere or discontinued. The ROI analysis results in a financial ration percentage, if 
positive the investment is profitable, and if negative the project would be unprofitable (Inc., 2014). 
(McNulty & Tharenou, 2005, pp. 68-76) ROI is calculated using equation 5: 

!"# = !"#$%!!"#$%!!"!!"#$%&'
!"#$!!"!!!!!!"#$%!!!"#$%&'$"& − 1 ×100     (5) 

                    (Sarac, Absi, & Dauzere-Peres, 2010, pp. 90-93) 
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3. Method 

This chapter begins with a thorough description of the research theory and research method. 
Thereafter the theory describing how to perform case study research is presented, followed by the 
actual case study research method implemented. After this, the barcode implementation is described 
in great detail, followed by a presentation of necessary tools required to perform our work. Thereafter, 
the method used for analysis of collected data is described. At the end, a brief method discussion is 
presented. 

3.1 Research theory and method 

3.1.1 Qualitative and quantitative research theory 
When attempting to describe the connection or relationship between one or more variables, there are 
two different research approaches that are commonly applied. The quantitative research method and 
the qualitative research method. Both approaches have a mutual goal, to find the cause and a 
connection of different contexts, but the means of achieving this are different. (Watt Boolsen, 2007, p. 
17) 

In the quantitative method it is common to use statistics when examining and trying to identify a 
relationship and effect between variables and uses so-called “hard” data. This may for example be 
information about age, gender or education. The qualitative research method has more to do with a 
scientific way of reasoning uses so-called “soft” data, such as interviews, literature and observations. 
(Watt Boolsen, 2007, p. 18)  

Traditionally the quantitative research method has been regarded the more thorough method. This is 
because it more extensively fulfils academic criteria like reliability, objectivity and strictness. 
Qualitative information has been seen as both value and knowledge adding if the information is 
gathered in the beginning of the process. (Watt Boolsen, 2007, p. 18) Nowadays studies usually 
contain both methodical approaches. By applying a combination of both qualitative and quantitative 
research methodology a broader understanding can be achieved. The joint goal, is as mentioned, to 
gain a greater scientific understanding through knowledge, understanding and analysis. (Watt 
Boolsen, 2007, p. 19)  

3.1.2 Qualitative and quantitative research method 
In this report the main research approach applied has been the qualitative research method. This is 
due to the restrictive availability of necessary quantitative data. Due to limitation on the quantitative 
data no statistically significant analysis has been made. Even though the amount of available 
quantitative data was limited, an analysis was performed, but the result should be critically viewed. 
The analysis is primarily based on qualitative data such as literature, interviews and observation 
making our results and research theoretically and analytically valid. 

3.1.3 Case study research theory 
The case study research approach is usually applied when trying to answer “how” or “why” questions 
and when trying to understand complex processes. (Yin, 2006, p. 30) When collecting data for the case 
study Yin describes six sources of data: documents, archived material, interviews, direct observations, 
participating observations, and physical artefacts (Yin, 2006, p. 110).  

Written documents are probably the most relevant sources of information for case studies. 
Systematically searching for relevant documents is a vital part of the case study. (Yin, 2006, p. 113) 
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Interviews are also a very important source of information. Most commonly used are so-called open 
interviews, where key persons are engaged in a discussion. They are then allowed to share relevant 
facts and opinions about the question at hand. (Yin, 2006, pp. 117, 118) 

During field visits on site it is possible to make direct observations. There are relevant processes and 
environmental factors to observe, which may later work as complementary information for the case 
study. Observations may be either formal or sporadic data gathering occasions. (Yin, 2006, p. 120) 

A data analysis of the case study should incorporate an examination, categorisation and a conclusion 
based on both qualitative and quantitative information. The initial question or hypothesis must be 
dealt with. (Yin, 2006, p. 167) 

3.1.4 Case study research method 
Management initially presented a summarized problem definition of the Master Thesis. However, this 
problem definition was not comprehensive enough, and the true extent of Sandvik’s problems was not 
clear to the authors. In order to get a better perspective on the current situation and the problems 
facing Sandvik, a case study was performed. As mentioned, case studies are well suited for analysis of 
complex situations and processes. This is why we chose to use a case study method as a research 
approach when assessing the current situation. This case study later sets the basis for the following 
implementation of a barcode system.  

3.1.4.1 Problem definition of case study 
In order to set a clear objective of the case study, a case study question was formulated. When trying to 
formulate this question the problem definition of the Master Thesis was considered. After discussion 
with management, the case study question to be answered was stated as following: What does the 
information flow look like today and how can it be improved? This question was answered at the end 
of the study, where it then instead became the basis for the barcode implementation. 

3.1.4.2 Data gathering in case study 
Both qualitative and quantitative data was gathered in order to assess the current situation at the 
customer sites. The qualitative data consisted of observations from meetings at the office in Sandviken, 
direct observations at the mine site, interviews conducted with key personnel, and a literary review of 
internal documents and academic articles concerned with similar projects.  

Trying to build a set of quantitative data, historical data about key operational numbers at the 
warehouse at Dannemora were collected. This was done using Sandvik’s internal database Qlikview. 
Qlikview allows the users to gather operational information and other vital information about specific 
warehouses. The data may for example be: sales numbers, inventory movement and customer service 
levels. This data was however very limited for the warehouse and the products considered in our work. 
Only one year of monthly data was available. 

Observations were an essential part of the case study. The observations were both made in meetings in 
the office in Sandviken, but mainly during visits at the Dannemora customer site. In order to get a 
better insight in the work process of the warehouse manager, the authors were allowed to follow his 
work on several occasions. During the mapping of the workflow a continuous dialogue was held 
together with the warehouse manager who shared his knowledge. Observational data was also 
gathered during check-up meetings with upper management in the office in Sandviken.  

It was important to get a better understanding of the organisational structure regarding the order 
process. This is why key personnel were interviewed in different parts of the organisation.  
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The case study also involved looking at literature concerned with similar research context. For 
example literature about general logistics, supply chain, warehouse management and automatic data 
collection technologies were studied. This was important when trying to attain a broader supply chain 
perspective while still staying focused on the more problem specific areas like warehouse management 
and the research about automatic data collection technologies. 

3.1.4.3 Analysis of case study 
The case study analysis was conducted based on both qualitative and quantitative data. The analysis of 
the case study first of all aims to connecting the collected data to the gathered theoretical knowledge.  
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3.2 Barcode implementation method 
The performed barcode implementation encompassed planning, development, implementation and 
evaluation of a barcode system and its appurtenant warehouse management software (WMS). The 
following five headings closely describe the barcode implementation process. The barcode 
implementation method used in our work was based on Manthou and Vlachopoulou five-stage 
implementation process, previously described in the theoretical part of this report. The five stages are 
explained chronologically. 

3.2.1 Primary investigation 

3.2.1.1 Problem definition and setting priorities of implementation 
To assure a successful barcode implementation it was of great importance to form a clear and focused 
problem definition. The problem definition was formulated together with the management at Sandvik 
Rock Tools and the university supervisor. The final definition can be viewed under the heading 
Problem definition. This is the main problem definition for the Master Thesis, which barcode 
implementation has been based upon.  

3.2.1.2 Goals and objective of the implementation 
A similar work process used when formulating the problem definition, was also used when setting 
goals and stating objectives for the barcode implementation. However, these statements were in a 
greater extent connected to the initial visits made at the mine site of Renström and Dannemora. The 
influence from these visits are clear in the case study analysis, which was a basis for the setting of goals 
and objectives of the barcode implementation. The most important observations are discussed in the 
Case study analysis. The goals and objectives of the barcode implementation were based on the same 
goals and objective that were set for the entire Master Thesis. These can be viewed under the heading 
Goals and objectives. 

3.2.1.3 Setting milestones and time plan 
During the start up of the project, the different stages of the barcode implementation were closely 
planned. The planning of the project demanded careful time estimation of the different parts of the 
project. A time plan was made with milestones. Before this time plan was put in use, both management 
at Sandvik Rock Tools and the university supervisor studied it. This was done to establish that the time 
plan was realistic. The final time plan can be viewed in the Appendix 1. 

3.2.1.4 Cost estimation 
After it was decided that a barcode system would be implemented, a cost estimation was performed. 
Both scanner specifications and software specifications were considered when examining available 
solutions, keeping in mind budgetary constraints. The chosen barcode system investment was cleared 
with management. 

3.2.1.5 Observations at the customer site Dannemora 
Many important observations were made during the case study, but also through the continuous visits 
to Dannemora that continued even after the case study were completed. When visiting the different 
mine sites vital information was gathered, which had a great impact on the continued work on the 
barcode implementation. 

3.2.1.6 Technology assessment 
In order to assess a fitting solution to our problem we reviewed available technologies for solving the 
problems stated in the problem definition. The two most commonly apply technologies, as mentioned, 
are barcode systems and RFID systems.  
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A comparison of these technologies was performed during the case study and can be viewed in the 
theoretical part of this report in Section 2.5.2. By examining the theory and considering the case study 
result, through analysis, a conclusion was reached that a barcode system combined with WMS would 
be the most fitting solution for our pilot project. How this conclusion was reached can be read in 
Section 4.1.5. 

3.2.2 System analysis 
The next step in the implementation process was to assess the manual process that would be replaced 
by the scanner after the implementation. A process analysis was performed in order to clearly illustrate 
the material and information flow. The result of the process analysis is depicted in Section 4.2. The 
underlying theory of process analysis and flow charts is presented below. 

3.2.2.1 Process flow analysis theory 
A key to a successful improvement project is making sure that you possess all the fundamental 
knowledge about the current situation in order to fully comprehend the problem and assess a solution. 
Without a deep understanding about the processes that will be affected, it is not possible to determine 
if a suggested improvement will even be functional. To get a better understanding of a process and be 
able to efficiently identify improvement areas the method of process flow analysis can be performed. 
(Olhager, 2013, p. 136) 

Olhager suggests these steps to perform a successful analysis of a process flow. 

1. Identify and catalogue the activities of the process.  
2. Document the entire process. This must be done in great detail and the entire analysis 

depends on the level of accuracy from this step.  
3. Analyse the result from the previous step. During this part of the analysis it is important that 

all parts of the process are scrutinized and a well-developed understanding of each task in the 
process is understood. 

4. Identify problem areas and find possible improvements. 
5. Suggest suitable improvements. 
6. Execute decided changes. 

(Olhager, 2013, p. 136) 

3.2.2.2 Flow chart theory 
The result of a process flow analysis is often very detailed. Because of this it can be difficult to get a 
quick overview of the process and to see connections between individual activities. This can create 
barriers. In order to overcome these barriers, it is common to follow the old expression: “A picture 
says more than a thousand words”. There are several methods to make the result of the process flow 
analysis graphical. All share the same idea to use graphic symbols to explain the flow of a process. 
(Olhager, 2013, p. 461) 

3.2.2.3 Process analysis and flow chart 
The process analysis took place during the case study when attempting to get a better grasp of the 
problems facing Sandvik. Both the process analysis and flow charts were based on the theories 
described above. The process analysis helped when trying to understand the material and information 
flow through the organisation, when identifying the current work process. The process analysis was 
performed in collaboration with key members in the company who were interviewed continuously 
under visits at the customer sites. When working on the process analysis the main support came from 
observations and the interviews performed earlier during the case study. After a thorough analysis a 
flow chart was drawn up to illustrate the process.  
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The next step in the process analysis was to depict the new process flow after the barcode 
implementation. A flow chart depicting the integrated system was created in order to also illustrate the 
benefits of the barcode system. In order to increase the validity of the process analysis it was revised 
together with management. 

