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ABSTRACT 

Master thesis (30 ECTS), Business Administration and Economics program, 

School of Business and Economics Linnaeus University, Logistics, 4FE05E, 

Spring 2013 
Authors: Sandra Ericsson (880108) and Marielle Frid (891213) 

Examiner: Helena Forslund 

Supervisor: Roger Stokkedal 

 

Title: Suggested actions to improve the warehouse layout at Nordic E-commerce 

Group 

 

Background: Nordic E-commerce group (NECG) consists of affiliated companies 

NordicInk, NordicFeel and PetsOnline. Three different types of companies in one 

warehouse area contribute to a wide range of products held in inventory. NECG’s 

problem derives in the fact that the company’s warehouse layout needs to handle a 

larger volume of sales, but is not capable of doing this in a structured way today. This 

matter of fact has led to new thoughts concerning improvements of the layout. The 

warehouse layout referred to in this thesis includes input and output doors, receiving 

and outgoing areas, material handling equipment and the placement of articles in 

inventory. Although article placement is per definition a part of warehouse layout, it 

will be given extra emphasis in this thesis as it is one of NECG’s most critical issues. 

 

Purpose: The purpose of this thesis is to identify NECG’s current warehouse layout 

and article placement and the problems associated with it, as well as to provide 

suggested actions for improvements. This is to be done so NECG can better utilize the 

warehouse space, and thus prepare the warehouse to handle a larger volume of sales. 

 

Methodology: Qualitative and quantitative data was collected through semi-structured 

interviews and observations at NECG, as well as through excel files containing 

transactional data for NordicInk’s products. Through a non-probability, snowball 

selection the respondents were chosen. There have not been any requirements from 

NECG regarding confidentiality in terms of the warehouse layout.  

 

Findings: There are a number of suggested actions that NECG may apply to improve 

the warehouse layout; two separate doors for incoming and outgoing deliveries, one 

designated receiving and one outgoing area, and a flow shop layout combined with a 

U-form layout would be the most beneficial for NECG’s warehouse. Furthermore, 

NECG needs a more consistent article placement and it is recommended for the 

company to apply a floating location system to its high-picked products and a fixed 

location system for its low-picked products. This will make NECG take better use of 

the available space and a more structured warehouse will be achieved. 

 

Keywords: warehouse layout, inventory, input door, output door, receiving area, 

outgoing area, material handling equipment, article placement, ABC-XYZ analysis, 

picking frequency 



 

 

 

   
 

SAMMANFATTNING 

Examensarbete i logistik för Civilekonomprogrammet (30HP), 

Linnéuniversitetet, 4FE05E, Våren 2013 

Författare: Sandra Ericsson (880108) och Marielle Frid (891213) 

Examinator: Helena Forslund 

Handledare: Roger Stokkedal 

 

Titel: Suggested actions to improve the warehouse layout at Nordic E-commerce 

Group 

Bakgrund: Nordic E-commerce Group (NECG) består utav dotterbolagen NordicInk, 

NordicFeel och PetsOnline. Då lagret består utav tre olika företag finns ett brett utbud 

av produkter. NECG:s problem härrör i att företagets lagerlayout inte har följt med i 

företagets utveckling. För att kunna hantera en större försäljningsvolym, behöver 

lagerområdet kunna hantera nuvarande och framtida lagervolymer, men är inte kapabel 

till att göra detta på ett strukturerat sätt i dag. Detta har lett till nya tankar om 

förbättringsförslag kring lagerlayout. I detta examensarbete avser lagerlayout ingående 

och utgående portar, inkommande och utgående lagringsområden, 

materialhanteringsutrustning och artikelplacering i lager. Även om artikeln placering 

är per definition en del av lagerlayout, kommer det att ges extra fokus i detta 

examensarbete eftersom det är en av NECG mest kritiska frågor. 

 

Syfte: Syftet med detta examensarbete är att identifiera NECG nuvarande lagerlayout 

och artikel placering samt vilka eventuella problem som finns, för att kunna ge förslag 

på förbättringar. Detta ska göras så att NECG kan utnyttja sitt lagerutrymme bättre och 

förbereda sig inför ökade försäljningsvolymer. 

 

Metod: Kvalitativ och kvantitativ data samlades in genom semistrukturerade 

intervjuer och observationer på NECG, samt genom excel filer innehållande 

transaktionsdata kring NordicInk’s produkter. Genom ett icke-sannolikt, snöbollsurval 

valdes respondenterna ut. NECG har inte uttryckt några krav om att sekretessbelägga 

arbetet kring lagerlayout. 

 

Resultat: Det finns ett antal förslag på åtgärder som NECG kan tillämpa för att 

förbättra lagerlayouten: två separata dörrar för inkommande och utgående leveranser, 

ett designerat område för inkommande och ett för utgående leveranser samt en flow 

shop layout kombinerat med en U-form layout skulle vara mest fördelaktigt för 

NECG:s lager. Vidare behöver NECG en mer konsekvent artikelplacering och det 

rekommenderas för företaget att tillämpa ett flytande system för dess högfrekvent 

plockade produkter och ett fast system för dess lågfrekvent plockade produkter. Detta 

kommer att göra så att NECG bättre utnyttjar det tillgängliga lagerutrymmet och ett 

mer strukturerat system kommer att uppnås.  

Ämnesord: lagerlayout, lager, ingående port, utgående port, inkommande område, 

utgående område, materialhanteringsutrustning, artikelplacering, ABC-XYZ analys, 

plockfrekvens 
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1. INTRODUCTION 
This chapter will begin with a background presentation of NECG as well as 

some theoretical references concerning the subject of warehouse layout. A 

problem discussion will be followed concerning NECG’s current layout. The 

discussion will result in four research questions and a purpose. The chapter 

will conclude with a thesis disposition. 

 

1.1 COMPANY PRESENTATION 
Nordic E-commerce group (NECG) originates from a young enterprising 

project, which started in 1998. It consists of affiliated companies NordicInk, 

NordicFeel and PetsOnline, which are all included in the NECG warehouse 

and subjects of this thesis. NordicInk was founded in 1998, NordicFeel in 

2006 and PetsOnline in 2012. All companies are incorporated and only 

conduct e-commerce. The product range of NordicInk consists of office 

supplies, NordicFeel’s product range consists of beauty products and 

PetsOnline sells products for domesticated animals. NECG has been named 

e-retailer of the year within the categories of Beauty and Ink & Toner by 

Price Runner in 2011 and 2012. From the start in 1998 the company has 

experienced an annual turnover growth and plans to increase the product 

range and generate expansion and sales in the Nordic countries. They 

currently sell to Sweden, Finland and Norway, but plan to also expand their 

sales to Denmark
1
. 
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NECG is located in Växjö and their business is conducted at Växjö Logistics 

Center. Here they currently rent a warehouse space of 2500 square meters. 

Products of NordicInk, NordicFeel and PetsOnline are stored in this area and 

the warehouse only holds finished products ready to be delivered to end-

customer. All customer orders are picked manually by the warehouse 

personnel and products of NordicInk, NordicFeel and PetsOnline have their 

designated placements in the warehouse. Placement of products is mainly 

allocated based on company
2
. 

 

The company is experiencing an increase in sales and to ensure future growth 

they have to revise their current warehouse layout. In order to handle a larger 

volume of sales, NECG must get the best possible use of the available space 

in the warehouse. For instance they have to ensure that the warehouse layout 

favors warehouse operations such as placing and picking products in and out 

of inventory
3
. The following sequence of activities describes the procedures 

carried out when incoming products arrive from suppliers (see figure 1.1): 

 

Incoming deliveries from suppliers arrive through an elevator which is placed 

outside of NECG’s designated warehouse area  incoming deliveries enter 

NECG’s warehouse area through the combined input/output door  

deliveries are unpacked and placed in inventory. Each company has 

designated shelves for where the products should be placed. These shelves 

are illustrated in figure 1.1 below but a more detailed image is provided in 

chapter 4  upon a customer order, personnel walk through the warehouse 

and pick products from inventory  these products are then packed at one of 
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the 12 packing table in the warehouse  the orders are sent off for delivery 

through the combined input/output door
4
.  

 

The highlighted area in figure 1.1 below is not part of NECG’s current layout 

but is an area that the company may rent, if they want to add additional 

square meter to the layout
5
. 

 

 

Figure 1.1 NECG warehouse layout (Self-illustrated) 
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1.2 BACKGROUND 
Warehouse layout is the core concept of this thesis. The elements of a 

warehouse layout include deciding upon input and output doors, receiving 

and outgoing areas, material handling equipment and the placement of 

articles in inventory (Glock & Grosse 2012; Hassan 2002). Inventory is the 

storage of products in stock (Lambert & Stock 2000). According to Muller 

(2011) all companies keep inventory in their warehouse. There are plenty of 

reasons for holding inventory, one is to meet fluctuations in demand. A 

company does not know how much of a product that will be needed at a 

given time, but still needs to satisfy the customer when necessary (Muller 

2011). Even though monthly forecasts could be correct, customers will not 

order in regular increments (Toomey 2000). NECG has a next day delivery 

policy for some of its products. Orders that are made before 5 pm shall be 

delivered the following working day. Therefore holding inventory is essential 

for NECG in order to maintain its policy
6
.  

 

Larson, March and Kusiak (1997) mention that problems concerning 

warehouse layout often concern fluctuating areas of inventory space and 

different types of articles requiring storage. Larson et al. (1997) mention that 

a common solution to the first problem is the maximized utilization of 

warehouse space. Warehouse space includes not only floor space but also 

cubic space, as articles are stored both on and above the floor (Arnold, 

Chapman & Clive 2008). In terms of the second problem Arnold et al. (2008) 

mention that there is no universal solution for the placement of articles 

designated for each company. Depending on the warehouse layout and which 

products that are to be stored, different methods are available (Arnold et al. 

2008). Article placement has to be cautiously planned in order to aid the 
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operations in a warehouse and to help it reach its objectives (Hassan 2002). 

The company must also consider article placement in order to minimize 

travel distances and make products easily accessible and save time (Lumsden 

2012). 

 

NECG has a wide mix of products in inventory, as it holds products from 

three completely different companies. In conjunction with the growth of 

NECG’s business, the total volume of sales and inventory levels are 

increasing. However the warehouse layout has not kept up with the 

expansion. The warehouse area has to be able to store current and future 

volumes of inventory, but is not capable of doing this in a structured way 

today, which has led to new thoughts concerning improvements. 

 

Further on the warehouse layout referred to in this thesis includes input and 

output doors, receiving and outgoing areas, material handling equipment and 

the placement of articles in inventory. Inventory refers to products stored in 

the warehouse area.  

 

1.3 PROBLEM DISCUSSION 
Hassan (2002) mentions that an important feature of a warehouse is its 

layout. Key elements such as input and output doors, receiving and outgoing 

areas, material handling equipment and placement of articles in inventory all 

need to be identified in order to maintain warehouse operations. With the 

purpose of taking actions towards NECG’s warehouse problems, CEO Pär 

Aspengren recommends identifying the current warehouse layout and its 

elements
7
.  It can be argued that identifying these  key elements will 

contribute to a better understanding of existing problems and what suggested 
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actions that are required for improvements. Furthermore it can be argued that 

the identification of such elements provides a more accurate description of 

NECG’s current warehouse layout and thus what steps need to be taken. 

NECG’s main problem is the lack of structure in the warehouse layout. Since 

the warehouse was originally intended for a smaller company, structure in the 

warehouse has not kept up with increased customer orders and sales. For 

example a problem is the lack of space for incoming boxes and no clearly 

defined receiving area
8
.  

 

Oskarsson, Aronsson and Ekdahl (2006) recommend some kind of area for 

temporal storage of incoming products. Incoming boxes take up most of 

NECG’s warehouse floor space and immobilize personnel movement. This 

results in personnel not being able to reach certain articles on shelves because 

of blocked aisles, which is time consuming. The possibility for operating 

trucks in the warehouse exists, but is attenuated by boxes and shelves 

blocking the way. Also the location of the area where orders are packed is in 

need of revision as the space is quite constricted
9
. 

 

As previously mentioned warehouse layout includes the placement of articles 

in inventory (Glock & Grosse 2012; Hassan 2002). Article placement reduces 

the time it takes to find articles and by that improves the work efficiency in 

the warehouse (Lumsden 2012). It also helps to reach inventory objectives 

(Hassan 2002). The subject of article placement is one of NECG’s most 

critical issues in terms of the layout, and will therefore be given extra 

emphasis in this thesis in the form of two separate research questions. NECG 

experiences problems due to inadequate utilization of the warehouse space, 
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lack of structure and a less-than-ideal article placement system. There are 

products that take up too much shelf space given that they are so few in 

number, while at the same time there are overloaded products in other shelf 

areas. Therefore, general suggestions concerning placement of articles need 

to be made in order to make better use of the retained area. 

 

General suggestions for placement of articles are required for NECG, and 

NordicInk is in need of specific recommendations through an ABC-XYZ 

analysis
10

. An ABC-XYZ analysis is the classification of articles based on 

picking frequency (Scholz-Reiter, Heger, Meinecke & Bergmann 2012). It 

allows products of similar picking frequencies to be stored together (Bragg 

2004). An ABC-XYZ analysis could be useful for NordicInk because their 

products experience little variations in demand and range. Products of 

NordicFeel and PetsOnline experience a higher level of fluctuation due to the 

fact that these are more affected by trends
11

. Therefore it can be argued that 

an ABC-XYZ analysis is more appropriate for NordicInk, as the picking 

frequencies of these products do not excessively fluctuate and placement of 

articles will be more stable. 

 

To sum up, NECG want to prepare themselves for an expansion and an 

increased volume of sales. They are therefore searching for ways to increase 

the warehouse space utilization. Taking this and the discussion above into 

consideration, this thesis narrows down to four research questions. 
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1.4 RESEARCH QUESTIONS 
1. How does NECG’s current warehouse layout look like and what problems 

can be identified? 

2. How can NECG’s current layout be improved? 

3. What is NECG’s current article placement? 

4. How should NECG generally and NordicInk specifically place their 

articles? 

 

1.5 PURPOSE 
The purpose of this thesis is to identify NECG’s current warehouse layout 

and article placement and the problems associated with it, as well as to 

provide suggested actions for improvements. This is to be done so NECG can 

better utilize the warehouse space, and thus prepare the warehouse to handle 

a larger volume of sales. 
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1.6 THESIS DISPOSITION 
 

Chapter Description 

1. Introduction Company presentation, background, problem 

discussion and research questions that culminate in 

the thesis purpose 

2. Methodology Thesis methodology and approach are presented 

3. Theory Theoretical frameworks are presented in order to 

support the authors in their analysis and 

conclusion 

4. Empiricism Empirical data from NECG is presented 

5. Analysis Theoretical and empirical findings are compared 

6. Suggested actions 

for improvements 

Concrete suggested actions are presented in order 

to achieve the purpose of the study 

7. Conclusion, critique 

of own work, 

continued research 

Concluding response to thesis research questions 

and purpose is presented. Reflections and 

weaknesses perceived are presented in critique of 

own work. The chapter concludes with suggestions 

for further research areas 

Implementation of 

suggested actions 

Supplementary chapter that provides a list of 

priorities for how NECG should implement the 

suggested actions and what to consider during the 

implementation 

 

Table 1.1 thesis disposition 
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2. METHODOLOGY 
This chapter will contain the selected methods of this thesis. The 

methodology will be presented and explained to enable high scientific 

credibility. A further aim of this chapter is to explain how the study will be 

conducted. Each segment starts with a theoretical presentation followed by 

the chosen methodology for this thesis. The included topics are research 

design, scientific perspective and approach, research strategies and data 

collection, sample, scientific credibility for case studies and research ethics. 

The chapter concludes with a summary of the methodologies chosen in order 

to distinguish an overview of the selected methods. 

 

2.1 RESEARCH DESIGN 
 

2.1.1 Case study 

A case study is a research design where the researcher focuses on a specific 

case or event and deeply explores that particular area (Bryman & Bell 2010). 

An advantage of a case study is that the researcher gets close to authentic 

conditions and obtains knowledge about the actual event (Wallén 1996). In 

general, case studies are the most common method when applying questions 

such as "how" and "why”. Case studies are usually descriptive and 

exploratory in nature and therefore suitable for these type of questions (Yin 

2009). 

 

2.1.2 Case study at NECG 

This thesis is characterized by a case study because of two reasons. One 

reason is that a specific company (NECG) and a specific field (warehouse) 

are examined. A descriptive and explorative study will be conducted. This is 

because the aim of this thesis is to identify the current warehouse layout, 

whereby the authors will go near the study object and gather empirical 
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information and knowledge of the actual events. Another aim is to explore 

how the company can utilize the use of space in the warehouse through 

theoretical findings. There is a specific problem and task at hand that needs to 

be studied. Because of these reasons this thesis is recognized as a case study.  

 

2.2 SCIENTIFIC PERSPECTIVE AND APPROACH 

 
2.2.1 Positivism and deduction 

The positivistic perspective believes that knowledge is created based on 

theories, formulas and rules. The researcher should have an objective 

relationship with the study object and his personal opinions, values and 

beliefs should not affect the research process. It should be possible to 

completely replace the researcher without altering the results of the study 

(Patel & Davidson 2003). In a deductive approach the theory and the 

hypotheses derived will control the data collection process (Bryman & Bell 

2010). 

 

2.2.2 Positivism and deduction at NECG 

In order to fulfill the purpose of this thesis and to complete the assignment, 

theoretical frameworks will be used. Thus, the results will be based on 

theoretical findings. Although part of the empirical data will be based on the 

authors’ own observations, these will solely be descriptive in nature, and the 

authors will refrain from having their own values or personal opinions 

affecting the result. Thereby an objective perspective will be pursued and this 

thesis will follow a positivistic perspective. The authors have initiated this 

thesis by gaining an understanding of the situation at NECG and the issues 

that are concerned. The theoretical findings will guide the empirical data and 

analysis, and the design of the interview questions will be based on theory. 

Therefore this thesis will be characterized by a deductive nature. 
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2.3 RESEARCH STRATEGIES AND DATA COLLECTION 

 
2.3.1 Qualitative and quantitative research 

A qualitative research strategy is typically recognized by words and a 

quantitative research strategy is typically recognized by numbers (Bryman & 

Bell 2010). Interviews are the main source of data collection for qualitative 

studies. During an interview the researcher reads the questions out loud to the 

interviewee one at a time, and the interviewee responds verbally. The 

interviewer writes the answers down on a paper or if possible directly into a 

computer. Interviews are based on oral communication (Esaiasson, Gilljam, 

Oscarsson & Wängnerud 2012). There are two ways to collect data. Through 

a primary data collection the researcher collects data from primary sources, 

for example through interviews. Through a secondary data collection the 

researcher uses data that another researcher has concluded in a previous study 

(Bryman & Bell 2010). 

 

2.3.2 Semi-structured interviews 

Patel and Davidson (2003) mention that a common feature of almost all 

qualitative interviews is a low degree of structure; the questions allow the 

respondents to answer in their own words. The interviewer is not following a 

specific order and chooses to ask the questions whichever way falls best 

during the interview. These types of interviews are called semi-structured 

interviews in which the researcher makes a list of topics to be addressed and 

the respondent is free to form his answers (Patel & Davidson, 2003). The 

questions asked in a semi-structured interview do not follow a specific order 

(Bryman & Bell 2010). 
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2.3.3 Observations 

The definition of an observation is attentive observance. The focus is on non-

verbal data instead of linguistic information. Direct observation means that 

the researcher is physically present at the locations and observes actual 

actions with own eyes. He does not solely rely on what others recount. This 

method is particularly suitable when studying processes or structures that 

may be difficult to explain in words (Esaiasson et al. 2012). 

 

2.3.4 Qualitative and quantitative research and Semi-structured interviews at 

NECG 

The data collected in this thesis will be based on both qualitative and 

quantitative elements. Interviews will be conducted at NECG in order to gain 

empirical information and numbers will be collected in order to permit an 

ABC-XYZ analysis. Both of these elements will contribute to the results of 

the thesis. The qualitative empirical information will follow an interview 

template and be collected through semi-structured interviews. Semi-

structured interviews will be chosen because the authors want to follow a 

theoretical guideline while at the same time provide the opportunity for 

respondents to form their answers. Qualitative interviews usually hold a low 

degree of structure and with semi-structured interviews important 

information will not be missed. This is because respondents will be free to 

add important questions or information that might have been missed by the 

authors. However as respondents are free to formulate their own responses in 

semi-structured interviews, interviewers must be observant so data relevant to 

the purpose of this thesis is gathered, and to add follow-up questions if 

required.  

 

Continuing on, the respondents will be free to form their own answers 

whichever way they prefer during the interviews. The sequence of interview 
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questions will somewhat be based on the theoretical chapter, but this will 

only act as a guideline and will not be imperative. The sequence of questions 

can also be altered based on the respondents’ answers. The answers will be 

recorded directly into a computer and the information gained from the 

interviews is recognized as primary data. When conducting semi-structured 

interviews, it is important to notice if the interview is falling into a different 

direction than what was originally planned. In that case it is important for the 

interviewers to be observant and to guide the interview back to its relevant 

course. 

 

The quantitative information will be collected through excel files containing 

transaction data for NordicInk’s articles. This is data from approximately one 

year back. The reason for only doing an ABC-XYZ analysis for NordicInk, is 

because NECG only wants specific suggestions for where to place 

NordicInk’s products. As NordicInk’s products are the most disorganized out 

of the three companies and hold a consistent demand range, they are 

appropriate for such an analysis. The ABC-XYZ analysis will be based on the 

picking frequency of NordicInk’s products, as this is what the company 

preferred and the information they provided. This information is secondary as 

the data has been compiled by Fortnox and was provided to the authors from 

the founder of the company, Marcus Thomasson. In chapter 6, a suggested 

warehouse layout will be provided for NECG and this layout will include a 

more specific recommendation for placement of NordicInk’s products. 

 

2.3.5 Observations at NECG 

However simply conducting interviews and asking respondent about how 

they feel of the current layout is not enough. As the main element of this 

thesis is the physical warehouse layout, the authors will also be present at the 
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warehouse to observe actual operating activities. Conducting interviews is 

important but not the only thing required in creating a truthful picture of this 

thesis. Simply explaining the warehouse layout and where articles are placed 

through words may be a difficult thing to do for respondents. Therefore the 

authors will also have their own observations as part of the data collection. 

Thus, a template of questions will also be designed for the authors’ own 

observations. These questions will be answered through actual observations 

when the authors are present at the warehouse. The observations carried out 

by the authors will among other things examine and identify how the 

warehouse is constructed with aisles, racks and shelves and where articles 

have been placed. The authors will also spend one day actually working at 

the warehouse, to become even more familiar with the warehouse and to gain 

an even better understanding of the actions that take place there and what 

errors that can be detected. However when observing actual events, chances 

are that the authors will observe irrelevant activities. Therefore, it is 

important for the authors to be selective in the observation process and to 

ensure that events related to this thesis and its research questions are being 

observed. Otherwise unnecessary time is wasted. 

 

2.3.6 Structure of data collection 

In order to answer research questions: 1.“How does NECG’s current 

warehouse layout look like and what problems can be identified?” and 2. 

“How can NECG’s current layout be improved?” theoretical and empirical 

information about warehouse layout will be presented. The data collected and 

the suggested actions for improvements will apply to the entire NECG. 

 

In order to answer research questions: 3: “What is NECG’s current article 

placement?” and 4: “How should NECG generally and NordicInk specifically 
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place their articles?” theoretical and empirical information about article 

placement will be presented. This theoretical and empirical information will 

apply to NECG. However, within this research question there will also be 

more specific empirical information and suggested actions provided for 

NordicInk’s products. This is because an ABC-XYZ analysis will be carried 

out for these products. An ABC-XYZ analysis will only be carried out for 

NordicInk due to their low fluctuations in demand and product range, and 

because NordicInk is in most need of structure. This matter has been 

discussed more thoroughly in the problem discussion of this thesis. 

 

2.4 SAMPLE 

 
2.4.1 Snowball selection 

In a non-probability sample there are units in the population that have a 

higher chance of being selected. Snowball selection is a non-probability 

sample. Through a snowball selection, the researcher will contact a number 

of respondents that are relevant to the study. Through them a chain of 

processes will begin with one recommending another (Bryman & Bell 2010). 

 

2.4.2 Snowball selection at NECG 

This thesis will follow a non-probability snowball selection. This is because 

the initial contact has been with the CEO, and the remaining interview 

respondents will be selected based on whom he recommends and what 

information is gathered. This will provide the authors with relevant 

respondents whom hold appropriate knowledge of the activities at the 

warehouse. A snowball selection will also aid the authors in deciding what 

information that is required next and who might be able to respond with the 

appropriate answers. However, it is important to have a fair representative of 

all hierarchical levels so the empirical data represents a broad spectrum. 
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Considering that there only are eight permanent personnel members in the 

warehouse including the warehouse manager, the sample below should be 

considered sufficient. The sample will contain empirical information from all 

hierarchical levels, strategic, operational and tactical. 

 

 

Table 2.1 interview respondents and hierarchical level 

 

2.5 SCIENTIFIC CREDIBILITY FOR CASE STUDIES 
According to Yin (2009) there are four principle criteria that need to be 

fulfilled when conducting a case study, in order to create validity and 

reliability. These principles are presented in figure 2.1 together with how to 

achieve them and in which phase they are applicable. 
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Figure 2.1 scientific credibility for case studies (from Yin 2009 page 41) 

 

2.5.1 Construct validity 

In order to achieve construct validity Yin (2009) suggests clearly defining 

which concept that is being studied. This should be supported by multiple 

sources of evidence. Further on Yin (2009) suggests creating a chain of 

evidence and providing key informants a draft of the empirical data. 

 

In chapter one, the concept of this thesis was clearly defined in the 

background, problem discussion, research questions and purpose. The 

concept of this thesis is warehouse layout and its key elements. In the 

background and problem discussion, theoretical information was presented 

together with NECG’s situation and problem. This was done to show, that 

this type of situation and problem is not unique and that there is supportive 

theory available. Further on the authors will attempt to achieve a truthful 

picture by interviewing key informants of the warehouse situation. Key 

informants are those who are familiar with the everyday activities of the 

Tests Case'Study'Tactic Phase'of'research'in'which'tactic'occurs
Construct)Validity use'multiple'sources'of'evidence data'collection

establish'chain'of'evidece data'collection

have'key'informants'review'draft'case'study'report composition

Internal)Validity do'pattern'matching data'analysis

do'explanation'building data'analysis

address'rival'explanations data'analysis

use'logic'models data'analysis

External)Validity use'theory'in'single=case'studies research'design

use'replication'logic'in'multiple=case'studies research'design

Reliability use'case'study'protocol data'collection

develop'case'study'database data'collection
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warehouse operations. Another important aspect of achieving a truthful 

picture is for the authors to be present at the warehouse to observe the actual 

warehouse layout. Esaiasson et al. (2012) mention that the respondents 

involved cannot always “see” what is actually going on in a situation and 

therefore the researcher requires physical observation. The warehouse 

personnel at NECG may be too accustomed to the current layout and where 

articles are placed, and thus overlook some areas in need of improvement. 

Therefore it is beneficial to have an outside perspective of the warehouse. 

The CEO will afterwards be provided a draft of the empirical data in order to 

eliminate any possible misunderstandings and to ensure correct information. 

This is how construct validity will be achieved in this thesis. 