3.2.2.4 Software interface 
At this stage of the System analysis a first draft of what data that would be displayed in the WMS, was 
presented to management for approval. When creating the sample data for the software interface, 
business goals were considered and key warehouse management performance measures in use at 
Sandvik Rock Tools were identified. It was important that the implemented system must display this 
information in a simple way. The sample data was presented in Excel, and was initially very basic. 
After approval, the interface was further developed. 

3.2.2.5 System requirement 
The next step was to identify system requirements of the barcode implementation. This was an 
iterative process continuing as the case study progressed. The system requirements are listed under 
the heading Software analysis in Section 4.1.5.2. 

3.2.2.6 System boundaries 
Because of our limited time on this project it was important to specify some boundaries on the barcode 
implementation, in order to make it possible to develop in time. Boundaries were set for the functions 
that would be available in the WMS. Focus would lie on allowing the user to handle the above set 
system requirements. The system boundaries can be viewed in Appendix 2. 

3.2.2.7 Scanner requirement 
In the process of choosing what scanner to purchase for the barcode implementation, necessary 
requirements were identified, which was done through a web-search during the case study. The 
identified scanner requirements are presented under the heading Hardware analysis. 

3.2.3 System design 
The System design describes the decision of what scanner and software to purchase for the barcode 
system implementation. 

3.2.3.1 Selecting scanner 
The selection of barcode scanner began with a literary review during the System analysis overlooking 
what technological features that were needed to follow through on our implementation. Based on the 
literary review and the specified requirements, a search on the Internet began to find suitable models. 

When purchasing the scanner both the minimum requirements and the budgetary constraints were 
taken into account. The budget was not set in stone but the goal was to find a suitable scanner under 
10,000 SEK. After closely looking at the different alternatives, it was decided that the most suitable 
scanner for this barcode implementation would be the Datalogic PowerScan PM8300, which can be 
viewed, together with its technological specifications, in Appendix 3. 

3.2.3.2 Selecting system 
When selecting what software to use for the development of the WMS, consideration was of course 
taken to the above set requirements of the system. After looking at different software it was decided 
that the system would be developed in Excel, with the use of its built-in programming software Excel 
Visual Basic (Excel VBA). The reason for choosing Excel VBA was based on the simplicity of the 
programming syntax. Excel is commonly used as software within many organisation. Also, it is easily 
accessible, since Excel is a program usually found on Windows based computers. 
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In order to sufficiently connect the barcode scanner to the computer, a so-called wedge-program was 
used. The program Freefloat was chosen in our case. The reason for this being that Freefloat had been 
used on an earlier attempt at implementing a barcode system on another part of the organisation. On 
that project, which had similarities to ours it had been successfully used. The specific use of Freefloat 
is discussed under the heading Integration of scanner and software in Section 3.2.4.3. 

3.2.4 Development 

3.2.4.1 System development 
The barcode implementation development stage was the most time consuming. During this period the 
entire WMS was developed. This was, as mentioned done by coding in Excel VBA. In order to do this it 
was necessary to have considerably advanced skills in the programming language. Both authors gained 
these skills during the project.  

Continuously under the development stage the progress of the software development was revised by 
management and by the end-user. This was done in order to prevent future problems that may arise. It 
was important to follow the time plan during this stage and to make necessary delimitations, so that 
the program could be put in use at the decided start of the pilot project. 

A separate part of the system development consisted of setting warehouse management parameters for 
the software that was being developed. These parameters were: safety stock level, re-order point and 
re-order quantity. These were based on the theories previously presented, but also, consideration was 
taken to Sandvik Rock Tools preferences regarding the setting of these levels. 

3.2.4.2 Scanner development 
The scanner arrives with default setting. However, it was necessary to program the scanner to fit the 
above set scanner requirements. The method for re-programming a scanner is rather straightforward. 
With the scanner comes a user-manual and in that manual there are different barcodes. Each barcode 
contains specific information that re-programmes the scanner, when scanned. 

First of all, it was programmed to enable timestamp. Timestamps allow the user to see date and time 
for when an item has been scanned. Another default setting that had to be re-programmed was that by 
default the scanner would shut down and empty the internal memory after a specific time interval. 
This function was disabled. 

3.2.4.3 Integration of scanner and software 
In order to integrate the scanner with the developed software, Freefloat was used. This program works 
as a link between the computer and the scanner allowing the scanned data to be directly entered into a 
predefined file for storage. When connecting the scanner to the computer it is also necessary to open a 
so-called COM-port allowing the scanner to communicate to the computer directly. 

In order to allow the Excel program to work properly, it was necessary that the program could gather 
scanned information from a txt-file. However, the wedge did not work so, which is why it was re-
programmed. When reprogramming the wedge a programming language Lua was used (Lua, 2014).  

Based on the first draft of sample data that had been approved by the management, the layout of the 
program was developed. An important stage of the development of the system was the system interface 
design. It was, as mentioned, very important that the developed software had a simple interface.  

In order to develop an as user-friendly program as possible we were in constant contact with the end-
user during the development. Input from the warehouse manager and Sandvik Rock Tools 
management were vital during this stage. The layout of the interface was revised many times in order 
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to make it as visually appealing as possible. A clear font was chosen and the buttons and heading have 
been strategically positioned to allow for the most vital information to stand out. 

3.2.4.4 Barcode labels 
First an analysis of current information flow and data collection was performed. The analysis is 
presented under the heading Analysis of information flow and data collection in Section 4.1.3. 

It became apparent that no barcodes exist on any of the products from the product line Top Hammer. 
Because of this barcodes had to be developed from scratch. When developing the barcode the 
information that would be stored in the barcode had to be evaluated. It was important that the barcode 
held information about its specific part number in order to identify the product properly. Furthermore 
a time stamp would be important to mark the time of certain scanning operations. Information about 
what operation that was going to be performed also needed to be included in the barcode. These three 
data specifications were based on information that would be needed in order to perform future 
quantitative analysis on the data. 

There were three operational activities that barcodes were developed for: receipt, sales and return of a 
product. The barcodes were created using special barcode font, Code 128, in the software Microsoft 
Word. This barcode font was used since it was compatible with the barcode scanner used. The 
resulting barcode label design can be viewed under the heading Barcode label result in Section 5.2.4. 

3.2.5 Implementation and evaluation 

3.2.5.1 Implementation 
This step of the barcode implementation was mainly practical and was initiated by a testing phase of 
the implementation, or a so-called pilot project. Both software and hardware were installed on site. In 
the initial stage of the implementation, a lot of time was sunk into testing the system and making 
adjustments in accordance with the requests coming from the warehouse manager. It was vital to 
ensure that the software and hardware were well integrated.  

After the barcodes had been created, as described above, they were printed on regular paper, and later 
cut out and placed next to the associated products.  

Later the Qlikview data gathered during the case study was entered into the WMS. The data would be 
used in a graph to show the warehouse manager how warehouse levels have shifted previously. 
Additional data collected by the barcode system would later be added automatically to this graph. 

When everything was debugged the system was introduced to the end-user who was educated in order 
to be able to handle the system and to make the warehouse manager comfortable with the new work 
process. At the end of the pilot project period of the implementation a review was made in order to 
check that the service levels were held and that the goals had been reached.   
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3.2.5.2. Evaluation 

A statistical analysis was performed in order to examine the collected data by the barcode system. The 
analysis was performed with the help of the statistical analysis software Minitab. The analysis 
performed was a 2-Sample t-Test. This is described under the heading statistical analysis. 

Also, an analysis of the warehouse parameter of the WMS was performed. This analysis is found under 
the heading Warehouse  

When evaluating the profitability of the barcode implementation, a return on investment analysis was 
performed. This analysis can be viewed under the heading Return on investment analysis, and the 
result of it can be found under the heading Return on investment result. 

3.2.6 Tools 
Many different tools were utilised during this project, both software and hardware. Below is a list of 
the main tools used during our work. 

3.2.6.1 Hardware 
• Barcode scanner: For scanning of barcode labels. 
• Printer: A standard printer was used to print out the barcode labels. 
• Computer: A computer with the software listed below. 

3.2.6.2 Software 
• Excel VBA: For development of the warehouse management software. 
• Excel: The finished WMS is accessed and used in Excel. 
• Notepad: This was utilized as a database where scanned data was stored. 
• Microsoft Word: The barcode labels were created using the font Code 128 in Microsoft Word 

2011. 
• Qlikview: Internal database, which was used to retrieve warehouse specific data. 
• Freefloat: Wedge-program linking the scanner to the computer 
• Minitab v. 16: This was used in order to perform statistical analysis on data.  
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3.3 Method of analysis 
The performed analysis during this project consisted of five separate analyses. These were: Case study 
analysis, Analysis of barcode implementation, Analysis of warehousing parameters, Statistical 
analysis and a Return on investment analysis. 

The case study analysis was performed in order evaluate the current situation, and draw conclusions 
based on gathered empirical and theoretical knowledge, gained during the project. Thereafter, an 
analysis of the barcode implementation was performed, which consisted of a process analysis aimed at 
describing the material and information flow before and after the pilot project.  

In order to assess the warehousing parameters set in the WMS, an analysis was performed, focused on 
a stock accuracy analysis and safety stock level evaluation. The stock accuracy analysis was performed 
through comparing the physically registered inventory levels against those registered by the WHS. The 
safety stock level was evaluated by examining demand fluctuations and how safety stock was affected. 

This was followed by a statistical analysis, aiming to examine the resulting data collected from the 
barcode implementation pilot project. In order to do this, the statistical analysis software Minitab was 
used. The reason for choosing this software was that the authors had prior experience working with it, 
and were aware of its data processing capabilities. The statistical analysis consisted of two separate 
parts.  

The first part was an independent 2-Sample t-Test. This was used to perform a statistical analysis 
proving that there was a statistically significant decrease in inventory levels, comparing before and 
after the implementation. The 2-Sample t-Test is a hypothesis test, usually used for analysis of data 
coming from two different normally distributed, and independent populations.  The test concludes if 
there is a statistically significant difference between the two mean values of the populations. 
(Columbia CNMTL, 2014)  

In the second part, no statistical analysis was performed. The reason this analysis, or comparison, was 
placed under the heading Statistical analysis was based on the future possibility of performing a 
statistical analysis on the now inadequate data. However, in an attempt of getting a first impression of 
the effects of the barcode implementation on inventory levels, a comparison was performed. Stressing 
yet again, it was not statistically proven. 

In order to evaluate the profitability of the barcode system and the WMS, a ROI analysis was 
performed. 
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3.4 Discussion of method 
In our project, the case study research method was used for assessing the current situation. There are 
of course different ways to do this kind of research, but since the situation called for a method that 
could handle complex situations in a structured manner, we chose to use the case study research 
method. Another reason for choosing case study is because it incorporates both qualitative and 
quantitative data. A combination of both types of data gives validity to the research even though our 
method has been somewhat lacking in the collection of quantitative data. However, this was not 
possible due to the limited time frame. 