 

2.5.2 Internal validity 

The internal validity of a case study is apparent in the analysis stage. Yin 

(2009) addresses the importance of pattern matching, logical models and 

dealing with opposing explanations. The analysis of this thesis will be based 

on theoretical findings in chapter three and empirical findings in chapter four. 

The similarities and differences will provide an analytical foundation. 

Therefore this thesis will follow an analytical pattern matching. In chapter 6, 

“Suggested actions for improvements”, concrete suggested actions will be 

given to NECG for improvement of warehouse layout and placement of 

articles. These will purely be based on theoretical information and analytical 

discussions. Also, as results are based on empirical information obtained 

from strategic, operational and tactical levels at NECG, the internal validity 

will be strengthened. Furthermore a number of theoretical explanations will 

be presented. A great number of theoretical sources, providing different 

perspectives of the same matter, will increase the internal validity of this 

thesis. Also logical illustrative models for warehouses will be used. 
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2.5.3 External validity 

In order to achieve external validity in a case study, Yin (2009) mentions the 

importance of using theoretical information. External validity is generated 

through the use of theory in this thesis, as the results are based on theoretical 

findings concerning warehouse layout. The theoretical findings can be 

generalized to other similar studies and cases. However it is important to 

keep in mind that as this is a single-case study, the results of the thesis will 

only be converted to NECG’s situation. 

 

2.5.4 Reliability 

The aim of reliability is to make sure that if the same study was conducted at 

a later date, the results would be the same. The purpose is to decrease 

miscalculations and biases. One way of achieving this is to clearly document 

the actions taken in the study. The researcher should pretend that there is 

someone constantly overlooking his shoulder and thereby document every 

step (Yin 2009). This thesis will generate reliability by applying standard 

procedures when collecting empirical data. Interviews will be based on a 

theoretical basis. The authors will also clearly document the actions taken in 

order to diminish any possible biases. Also as the interview template will be 

documented in this thesis, the exact same questions can be asked if this study 

was to be reconstructed at a later date. Thus increasing the reliability. 
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Scientific 

credibility 

How to achieve scientific credibility in this thesis 

 

Construct 

validity 

Theoretical information to identify and validate the concept. 

Provide CEO with draft of revised empirical data 

Internal 

validity 

Data will be collected from strategic, tactical and operational 

levels. Number of theoretical sources will be used. Logical 

models will be used. Theoretical and empirical findings will 

be compared 

External 

validity 

Results are based on theoretical findings from chapter 3. 

Theoretical findings will be applied to NECG 

Reliability Document actions that are taken. Apply standard procedures 

when collecting data 

 

Table 2.2 scientific credibility for this thesis 

 

2.6 RESEARCH ETHICS 
Research ethics provides ethical principles for how scientists should behave 

in a study. Ethical principles applicable in Swedish research include: 

information requirements, consent requirements, confidentiality obligations 

and utilization requirements. Information requirement entail that the 

researcher must inform the respondent what the study will be about. Consent 

requirement reminds respondents that they are allowed to end their 

participation at any time. Confidentiality requirement is a research principle 

that ensures that participants' information will be treated with absolute 

confidentiality. Utilization requirement means that the data collected during 
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the study, related to an individual, should be used only for the specific 

research (Bryman & Bell 2010). 

 

These ethical principles exist to inform the researcher that the choices and 

decisions taken in a study may lead to implications for the involved parties. If 

no consideration is given to ethical principles, consequences may occur. For 

example, it can cause damage to the participants in terms of physical injury, 

stress or forcing respondents to do something they do not want to (Bryman & 

Bell 2010). 

 

2.6.1 Research ethics at NECG 

The CEO is the person whom initiated the idea behind this study and 

introduced the study object. He is the one whom will inform the personnel on 

what the study is about. Therefore the authors will not be required to do it 

themselves. There have not been any requirements from NECG regarding 

confidentiality in terms of the warehouse layout. The authors also asked the 

CEO if there were any requests to classify the thesis, which were not. 

Through informal conversations the CEO has mentioned certain topics that 

were not to be included in the thesis but these did not concern warehouse 

layout. The excel files that will be provided for the ABC-XYZ analysis of 

NordicInk products, will not contain any article names or purchase prices, 

thus no other partner than NECG can determine what products they include. 

Also the data collected for this thesis will only be used in this thesis. 

 

As the main element of this thesis is physical descriptions of warehouse 

layout, the issue is not considered to be of sensible nature. Although 

respondents will be interviewed, their personal opinions will not be of focus. 

Instead, the core information gathered from the interviews will be about the 
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physical aspects of a warehouse. The main information will for example be 

about where certain aisles are placed in the warehouse or how the coding of 

aisles has been done. This should not be seen as a threat to human integrity, 

lead to any physical injuries or stress and should not cause any damage to the 

respondents’ identities. The respondents’ personal characteristics or opinions 

will not be approached in this thesis. The respondents’ have been asked if 

they are willing to have their names printed in this thesis, and they have given 

their consent to it.  
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2.7 SUMMARY OF THESIS METHODOLOGY 

 

 
 

Table 2.3 summary of thesis methodology 

 

 

 

 

 

 

 

 

• Case study Research design 

• Positivistic perspective 

• Deductive approach 
Scientific perspective 

and approach 

• Qualitative and quantitative research 
strategies 

• Semi-structured interview, transaction 
data, own observations 

Research strategy and 
data collection 

• Non-probability, snowball selection Sample 

• Construct, internal, external, reliability, 
pattern matching Scientific credibility 

 

• Information requirements, consent 
requirements, confidentiality 
obligations, utilization requirements 

Research ethics 
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3. THEORY 
This chapter will contain the selected theory for this thesis and the table 

below shows the theoretical disposition of the chapter. The theoretical 

chapter will be divided into two parts. The first part (3.1) will include theory 

on warehouse layout, how a warehouse can be constructed and what methods 

of storage that can be used. The second part (3.2) will include theory on 

article placement and article classification. The chapter will conclude with a 

summarizing figure showing which theoretical parts that will be further 

focused upon in the remaining chapters of this thesis. 

 

 
 

Table 3.1 theoretical disposition 

 

3.1 WAREHOUSE LAYOUT 
One of the most important aspects of a warehouse is the layout (Roodbergen, 

Sharp & Vis 2008; Waters 2003). The layout has a strong effect on the 

productivity of operations. If a frequently picked article is placed far from 

packing areas, time is wasted every instance the article is put in or taken out 

of inventory (Waters 2003). The basic components of a warehouse are: 
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 Input and output door of which orders enter and exit (Hassan 2002; 

Kusiak 2000). 

 A receiving area where incoming products are delivered checked and 

temporarily stored (Waters 2003). 

 A storage area where products are stored in inventory (Waters 2003). 

 A material handling equipment system for holding products in inventory 

and moving them from one place to another (Waters 2003). 

 An outgoing area where orders are packed and ready to be delivered to 

customer (Waters 2003). 

 Article placement (Arnold et al. 2008) 

When determining the layout some factors must be addressed. The first factor 

is the already existing facility. Subjects to be discussed here are where 

receiving, picking, sorting and outgoing/delivery areas should take place. An 

appropriate general objective for all factors is to reduce the time it takes to 

pick articles from inventory (de Koster, Le-Duc & Roodbergen (2007). Over 

time, it is optimal to place high picking frequency products close to packing 

tables, so no long trips have to be made (Glock & Grosse 2012). 

 

Decisions regarding storage layout are made at a tactical and an operational 

level, and the levels are highly interdependent. The layout is determined at a 

tactical level, and the placement of each article is determined at both a 

tactical and an operational level. The order picking procedures are also 

determined at these levels. The physical placement and picking of articles in 

and out of inventory, is carried out at an operational level (de Koster et al. 

2007). 
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De Koster et al. (2007) mention a number of overall objectives when 

deciding upon the warehouse layout. These include creating buffer space, 

minimizing the average travel distance, minimizing the throughput time for 

an order, maximizing the use of space, maximizing the use of the equipment 

and maximizing the use of labor. 

 

3.1.1 Input and output doors 

Products enter a warehouse at an input point and products exit a warehouse at 

an output point. These input or output points are generally doors (Kusiak 

2000). The quantity and location of input and output doors are affected by the 

placement of articles in the warehouse, picking distances and time and any 

possible bottlenecks. Input and output doors are required for aisles and 

material handling equipment (Hassan 2002). 

 

Having a number of doors in a warehouse is important in order to reduce 

delays, offer routing flexibility, reduce bottlenecks and simplify shipping. 

Doors can be placed in different locations in the warehouse (Cullinane, Smith 

& Tompkins 1994). But the locations should support the general flow pattern 

of the warehouse in order to keep a simplistic flow and a structured 

movement (Hassan 2002). 

 

3.1.2 Receiving and outgoing areas 

When products are received, the personnel should register the incoming 

material into a computer system. Sometimes however, there is no time to do 

it immediately. A temporary error then occurs in the inventory balance as 

products are missing in the inventory data system, thereby creating shortages 

and increasing chances for backorders (Oskarsson et al. 2006). Therefore 

some kind of receiving area is required in the warehouse for temporal 

storage. This can either be in the form of stillage or directly on the floor 
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(Oskarsson et al. 2006; Bragg 2004). The receiving area should be flexible 

enough to hold inconsistent arrival patterns and product mixes (Sims 1991). 

If the warehouse lacks this area, chances are that inventory will be damaged, 

incoming deliveries be mixed or orders be lost. The size of this area depends 

on whether the company can schedule arrival time of incoming products - 

and thus be able to put items away as soon as they arrive (Bragg 2004). This 

may be difficult as incoming products may arrive at different and 

unpredictable times – in combination with various product group mixes and 

volumes (Sims 1991). If scheduling the arrival time is possible, the receiving 

area does not require much space. If not, the receiving area must be large 

enough to store all incoming products for one day (Bragg 2004). The flow of 

products is different for the receiving and outgoing areas in a warehouse, thus 

the flow of products in inventory has to be handled in an effective manner 

(Muriel & Ruiz-Benitez 2006). In the receiving area the products arrive by 

truck or internal transport, here the products might be checked or altered by 

for example being repacked into different storage units. In the outgoing area 

products are checked, packed and loaded into carriers ready to be shipped 

(Rouwenhorst, Reuter, Stockrahm, van Houtum, Mantel & Zijm 2000). To 

increase effectiveness, the receiving and outgoing areas should be placed on 

the same side of the warehouse (Pohl, Meller & Gue 2011). 

 

3.1.3 Material handling equipment 

Further on the company also needs to select the most appropriate handling 

equipment to be used (Roodbergen et al. 2008). Usually the planning of a 

warehouse layout starts by determining a number of factors such as; the 

necessary size of the area, what type of storage equipment to use and what 

equipment to use for picking products from shelves (Roodbergen et al. 2008). 

Storage refers to the physical area of inventory where products are stored 
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(TFK 2002). Several types of storage equipment have been created to manage 

the large volume of articles held in inventory (Crocker, Jessop & Morrison 

2012). The most basic form of storage is simply a marked out area on the 

floor. Another basic form of storage is an aisle with built in shelves. Smaller 

articles are usually stored in small boxes (Waters 2003). 

 

The warehouse is divided into different storage areas so incoming products 

can be directed to the appropriate place, and later also localized (TFK 2002). 

The simplest arrangement of storage can be found in manual warehouses. 

Storage racks and shelves together with backs, boxes and drawers are used to 

store articles (Waters 2003; TFK 2002: Lambert & Stock 2000). Usually the 

personnel control all types of movement in a manual warehouse. Typically 

the personnel walk around the warehouse floor, picking products from 

shelves and putting them in some form of container for movement, such as 

kitting carts. Manual warehouses are mainly appropriate for storage of small 

and light articles. Shelves must be sufficiently low for personnel to reach and 

the distance between shelves should be short so walking is reduced. The 

products stored in backs and shelves should preferably not be higher than two 

meters (Waters 2003). The examples of storage equipment given below are 

specifically recommended for storage of these types of products (Waters 

2003; Lambert & Stock 2000). 

 

Aisles 

Another factor to be addressed is the internal layout. The company must 

decide upon the number of aisles and shelves, including the length and width 

of these (Roodbergen et al. 2008; de Koster et al. 2007; Manzini, Gamberi & 

Regattieri 2007). 
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The usual warehouse layout is based on the thought that all aisles are of the 

exact same width.  Where manual placing and picking are the norm, narrower 

aisles should be planned in the layout. Narrower aisles are appropriate as long 

as they are wide enough for kitting carts to navigate (Bragg 2004; Sims 

1991). 

 

Racks and shelves 

Racks are mainly characterized as larger storage equipment for pallets loads 

and heavier and denser products. Shelves are mainly characterized as smaller 

storage equipment for smaller and loose products (Lambert & Stock 2000). 

Racks should be of good quality and able to support the weight of the 

inventory. Sometimes existing racks may be too weak to stand additional 

weight, therefore replacing just a few is not enough. Instead the entire 

warehouse rack system might be in need of replacement. When aiming to 

maximize warehouse storage, articles that require manual placing and picking 

should be placed in low-height areas (Bragg 2004). The storage racks 

illustrated below can be found in most warehouses. These can be permanent 

or temporary and are placed in a warehouse for storage of products. They are 

viewed as “standard” or “basic” elements of a warehouse (Lambert & Stock 

2000). Lower shelves are typically used for manual order picking while 

higher shelves are used for machinery-controlled warehouses (Manzini et al. 

2007). 
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Figure 3.1 typical racks in warehouse (Lambert & Stock 2000 page 446) 

 

 

 

 

Figure 3.2 typical shelves in warehouse (Crocker et al. 2012 page 241) 
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For small products, back-shelving systems are of use. Products are 

handpicked so the height of the shelves must be of physical reach for the 

warehouse personnel. However the full cube of each back cannot be used 

which means that some wasted space occurs. These types of shelves are 

economical but are limited to only store small products (Lambert & Stock 

2000). 

 

 

 

Figure 3.3 back shelving systems (TFK 2002 page 66)  

 

Modular storage drawers are also used to store small products. They function 

as back shelves but take less space and allow products to be concentrated into 

an area where they are easily accessible by personnel. Drawers are pulled out 

and products are picked (Lambert & Stock 2000). 
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Figure 3.4 modular storage drawers (Lambert & Stock 2000 page 448) 

 

Backs and boxes 

A back or box collects and protects materials and products and is suitable for 

manual operation. The units are molded so they can be stacked on top of each 

other and thus take little space. Crates and boxes come in many varieties. To 

maximize storage there are also deep and narrow drawers available often with 

moveable partition walls (TFK 2002). 

  

Figure 3.5 backs and boxes (TFK 2002 pp. 65-66) 
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Because of the trend towards smaller and more high-frequent deliveries of 

various articles, smaller backs have become the standard products holder. 

These backs mainly contain small items that are put in and taken out of 

inventory usually in large quantities. The backs are usually stored in back-

shelving systems described above (TFK 2002). 

 

Boxes are often used to handle and store non-packaged small items, which 

are put in and taken out in small amounts. The boxes are typically managed 

manually and stored in shelves (TFK 2002). 

 

Coding of material handling equipment 

Sims (1991) compares a warehouse coding location system to that of an 

apartment building. Each location in the warehouse has an address similar to 

that of an apartment building, the residents of the apartment may change but 

the address stays the same (Sims 1991). Each possible storage location in the 

warehouse should be assigned a specific code, and articles are then located by 

these codes. A standard way of doing so is to name a letter to each aisle, 

followed by a number for each rack within the aisle. Then a letter should be 

given for each level within the rack (Bragg 2004; TFK 2002). 

 

For this coding system to work as well as possible in a warehouse, there are a 

number of things to consider when creating the system. First of all, a code 

has to be assigned to every possible location. Secondly, thoughts should be 

given to any possible future warehouse expansion. If the warehouse is going 

to expand, there will most likely be one appropriate aisle, which will 

accommodate the new addition of racks. This aisle should then probably be 

given a higher letter designation from the beginning. Thirdly, to simplify 
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scanning of location codes, a large bar code should be placed next to each 

location label. Fourthly, the racks should be numbered chronologically from 

left to right and back again as one continues down the aisle (Bragg 2004). 

 

3.1.4 APPROACHES TO WAREHOUSE LAYOUT  

 

Maximized warehouse space utilization 

Once 80% of the storage space is filled, the effectiveness of warehouse 

operations usually decline. The decline is a result of personnel having to walk 

further into the warehouse, to find vacant places for incoming products. Time 

is added even more, if high frequency and low-frequency products are stored 

together (Bragg 2004). High frequency and low frequency products are 

products with a high or low picking frequency from inventory (Oskarsson et 

al. 2006). Valuable personnel time is wasted and unnecessary article 

movements are made, which could damage the products. The solution is to 

constantly supervise the warehouse space utilization percentage and to 

predict any possible changes in the nearest future based on receiving or 

outgoing orders (Bragg 2004). 

 

To maximize productivity, the warehouse layout must be designed to take 

maximum use of space, both on and above the floor. The layout needs to 

include the best use of material handling equipment in order to increase 

access to products. The articles should be easy to find and identify, which 

requires a suitable article location system (Arnold et al. 2008). 

 

Shape of warehouse layout 

Companies can design their warehouse layout in several ways. Theoretical 

findings suggest designs such as the traditional L-shape (Ashayeri, Heuts, 

Valkenburg, Veraat & Wilhelm 2002). Another common form of warehouse 
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layout is the S-form layout where the order picker skips the aisles where 

nothing is to be picked, and moves forward in an S-like motion (De Koster & 

Van Der Poort 1998). Another layout that can be used is multiple cross aisles. 

This type of layout saves time and provides flexibility in order picking. 

Companies can also make use of a few long aisles instead of many short 

aisles, which also results in time savings (Hu, Chang, Fu & Yeh 2009). A so 

called flow shop layout allows the important sections of a warehouse such as 

the input and output doors, receiving area, storage area, packing area and 

outgoing area to be situated nearby. This type of layout suits a warehouse 

where the majority of products passing through demand the same type of 

procedures and hence follows the same type of arrangements (Hassan 2002). 

Another form of layout, which is particularly suitable for manual warehouses 

and consists of a simple flow pattern, is a U-shaped layout. The U-shaped 

layout is beneficially combined with a flow shop layout for a well-

functioning warehouse (Glock & Grosse 2012; Hassan 2002). 

 

The U-shaped warehouse is allocated into zones with shelves being organized 

in the shape of a U in each one of the zones. The shelves then consist of two 

rows of stillage’s. These stillage’s should be adaptable and possible to 

change. Costs and time constraints are factors often associated with a manual 

warehouse. Changes in market demands, time pressure for sending out 

deliveries and tough competition influences companies to turn to strategies 

that reduce order-picking times. A U-shaped layout complies with this (Glock 

& Grosse 2012) and is to be recommended for improvements in the 

warehouse flow (Bragg 2004). 

 

In a U-shaped warehouse the input door is situated on one side of the 

building. When products are picked from inventory, they are moved back to 
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the front of the building where the output door is located (Bragg 2004). These 

output doors should be placed at the same side as the input doors for the most 

efficient flow (Bragg 2004; Hassan 2002). The idea behind a U-shaped layout 

is that moving products should not cross each other, or else bottlenecks can 

be created. This form of layout is also of good use in terms of future layout 

expansions, as new aisles can be added to three sides of the building (Bragg 

2004). 

 

 

 

Figure 3.6 example of a U-shaped warehouse layout (Glock & Grosse 2012 

page 4352) 
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3.2 ARTICLE PLACEMENT AND CLASSIFICATION 

 
3.2.1 Article placement 

A principal aspect of warehouse layout is the location of individual articles in 

the warehouse. Which article location system to choose depends on the type 

of articles being stored, also what type of storage facilities that are needed 

(Arnold et al. 2008; Oskarsson et al. 2006). These are some basic 

recommendations for warehouse layout in regards to article location (Arnold 

et al. 2008; de Koster et al. 2007): 

 

 Group products which are similar in function together 

 Group high-frequently picked products close together. Moving them in 

and out of inventory is thereby reduced. Low frequent products can be 

located in more secluded zones of the warehouse. 

 Group physically similar products together: Products that are physically 

similar usually demand their own specific storage equipment. Small items 

can be located together with other small items. 

Storage zones 

Thoughts must be given to the specific characteristics of the stored articles 

(TFK 2002). For example it is not recommended to place bulky and fragile 

products together (Bragg 2004). Neither is it recommended to place odor-

producing products together with the rest of the inventory (Hassan 2002). 

Locating products with different characteristics together will result in a 

disorganized environment. Placing and picking products, in and out of 

inventory will then be difficult, thus increasing chances of obsolescence. One 

solution for this type of problem is to organize the warehouse into storage 

zones. This entails identifying which specific handling and storage 

requirements that are required for each article, and then to plan the layout 
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around those requirements. It is important to incorporate the cubic volume of 

each type of article as well, so suitable storage volumes are appointed (Bragg 

2004). 

 

Fixed and floating location system 

There are two main principles for placement of articles in a warehouse layout 

(Arnold et al. 2008: Oskarsson et al. 2006; TFK 2002). These are usually 

based on the picking frequency of articles (TFK 2002). 

 

 Fixed location 

 Floating location 

 

Fixed location 

In a fixed location the article is given a permanent location in inventory. No 

other articles are allowed to be stored in that area (Arnold et al. 2008). The 

fixed locations should preferably be next to each other in a more remote area 

of the warehouse (TFK 2002). The system makes it possible to store products 

with little or no record keeping. It is similar to always keeping milk on the 

same shelf in the refrigerator; things are organized and easy to find (Arnold et 

al 2008). It also aids warehouse personnel to immediately find the correct 

location of articles when placing or taking products from inventory, thus 

reducing chances for dislocation of products (Chou, Chen & Chen 2012; de 

Koster et al. 2007; TFK 2002). In addition to that it provides a straight 

overview of what products are available in inventory, which simplifies 

counting of products (TFK 2002). It is also useful when storing products of 

different weights. Heavy weighted products can be placed on the bottom of a 

pallet and lighter products on top. However a principal drawback of the fixed 

location system is that a location is held in reserve even if the product is out 
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of stock. Furthermore, there has to be enough space reserved for each product 

so that maximum level of inventory can be stored (de Koster et al. 2007). 

Therefore the warehouse space utilization is quite poor with this system 

(Arnold et al. 2008; de Koster et al. 2007; TFK 2002). Also this system does 

not facilitate the FIFO-principle, thus increasing the risk for obsolescence due 

to long product storage time (Oskarsson et al 2006). Also according to Hedén 

and McAndrew (2005) there is a risk for obsolescence when beauty products 

are held in inventory, due to the possibility for these products to become out-

of-date. 

 

Floating location 

In a floating location the article is placed wherever suitable space is available. 

The same article may be located at different locations at the same time 

(Arnold et al. 2008). The picking frequency is then more accurate as articles 

are located based on how frequently they are picked (Oskarsson et al. 2006). 

In a floating location system, a new load of incoming products (containing 

articles that already have a place in inventory) will be placed at a different 

location than they were placed before. The previous location is then emptied 

completely and not refilled, which also makes for a reliable calculation of 

inventory. This also means that FIFO can be more easily applied and thus 

reduce the risk for obsolescence (Oskarsson et al. 2006). 

 

The floating location system can be applied in the following ways: 

When receiving incoming products - the inventory data system selects a 

suitable vacant location for placement. This location is usually marked on 

some form of device. When the warehouse personnel have placed the 

products in the warehouse, the location is signed into the system or the 
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warehouse personnel select an appropriate location and report the location to 

the inventory data system (TFK 2002). 

 

The benefit of this system is good cube utilization, the warehouse space is 

better utilized than in the fixed location system. However the principle needs 

up-to-date information on article location and the availability of vacant 

storage spaces, so products can be put away and picked fast. Usually 

computers handle these tasks; assigning vacant locations to incoming 

products, remembering where these products have been placed and guiding 

personnel to find them again. Thereby cubes are well utilized and warehouse 

operations are efficient (Arnold et al. 2008; Oskarsson et al. 2006). 

 

Other factors 

Roodbergen et al. (2008) however question the notion of allocating space by 

article. Placing articles based on the picking frequency is to be questioned, in 

particular for e-commerce products held in inventory. This is because the 

picking frequency might be too unpredictable, product-life too short or 

reorganizing the storage system can be too costly. Instead, a common type of 

location system is to randomly place products in the warehouse without any 

form of underlying principle (Roodbergen et al. 2008). Products are then 

randomly assigned a specific place in inventory and the assigned place is not 

altered afterwards (Glock & Grosse 2012; de Koster et al. 2007). This type of 

random location results in increased space utilization at the cost of increased 

walking distances (Choe & Sharp 1991). The random placement of articles 

will only work in a computer-controlled warehouse. If the personnel would 

pick the locations instead, a system called closest open location storage 

would be applicable. The personnel would then place the products in the first 

vacant location they find. This would normally result in racks being filled 
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close to the packing area and emptier towards the back of the warehouse (de 

Koster et al. 2007). 

 

3.2.2 Article classification 

 
ABC-analysis 

According to Lambert and Stock (2000) and Rouwenhorst et al. (2000) 

customers have become more accustomed to high levels of product 

availability. One of the main reasons for holding inventory is to meet this 

demand and to increase customer service. Products have to be available in 

inventory and ready to be delivered immediately, thus reducing the chances 

of backorders (Lambert & Stock 2000). 

 

But maintaining a high level of inventory should not be the solution in 

regards to meeting customer orders. Lambert and Stock (2000 page 255) list a 

number of factors, which indicate that inventories are not being managed 

correctly. One of these is the “periodic lack of sufficient storage space”. The 

company should recognize the varied differences with each product and plan 

the warehouse layout thereafter. Warehouse managers many times make the 

error of treating all products equally (Lambert & Stock 2000). There are a 

number of ways of dealing with this type of problem. One is to reduce the 

inventory levels. Thus the ABC-classification system is available (Arnold et 

al. 2008; Bragg 2004; Burt, Dobler & Starling 2003; Waters 2003; Lambert 

& Stock 2000; Silver, Pyke & Peterson 1998). 

 

 “In the 18
th

 century, Villfredo Pareto, in a study of the distribution of wealth 

in Milan, found that 20 percent of the people controlled 80 percent of the 

wealth. This logic of the few having the greatest importance and the many 

having little importance has been broadened to include many situations and is 
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termed the Pareto Principle. This is true in our everyday lives…, and is 

certainly true in inventory systems” (Chase, Aquilano & Jacobs 1998 page 

606).  

 

Thus the principal logic behind the ABC analysis is that 20% of the 

company’s articles stand for 80% of the total sales (Arnold et al. 2008; 

Lambert & Stock 2000; Silver et al. 1998). The analysis helps to determine 

the importance of each article in inventory and thereby the appropriate 

positioning of it based on picking frequency (Chen et al. 2012; de Koster et 

al. 2007; Lambert & Stock 2000). The system is described more specifically 

below (Scholz-Reiter 2012; Arnold et al. 2008; Silver et al. 1998): 

 

A-articles: stand for 20% of total articles and 80% of total sales 

B-articles: stand for 30% of total articles and 15% of total sales 

C-articles: stand for 15% of total articles and 5% of total sales 

or 

A-articles: 0-80 % of the accumulated consumption value. 

B-articles: 80-95 % of the accumulated consumption value. 