Flow charts were chosen to illustrate the process analysis of the current situation concerning the 
material and information flow through the organisation. The flow chart in our opinion, gives a clear 
view of the effects of the barcode implementation, when combined with the written process analysis 
describing how activities are modified before and after the implementation. 

The method for the barcode implementation was based on a combination of peer-review academic 
articles. This, in our opinion, gives great validity to the chosen method, since it means that the 
academic community has approved the method. 

There are of course other tools and method, than those specifically chosen for this project, which can 
fulfil the same purpose as the ones we chose. The selection of software and hardware were based on 
the case study analysis and result. We chose a scanner that seemed adequate based on the data we had 
acquired. However, there may be better models more suited for this kind of situation that we can have 
overlooked. So, the tools used should only be seen as a possible way to go. 
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4. Analysis 

This analysis is divided into five parts. The first part is a case study analysis, which consists of both a 
presentation of the empirical data gathered during the performed case study, as well as an analysis of 
it. This is followed by an analysis of the barcode implementation. In the barcode implementation 
analysis, focus was concentrated on the change of process, from before compared to after the 
implementation. The barcode implementation is further investigated through an examination of the 
warehousing parameters set in the WMS. Thereafter, a statistical analysis is performed on the data 
that was collected by the barcode system during the pilot project. At the end of this chapter, a return 
on investment analysis is presented. 

4.1 Case Study Analysis 
The case study analysis was focused on the answering of the case study question. During the process of 
answering the case study question, using both attained empirical data and previously presented 
theories, many important decisions were made regarding the barcode implantation. These decisions 
became the foundation of which the barcode implementation was built upon. This case study analysis 
focuses, first of all, on the empirical data leading to these decisions, as well as the underlying 
theoretical reasoning leading up to them. 

4.1.1 Choice of Customer Site  
The management initially proposed three prospective customer sites for implementation. These mine 
sites were: Dannemora, Renström and Garpenberg. The conditions at these sites were briefly 
examined in order to identify which one of them was the most suitable for an implementation. Only 
two of the proposed sites were actually visited. These two were the customer sites at Renström and 
Dannemora. Of these two, Dannemora was chosen for the implementation, which is why the analysis 
is concentrated to the conditions at Dannemora. 

4.1.1.1 Layout of costumer site at Dannemora 
The full scope of warehousing operations performed at Dannemora, are situated at six different 
locations. These are displayed in Figure 4-1: the main office (1), the warehouse office (2), the main 
warehouse (3), Dannemora Magnetit AB’s consignment warehouse (4), Bergteamet’s consignment 
warehouse (5) and the consignment warehouse inside the mine (6).   

 

 

 

 

 

 

 

 

 

Figure 4-1: The operational layout at the Dannemora customer site. 
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1. The main office is utilized for end of the month billing. The invoice is scanned or faxed to the 
billing department. 
 

2. The warehouse office is located in a barrack in close proximity to the main warehouse. The 
warehouse office is utilized for the daily office work. 
 

3. The main warehouse is where the warehouse manager performs most of the daily work routine 
that is not office related. The main warehouse consists of two different operational areas. 

a. The first part of the main warehouse is the storage area, consisting of a locked storage 
unit, which only the warehouse manager has access to. Tools and material are stored 
for both Dannemora Magnetit AB and Bergteamet. However, they do not have 
personnel access to this storage unit. In other words, it is not a consignment 
warehouse.  
 

b. The second part of the main warehouse is the sharpening station, which is located 
adjacent to the storage unit. This is where the warehouse manager can sharpen used 
tools. Once sharpened, they are placed in a metal cage, which is later transported to 
one of the consignment warehouses, the one in most need of being replenished.  
 

4. The consignment warehouse of Dannemora Magnetit AB is located just outside the main 
warehouse. This warehouse consists of a container, for storage of drill bits and neck adapters, 
as well as a rack used to store rods. The container storage is replenished with both new and re-
sharpened tools. 
 

5. The consignment warehouse of Bergteamet is structured in the same manner as Dannemora 
Magnetit AB’s consignment warehouse. It is also located just outside of the main warehouse. 
 

6. The consignment warehouse inside the mine is set up just like the other two consignment 
warehouses. It also consists of a container and a rack.  

Pictures that were taken during visits at the Dannemora customer site can be viewed in Appendix 4. 

4.1.1.2 Comparison of customer sites 
Every mine is unique in its settings. For example, they differ in location and environmental conditions. 
These factors had to be taken into consideration, when choosing at what which site the barcode 
implementation was to be performed at.  

A pervading inhibiting factor for implementation were the harsh environmental conditions, which 
were muddy, wet and with varying temperatures. As mentioned above, a part of the warehouse was 
located outdoors, which meant that the implemented system needed to be able to handle varying 
weather conditions through out the year. 

One technological aspect, that needed to be dealt with, was the accessibility of Internet, which varied 
depending on where on the site the warehouse office was located. Generally, there was Internet access 
above ground, but not underground. At Dannemora, both the main office and the warehouse office had 
Internet. However, the main warehouse, as well as the entire mineshaft lacked Internet. This 
complicated the implementation, since most information systems utilize the Internet for data transfer. 

Regarding the practical nature of the barcode implementation, one very important regulatory 
circumstance to consider, was access to the customer site mining area. It was clear from the start that 
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regular visits to the customer site would be a necessity, if the project should be successful. Access at 
Garpenberget was very restrictive, where visits had to be scheduled and approved weeks in advance. 
This access restriction was the reason for not choosing Garpenberget for the implementation. The 
unlimited access provided at the customer site at Dannemora, was vital for the implementation.  

Using Sandviken as the point of reference, Dannemora is located at approximately the same distance 
as Garpenberget is. Renström, on the other hand, is located in a mining area outside of Skellefteå in 
northern Sweden. This was the main reason for not choosing Renström for the pilot project. 

4.1.2 Analysis of Logistic Management activities 
In this section of the Case study analysis, the logistic management activities performed by the 
warehouse manager are identified and then compared to the activities that were described in the 
theoretical section, under the heading Logistic Management activities. After this, the daily 
responsibilities of the warehouse manager are presented. This analysis of logistic management 
activities, and the warehouse manager’s responsibilities, was useful when performing the process 
analysis. 

4.1.2.1 Logistic management activities performed at site 
First of all, it was important to identify which logistic management activities that are performed at the 
mine site today. Drawing parallels to the logistic management activities theory, suggested earlier, the 
following operations were identified through observing the warehouse manager’s work routine: receipt 
of goods, warehousing, materials handling, physical distribution management, communication, 
location, stock control and recycling, returns and waste disposal. 

4.1.2.2 Responsibilities of the warehouse manager  
This analysis section reviews the responsibilities of the warehouse manager. One of the warehouse 
manager’s responsibilities is the collecting of used tools. These are brought back to the main 
warehouse for sharpening assessment. If considered to be in good enough condition, they are re-
sharpened.  

Another of the warehouse manager’s responsibilities is to keep track of and control the stock levels in 
the main warehouse, as well as for the three different consignment warehouses. For example, this 
includes determining the desired safety stock level and when replenishment is to take place. These 
tasks are today something that the warehouse manager is forced to deal with. However, they are not 
officially included in the warehouse manager job description. This is something that needs to be 
addressed. 

Sandvik Rock Tools requires that the warehouse manager can guarantee an inventory level that 
secures a very high service level. At the same time consideration needs to be given to the warehousing 
cost of keeping high levels of inventory. These requirements are in conflict with each other. Trying to 
determine the optimal stock level for all the products held in stock is a complex decision-making 
process. 

The responsibility of deciding inventory levels, safety stock and re-order point levels requires 
experience and knowledge, regarding warehouse management and logistic management. However, the 
warehouse manager at the customer sites lacks the needed theoretical knowledge. By providing 
knowledge and information to the warehouse managers, through the developed WMS, optimal stock 
levels can be achieved. 

4.1.3 Analysis of information flow and data collection 
Today, data is collected manually at the customer site at Dannemora. Everything from warehouse 
levels to upcoming orders is written down in a notebook, which the warehouse manager carries 
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around. This creates a huge security risk, since if the notebook were to be lost; the loss of data would 
be irretrievable and the consequences far reaching. 

Regarding product identification, no identification system is currently at use. There is no way of 
tracking the product flow. Because of this, it was evident that product tracking through the warehouse 
had to be enabled, with the use of an appropriate method. In our case, it later proved to be by labelling 
with barcodes. 

Today, the warehouse levels are shared at the end of every month, when stocktaking and billing is 
performed. This information sharing level is insufficient. Only a few key personnel are allowed to view 
this information. Also, because of this insufficient information sharing, the forecasting systems in use 
by Sandvik Rock Tools lack the necessary information to make accurate prognoses. They need more 
frequent and accurate information regarding inventory levels.  

During the case study a future quantitative analysis was taken into account, when reviewing what data 
needed to be collected, in order to deal with the bullwhip effect. Lead-time and inventory levels are key 
performance indicators for tracking this effect. In order to enable the tracking of inventory levels, it 
would be necessary to capture the receipt, sale and return of specific part numbers. The lead-time, on 
the other hand, is not something that we would be able to affect through this project. 

4.1.4 Choice of products  
When going through the inventory list for specific products to examine, we looked for products 
ordered frequently, and in large volumes. The volume criteria was set, in hope of gathering as much 
data as possible, which would be important for the later statistical analysis. However, looking at 
Dannemora, there were not a lot of high demand products. At least not compared to the volumes sold 
at Garpenberget, where sales of tools is much greater. 

The sales department was incorporated in the decision-making process, and they suggested three 
products. These can be viewed under the heading Sandvik Rock Tools. The products chosen are three 
different types of tools. One is a drill bit, one is a neck adapter and one is a rod. This is good since the 
sales patterns are rather different for these three products, making it a good representation of the 
varied product range held in the warehouse.  

4.1.5 Analysis of technological solution 
According to theory presented earlier, a prerequisite for well-functioning information flow is 
information technology, which enables a sufficient information flow and allows for information to be 
efficiently spread through the organisation. A vital part of the case study analysis, was the analysis of 
available technologies commonly used for solving the kind of information flow problems that were 
facing Sandvik Rock Tools. One identified solution for enabling this, was the implementation of ADC 
systems. The benefits of implementing such systems are presented under the heading Joint benefits of 
implementing ADC systems. 

During the case study it became apparent that the two most commonly applied ADC technologies are, 
barcode and RFID. These were compared in the theoretical section, under the heading Automatic data 
collection. The chosen solution was a barcode system, which would be combined with WMS. Based on 
this decision, a software and hardware analysis was required. 

4.1.5.1 Hardware analysis 
After it was decided that the technology to be implemented was a barcode system, hardware 
requirements were set up. The identified hardware requirements are presented below: 
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• Buffer when out of range: Be able to work in an environment where there is no Internet, and 
work out of range from the scanner base unit. It was necessary that the scanner could buffer 
and store information internally in “offline-mode”, and when in contact with the base unit, it 
could then transmit the data. 