C-articles: 95-100 % of the accumulated consumption value. 
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Figure 3.7 example of ABC-analysis (Lambert & Stock 2000 page 257) 

 

An analysis of products showed that article A stands for 5% of the total 

products and provides 70% of total sales. Article B stands for 10% of the 

total products and provides 20% of total sales. Article C stands 65% of the 

remaining products and only 10% of total sales. The last 20% of articles were 

not sold at all during the past year (Lambert & Stock 2000). 

 

The image below is an example of a distribution-by-value report based on the 

ABC analysis. The report is done by listing yearly sales, for each article in 

descending order (Lambert & Stock 2000). 
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Figure 3.8 example of distribution by value report (Lambert & Stock 2000 

page 259) 

 

XYZ – analysis 

The ABC-analysis can be carried out based on several factors. One way is 

through a XYZ-analysis, which is the classification of articles based on 

picking frequency (Scholz-Reiter et al. 2012). According to Oskarsson et al. 
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(2006) this method is more accurate as the positioning of articles is based on 

how frequently they are picked from inventory. It differentiates articles based 

on their fluctuations in consumption. The articles are differentiated in the 

following way; X stands for products with a high and constant consumption 

throughout the year. There are very little fluctuations in consumption for this 

type of product. Y stands for products with stronger fluctuations in 

consumption. For example the consumption of chocolate increases during 

holidays. Z stands for products that are completely irregular in consumption 

(Scholz-Reiter et al. 2012; Errasti, Chackelson & Poler 2010; Wassermann 

2001; Lambert & Stock 2000). 

 

For the XYZ analysis a time period of twelve months is usually considered 

for the framework. “The critical values of the coefficient of variation, which 

is an indicator for the stability of consumption, are classified as following” 

(Scholz-Reiter et al. 2012 pp. 446-447) 

 

X-articles: coefficient of variation < 0.5 

Y-articles: coefficient of variation between 0.5 and 1 

Z-articles: coefficient of variation >1 

 

Article placement based on ABC-XYZ analysis 

In a disorganized warehouse where articles of different picking frequencies 

are located at different location, an inventory report has to be used to localize 

the position of articles. Bragg (2004) considers this an ineffective method of 

locating articles. For one, it not only prolongs travel time in the warehouse 

but once the location is found, additional time is spent figuring out exactly 

what articles each location holds. The solution to this problem is to store 

articles based on the ABC classification mentioned above. It is important to 
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note however, that reorganizing the placement of articles based on a ABC-

classification, will result in short term warehouse chaos and require a great 

deal of personnel labor (Bragg 2004). 

 

There are several suggestions found in literature in respect of article location 

and picking frequency. TFK (2002) recommends fixed location for articles 

with low picking frequency and floating location for articles with high 

picking frequency (TFK 2002). Bragg (2004) however suggests the opposite. 

He recommends class A articles to be assigned fixed locations so personnel 

can memorize the location and find articles faster. This can be useful as class 

A articles have a high picking frequency (Bragg 2004). Hassan (2002) 

recommends that highly demanded products or classes should not be placed 

in fixed location. Products or members of a class that are expected to be 

ordered together should be placed fairly close together. Hassan also mentions 

the possibility of placing articles based on the warehouse input and output 

doors, instead of each other when the demand for some products changes 

(Hassan 2002). In general, the most frequently picked articles should be 

placed close to the packing tables or input and output doors. This will 

eliminate personnel travel time (Glock & Grosse 2012; de Koster et al. 2007: 

Bragg 2004; Sims 1991).  

 

To sum up, the picking frequency system determines article location based on 

how often articles are picked from inventory and is an important part of 

warehouse management. But there are some points to keep in mind with this 

system. Many times there are only a few articles in inventory that hold a high 

picking frequency, while the majority of articles hold a low picking 

frequency. The figure below shows an example of where 10% of the articles 

account for 50% of the total orders. High-frequency articles should therefore 



 

 

 

48 
 

be located at a place with easy and quick accessibility. The lower the picking 

frequency, the higher up on the shelves and farther away the articles should 

be stored (Oskarsson et al. 2006).  

 

Figure 3.9 example of picking frequency of a company’s articles  

 

3.3 SUMMARY OF THEORETICAL INFORMATION 

 
 

Table 3.2 summarizing contents of theory 
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3.3 CONCEPTUAL MODEL 

 

 

  

 

 

Figure 3.10 conceptual model 
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4. EMPIRICISM 
This chapter will contain the selected empiricism for this thesis and the table 

below shows the empirical disposition of the chapter. The empirical chapter 

will be divided into two parts. The first part (4.1) will include NECG’s 

current warehouse layout, how the NECG warehouse is constructed and what 

methods of storage that are used. Empiricism in 4.1 will apply to NECG. This 

part concludes with a summarizing table of identified problems with NECG’s 

warehouse layout. The second part (4.2) will include article placement. 

Empiricism in 4.2 will also apply to the entire company, but there will be an 

additional, more thorough empirical presentation on NordicInk’s articles. 

This is because NordicInk’s article placement is in greater need of 

improvement. For this reason an ABC-XYZ analysis has been conducted for 

NordicInk and the results of this analysis will be discussed in chapter 5. The 

second part concludes with a summarizing table of identified problems with 

NECG’s article placement. The whole chapter concludes with a summarizing 

figure showing which empirical parts that will be further focused upon in the 

remaining chapters of this thesis. 
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Table 4.1 empirical disposition 

 

 

4.1 WAREHOUSE LAYOUT 

 
4.1.1 Current warehouse 

 
Warehouse layout and article placement 

The current warehouse layout is partly divided upon company. Certain racks 

and shelves hold products for NordicInk, certain hold products for 

NordicFeel and certain hold products for PetsOnline. The packing area 

consists of 12 packaging tables where orders are packed and put in kitting 

carts ready to be sent to customer. These kitting carts are then transported by 

warehouse personnel to the elevator and placed on the ground floor to later be 

collected by Posten or Schenker. The input/output door for incoming and 

outgoing deliveries are illustrated in figure 4.1. The distance between this 
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door and the packaging area is quite long, raising the question of whether to 

move the packaging tables to a more nearby area
12

. 

Most racks and shelves belong to NordicInk and NordicFeel, and just a few 

belong to PetsOnline. Since PetsOnline started in January 2012, it is still in 

early stages and the number of products held in inventory is much smaller 

than for NordicInk and NordicFeel. NordicInk’s products are placed at nine 

different locations, these are illustrated in figure 4.1 in blue. NordicInk’s 

inventory area consists of one shelf and eight racks. NordicFeel’s inventory 

area is illustrated in figure 4.1 in purple. NordicFeel’s products are stored on 

three shelves and seven racks, they also have storage along the walls on 

shelves. PetsOnline storage area only consists of one rack and is illustrated in 

green. The thicker lines in figure 4.1 represent racks and the thinner lines 

represent shelves. 

 

NECG wants some form of layout rearrangement. The illustrated grey area in 

figure 4.1 is a vacant area, which the company may rent if they want to. The 

company believes that renting additional space will solve their space 

problems and is considering taking this action in the future. The walls that 

seclude NECG’s warehouse area consist of fences covered with tarpaulin that 

can easily be altered if the company wishes to change the layout or add 

additional meters to the warehouse area
13

. 

                                                 
12

 Pär Aspengren, CEO, interview 130205 and Author’s observations 130306 
13

 Pär Aspengren, CEO, interview 130205 
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Figure 4.1 NECG warehouse layout (Self-illustrated)  

 

The allocation of space in the warehouse area is uneven. Pär Aspengren 

estimates only 60-70% of all space area to actually be utilized
14

. Some parts 

of the warehouse are not properly utilized and almost entirely empty, holding 

very few products. Other areas are completely crammed. There are boxes 

                                                 
14

 Pär Aspengren, CEO, interview 130410 
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blocking aisles and causing restricted movement in many parts of the 

warehouse
15

. 

 

No particular thought has been given to the layout before. When the company 

initially rented the warehouse space, the shape of the layout came about 

randomly. There was no system for the placement of articles so products 

were simply placed wherever a vacant location was found. The volume of 

articles held in inventory has increased three times from the beginning, but no 

particular change has happened with the layout. In conjunction with the 

growth of the business, the layout has simply followed and never been 

reworked or revised. Products are simply placed in inventory without any 

form of system. The way things operate in the warehouse is based on day-by-

day circumstances, which is different from industrial companies that can plan 

more in advance
16

.  

 

4.1.2 Input and output door 

The warehouse has the same door for incoming and outgoing deliveries
17

. 

This door is located closest to PetsOnline’s products, which is the company 

with the least quantity of products and the lowest picking frequencies. As can 

be seen in figure 4.1 this door is far away from the packing tables where the 

orders are packed
18

. NECG wishes to minimize travel distances from the door 

to other parts of the warehouse
19

. 

                                                 
15

 Authors´ observations 130205 
16

 Pär Aspengren, CEO, interview 130205 
17

 Pär Aspengren, CEO, interview 130306 
18

 Authors´ observations 130306 
19

 Pär Aspengren, CEO, interview 130306 
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4.1.3 Receiving and outgoing areas  

The warehouse space has no designated receiving area. When incoming 

boxes are delivered, they are placed in the aisles on the warehouse floor
20

, see 

image 4.1. Personnel are performing different activities at the same locations 

in the warehouse. Some are unpacking incoming boxes and placing the 

products on pallets, while others are picking products from inventory for 

outgoing orders. As a result, the aisles are blocked by personnel performing 

different activities in the warehouse. Personnel are also blocking each other’s 

ways. Aisles are also blocked by empty cartons stacked in piles on the 

warehouse floor
21

. Some of the boxes are unpacked on the receiving day but 

a large number stay on pallets, remaining unpacked
22

. These usually stay 

there for a long period as the personnel have limited time to put them in 

inventory. As a result the boxes are blocking shelves, making it difficult to 

reach other products. The personnel do not have exact information on what 

day or time orders from suppliers are being delivered. They only have an 

estimated day of the week. Also, incoming boxes from suppliers hold 

different types of products with different functions, brands and sizes. Some 

products are small and loose and some are larger in design. Incoming 

deliveries are aimed to be unpacked one day after arrival, but this can 

currently not be met. Because of this delay, consequences can appear. Upon 

receiving an incoming box from supplier, the personnel know what products 

it contains based on the order slip. However they do not know if the box 

contains the correct articles or the correct quantity of items. If one of these 

factors would be incorrect, and is never checked, a customer’s order could be 

backordered
23

. 

                                                 
20

 Zanna Samuelsson, warehouse manager, interview 130306  
21

 Authors´ observations 130327 
22

 Authors´ observations 130306 
23

 Pär Aspengren, CEO, interview 130306 
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The warehouse space also lacks a designated area for outgoing deliveries
24

. 

When outgoing boxes are finished at the packing tables, the personnel simply 

throw the boxes in a pile behind them as there is no other place to put them, 

see image 4.2. The same person, who did the packing, later puts the boxes in 

kitting carts and sends them away for transportation
25

. The conveyors used 

are Posten and Schenker. This system also takes unnecessary space as the 

outgoing boxes impair movement in the warehouse. The area where outgoing 

boxes are stacked up is neither structured nor organized
26

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Image 4.1 example of receiving area for incoming boxes 

 

 

 

                                                 
24

 Author’s observations 130306 
25

 Gabriella Werdasor, warehouse personnel, interview, 130306 
26

 Pär Aspengren, CEO, interview 130306 
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Image 4.2 example of outgoing area for delivery 

 

4.1.4 Material handling equipment  

 
Aisles 

The aisles at the NECG warehouse have previously been set by the property-

owner and have not been altered since the start of NECG’s business, although 

these are possible to alter if required
27

. The warehouse aisles are wide enough 

for personnel to go through. But some of these are blocked either by 

unpacked boxes standing on pallets or piles of empty carton boxes lying on 

the warehouse floor. This mostly applies to NordicInk’s aisles as NordicInk’s 

products are of the most disorganized state. But pallets of unpacked boxes or 

piles of empty carton boxes can also be found in the aisles assigned to 

NordicFeel and PetsOnline
28

. 

 

                                                 
27

 Pär Aspengren, CEO, interview 130205 
28

 Authors´ observations 130306 
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Pallets of compressed packages that are placed in inventory also take up 

unnecessary space around the warehouse. After boxes have been compressed 

in the compressing machines, they are placed back in inventory instead of 

being disposed of. The reason for this is that the personnel lack the time to 

dispose the packages. Instead they are placed at different locations in the 

warehouse. These are for example placed in the aisles or on the racks, taking 

up space that could be used for products
29

.  

 

Racks and shelves  

Racks and shelves are the main material holding equipment in the warehouse. 

The warehouse layout is characterized by poor utilizing of rack and shelf 

space, especially for small and loose products. Some racks are well packed 

and take good use of the available space. Although these are few in number 

and do not represent the majority of racks and shelves. Most of the racks do 

not utilize space well. As previously mentioned, the shelf space within the 

racks is not allocated properly. Some shelf levels only hold one or two items 

while others are completely packed, with poor opportunities for identifying 

the article number
30

.  

 

The racking system is very basic in the NECG warehouse. The racks are high 

and consist of several shelf levels
31

. These types store normal sized products 

such as perfumes, ink toners and shampoos. The warehouse also has smaller 

shelves for storage of products. These are fewer in number and hold smaller, 

lighter products such as mascaras, nail polishes and toners. They are 

approximately two meters high and of suitable height for personnel. The 

                                                 
29

 Pär Aspengren, CEO, interview 130306 
30

 Pär Aspengren, CEO, interview 130306 
31

 Pär Aspengren, CEO, interview 130306 
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quality of the racking system is uneven however. The shelves holding small 

and light products are of good quality but the racks holding heavier products 

and packages are of a more deteriorated state. The shelf levels in some of the 

racks appear to break soon
32

. See image 4.7. 