• Display: The user should be able to clearly see what has been scanned. 
• Remove scanned item: The ability to remove faulty scanned items.  
• Water and tare resistant: The ability to sustain functionality in harsh environments. 
• Simple interface: Easy to use for the personnel at the mine sites, who are inexperienced with 

technology. 
• Barcode label printing: Since there are currently no barcodes on the products, they must be 

printed. 

A scanner model fulfilling these specific requirements was chosen. The chosen model and its technical 
specifications can be viewed in Appendix 3. 

The hardware analysis also consisted of reviewing barcode label printers. However, during the case 
study, it became clear that the barcode labels could just as well be printed on a regular office printer. 
The decision was made that a regular printer would be used, incurring no further cost to the project. 

4.1.5.2 Software analysis 
The barcode system needed software that could process data collected by the scanner. When searching 
for available software, no software with the right specifications was found. The possibility to custom-
order software after the specifications, was not an option due to the time limit and the additional 
investment. This is why the decision was made to develop our own software. The finished program can 
be viewed under the heading Warehouse management software result.  

Management at Sandvik Rock Tools wanted to create an intelligent software system that the 
warehouse managers could look at, and through the system, quickly retrieve the necessary information 
allowing them to manage their warehouse more efficiently. Based on this, software requirements were 
set up for the WMS. The identified requirements are presented below: 

• Database: The scanned data must be stored in a sufficient manner. It must be possible to 
retrieve, delete, change and insert data into the database. 

• Display key warehouse management information: As specified earlier, relevant information 
needed for managerial decisions must be easily accessible and clearly displayed. This includes 
information needed for inventory control; order handling and other useful information, to 
make the warehouse manager feel more secure. 

• User-friendly: The end-user had limited computer experience. Because of this, it was 
important that the WMS had simple functions and a simple interface design. User-friendly 
functions were vital to enabling the warehouse managers to adequately use the software.  

• Customised after managements requirements: The management had extensive requirements 
regarding what functions the system should include. 

• Integrated with barcode system: The software would need to be integrated with the barcode 
system through a wedge-program. 

• Setting of warehouse management parameters: It was important to set certain parameters 
for the warehouse manager to follow. These paremeters included, for example, safety stock 
level, re-order point and order quantity. They were set according to Sandvik Rock Tools own 
standards. 

• In Swedish: The WMS had to be developed in Swedish, upon request from the warehouse 
manager. 
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When looking into available development options many programming languages were considered, as 
well as the system boundaries. Excel was chosen due to its simple syntax, and its interface design 
options, using Excel VBA. 

During the software analysis it was also essential to evaluate database options. Due to the time limit, 
and considering this was only a pilot project, a solid database was not a priority. This was based on the 
fact that there were only two variables that were going to be stored, a part number and a time stamp 
for each scanned item. 

The selection of wedge-program was based on the earlier performed barcode implementation at 
Sandvik, where the chosen wedge-program, had already been successfully implemented. 
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4.2 Analysis of the barcode implementation 
In the following process analysis, focus will be on illustrating, through the use of flow chats, how the 
material and information flow has been not only altered, but also improved through the barcode 
implementation.  

4.2.1 Flow chart before barcode implementation 
The process analysis of the situation before the implementation is presented in Figure 4-2.  

 

Figure 4-2: Flow chart of the process analysis from before the barcode implementation.  

1. Order: The process starts at, Start. The warehouse manager places an order by sending a fax or an 
email to Sandvik Rock Tools sales department, containing order information such as specific 
product and the quantity to be ordered. The purchasing department registers the order into 
Sandvik Rock Tools ERP system, System 21.  

  
2. In-market warehouse: The tools and material ordered are sent from the in-market warehouse, 

located in Sandviken, to the customer site. 

 
3. Main warehouse: The ordered goods are delivered to the main warehouse. The products are 

registered manually at arrival. At Dannemora, only the warehouse manager has the authority to 
confirm the receipt of goods. If the wrong quantity or product is delivered, they are returned to the 
in-market warehouse. After the goods have been properly received, they are transported to the 
main warehouse for storage.  

 
4. Replenishment of consignment warehouse: This activity consists of the warehouse manager 

continuously checking inventory levels of the consignment warehouses. These are replenished if 
needed. The warehouse manager performs this activity on a daily basis. When products are moved 
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from the main warehouse to one of the consignment warehouses, the item is considered sold. It is 
at this point in the process, that the ownership of the product is transferred, from Sandvik Rock 
Tools, to Dannemora Magnetit AB or Bergteamet.  

 
4.1. Dannemora Magnetit AB’s consignment warehouse: It holds tools and material for their 

drillers, those working with the excavation machines. This consignment warehouse is located 
above ground. 

4.2. Bergteamet’s consignment warehouse: It holds tools and material for Bergteamet for their 
drillers, those working the excavation machines. This is consignment warehouse is also 
located above ground.  

4.3. Dannemora Magnetit AB’s consignment warehouse inside mine: This is the second of 
Dannemora Magnetit AB’s consignment warehouses at Dannemora. It fulfills the same 
function, and is operated in a similar manner, as their other consignment warehouse. 
However, it is located underground providing for product accessibility for the drillers at work.  

 
5. Consumption: This process activity describes Dannemora Magnetit AB and Bergteamet’s usage of 

tools and materials. The consumption takes place as employees from either excavation company, 
visit their respective consignment warehouse, and retrieve items for later use.  
 

6. Can it be sharpened? : When material and tools have been used, they are placed back in the 
consignment warehouse by the drillers. The used products are stored in steel cages that Sandvik’s 
warehouse manager later collects and brings back to the main warehouse. At this point it is up to 
the warehouse manager to decide how to handle the used product. 
 
6.1. If yes, sharpening: The tools are still in an acceptable condition. They are sharpened for re-

use. 
6.2. If no, discard/file complaint: If the tools are too worn down, they are discarded. In some 

cases the drillers make a claim against Sandvik, saying the product was faulty or of bad 
quality. In this case, the warehouse manager handles the claim and the alleged faulty product 
is examined. 

 
7. Stocktaking: The stocktaking is performed to find out how much has been sold to Dannemora 

Magnetit AB and Bergteamet during the month. The inventory levels are manually counted and 
written down by hand in a notebook, for later billing. 

 
8. Billing: Billing is always done subsequent to stocktaking. It is done once every month, based on 

contractual agreements. The invoice is sent to the billing department, through email, or via fax.  



 Page 50 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

4.2.2 Flow chart after barcode implementation 
Through the process analysis, specific areas of improvement were identified. In order to clearly display 
the areas affected by the implementation, the flow chart used earlier was modified, in order to 
illustrate the improvements achieved by the barcode implementation.  

 

Figure 4-3: Flow chart describing the process analysis from after the barcode implementation. 

Above in Figure 4-3, the new process and its corresponding flow of information and materials are 
shown. The affected areas were colored red, to identify an affected process.  

1. Order: The process continues to start at Start where an order from the warehouse manager is 
placed. However, the order process is different in comparison to before the implementation, since 
it is now partly automated by the systems. 
 
When the inventory level for a product is considered to be too low by the WMS, it suggests a 
placement of order, to the warehouse manager. The WMS also automatically creates the order, in 
regard to quantity and what specific product needs to be ordered. The only operational activity still 
remaining is that the warehouse manager actively needs to press the send button. An email is then 
sent, containing a file with both the order information, as well as a complete status update on all 
items at the warehouse, including current and historical levels of all products held.  
The person at the purchasing department in charge of order processing inputs the order into the 
ERP system, System 21. 
 
The barcode implementation thereby successfully improved the information flow between the 
warehouse manager and Sandvik purchase department, and as mentioned, the order process has 
been partly automated.  

 
2. In-market warehouse: The tools and material ordered are sent from the in-market warehouse 

located in Sandviken to the customer site. This activity is not affected by the implementation. 
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3. Main warehouse: The products ordered are delivered to the main warehouse.  Before the 
implementation, the receipt of goods was registered manually at arrival, but now the warehouse 
manager scans them directly into the WMS. If the wrong amount or product is delivered, they are 
returned to the in-market warehouse. The warehouse manager then scans the barcode, which 
automatically registers a product return into the WMS. This concludes that the registration of both 
receipt and return of goods has been automated through the barcode implementation. 

After the order has been properly received, the arrived goods are placed in the main warehouse for 
storage.  

 
4. Replenishment of consignment stock: This activity consists of the warehouse manager 

continuously checking inventory levels of the consignment warehouses. These are replenished if 
needed. The warehouse manager performs this activity on a daily basis. When the warehouse 
manager replenishes the consignment warehouses by moving products there, the products moved 
are considered sold.  
 
The operation of sales is digitalized in the same way as the operation of receipt and return of 
goods. Now, when goods are taken from the main warehouse for replenishment of the 
consignment warehouses, the warehouse manager scans the barcode for the sold product, which 
registers a sale into the WMS. The registration of sales in the WMS enabled real-time tracking of 
sales of tools and material. 

 
4.1. Dannemora Magnetit AB’s consignment warehouse: It holds tools and material for their 

drillers, working the excavation machines. This consignment warehouse is located above the 
ground. This process was unaffected by the barcode implementation. 

4.2. Bergteamet’s consignment warehouse: It holds tools and material for Bergteamet for their 
drillers, working with the excavation machines. This consignment warehouse is also located 
above the ground. This process was unaffected by the barcode implementation. 

4.3. Consignment warehouse underground: This is the second of Dannemora Magnetit AB’s 
consignment warehouse in Dannemora. It fulfills the same function and is operated in a 
similar manner as their other consignment warehouse. However, this is located underground, 
making products easily accessible for the drillers at work. This process was unaffected by the 
barcode implementation. 

 
5. Consumption: This activity describes Dannemora Magnetit AB and Bergteamet’s usage of tools 

and materials. The consumption takes place as employees from either excavation company visit 
their respective consignment warehouse and retrieve tools or material, for later use. This process 
was unaffected by the barcode implementation. 
 

6. Can it be sharpened? : When material and tools have been used, they are placed back in the 
consignment warehouse by the drillers. The used products are stored in steel cages that Sandvik’s 
warehouse manager later collects and brings back to the main warehouse. At this point it is up to 
the warehouse manager to decide how to handle the used product. The barcode implementation 
was delimited to exclude the sharpening process, which is why this part of the process is not 
considered further in this analysis. 

 
6.1. If yes, sharpening: The tools are still in an acceptable condition. They are sharpened for re-

use. 
6.2. If no, discard/file complaint: If the tools are too worn down, they are discarded. In some 

cases the drillers make a claim against Sandvik, saying the product was faulty or of bad 
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quality. In this case, the warehouse manager handles the claim and the alleged faulty product 
is examined. 
 

7. Stocktaking: The stocktaking is performed to find out how much has been sold to Dannemora 
Magnetit AB and Bergteamet during the month. Before the implementation the inventory levels 
were manually counted and written down by hand in a notebook, for later billing. 
 
This is one of the more comprehensive improvements achieved by the barcode implementation. 
Now the inventory levels are available on a real-time basis through the WMS, which means that 
stocktaking can be performed at any point in time, since all current levels are available in the 
WMS. The software contains the current status on each product and has the capability of creating 
a complete invoice for what has been sold during the month. This is performed automatically by 
the WMS.  
 

8. Billing: Billing is always done subsequently to stocktaking. It is done once every month based on 
contractual agreements.  
 
Before the implementation the invoice was sent to the billing department, through email, or via 
fax. The billing is now sent via email through the WMS. It is prepared automatically and sent to 
the billing department, eliminating the need for the warehouse manager to go to the main office, 
which was required before. 
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4.3 Analysis of warehousing parameters  

4.3.1 Stock accuracy analysis 
Stock accuracy was used to describe how well the registered inventory levels of the developed WMS 
matched the real physically registered inventory levels. In order to evaluate this, a stock accuracy 
analysis was performed, based on data collected by the WMS during the barcode implementation.  

A complete stocktaking of the physical inventory was performed four times during the pilot project. 
This data gathering enabled calculations of stock accuracy.  

The calculations were based on the registered physical inventory levels and the current WMS levels at 
the dates of the stocktaking. Calculations were performed for each of the three observed products and 
for the four different stocktaking occasions. The result of this analysis can be viewed under the 
heading Result of warehousing parameters analysis. 

4.3.2 Safety stock and demand analysis 
In this section the safety stock level set for the WMS will be evaluated, followed by an examination of 
the demand fluctuations.  The demand examination concerns the situation before and after 
implementation. The safety stock level evaluation, considers if the safety stock was affected by these 
demand fluctuations, and in such case by how much. 

Safety stock level and inventory level fluctuation for the RETRAC BIT before and after the barcode 
implementation are shown in Figure 4-4. The same information for the other two products can be 
viewed in Appendix 5.  

 

 

 

 

 

 

During case study interviews, the warehouse manager made it abundantly clear, that the demand from 
Dannemora Magnetit AB was unpredictable and shifted rapidly. According to the warehouse manager, 
the sudden and unpredictable demand fluctuations stemmed from the lack of planning and the lack of 
proactive thinking at Dannemora Magnetit AB. The necessary information, regarding communication 
of demand requirements of Dannemora Magnetit AB is poorly communicated, and more often than 
not, it is too late when the information reaches the warehouse manager. 

By studying the graphs collected by the WMS during the pilot project, it was observed that the safety 
stock was never used, for any of the three products. However, for the RETRAC BIT, shown above, 
2014-03-21, the normal inventory held of the product was completely depleted, so that only safety 
stock remained.  

Figure 4-4: Graph of warehouse levels including safety stock for the product RETRAC BIT. 
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4.4 Statistical analysis 
The barcode implementation collected data, allowing for statistical analysis. However, the data was 
very limited, so the following analysis should be considered as a first step in the evaluation of the 
implementation. The aim of following statistical analysis was to examine how the barcode system and 
WMS affected the inventory levels. This analysis was divided into two parts.  

The first part of the statistical analysis consisted of an examination of how the inventory levels of the 
three observed products were affected by the barcode implementation. The second part of the analysis 
was performed in order to examine how the inventory level changes of the observed products related 
to the inventory level changes of the products not included in the project. This was done to ensure that, 
if there was a change that this change actually stems from the positive effects of the barcode 
implementation and that it was not just a part of an overall change in the warehouse inventory levels.  

The first analyses performed was based on the independent 2-Sample t-Test of mean value, since the 
dependency between the sample observations was not considered strong enough to call for a 
dependent 2-Sample t-Test. Based on this, and consultation with a statistician, an independent 2-
Sample t-Test was chosen to be performed. (Nilsson, 2014). 

4.4.1 2-Sample t-Test of mean value before and after implementation 
Based on the assumptions above, our hypothesis was stated as following: 

H1: The average inventory level before the implementation is significantly higher than after the 
implementation.  

The hypothesis checks to see if the barcode system and WMS has decreased the average inventory 
levels on the observed products. The results of the 2-Sample t-Test can be viewed in Appendix 6-8. 

The sample size of the analysis on the three observed products was too low, which lead to normality 
being an issue. The suggested minimum amount of data is 15 samples. However, the sample data from 
before the implementation, which was collected between 2013-04 and 2014-02, consisted of only 12 
samples. Because of this and the above-mentioned possible dependency, the result should be viewed 
with caution. 

4.4.2 Comparison of average changes in inventory level 
In this second part, the average change in inventory levels of the observed products were compared to 
the average change in inventory levels of all other products held in warehouse. For the latter, only 
three data samples were available, from the period during which the barcode implementation was 
active. This amount of data was inadequate and would not yield statistically significant results if 
statistical analysis were performed on it.  

However, a comparison between the average changes was performed. The average stock level before 
the barcode project and after was calculated for the entire warehouse and the three observed products. 
From this an average decrease in inventory levels was calculated for both the entire warehouse and the 
three observed products. 

This was done to get a first impression on how the inventory levels of the observed products were 
affected by the barcode implementation, but this evaluation, as mentioned, did not statistically prove 
these changes.  
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4.5 Return on investment analysis 
In order to assess the profitability of the barcode implementation, a ROI analysis was performed, 
based on the data collected during the pilot project. The ROI analysis explained below was used to 
examine for how long the project would have to run, before turning a profit. The following ROI 
analysis was based on the assumption that the project will be continued for an additional 24 months. 
Another assumption made, was that during the first six months of the continued project, only three 
products would be included in the barcode system, but after these six months, the project would 
include the remaining products in the warehouse. Further, it took into consideration all costs accrued 
during our work.   

The total investment cost for the project can be divided into cost of hardware, and cost of labour. The 
total hardware cost includes the cost of the barcode scanner and the cost of the barcode labels. 
However, the cost of the utilized computer was not considered to be a project specific cost, and was 
account of this, not included in the total hardware cost. 

The total cost of labour is comprised by the two authors’ salary. This included all work performed 
during this Master Thesis.  

The calculated net profit of the barcode implementation investment was divided into two categories; 
time saved, and lowered inventory levels. 

In the ROI calculation it was assumed that the average inventory levels would be further decreased by 
two percent each month, until a maximum decrees level of 25 percent would be reached. This 
assumption was based on the statistical analysis, and on discussions with the management, who found 
that this was a reasonable assumption. The warehousing costs for holding inventory at the customer 
site Dannemora was approximated to eight percent of inventory value. (Näslund & Berglund, 2014)  

Based on observations, the warehouse manager on average used 140 minutes each month, for 
stocktaking and placing orders. It was also observed that the warehouse manager on average would 
use five minutes each day, to check inventory levels for replenishment. Assuming that all products are 
later included in the barcode system, the time used for stocktaking and placing orders, is assumed to 
be lowered to 20 minutes a month and the daily inventory check to one minute per day. The scanning 
of products will result in three minutes loss of time per day. The net profit in time saving due to the 
implementation will be 150 minutes per month. 

During the first six months, the savings would come from the lowered inventory levels on three 
products. However, when all products were included, both time and warehousing costs savings would 
be realized. Time savings would be achieved through more efficient stocktaking, order placement and 
daily inventory checks, while warehousing costs savings would be achieved due to lowered inventory 
levels. 

The costs of this project were fixed, which means that the costs are not affected by how long the 
implementation is active. However, the assumed savings are variable, which means that they are 
affected by how long the project is continued. For each month that the project would is continued, the 
total savings would increase. Because of this, the ROI result increases the longer the project is 
continued. 

The result of the ROI is presented under the heading Return on investment result. 
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5. Result 

This chapter presents first, the answering of the case study question and the most important decisions 
made during the case study analysis. This is followed by the barcode implementation results being 
described, accounting for the integration of the system, the result of the process analysis, the finished 
WMS and the final design of the barcode label. Thereafter, the result of the analysis of the warehousing 
parameters, the statistical analysis and return of investment are presented. 

5.1 Case study result 
The case study analysis was essential when examining the information flow between Sandvik Rock 
Tools and its consignment warehouses. The result of the case study analysis was mainly the answering 
of the case study question, but also, it helped when making important decisions for the barcode 
implementation. These are presented under the headings directly below. 

5.1.1 Case study question 
The answer to the case study question was that the information flow was insufficient, and that in order 
to deal with this, an ADC system should be implemented. Through the case study analysis it became 
apparent that the most fitting solution to this specific problem, was a barcode system combined with 
WMS. 

5.1.2 Critical barcode implementation decisions 
Based on the case study analysis, critical decisions regarding the implementation were made. The most 
critical decision taken were: 

• The implementation would be performed at the customer site Dannemora. 
• The solution to the problem would be an implementation of a barcode system combined with 

an appurtenant WMS. 
• Software and hardware were selected. 
• Barcode label design and its data capturing capabilities were specified. 
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5.2 Barcode implementation result 
Below, the result of the barcode implementation is presented. First, a view of the integrated system is 
shown. Thereafter, the final result of the WMS is described, followed by a presentation of the final 
barcode design.  

5.2.1 Resulting integrated system 
The resulting integrated system is presented through pictures from the customer site at Dannemora. 
More pictures from the site are available in Appendix 4. 

In Figure 5-1 below, the main warehouse storage unit is displayed. On the inside of the storage unit 
door, barcode labels were set up. The left door has labels for receiving goods, while the right door has 
labels for sales of goods. Each product barcode label was placed on the inside of the doors, at the same 
shelf level as its corresponding product. The labels for returned of goods are not shown in the figure. 
However, they were placed outside of the storage unit, in the same manner and layout as the received 
goods and sales labels were. 

 

 

 

 

 

Figure 5-1: The storage unit in the main warehouse. (Photo by the authors) 
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The warehouse office is shown in Figure 5-2 below. This is where collected data would be transferred 
from the barcode scanner to the WMS. The barcode scanner is placed in its cradle on the desk for 
charging.    

 

 

 

 

 

 

 

 

5.2.2 Process analysis result 
The process analysis established that several activities had been automated by the barcode 
implementation. The improved areas were:  

• Partly automated order placement and order suggestions, regarding quantity and when to 
place order, thereby automating replenishment. 

• The receipt, sales and return of goods were digitalized and automatically registered into the 
WMS, enabling real-time inventory information. 

• Stocktaking and billing were automated. 

5.2.3 Warehouse management software result 
The WMS was developed based on the case study analysis result. The user manual for the WMS can be 
viewed in Appendix 9. All Swedish terms have been translated into English, and can be viewed in 
Appendix 10.  

The developed software resulted in the enabling of four main functions: 

1. It gave the warehouse manager easy access to necessary real-time information, regarding 
warehousing performance parameters and warehouse inventory levels. This helps the 
warehouse manager decide when and how much to order of each product. 

2. The WMS automated operational areas. These were mentioned above, under the heading 
Process analysis result. 

3. It increased the information flow between the customer site at Dannemora and Sandvik’s in-
market warehouse in Sandviken. This increased information flow is achieved through key 
personnel receiving current warehouse information, on a real-time basis. 

4. It collects data, which enables analysis of warehousing parameter performance and statistical 
analysis, for example. 

 

Figure 5-2: View from inside the warehouse office. (Photo by the authors) 
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The developed WMS is presented through a series of screenshots, which are shown in Figure 5-3 to 
Figure 5-5. Each screenshot describes one or more of the above-mentioned functions, all of which have 
been built into the software. 