 

 

Image 4.3 example of racks and shelves  
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 Author’s observations 130306 
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  4.4                                            4.5                                                     4.6 

Image 4.4 example of a rack with good utilization of space. Images 4.5 and 

4.6 examples of shelves with poor utilization of space 

 

 

 

 

 

 

 

 

 

 

 

 

Image 4.7 example of rack with deteriorated quality 

 

 

Backs and boxes 



 

 

 

61 
 

Overall in the warehouse there is a small number of backs and boxes for 

storage of loose products. The backs that exist, are simple ones made of cargo 

paper
33

. The lack of steady backs and boxes results in products easily being 

mixed, especially smaller items. Another problem is that loose products are 

not properly marked, thus making it difficult to identify which product is 

which. Also, the system in which loose products are stored today, does not 

utilize the space properly
34

. Image 4.8 below shows that behind each cargo 

back, there is a lot of unutilized space. This type of unused space can be 

found at several places in the warehouse
35

. 

 

          

 

 

 

 

 

 

 

 

 

 

Image 4.8 example of backs                   Image 4.9 example of boxes  
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 Authors´ observations 130306 
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 Pär Aspengren, CEO, interview 130306 
35
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Other material handling equipment 

The material handling equipment in the warehouse is almost entirely manual. 

Except for the use of trucks in some instances, all activities are operated 

through physical labor
36

. Everything from placing products in inventory, to 

picking products, packaging, putting products in kitting carts and sending 

them away for transportation is done manually regardless of product. Kitting 

carts are also used around the warehouse when picking products out from 

inventory or for temporal storage of outgoing deliveries
37

. The electrical 

equipment in the warehouse is computers, scanners and trucks used for 

hoisting. The truck is not used too often, as there are few personnel members 

that hold a trucking license
38

. 

 

 

 

 

 

 

 

 

 

  

 

 

 

Image 4.10 example of kitting cart  

                                                 
36

 Pär Aspengren, CEO, interview 130306 
37

 Sofie Johansson, warehouse personnel, interview 130306 
38

 Pär Aspengren, CEO, interview 130306 
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Coding of material handling equipment 

The different warehouse locations are identified with a code. There is a letter 

for each aisle, beginning with A and ending with R and within each aisle 

there is a number for each rack and a number for each shelf level within each 

rack. There is also a barcode next to each location so that the location can be 

scanned. According to the NECG personnel there is no specific problem with 

the coding system
39

. However through closer observation it can be detected 

that that the coding system is not correct at all locations in the warehouse. 

The letter of the aisle does not always match the actual racks and shelf levels 

within the aisle. Also some shelves within the same rack consist of both even 

and uneven numbers. Thus there is no consistency with the coding system 

throughout the warehouse
40

. When doing the coding system, a possible 

warehouse expansion was not taken into consideration. As a result, aisles 

have been given double letters such as AA or BB when new racks have been 

added
41

. 

 

                                                 
39

 Zanna Samuelsson, warehouse manager, interview 130306 
40

 Authors´ observations 130306 
41

 Zanna Samuelsson, warehouse manager, interview 130306 
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Images 4.11 and 4.12 example of coding 
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4.1.5 Summary of identified problems with warehouse layout 

 

 

Table 4.2. summarizing table of problems identified with the warehouse 

layout 
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4.2 ARTICLE PLACEMENT 

 
4.2.1 Article placement 

The NECG inventory contains products from NordicInk, NordicFeel and a 

small number from PetsOnline. NordicInk’s articles consist mainly of smaller 

products such as ink cartridges, paper and toners. PetsOnline sells products 

for animals and holds the largest and bulkiest products in inventory
42

. 

PetsOnline products need to be kept separately so they do not attract odor 

from other products in inventory. Although there is no odor coming from 

these products today, this matter needs to be taken into consideration when 

planning upon a new layout
43

. NordicFeel’s products are mainly 

characterized by perfumes, makeup and shampoos. These are mainly loose 

and fragile products that can break if placed near bulky products. A customer 

can only order products from each specific company, products of the 

different companies cannot be mixed in one order. Customer orders do not 

often contain the same type of product order, therefore personnel have to 

walk to different areas of the warehouse to pick the products from 

inventory
44

. 

 

There is no specific uniform system for grouping of products in the 

warehouse for all three companies. Products are mainly placed in inventory 

based on company, although this is not consistent throughout the whole 

warehouse. Some products are grouped by function but separating products 

of different characteristics has only been done moderately in the warehouse
45

. 

As seen in image 4.13 below, the storing system is the same regardless if a 
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 Pär Aspengren, CEO, interview 130306 and Authors´ observations 130306 
43

 Pär Aspengren, CEO, interview 130306 
44

 Zanna Samuelsson, warehouse manager, interview 130306 
45

 Pär Aspengren, CEO, Sofie Johansson, warehouse personnel, interview 
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product is heavy or fragile. The lower shelf holds perfume bottles while the 

shelf above holds heavy boxes. Regardless of characteristic, products are 

stored on the exact same type of shelves, close to each other
46

. 

 

The personnel do not use the FIFO principle. The reason for this is that their 

products do not become obsolete
47

. The only type of consideration that is 

taken in regards to article placement, is the contained volume of individual 

products. For example if a perfume bottle exists in both 30 ml and 50 ml, 

these are placed slightly separately so they are not mistaken
48

. 

 

Regardless of product being processed, the same handling procedures are 

applied. Whether it is a toner or perfume being processed all products are 

picked through the same handling procedures from inventory, packaged at the 

same packing tables and sent for transportation in the same manner without 

any changes due to product
49

. 
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Image 4.13 example of article placement 

 

NordicInk’s placement of articles 

NordicInk’s products are the most disorganized out of the three companies. 

The company needs some form of actual suggestion for the placement of 

these products, as for the moment these do not follow any location system at 

all. Few considerations have been given to the specific function or design of 

the products when deciding upon placement
50

. They are placed randomly and 

are not stored in any particular backs or boxes
51

. Incoming deliveries for 

NordicInk are unpacked the least often. The reason for this is that priority is 

given to NordicFeel’s products
52

. There is also more designated personnel for 

NordicFeel than for NordicInk
53

. NordicInk boxes are mainly kept on the 
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warehouse floor, blocking aisles and shelves
54

. Therefore, NECG wishes to 

have an ABC-XYZ analysis done for NordicInk products. NordicInk holds 

the most consistent product range while NordicFeel and PetsOnline products’ 

are characterized by a more shifting nature. The demand for NordicInk 

products does not particularly change and is quite stable throughout the 

whole year. NordicInk would therefore provide a good foundation for an 

ABC-XYZ analysis
55

. 

 

Fixed and floating systems 

When receiving incoming products from supplier, the location of the products 

is found through a computer and the VISMA Administration software 

program. The incoming pallet containing boxes of products from supplier is 

found in the program. The boxes are then unpacked and checked to be correct 

in quantity. This is registered into the VISMA software program and the 

products are loaded onto ktting carts ready to be placed at their specific 

locations in inventory. If this specific location should be full and there is no 

space left on the shelves, incoming products are put on the floor under the 

shelf. They are not placed on any other vacant space in the warehouse
56

. 

Fixed article placement is mostly applied at NECG but when new incoming 

products arrive with no previous designated location, they are assigned 

vacant spaces. This space then becomes a fixed location for that specific 

product. This entails that NECG sometimes also apply a floating system, 

although a fixed location system is the principal method
57

. 
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Picking frequency 

When deciding upon placement, the rate of which products are picked from 

inventory has not been taken into account. Products of high and low 

frequencies are placed together throughout the entire warehouse. There have 

been thoughts of placing products based on picking frequency, but this has 

merely been a topic of discussion and not implemented
58

. 

 

When new products with no previously appointed place, are added to 

inventory, Zanna Samuelsson, warehouse manager chooses a suitable 

location. The decision of placement is then mainly based on wherever a 

vacant space is found. The aim is to place similar products such as shampoos 

or body mists next to each other but the determining factor is usually 

wherever there are vacancies. This place is then registered into the computer 

system, so it can later be located when a new item of the same article arrives. 

The data system does not give suggestion concerning where to place products 

or where there are vacant shelves
59

. The only information it provides is the 

current location of articles and how many that are in stock. Incoming 

products are as previously mentioned always put at the exact same location as 

before, regardless if there is space or not
60

. 
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4.2.2 Summary of identified problems with article placement 

 

 

Table 4.3 summarizing table of problems identified with the article placement 
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4.3 SUMMARY OF EMPIRICAL INFORMATION 

 

 

Table 4.4 summarizing contents of empiricism 
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5. ANALYSIS 
This chapter will discuss and compare the theoretical and empirical findings 

discovered. The chapter is structured based on the four research questions of 

this thesis. Section 5.1 of the analysis will refer to questions 1 and 2 and 

section 5.2 of the analysis will refer to questions 3 and 4. 

 

 

5.1. How does NECG’s current warehouse layout look like and 

what problems can be identified? How can NECG’s current layout 

be improved? 

 
Either by examining NECG’s sales numbers or by spending a day in the 

warehouse it is apparent that the company is facing an expansion, and will 

need to prepare its warehouse to handle a larger volume of sales. Thus it 

becomes even more apparent that the warehouse layout of today, in terms of 

input and output doors, receiving and outgoing areas, material handling 

equipment and article placement will not accommodate an expansion. The 

warehouse is already of a disorganized state, and will be even more 

unorganized if the company keeps expanding and nothing is done to renew 

the layout or placement of articles. There are different aspects of the 

warehouse that are in need of change. 

 

There is a great deal of unutilized space in various locations of the warehouse 

and Pär Aspengren estimates only 60-70% of the space available to actually 

be utilized
61

. According to Bragg (2004) once 80% of the storage space is 

filled the effectiveness of the warehouse operations should usually decline. 

As NECG only uses 60-70% of the actual storage space, there should in 
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theory not be any declines in warehouse operations yet. However at the 

NECG warehouse, problems do exist. 

 

A spiral can be detected with NECG’s problems. Their main problem is poor 

utilization of space. The reason for this is that the warehouse is unstructured 

and disorganized. A reason for this disorganization is that the warehouse 

lacks a proper layout and a coherent system for article placement. This 

problem can also be viewed upon from an opposite direction, and it can be 

stated that it is the disorganization that leads to incoherent article placement 

and thus poor utilization of space. Another problem they have is the lack of 

time for unpacking boxes or to clean up empty boxes lying on the warehouse 

floor, which was something observed, when the authors spent a day working 

in the warehouse. Instead these boxes stay on the warehouse floor, blocking 

aisles and shelves causing restricted movement
62

, once again leading to the 

lack of organization and structure problem. 

 

To do something about this, NECG’s initial response is to rent additional 

square meters to the warehouse
63

. This might be a temporary solution, but it 

will not work in the long run if the company continues to expand at the same 

rate as they are today. Instead they could combine renting more space as an 

initial step and then combine it with those suggested actions given in this 

thesis toward space utilization. 

 

5.1.1 Warehouse layout 

According to de Koster et al. (2007) the first thing to remember when 

planning a layout is to consider the already existing facility. When NECG 
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initially rented the warehouse area no thought was given to the layout or 

where articles were placed
64

. There are several theoretical suggestions 

provided for designs of warehouse layout. It can be argued that the layout, 

which ought to be chosen, is the one that complies with the specific 

characteristics of a certain warehouse. The NECG warehouse is distinguished 

by few complex operations. All operations, from unpacking of incoming 

boxes, picking products in and out of inventory to packaging of customer 

orders are made manually
65

. Because of the company’s simple warehouse 

nature, a simple layout such as a flow shop layout should be suggested for 

improvement. Hassan (2002) mentions that a flow shop layout is particularly 

beneficial for warehouses where the majority of products require the same 

type of handling procedures. NECG would benefit from a flow shop layout 

because the majority of products passing through the NECG warehouse 

require the same type of handling procedure and follow the same sequence. 

Personnel member Antonia Freij mentioned that regardless if it is a toner or 

shampoo that is being processed for an order, all products are picked through 

the same handling procedures from inventory, packaged at the same packing 

tables and delivered in the same manner without any differences
66

. A flow 

shop layout also allows zones such as receiving, packing and outgoing areas 

to be placed next to each other (Hassan 2002). NECG could benefit from 

placing these important zones close to each other, see figure 6.2 in chapter 6. 

These zones are today either missing or located at different areas in the 

warehouse and thus not creating an efficient warehouse flow. 

 

                                                 
64

 Pär Aspengren, CEO, interview 130205 
65

 Sofie Johansson, warehouse personnel, interview 130306 
66

 Antonia Freij, warehouse personnel, interview 130327 



 

 

 

76 
 

The NECG layout today is similar to the warehouse Glock and Grosse (2012) 

define as warehouses with parallel shelves separated by horizontal and 

vertical aisles. To improve the warehouse flow, Hassan (2002) recommends 

implementing a U-shaped warehouse. Hassan (2002) claims that a U-shaped 

warehouse is of top importance for well-functioning warehouse operations 

and is in particular of good use in combination with a flow shop layout. 

Therefore, it can be argued that NECG should consider redesigning their 

current layout to a U-shape. There is extra space available, which NECG 

could rent to form a U-shaped layout
67

. It is not to be recommended for 

NECG to continue to rent extra space when dealing with future space 

utilization problems, however as an initial first step this could be 

recommended. See image 6.2 in chapter 6 of how a U-shaped combined with 

a flow shop layout could possibly be constructed for NECG if they add more 

space to the current layout. Although there are other suggestions available for 

warehouse layout such as the L-shaped (Ashayeri et al. 2002) or the S-shaped 

layout (De Koster & Van Der Poort 1998), this layout could benefit NECG 

more in terms of gaining a more logical flow. In particular if the zones 

mentioned earlier were placed in the following sequence: input door, 

receiving area, storage, packaging tables, outgoing area and output door. This 

could contribute to a more natural flow in the warehouse.  

 

Nonetheless this does not mean that the other types of layout are irrelevant. 