The first screenshot, in Figure 5-3, shows the main page of the WMS. This is what the manager sees, 
when opening the software. This page includes several functions. Function 1 explained above, is 
realized through this Product information page. The warehouse manager is given real-time 
information regarding warehouse managing parameters, as well as, the possibility to specifically 
choose for which product to view this information for.  

 

Figure 5-3: The Product information page in the WMS. (Screenshot of the WMS) 

The second screenshot, in Figure 5-4, shows the Order placement page. When the WMS detects low 
inventory levels, it suggests an order, which is automatically created, for the warehouse manager. This 
is the realization of Function 2. When the Send order button is pressed, by the warehouse manager, a 
file containing all current warehouse information is sent to the sales department. This increased the 
informaton flow between Sandvik’s in-market warehouse and the warehouse at the customer site, 
thereby Function 3 is achieved.  

 

Figure 5-4: The Order placement page in the WMS. (Screenshot of the WMS) 
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The third screenshot, in Figure 5-5, shows the Stocktaking page. This is where the inventory levels are 
automatically updated, thereby automating stocktaking. Previously the warehouse manager had to 
manually count all of the products in the warehouse and fill in a handwritten report, which was later 
emailed or faxed. Through the use of the WMS, the warehouse manager only has to press the Send 
button for the complete stocktaking report to be sent directly to the billing department.  

 

Figure 5-5: The Stocktaking page in the WMS. (Screenshot of the WMS) 

Function 4, of the WMS, is not directly utilized by the warehouse manager. This, as mentioned, only 
has the function of collecting and saving data. However, the data is processed by the WMS and later 
presented for the warehouse manager on the main Product information, initially described. Also, this 
data can be used to evaluate the success of the barcode system and WMS.  

There are also two additional functions in the program, these are the Warehouse information page 
and the Term page, which are described closer in the user manual in Appendix 9. 

5.2.4 Barcode label result 
The final barcode design is shown in Figure 5-6. The first and second text line, above the barcode, 
describe in Swedish, which product quantity and operations the barcode represents. 

 

 

 

 

 

Figure 5-6: The design of the barcode label. 

Under the barcode, there is a pure data string, which actually contains the same information as 
described in written form in the text above. However, the data string under the barcode stores the part 
number, instead of the product name. The reason for having the product name above in text was so 
that the warehouse manager could quickly identify which product it was. When storing information in 
the barcode, the part number was more fitting. 

The first part of the data string, in this case 7515-4876-S48, is the specific part number of a product 
that is scanned. The second part of the data string, S1, represents performed operation and quantity, in 
this case sales was the operation and one was the quantity. There are three different operational 
representations. S indicates sale, M indicates receipt of goods and R indicates return. 

As mentioned, the second part of the data string in the barcode represents different quantities. There 
are two different quantity options, single scan and bulk scan. The bulk scan quantity differs depending  
on which product that is scanned. 
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5.3 Result of warehousing parameters analysis 

5.3.1 Stock accuracy result 
The average stock accuracy for the RETRAC BIT was approximately 94 percent, for SHANK it was 91 
percent, and for the MF ROD it was 94 percent. This resulted in an average stock accuracy of 93 
percent.  

5.3.2 Result of safety stock and demand analysis 
The demand analysis confirmed the extreme volatility of product demand from Dannemora Magnetit 
AB, as shown in the graphs from the WMS, which can be viewed in Appendix 5. However, it was also 
shown that the safety stock levels were not used for any of the observed products during the barcode 
implementation 
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5.4 Statistical analysis result 

5.4.1 Result of 2-Sample t-Test  
The results of the 2-Sample t-Test for the mean value can be found in Appendix 6-8. All three observed 
products had a significantly greater mean inventory level before the implementation than after, so H1 
is not rejected.  This concluded that the average inventory levels before the barcode implementation 
were higher than after.  

The 2-Sample t-Test for the mean value of the SHANK product inventory levels are presented in 
Figure 5-7 and Figure 5-8. Figure 5-7 is based on inventory level data on the SHANK product, from 
before the barcode implementation. Each dot in the figure represents a specific inventory level, noted 
manually at the monthly stocktaking. The green horizontal line indicated the mean values. The x-axis 
represents the data points when the inventory level was collected and the y-axis is the inventory level. 

 

Figure 5-7: Result of the 2-Sample t-Test for the mean value of the product SHANK, before 
barcode implementation. 

Figure 5-8 is based on inventory level data on the SHANK product, from after the barcode 
implementation. Each dot in the figure represents inventory level data automatically registered by the 
WMS, which was done whenever the manager used the system. This was done at random during the 
two months the pilot project was active. The x-axis represents the data points when the inventory level 
was collected and the y-axis is the inventory level. 

 

Figure 5-8: Result of the 2-Sample t-Test for the mean value of the product SHANK, after barcode 
implementation. 

5.4.2 Result of comparison of changes in inventory level 
The average decrease in inventory level, of the three observed products, was 47 percent. This was 
compared with the average decrease of 41 percent, on the products not considered in the 
implementation. The three products involved in the implementation had, on average, a six percent 
lower inventory level than the remaining warehouse products.  



 Page 63 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

5.5 Return on investment result 
The result of the ROI analysis can be viewed in Table 5-1. In the column Lowered inventory values, 
the monthly decrease is shown. 

As mentioned in the analysis, during the first six months, the calculation of Savings in holding costs 
due to lowered warehouse levels, are based on three products. After the sixth months, all products in 
the warehouse will be used when calculating Savings in holding costs due to lowered warehouse levels 
from the barcode implementation. The total accumulated savings includes all previous savings gained 
through savings in holding cost, due to lowered warehouse levels, and the savings gained through time 
saved, due to automation of the workload of the warehouse manager. 

The resulting return on investment percentage, calculated monthly, can be found in the column ROI 
result. This shows that the investment would reach break-even month 14. After 24 months the ROI is 
153 percent, yielding a profit 1,53 times the initial investment. 

Table 5-1: Result of ROI calculations over 24 months. 

Months 

Lowered 
Inventory 
Values 
(Percent) 

Savings in Holding Costs 
due to Lowered 
Warehouse Levels (SEK) 

Total 
Accumulated 
Savings 
(SEK) 

ROI 
Result 
(Percent) 

1 2 211 211 -100 

2 4 422 634 -99 

3 6 634 1267 -99 

4 8 845 2112 -98 

5 9 951 3063 -97 

6 11 1162 4224 -96 

7 13 8659 13269 -88 

8 15 9991 23645 -79 

9 17 11324 35353 -68 

10 19 12656 48394 -57 

11 21 13988 62767 -44 

12 23 15320 78472 -30 

13 25 16652 95510 -15 

14 25 16652 112547 0 

15 25 16652 129584 16 

16 25 16652 146621 31 

17 25 16652 163659 46 

18 25 16652 180696 61 

19 25 16652 197733 77 

20 25 16652 214771 92 

21 25 16652 231808 107 

22 25 16652 248845 122 

23 25 16652 265883 137 

24 25 16652 282920 153 
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6. Conclusions and discussion 

6.1 Achieved goals and objectives 
During our work, a thorough analysis of the supply chain from Sandvik Rock Tools in-market 
warehouse in Sandviken, to the consignment warehouses in Dannemora was performed. This revealed 
a lack of information flow and a lack of control over the consignment warehouses. Another identified 
area for improvement, was stocktaking, which should be performed with higher frequency and with 
better accuracy. 

Based on an analysis of collected data and from acquired theoretical knowledge, it was decided that the 
most fitting solution, would be a barcode system integrated with WMS. Keeping in mind the need for a 
structured and effective process, a document with guidelines on how to efficiently run the consignment 
warehouses was also developed. The integrated system was tested during a pilot project. The result 
was analysed in order to confirm that the proposal worked in practice, which it did. 

The combination of the barcode system and the WMS successfully improved the supply chain 
efficiency and the control of the consignment warehouses. This was achieved by improving the 
information flow between the in-market warehouse and the customer site, and by providing the 
warehouse manager quick and easy access to necessary warehouse information. The barcode 
implementation resulted in both short-term and long-term benefits. These are listed at the end of this 
section.  

According to theory, the impact of the bullwhip effect on the supply chain may be reduced, by 
providing the right information and by improving the responsiveness of the information flow. Based 
on this, we conclude that the bullwhip effect on Sandvik Rock Tools supply chain have been mitigated, 
through the barcode implementation. 

The barcode system and WMS successfully lowered the inventory levels by six percent on average. 
However, this result should be viewed with caution. The sample size was not large enough and the 
independency of the samples was questionable, because of this, the result cannot be considered 
statistically significant. Based on this, we drew the conclusion that more data should be collected, 
which is further discussed below under the heading Continued work and recommendations. 

A performed ROI analysis revealed that the project would turn a profit after 14 months. After two years 
the ROI was calculated to 153 percent, which would yield a profit of approximately 170,000 SEK. This 
is however based on the assumption that the warehouse levels would decrease by two percent per 
month, up to a maximum of 25 percent. The inventory levels have already been lowered by six percent, 
which is in alignment with the predicted value of two percent decrease per month. However, Sandvik 
Rock Tools should further investigate this assumption, through continued statistical analysis and 
follow up on inventory level changes. 

The stock accuracy can be viewed as an indication of whether the warehouse manager has accepted the 
new system or not, as well as a measurement of how well the system is functioning. A high stock 
accuracy will indicate that the warehouse manager has accepted the new system and that it is utilized 
and functioning correctly.  

The analysis of the stock accuracy revealed that the average stock accuracy during the pilot project was 
93 percent. However, at the beginning of the pilot project the average stock accuracy was only 85 
percent. This led us to the conclusion that the warehouse manager had made the system a part of his 
daily routine at the end of the project, and that the system was functioning well, considering this being 
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a pilot project. However, the stock accuracy analysis was only based on three products. The system 
should therefore be piloted on more products in order to see the true functionality of the system.  

As mentioned, there were short-term benefits that were realized and there are potential long-term 
benefits of this project. These are presented below. 

The realized short-term benefits are: 

• Increased inventory turnover rate 
• Improved information flow 
• Improved decision-making through increased control 
• Enabling of more frequent stocktaking and billing 
• Increased order efficiency 
• Lowered inventory cost 
• Time savings 

The potential long-term benefits are: 

• Reduced bullwhip effect 
• Increased stock accuracy 

 

 



 Page 66 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

6.2 Continued work and recommendation 

6.2.1 Continue project at the Dannemora customer site 
Our recommendation to Sandvik Rock Tools is that they allow the warehouse manager at the 
Dannemora customer site, to continue using the barcode system for at least an additional six months, 
in order to allow for the collection of more data.  

After these six months, the project should be re-evaluated. The statistical analysis, suggested earlier, 
should now be performed. At this time, additional data would have been collected, making the data 
sample size large enough to yield a statistically significant result. After this, the ROI analysis should be 
updated based on the results of the statistical analysis. The findings of our report, as mentioned, are 
primarily based on qualitative data. This would statistically motivate our conclusions. Our further 
recommendations differ, depending on the results of the re-evaluation of the project.  

If the analysis still suggests that the project is financially viable, the project should be continued until a 
new organisational wide barcode system, currently being developed by Sandvik Mining. The 
development of the organisational wide barcode system has been run parallel to our project. It is 
estimated that it will be ready for implementation in approximately 18 months (Boman, 2014). 

However, our project will work as a proof of concept, and be part of the development of the new 
barcode system. It would require little effort from Sandvik Rock Tools to continue the project at 
Dannemora, since our current barcode system, which is already up and running. Some further 
development cost of the WMS should be expected, but no more major investments would be needed. 

If the analysis indicates that it is not profitable after these six months, it should be discontinued and 
the cause of this failure should be examined and thereafter documented. 

6.2.2 Implement at other customer sites 
The pilot project of the barcode system was only performed at one customer site. It might be beneficial 
to further implement the barcode system at one of the other customer sites, at either Garpenberget or 
Renström.  

Our suggestion however, is that this is not done until more data has been collected and the success of 
the project is confirmed. Implementation of the barcode system at Renström or Garpenberget would 
require additional investments and further development of the warehouse management software. 
Because of this we recommend that Sandvik Rock Tools does not pursue this right now. 

6.2.3 Connect to ERP systems 
Due to the limited time of this project, a delimitation regarding the ERP system was made. This 
delimitation was that the barcode system would not connect directly to the existing ERP systems 
currently in use by Sandvik Mining Rock Tools planning department.  

If the system would be connected to the ERP system in the future, the company would obtain 
additional benefit, through improved forecast and planning of demand. By receiving real-time the 
forecasting systems will be even less affected by the bullwhip effect. 

However, practically implementing this would be very time consuming and require substantial 
investments. The organisational wide barcode system currently being developed by Sandvik Mining 
has the manpower and budget that is needed to support this. This is the reason for us not attempting 
to implement our barcode system into the ERP system. 
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6.2.4 Incorporate the return process of sharpening 
An integral part of the operation at Dannemora is the sharpening process. The material flow of re-
sharpened tools runs parallel to the material flow of new products, sold to the mine. However, this 
process was not included in the pilot project due to the before mentioned time constraints, but also 
because of the complex nature of the material flow of re-sharpened tools.  

In order to broaden the scope of the barcode system, this process could be included. This would give 
Sandvik Rock Tools better control over how much equipment is in circulation, making it possible to 
include this factor in the forecasting of demand.  

Development of the barcode system that allows the sharpening process to be considered would require 
substantial investments, however not as comprehensive as the above-mentioned ERP system 
investments would have to be. The new barcode system being developed by Sandvik Mining now, will 
have this function built-in to the system.  

If Sandvik Rock Tools chooses to pursue this, we recommend that an ROI analysis is performed in 
order to assess if the additional investment, which is required, would have time to yield a pay-off 
before the new company wide project is ready to start.  

6.2.5 Order quantity analysis 
Today the WMS records the ordered quantity by the warehouse manager, as well as the system-
recommended order quantity, every time an order is placed. This data could be used to examine how 
well the warehouse manager relies on the order recommendations made by the WMS. It could also be 
used to examine how well the recommended order quantity compared to the real demand. This could 
be crucial information when evaluating the WMS and order quantities. 

However, during this pilot project not enough data were collected to perform a statistical analysis. This 
is because the warehouse manager did not place enough orders for the three observed products during 
the pilot project. We predict that within 4-5 months there will be enough data to evaluate the order 
quantity data and highly recommend Sandvik to do this.  

6.2.6 Further development of collaboration with Dannemora Magnetit AB 
According to theoretical evidence, one of the driving forces in an efficient supply chain comes from 
collaboration between supply chain partners. Sharing information through, for example ERP systems, 
offers a great opportunity to reduce inventory. As mentioned, supply chain sharing will also reduce the 
bullwhip effect. 

Based on this theoretical evidence, we recommend that Sandvik Rock Tools include Dannemora 
Magnetit AB in their production and demand planning by sharing useful information with each other. 
However, in order for this to work new contractual agreements must be drawn, and also a joint 
information system must be established. 
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6.3 Source criticism 
In the initial stage of our work, a literary review was performed, which consisted of a broad search for 
theories related to the subject of our Master Thesis. This theoretical knowledge base was later 
narrowed down to specific areas of interest. During the gathering of information and selection of 
source information, certain factors were considered. 

When referencing in the text, the primary source was always used, if accessible. Publishing year was 
also taken into consideration, choosing the most recently published papers to make our report as 
relevant as possible. It was important that the information in our report was objective, which is why 
we critically reviewed authors and publishers of the information sources that were used, trying to 
avoid biased information. 

The performed literary review was based on four different types of source. Peer-reviewed academic 
articles, books, websites and interviews. However, the primary source of information was peer-
reviewed articles.  

If an academic article is peer-reviewed, it means that the article has been examined and approved by 
research professionals on the subject, which gives it great validity as a source of information. When 
these were selected, both publishing year and publisher were considered.  

The web was mainly used in the beginning, when trying to get a board perspective on our problem. In 
the exceptions of using a website source, it has ben thoroughly examined before used in the report. 
This was based mainly on who published the information used.  

We have also used interviews of management as a source of information, when information was not 
found in any other source. We are aware that this information might be biased. However, the 
statements from interviews were examined and validated before used. 
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Appendices  

Appendix 1 
The initial time plan with set milestones for the project is presented below. 

24th of January to the 1st of February 
• Visit customer sites at Dannemora and Garpenberget, in order to observe the supply chain at 

the different consignation warehouses. 

• Interview key people in the organization to get a better understanding of the supply chain. 
Meetings with Patrik Östling, Jens Engkvist and Tomas I Persson have been scheduled. 

• Create a project plan and a time plan for the Master Thesis. Also, present these to both Umeå 
University and Sandvik Rock Tools for approval. 

1st of February to the 5th of February 
• Create a schematic view of the product flow through the supply chain from the central in-

market warehouse located in Sandviken to the consignation warehouses at different customer 
sites. 

• Discuss and draw conclusions regarding visits at customer sites.  

• Prepare for meeting with employers: Mattias Markusson, Martin Näslund and Rikard 
Berglund. 

• Begin literature study on consignation warehouses and how to efficiently control them. 

5th of February: Meeting with employers  
• Decide on project delimitations. 

• Decide on which customer site the solution will be tested. 

• Discuss budget for the project. 
• Decide on language and structure of the final report. 

1st of February to the 28th of February 
• Examine what resources are available for implementation of the pilot project. 

• Contact suppliers for prices on tools and material needed for the pilot project. 

• Summarize findings in the literature study and start on the theoretical part of the project 
report. 

• Contact the key people at the customer site where the pilot project will be done. 

• Summarize analysis of mine site and draw conclusions on how to proceed with the pilot 
project  

1st of Mars to the 1st of May: Pilot project and build theory basis 
• Physical implementation of the solution at customer site. 

o Make sure all practicalities regarding the project are under control and ready for 
launch. 

o Teach the new method of work to the employees at customer site. 
o Attend at customer site the first days of implementation in order to ensure a smooth 

transition into the new work method. 
o Collect and analyze final data. 

• Complete literature study parallel to the pilot project 

 

 

1st of April to the 15th of May: Finish the first draft of the report 
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• Employers at Sandvik Rock Tools and our supervisor at the university should at the end of 
April have taken part of the final report and suggested modification before the final 
submission the 15th of May.  

• Approximately 4 workdays will be devoted to preparations of the final presentation of the 
master thesis. 

• Approximately 4 workdays will be devoted to preparations of the oppositions on another 
student’s master thesis. 

End of May: Presentation of the final report 

• Presentation for Sandvik Rock Tools. 

• Presentation for Umeå University. 
• Submission of the final revision of the report. 
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Appendix 2 
The system boundaries set during the project are presented below: 

• The data would be stored in Notepad, for easy access and connectivity to Excel. Notepad is not 
a secure database, which posed a security risk. However, this security risk was minimal, since 
no vital or harmful company information was stored in this document.  

• Through the case study it became apparent that all products lacked barcodes, since Sandvik 
Mining Rock Tools did not use it as an identification method, on their product line Top 
Hammer. Since the pilot project only considered three products, it was decided that the 
barcode labels would be printed one by one, instead of creating a system for automating the 
labelling process. 

• Another considerable delimitation made, was that the developed WMS would not be 
connected to the ERP systems, currently in use by Sandvik Rock Tools. Connecting our WMS 
to the ERP systems would require us having special clearance form the IT department. Based 
on this and the time it would take to technically integrate the two systems, it was decided that 
ERP connectivity would be omitted from our work. However, it was suggested as a potential 
further development of the project.  

• The guidelines for the developed WMS guidelines are presented in Appendix 9. There was a 
delimitation made to this document regarding what it would encompass. It was decided that 
the focus would lie on explaining to the end-user how to practically use the WMS. It would not 
include an explanation on how WMS were set.  
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Appendix 3 
A picture of the scanner used during the pilot project can be viewed in Figure A-1. The cost of the 
scanner was 7995 SEK. The technological speciation of the scanner is presented in Figure A-2, as a 
screenshot from Datalogic’s website. 

 

 

 

 

 

 

 

  

 

 

Figure A-1: Datalogic PowerScan PM 8300 and its appurtenant base unit. 
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Figure A-2: Specification of scanner (Datalogic, 2014) 
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Appendix 4 
Additional pictures from the Dannemora customer site are presented below. 

 
 

 

 

 

 

 

 

 

 

 

Figure A-3: Picture from inside the main warehouse at the Dannemora customer site. (Photo by 
authors) 

 

Figure A-4: Picture of the main warehouse at the Dannemora customer site. (Photo by authors) 
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Figure A-5: Picture of Dannemora AB’s consignment warehouse. (Photo by authors) 

 

 

Figure A-6: Picture from inside Dannemora AB’s consignment warehouse. (Photo by authors) 

 



 Page 80 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

 

Figure A-7: Picture of the racks containing rods outside the main warehouse. (Photo by authors) 

 



 Page 81 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

Appendix 5 
Figures A-8 to A-10 show safety stock and the changes in inventory levels for the MF ROD, SHANK 
and RETRAC BIT before and after the barcode implementation. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A-9: Graph showing safety stock and inventory level fluctuations of the product SHANK. 
(Graph from WMS) 

Figure A-8: Graph showing safety stock and inventory level fluctuations of the product MF ROD. 
(Graphs from WMS) 
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Figure A-10: Graph showing safety stock and inventory level fluctuations of the product RETRAC 
BIT. (Graph from WMS) 
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Appendix 6 
Results from the 2-Sample t-Test of the product RETRAC BIT.  The analysis has been performed in the 
software Minitab 16.  

 

Figure A-11: Report card from the 2-Sample t-Test of the RETRAC BIT. (Screenshot from Minitab 
16) 

 

 

Figure A-12: Summary report card from the 2-Sample t-Test of the RETRAC BIT. (Screenshot from 
Minitab 16) 
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Figure A-13: The diagnostic report card from the 2-Sample t-Test of the RETRAC BIT (Screenshot 
from Minitab 16) 
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Appendix 7 
Results from the 2-Sample t-Test of the product SHANK.  The analysis has been performed in the 
software Minitab 16.  