NECG could by applying a U-shaped layout as the principal form, also 

incorporate an S-shaped layout within the aisles, so the picker skips the aisles 

where nothing is to be picked. This could save time in the picking processes 

of the warehouse.  
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Bragg (2004) mentions that the idea behind a U-shaped layout is that 

“moving products” should not cross each other or else bottlenecks can be 

created. Therefore it can be argued that implementing a U-shaped layout at 

NECG would prevent personnel from crossing each other when carrying out 

different activities in the warehouse and thus minimize bottlenecks. Aisles 

would then be free and personnel could with increased mobility pick products 

out of inventory and time would be saved. Placing significant zones such as 

input door, receiving area, storage, packaging tables, outgoing area and 

output door in an adjacently logical order could also reduce the travel 

distance between these zones. Thus, more time would be available for other 

activities such as picking up empty boxes lying on the warehouse floor or 

disposing of the compressed packages left in racks. In terms of future 

expansions Bragg (2004) mentions that a U-shaped layout is to be preferred 

as new aisles can easily be added to the warehouse. 

 

5.1.3 Input and output doors 

Another layout problem observed by the authors is that there only is one door 

for both incoming and outgoing deliveries
68

. Cullinane et al. (1994) mention 

that having more than one door at a warehouse is essential to reduce delays 

and provide routing flexibility and shipping. Although NECG might not be 

experiencing any particular problems today with their input/output door, this 

could change if the company continues to expand. If the company increases 

its sales volumes, the lack of separate doors for incoming and outgoing 

deliveries can cause traffic and increased chaos. Therefore it is recommended 

for NECG to consider this matter when planning upon a new layout. 

According to Hassan (2002) the most appropriate positioning of input and 

output doors in a U-shaped layout, is at the same side of the warehouse. This 
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would help NECG to position the receiving, packing and outgoing areas more 

logically and thus achieve a better functioning warehouse flow. See the 

suggested warehouse layout for NECG in figure 6.2 in chapter 6, where the 

input/output door has been separated and placed at the same side of the 

warehouse. 

 

5.1.4 Receiving and outgoing area 

Oskarsson et al. (2006) and Bragg (2004) recommend designating some form 

of receiving area in the warehouse layout where incoming products can be 

temporarily stored. This suggestion is something that NECG should put great 

emphasis on. This is because NECG is today lacking a designated receiving 

area in the warehouse, which through authors observations appears to cause 

bottlenecks in the warehouse flow. Personnel have difficulties passing 

through the warehouse, and boxes, pallets and kitting carts are blocking the 

aisles. Pallets maintain on the warehouse floor thus hampering warehouse 

operations
69

. Once again the space utilization problem has to be highlighted. 

Personnel do not have anywhere specific to place incoming pallets, thus 

placing them wherever a vacant spot can be found in the warehouse. 

Therefore the lack of a receiving area can be seen as a major contributor to 

the poor space utilization problem.  

 

It is not only pallets and kitting carts that take up space in the aisles. It was 

observed by the authors that when boxes are unpacked, empty cartons are 

thrown on the floor blocking yet more aisles, racks and shelves
70

. It is 

important that a receiving area is planned so the pallets and kitting carts have 
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a designated area, and the empty cartons left from unpacked boxes can 

temporarily be placed somewhere remote. 

It can be recommended for all three companies to have a designated zone 

within the receiving area. Incoming deliveries for NordicInk in particular, are 

unpacked the least often out of the three companies, and therefore not 

checked regularly whether they are correct in quantity or design
71

. Oskarsson 

et al (2006) mention that if incoming products are not directly registered into 

a computer system, a temporal error happens in the inventory balance. This 

creates shortages and increases chances for backorders. It can be argued that 

if a designated zone within the receiving area is provided to each company, 

more structure is gained. Even though there might not be sufficient time for 

unpacking boxes immediately as they arrive, the receiving area will be of an 

organized state. Thus whenever there is time for it, boxes can easily be 

identified in the receiving area, checked and counted and registered into a 

computer system so no errors occur in the inventory balance. 

 

According to Bragg (2004) the size of the receiving area depends on whether 

it is possible to schedule the arrival time of orders. Determining this is not 

completely possible for NECG, as they only get an estimated arrival time for 

orders
72

. Therefore it could be recommended for NECG to have a large 

enough receiving area to be able to accommodate a fairly large number of 

incoming pallets. Especially if there is no time to unpack everything the same 

day as arrival. If this area is not sufficiently large, the personnel could once 

again end up placing incoming pallets in the aisles. Also, placing the 

receiving area close to the input door will create a more logical flow, as 

incoming deliveries will not require too much travelling nor disturb other 
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warehouse operations. See figure 6.2 in chapter 6 for an illustrative image of 

this. 

The warehouse layout today seems to lack a proper outgoing area. The 

packaging area consists of 12 packaging tables and from observations and 

interviews, there appears to be no bottlenecks in these areas
73

. However the 

authors observed that after products have been packed there is no designated 

place to temporarily store the kitting carts holding outgoing deliveries, and 

packaged boxes are thrown in a pile behind the packaging table
74

. According 

to Muriel and Ruiz-Benitez (2006) an outgoing area is required to achieve an 

effective flow in the warehouse. NECG cannot continue to throw outgoing 

deliveries on the floor behind them after they have been packed. In order to 

create a well-functioning warehouse it is essential to have a proper outgoing 

area. Furthermore the location of the packaging tables needs to be 

reconsidered. Today the packaging area is placed far away from the 

input/output door
75

. When planning upon a new layout it is recommended for 

NECG to place the packaging tables next to the outgoing area and to place 

both of these areas close to the output door, to minimize travel distances and 

to gain a more natural flow in the warehouse. See figure 6.2 in chapter 6. A 

U-shaped layout combined with a flow shop layout would aid the company in 

achieving such an objective. Furthermore, deliveries going with Schenker and 

Posten should be separated in the outgoing area in order to gain more 

structure. 

 

5.1.6 Material handling equipment 

According to Roodbergen et al. (2008), companies should choose the 

material handling equipment that is most appropriate to its purpose. Factors 
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such as warehouse space, storage options and picking equipment for order 

picking should be determined. NECG started as a small e-commerce 

company and has with their emergence continued to keep the starting point 

storage area of 2500 square meters
76

. This storage space can increase if 

necessary, but as previously mentioned the company should also consider 

other options. Rearrangement of space can be considered. Aisles should 

according to Roodbergen et al. (2008), de Koster et al. (2007), Manzini, 

Gamberi and Regattieri (2007) be decided upon. The main focus should be 

the length and width of these aisles. The aisles at the NECG warehouse have 

previously been determined by the property-owner and have not been altered 

since the start of the business, although this is possible to do
77

. If NECG is 

planning upon a new warehouse layout, they should alter the positioning of 

the aisles to form a U-shaped layout. 

 

Depending on which products that is to be stored and the volume of these, 

different storage options should be applied (Crocker, Jessop & Morrison 

2012). According to Waters (2003) a manual warehouse holds the simplest 

form of material handling equipment, as the personnel themselves walk 

around the warehouse and pick orders. Therefore, Waters (2003) mentions 

that it is important for the equipment to be of suitable height for personnel to 

reach. The NECG personnel pick products manually from inventory and the 

racks and shelves are of appropriate height and width for the personnel to 

reach
78

. However through observations, it was detected that the main problem 

with these rack and shelves is the poor utilization of space
79

. The racks in 
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particular, are distinguished by a great deal of empty space. In addition to 

that, some of the racks are of poor quality and their wooden shelves appear to 

break at any time. Bragg (2003) emphasizes the importance of having good 

quality racks in the warehouse. Today the main material handling equipment 

of NECG warehouse is racks
80

. It can be argued that NECG should consider 

implementing other storage options as well, in order to get the most out of the 

warehouse space. Some racks could if possible be replaced with smaller 

shelves. Of course a certain number of racks must maintain in order 

accommodate future increased levels of inventory. But NordicFeel could 

beneficially replace some racks with shelves for storage of smaller products 

such as nail polishes.  

 

The racking system could utilize space even better with the combination of 

backs and boxes as storage options. TFK (2002) and Lambert and Stock 

(2000) recommend using backs and boxes for storage of smaller products. 

This is something that NECG could apply more extensively, as through 

observations it has been detected that there are currently only a few backs and 

boxes present at the warehouse
81

. Backs and boxes could in particular be 

useful for loose and small items to avoid mixing up products and thus to 

avoid errors in the inventory balance, also backs and boxes will facilitate the 

order picking. However Lambert and Stock (2000) mention that the use of a 

back shelving system can create unused space. This can be seen as a setback 

for NECG’s as their aim is to maximize their use of space. But it can be 

argued that in NECG’s case, the structure gained by implementing backs and 

boxes overpowers the setback of losing some space. The reason for this is 
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that structure can be a well-equipped tool to resolve the poor utilization of 

space problem. 

 

 

Another storage option is modular storage drawers that can bring positive 

effects to NECG. According to Lambert and Stock (2000), modular storage 

drawers act as backs, but do not create as much unused space. According to 

Lambert and Stock (2000) the difference between backs and modular storage 

drawers is that backs are portable, while modular storage drawers are fixed in 

one location. NordicFeel could benefit from a modular storage, as this option 

reduces the risk of mixing products or errors occurring in the inventory 

balance, especially for their smaller products. NordicInk and PetsOnline 

could also apply this storage option to smaller products with a low picking 

frequency. Modular storage could be an appropriate option, in particular for 

NordicInk toners. This could make storage simpler, the products could be 

found more easily and there would be fewer problems in terms of 

misplacement of products. 

 

Coding of material handling equipment 

There is a code assigned to every location in the warehouse. During the 

interviews it emerged that the coding system was well constructed and 

working correctly
82

. However through closer observations by the authors it 

became clear that the coding system is in fact incorrect. The letters on the 

aisles do not always match the letters of the actual shelves within the aisles 

and some shelves consist of even numbers and some uneven. In some areas 

                                                 
82

 Zanna Samuelsson, warehouse manager, interview 130306 



 

 

 

84 
 

shelf numbers are missing and overall there is some level of inconsistency in 

the coding system
83

. 

 

Having an inconsistent coding system may indicate an unnecessary use of 

time. If the warehouse would apply a correct location system such as the one 

Bragg (2004) and TFK (2002) recommend - naming a letter to each aisle, 

followed by a number for each rack within the aisle and a letter for each level 

within the rack, a more logical and time beneficial system would be applied. 

NECG will eventually have to acknowledge their incorrect coding system if 

they want to achieve some form of structure in the warehouse. Bragg (2004) 

mentions that for a coding system to work it is important to have a code 

assigned to every possible location. Although there are codes assigned to 

every location at the NECG warehouse, of what use are they if they are 

incorrect or incoherent? Bragg (2004) also mentions the importance of 

including any possible warehouse expansions into the planning process. 

Aisles have previously been added to the NECG layout, thus changing the 

letters of some aisles from A or B to AA or BB
84

. This method could be 

applicable when adding only one or two aisles to the warehouse. However 

when planning upon a new layout, any possible future expansions should be 

included in the arrangements. Otherwise structure is lost and it can be harder 

to find locations, in particular if the volumes of sales increase. 

  

                                                 
83

 Authors´ observations 130306 
84

 Zanna Samuelsson, warehouse manager, interview 130306 



 

 

 

85 
 

5.2 What is NECG’s current article placement? How should NECG 

generally and NordicInk specifically place their articles? 
 

5.2.1 Storage zones 

There are a number of proposals found in literature, which NECG could 

apply when designing their new layout. Bragg (2004) recommends deciding 

upon which specific storage and handling equipment that is required for each 

article and then to organize the warehouse, by placing each article into 

different storage zones. This is essential for well-organized storage. 

However, applying this method to each and every article in inventory will 

probably not be efficient in terms of time, considering the fact that NECG’s 

inventory holds a great range of articles. Instead this method could be altered 

by first grouping articles based on what either Arnold et al. (2008) and de 

Koster et al. (2007) recommend; function or design, and later determining 

which specific storage and handling equipment that is required for each 

company product group instead of each individual article. Although company 

is the principal way products are grouped and placed in the warehouse today, 

this is not coherent. For example, it can be detected from figure 6.1 in chapter 

6 that one rack holds products for NordicFeel, the next one holds products for 

NordicInk and the following one once again holds products for NordicFeel. 

Grouping the placement of products based on function or design is vaguely 

happening in the warehouse today
85

. The authors observed that there are 

locations in the warehouse where for example shampoos are placed together, 

or where different products of the same brand are located next to each other, 

but this is not coherent throughout the whole warehouse
86

. As can be seen 

from the images in chapter 4 the warehouse is of a disorganized nature. If 
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they were to apply Bragg’s (2004) storage zone method, they would have to 

strictly maintain these zones and not mix and match different companies and 

product groups. But a problem with this method is that it does not incorporate 

the picking frequency of products, which according to a number of 

theoretical references (Scholz-Reiter et al. 2012; Glock & Grosse 2012; de 

Koster et al. 2007; Oskarsson et al. 2003) is an important factor for a well-

functioning and structured warehouse.  

 

The storage zone method would probably make products easier to find, as 

they would be assigned fixed locations. However the method implies that 

products of different picking frequencies would be placed in different 

locations within these zones. A customer order of NECG does not always 

contain the same type of products. Today, the personnel will have to walk to 

a number of different areas to pick different types of products for an order, 

which is time consuming
87

. Therefore a valuable suggestion for NECG is to 

follow Arnold et al. (2008), Oskarsson et al.  (2006) and de Koster et al. 

(2007) advice and group products based on how often they are picked from 

inventory after applying Bragg’s suggestion of allocating the warehouse into 

zones. Product picking frequencies will be further discussed later on in this 

chapter.  