 

Figure A-14: Report card from the 2-Sample t-Test of the SHANK. (Screenshot from Minitab 16)  

 

Figure A-15: Summary report card from the 2-Sample t-Test of the SHANK. (Screenshot from 
Minitab 16)  
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Figure A-16: The diagnostic report card from the 2-Sample t-Test of the SHANK. (Screenshot from 
Minitab 16) 
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Appendix 8 
Results from the 2-Sample t-Test of the product MF ROD.  The analysis has been performed in the 
software Minitab 16.  

 

Figure A-17: Report card from the 2-Sample t-Test of the MF ROD. (Screenshot from Minitab 16) 

 

 

Figure A-18: Summary report card from the 2-Sample t-Test of the MF ROD. (Screenshot from 
Minitab 16) 
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Figure A-19: The diagnostic report card from the 2-Sample t-Test of the MF ROD. (Screenshot 
from Minitab 16) 
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Appendix 9 
A user manual for the barcode scanner and the warehouse management software was created for the 
warehouse manager. These guidelines are presented directly below. 

Användarbeskrivning för skanner 

Skannerns knappar 
Skannern har fyra knappar som visas i Figur 1 nedan.  

• Knapp 1 och 3 användas för att bläddra i listan av inskannade produkter.  
• Knapp 2 användas för att radera aktuellt inskannat värde. 
• Knapp fyra startar skannern och den börjar försöka avläsa streckkoder när den hålls 

inne. 

 

Figur 1: Skannerns knappar. 
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Skanna'in'streckkoder'
För att skanna streckkoder så trycker användaren och håller inne knapp 4. En laser projiceras från 
skannern och visar vart streckkoden skall placeras. Figur 2 och Figur 3 visar hur skannern skall 
placeras för att korrekt kunna avläsa streckkoden. 

 

 

 

 

 

 

 

 

 

Lyckad skanning indikeras med ett grönt ljus samt en ljudsignal som Figur 4 visar. 

 

 !

Figur X Figur 2: Visar korrekt och inkorrekt 
streckkodsavläsning. 

Figur 3: Laserprojicering av skannern. 

Figur 4: Visar hur skannern indikerar en  korrekt inläsning av streckkod. 
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Display 
Figur 5 visar hur display på skannern ser ut när 4 stycken produkter har scannats in. Inskanning 3 av 4 
har valts ut. De fyra första sifforna indikerar datumet då varan skannades in, 040314, är den 4:e mars 
2014. Sedan följer produktens partnummer och en benämning för vilken typ inskanning som skett. 
Figur 5 visar benämningen för att 3st av produkten 7515-4876-S48 har Returnerats. 

Bokstaven i benämningarna symboliserar 

• R = Retur 
• S = Såld  
• M = Mottagen 
• Sedan följer en bokstav och en siffra som visar på antalet och vilken operation som 

skall utföras. 

 

 

Figur 5: Display på skanner. 

 

!

 !
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Dataöverföring'
När användaren vill föra över data från skannern till datorn så krävs det att skannerns 
dockningsstation är ansluten. 

Anslut'dockningsstationen'
För att ansluta dockningsstationen till datorn måste användaren föra in USB-kabeln i USB-porten. Se 
Figur 6 nedan. 

 

Figur 6: Bilden visar vart USB-kabeln skall kopplas in. 

Skanna'in'överföringsstreckkoden'
När ovan krav är uppfyllda så initieras dataöverföringen genom att användaren skannar en 
överföringsstreckkod visas i Figur 7. Datat kommer då automatiskt att lagras i en fil på datorn och 
kommer att kunna användas i Lagerstyrningsdokumentet. Skannern är nu tömd och redo att användas 
igen. Displayen kommer visa enligt Figur 8, när en korrekt överföring har genomförts. 

 

Figur 8. Display efter lyckad överföring. 

 

Figur 7: Överföringsstreckkoden. 
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Laddning 

För att ladda skannern placera den i dockningsstationen enligt Figur 9.  

 

 

Figur 9: Skanner placerad i dockningsstationen för laddning. 

Om skannern inte är fulladdad indikeras det med en röd lampa som visas i Figur 10. När skanner är 
fulladdad blir lampan grön. 

 

Figur 10: Indikationslampa på dockningsstationen. 

 !
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Användarbeskrivning lagerhållningssystemet 

Lagerhållningssystemets främsta funktioner är att: 

• Hjälpa användaren att få kontroll över lagret. 
• Snabb tillgång till alla nödvändiga lagervärden. 
• Information när och hur mycket av en vara som måste beställas. 
• Göra det möjligt att koppla ihop användarens kunskaper med logistikteori. 

 

För att detta skall kunna uppnås krävs det av användaren att han eller hon aktivt använder den 
information som finns att tillgång i lagerhållningssystemet. För optimala beställningar och lagernivåer 
kan uppnås när användarens expertkunskaper kombineras med lagerhållningssystemet.  

Starta lagerhållningssystemet 
Lagersystemet som skall användas tillsammans med skannern är ett Excel-dokument som heter 
Lagerhållningssystem. Detta finns på datorns skrivbord och ser ut som Figur 11. 

 

Figur 11: Ikon för Lagerhållningssystemet. 
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Vad programmet består av 

Programmet består av fem olika delar med information. Produktinformation, Lagerinformation, 
Inventering, Orderläggning och Termer. De är inringade i röda cirklar på bild X nedan. För att 
navigera mellan de olika delarna behöver användaren endast klicka på respektive namn i den översta 
bannern på sidan enligt Figur 12. 

 

 

Figur 12: Startsidan i lagerhållningssystemet. 

Startsidan/Produktionsinformation'
När programmet startas kontrolleras om någon produkt behöver beställas. Om detta är fallet kommer 
ett fönster öppnas som berättar detta. I bild X visas ett exempel på detta när en Retrac BIT T45 
behöver beställas. 

 

 

Figur 13: Beställningsruta. 

Den första sidan som öppnas vid programstart är Produktinformation. Denna sida ger användaren 
information om varje specifik produkt. Det går även att initiera en beställning från denna sida. De 
olika värdena i beskrivs nedan. 

 

 

Figur 14: Information från Lagerhållningsystemet. 
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• A: Anger antalet tillgängliga enheter som just nu finns i lager av en specifik produkt. Enheten 
är styck och tar inte hänsyn till partier och batcher. 

• B: Kvar till beställning beräknar hur länge det är från den aktuella lagernivån ner till 
orderpunkten. Om negativt värde innebär det att orderpunkten redan är passerad. 

• C: Anger och en specifik produkt måste beställas eller ej. 
• D: För att beställa vald vara trycker du på denna knapp. Mer information om beställning finns 

under rubriken Lägga en beställning 
• E: Anger hur många enheter som måste beställas av en specifik enhet. Detta tal tar inte hänsyn 

till batcher vid beställning utan anges i styck. 
• F: Här väljer du mellan vilken produkt du vill se information för. Tryck på den knappen för 

den vara som du vill se information för. 
 

 

Figur 15: Information om inskannad data. 

• K: Här ser du antalet inskannade produkter sedan senaste gången användaren synkade. Se 
Figur 15. 

 

Figur 16: Information från Lagerhållningsystemet. 

• G/H: Visar hur många gånger lagervärdet omsätts under en period. I vårt fall över en vecka 
eller en månad. 

• I: Saldosäkerhet visar hur väl lagersaldot i verkligheten stämmer överens med vad 
programmets lagerstatus visar. Detta värde bör vara så nära 100% som möjligt. 

• J: Orderpunkten beräknas som förbrukningen under ledtiden plus tre veckors förbrukning. 
När den aktuella lagernivån når orderpunkten skall nya varor beställas in efter given. 
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På produktinformationssidan finns även en graf som visar hur den historiska lagernivån har 
utvecklats. Se Figur 17. Denna graf är till för att ge användaren en övergripande bild hur lagernivåerna 
har varit och hur nära det varit att säkerhetslagret blivit tvunget att användas.  

 

Figur 17: Information från Lagerhållningsystemet. 

Att lägga en beställning 
För att lägga en beställning trycker du på knappen Tryck här för att beställa på 
Produktinformationssidan. Detta resulterar ett beställningsfönster öppnas upp, där fyller du i vald 
kvantitet. Beställningsfönstret visas i Figur 18. 

 

Figur 18: Beställningsfönster. 

När kvantiteten är ifylld och användaren tryckt på OK kommer Orderläggningssidan öppnas. I bild X 
syns ett exempel när användaren har beställt 50 st 7325-7718C-20 och ordern lades den 20 mars 2014. 
Användaren har även valt att trycka på knapp A för att kommentera produkten.  

Om användaren vill beställa fler produkter trycker han eller hon på knapp C för att återvända till 
Produktinformationssidan där nästa produkt blir vald och en ny beställning görs. 
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Om användaren inte vill beställa fler produkter trycker han eller hon på B. Detta startar e-
postprogrammet Lotus Notes där ordern bifogas. Adress och subjekt rad är redan ifyllt så användaren 
behöver endast skicka iväg ordern, men om användaren vill kan subjektet, adressen eller brevtexten 
ändras. Nedan, i Figur 19, är orderläggningssidan. 

 

Figur 19: Orderläggningssidan. 

!
Lagerinformation 
Under denna informationssida hittar användaren information alla produkter som skall skannas. Det är 
samma information som finns på Produktinformationssida. Dock syns informationen för alla 
produkter samtidigt på Lagerinformationssidan. Detta ger användaren möjlighet att snabbt få en 
överblick över hela lagret. Bild 20 och 21 visar lagerinformationssidan.  

 

Figur 20: Lagerinformationssidan. 

 

Figur 21: Lagerinformationssidan 

Inventering 
För att genomföra inventeringen trycker användren på fliken Inventering. Då får användaren se Figur 
22. Användaren kan kontrollera och eventuellt modifiera nyckeltalen. När användaren är nöjd med 
inventeringslistan trycker han på ’Tryck här för att skicka inventering’    

 

Figur 22: Inventeringssidan. 
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Termer 
Denna informationssida är till för att ge användaren möjlighet att förstå vad de olika termer som 
används i detta program. Alla de logistiktermer som används i programmet förklaras på denna 
informationssida enligt Figur 23 nedan. 

 

Figur 23: Termsida. 

 



 Page 100 
(100) 

 

Jonathan van Hooff and Oscar Tegni 
Development of Supply Chain 
 

Appendix 10 
Below is a translation of the terms used in the warehouse management software.  

• Aktuell lagernivå  = Current inventory level 
• Antal att beställa = Quantity to order 
• Artikelnummer = Part number 
• Finns tillräckligt = Inventory level is sufficient 
• Genomsnittlig förbrukning/Månad = Average consumption per month 
• Genomsnittlig förbrukning/Vecka = Average consumption per week 
• Inventering = Stocktaking 
• Kvar till beställning = Time to new order 
• Lagerinformation = Warehouse information 
• Led tid = Lead-time 
• Mottaget = Recieved goods 
• Måste beställas = Needs to be ordered 
• Orderläggning = Order placement 
• Orderpunkt = Re-order point 
• Produkt status = Product status 
• Produktbeskrivning = Product description 
• Produktinformation = Product information 
• Produktlista = Product list 
• Retur = Returned goods 
• Saldo säkerhet = Stock accuracy 
• Såld = Sold goods 
• Säkerhetslager = Safety stock 
• Skicka beställning = Send order 

 