 

5.2.2 Article Placement and fixed and floating location systems in general 

The way products at NECG are assigned places in inventory today is through 

what de Koster (2007) refers to as open location storage. Upon arrival, new 

products that do not previously exist in inventory are usually placed wherever 
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the personnel can find an empty location and the location is then registered 

into a computer system. This location then becomes fixed
88

. 

 

The subject of article placement cannot be discussed without including the 

question of fixed versus floating location systems. Which one is to be 

preferred? Perhaps there is no accurate answer to this question and it is 

instead up to the specific situation at hand. There are positive aspects 

associated with having a fixed location system, which is the main principle 

system applied at NECG today, although some form of floating system is 

detected for new products
89

. The fixed system gives a straight overview of 

what products that exist in inventory and counting of products is simplified 

(TFK 2002). According to Arnold et al. (2008) a fixed location system 

contributes to a more organized warehouse as products are easier to find. This 

is true as keeping products in the same place will eventually help personnel 

remember the location better and find it faster, however in NECG’s case, 

their biggest problem is poor utilization of space due to disorganization in the 

warehouse. In a fixed location system, space is reserved for each product 

even if the product is out of stock (de Koster et al. 2007). One conclusion to 

draw from this is that a lot of space then goes to waste, which is a major 

problem for NECG.  

 

Through observations it was detected that some shelf areas are overloaded by 

products, while there are other shelf areas that are almost completely empty, 

which leads to NECG not using the available space properly
90

. To do 

something about this, the company’s initial response is to add meters to the 
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warehouse
91

. This is a solution that might work for the time being, but will 

not sustain in the long run if the company continues to grow at the same pace 

as today. The company should instead combine renting more space as a first 

step and then combine it with other options presented in this thesis on space 

utilization. Otherwise chances are that NECG will continue to rent additional 

space the more the company expands, and disregard the idea of taking better 

use of the space they already have. 

 

Due to unnecessary air between articles and uneven distribution of storage, 

space is not utilized properly in the warehouse, and according to Arnold et al. 

(2008), de Koster (2007) and TFK (2002) poor space utilization is a common 

negative consequence of the fixed location system. Therefore it may be seen 

as necessary for NECG to implement a more floating location system to 

inventory. In a floating location system products are placed wherever space is 

available. The picking frequency is then more accurate as the location of the 

products is based on how often they are picked from inventory (Arnold et al. 

2008; Oskarsson et al. 2008). Why a floating location system is necessary for 

NECG will be argued for later in this chapter when discussing the ABC-XYZ 

analysis for NordicInk’s products. 

 

Moving on a concern with the floating location system is that the personnel 

would have a harder time finding the products because new locations are 

continuously assigned to existing products. With the fixed location system, 

this problem does not exist as each product has one location thus finding an 

article is easier and time is saved (Arnold et al. 2008; de Koster et al. 2007; 
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TFK 2002). A problem facing the NECG warehouse is time constrain
92

. 

Incoming boxes were observed to be left unpacked on the floor because of 

scarce time for unpacking
93

, and a fixed location would save time on finding 

products faster. However, it is important to once again mention that NECG’s 

biggest problem is poor utilization of space, and it can be argued that this 

factor is a major contributor to the time constraint problem. If NECG would 

apply a floating location system, more space would be available in the 

warehouse for temporal storage of incoming products, and incoming boxes 

would not block the shelves and aisles and cause immobility. With less 

immobility, movement in the warehouse could become more operative. There 

would also be more structure and space available in inventory. 

 

Another factor that endorses the floating system is that unlike the fixed 

system, it supports the FIFO-principle. The fixed system increases the 

chances for obsolescence due to long product storage time (Oskarsson et al. 

2003) Even though Pär Aspengren maintains that their products are not in 

risk of obsolescence
94

, the opposite can be argued for. According to Hedén 

and McAndrew (2005) beauty products can become obsolete. Although 

NECG’s products do not run the highest risk of becoming obsolete, ink, pet 

food, mascaras and perfumes do not last forever and do have a best before 

date. Therefore NECG could take use of Oskarsson et al. (2006) idea and 

empty one shelf area completely and to place incoming products on a 

different shelf. This can help personnel identify, which products are new in 

inventory and what products are old. Ignoring the FIFO-principle could work 

for the time being but if the company is going to expand in the future and 
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have more products added to inventory, the FIFO-principle has to be 

considered eventually. Oskarsson et al. (2006) mention that otherwise 

products can be of risk for obsolescence as a result of long storage time. 

Therefore the idea of applying a FIFO system at the NECG warehouse should 

be argued for, and thus a floating system could benefit the personnel in 

keeping track of products. 

 

5.2.3 ABC-XYZ analysis and fixed & floating systems specifically in terms of 

picking frequency 

An objective NECG has is to minimize the time traveled for performing 

different activities such as reaching the input/output door or picking products 

from inventory
95

. An important part of achieving this objective is to 

implement a new system for where articles are placed in inventory. 

Achieving a good level of structure in the warehouse and a proper way of 

placing articles is essential to counteract the current state of chaos in the 

warehouse. 

 

A noted weakness with NECG’s article placement system is that the picking 

frequency of products is not taken into account when deciding upon 

placement of articles. In particular, this applies to NordicInk’s product range. 

NordicInk is characterized by the most disorganized product range as it is 

responsible for most of the unpacked boxes staying on the warehouse floor, 

and when deciding upon article placement little thought has been given to the 

specific function or design of the products. Some consideration in terms of 

function or design has been given when assigning places to products of 

NordicFeel or PetsOnline, but this is somewhat lacking for NordicInk
96

. 

Lambert and Stock (2000) recommend recognizing the specific differences 
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with each product and then planning the warehouse layout based on the 

product differences. Lambert and Stock (2000) mention that often times 

managers make the mistake of treating all products equally. This negligence 

has been detected with the placement of NordicInk’s products because of the 

reasons mentioned above. Therefore, an ABC-XYZ analysis for NordicInk’s 

products has been made to help NECG understand why it is beneficial to base 

article placement on picking frequencies. 

 

The ABC-XYZ analysis is based on information on products’ article code 

and the number of times the articles have been picked from inventory. The 

numbers date from the previous year. 

 

Figure 5.1 below is a sample of the ABC-XYZ analysis (see attached disc for 

the complete ABC-XYZ analysis, this sample only represents a few numbers 

from each frequency group) and figure 5.2 is a diagram of the ABC-XYZ 

results. The analysis shows how many picks that are made per article. 
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Figure 5.1 extract of ABC-XYZ analysis for NordicInk 

 

In total there are 4151 articles. X-products are distinguished by a high 

picking frequency. The highest picked article has a picking frequency of 

3399/per year. If this is distributed on a monthly and daily basis, the article is 

picked on an average of 283 times a month and 9 times a day. The final 

article considered to be high frequent was picked 225 times in the past year. 

Y-products stand for products with an average picking frequency. The 

highest picked article considered to be of average frequency was picked 222 

times in the past year, 19 times in a month and 0,6 times a day. 
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Z-products stand for products with a low picking frequency. The highest 

picked article considered to be of low picking frequency was picked on an 

average of 47 times a year, 4 times a month and 0,13 times a day. Some of 

the Z-products have only been picked once from inventory over the past year. 

See figure 5.2 below. 

 

Article Picking 
frequency 

Highest picking 
frequency/year 

Highest picking 
frequency/month 

Highest 
picking 
frequency/day 

X High 3399 283 9 

Y Average 222 19 0,6 

Z Low 47 4 0,13 

 

Table 5.1 highest picking frequency of X,Y,Z-articles for NordicInk 

 

The results of NordicInk’s ABC-XYZ analysis support the principal logic 

behind Pareto’s principle which is that 20 % of the company’s articles stand 

for 80% of the total sales (Arnold et al. 2008; Lambert & Stock 2000; Silver, 

Pyke & Peterson 1998). From the ABC-XYZ diagram (see figure 5.2) it can 

be detected that only 8.8% of 4151 articles are frequently picked from 

inventory. That is only 8.8% of articles stand for 80% of the cumulative order 

lines. The remaining 91.2% of articles stand only for 20% of the cumulative 

order lines. Figure 5.4 shows the actual number of articles belonging to each 

product group from a total of 4151. Thus, it can be argued that since Pareto’s 

principle in this case is correct, recommendations in terms classifying articles 

based on picking frequency is to be recommended for NECG. This discussion 

will continue below. 
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Figure 5.2 diagram of ABC-XYZ analysis for NordicInk 

 

 

Figure 5.3 dispersion of X,Y,Z articles for NordicInk 
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So where in the warehouse should NordicInk place their X, Y, Z articles? 

Bragg (2004) recommends applying high picked products a fixed location so 

that personnel can memorize the place better and find the products faster. 

Hassan (2002) and TFK (2002) on the other hand recommend applying fixed 

locations to low frequent products and floating locations to high. It may seem 

like the answer to this question depends on the situation and the number of 

articles in question. In the case of NordicInk, it can arguably be more 

beneficial to use a floating location for high-frequency products. The specific 

suggestions given for X,Y,Z products of NordicInk can also be beneficial for 

all of NECG’s companies. Arguably, the products most often picked from 

inventory can also be seen as the most demanded by customers, regardless of 

company. Hence, these products will be refilled more often than low-picked 

products. If high-picked products are given a fixed location, it will be more 

difficult to keep track of what was refilled yesterday and what came in a 

month ago. A floating location system could favor this problem and thus the 

FIFO-principle discussed earlier could become a useful tool. Therefore 

NECG could benefit from applying a floating location system, not just to 

NordicInk but also to NordicFeel and PetsOnline’s high-picked products. 

Oskarsson et al. (2008) also recommend placing high-frequency products at a 

place with easy and quick accessibility. 

 

Glock and Grosse (2012), de Koster et al. (2007), Bragg (2004) and Sims 

(1991) recommend placing the most frequently picked products close to the 

packing tables or input and output doors, as this will eliminate personnel 

travel time. Therefore it could be recommended for NECG to place 

NordicInk’s X-articles in adjacent locations, high enough on the shelves for 

personnel to reach. This could eliminate walking time as all high-picked 

products are located at the same place near the packaging table. It should be 
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more important for NECG to place their high-frequent products near the 

outgoing area and this area close to the output door, than to place high-

frequent products near the input door. See figure 6.3 in chapter 6. It is 

important to mention that the reason for why NordicInk’s high-frequent 

products appear to be placed closer to the receiving area, than the outgoing 

area in figure 6.3, is because of the designated company zones. NordicFeel’s 

company zone is placed closest to the outgoing area because they hold the 

most products in inventory. Therefore, NordicInk’s company zone is further 

away from the outgoing area but in terms of product frequency, the X-articles 

of NordicInk are nearer the outgoing area than the Y-articles. 

 

Moving on, the receiving area should preferably be placed near the input 

door. A more logical flow will be achieved if the packaging tables are closest 

to the output door, and the receiving area is closest to the input door. See 

figure 6.2 in chapter 6 for an illustrative image of this. 

 

According to Chou et al. (2012), de Koster et al. (2007) and TFK (2002) a 

fixed system helps personnel remember where products are located and thus 

the products can be found faster. However, as previously mentioned the 

ABC-XYZ analysis for NordicInk’s products (see figure 5.3) showed that 

merely 8.8% of all 4151 articles were characterized as X-articles and were 

often picked from inventory. Therefore it can be argued that applying a 

floating location to NordicInk’s highest picked products will not impair the 

personnels’ ability to remember or find locations, as these products are only 

few in numbers. This argument is supported by Oskarsson et al. (2006) who 

mention that often only a few products held in inventory hold a high picking 

rate. The majority of NECG’s products is low frequent-picked products, and 

would withhold their fixed locations. By applying a floating system to 
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NordicInk’s high frequent-products, space would be better utilized while at 

the same time travel distances would be minimized, as high-picked products 

are located next to each other. Therefore applying a floating system to 

NordicInk’s high frequent-products can be seen as the most beneficial for 

NECG. It can be argued that this system could be even more effective if 

applied in a flow shop warehouse layout, as this type of warehouse supports 

the idea of placing significant warehouse zones next to each other. 

Depending on the product characteristics, a floating location system could 

also be applied to Y-articles. Y-articles that are similar in terms of function or 

design could be given a floating location and placed close to X-articles. 

 

But for Z-articles, a fixed system is to be recommended. TFK (2002) 

recommends low-frequent products to be placed next to each other in fixed 

locations in the warehouse, preferably in a more remote area. As NordicInk’s 

Z-articles are probably seldom ordered by customers and rarely picked from 

inventory, these articles can benefit from a fixed location system. Oskarsson 

et al. (2008) claim that the lower the picking frequency, the higher up on the 

shelves and farther away the articles should be stored. Z-products should 

therefore be kept in remote areas of the warehouse so they do not disturb the 

flow of high-frequent products. See figure 6.2 in chapter 6. Priority in terms 

of space and location should instead be given to products that are frequently 

picked from inventory, thus reducing bottlenecks and improving the flow of 

warehouse operations. 

 

However if NECG would decide to implement a floating location system for 

high-frequent products, one major drawback would be the fact that the 

company lacks an up-to-date information system regarding vacant storage 

spaces. An up-to-date information system regarding vacant storage spaces is 
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according to Arnold et al. (2008) and Oskarsson et al. (2006) important for a 

well-functioning floating system. If NECG would decide to implement a 

floating location system, they would need to renew their data information 

system to also include up-to-date data on vacant shelf spaces in inventory. 

This could be seen as time consuming and costly. But as the company’s main 

aim is to utilize warehouse space better, this could be seen as a good 

investment for the future, and in the long run is less expensive than 

continuing to add extra space to the warehouse. 

 

Chen et al. (2012), de Koster et al. (2007), Bragg (2004) and Lambert & 

Stock (2000) all mention that positive effects gained from classifying articles 

based on picking frequency will save time and help a company determine 

how important each article is and where it most appropriately can be placed. 

NECG’s main problem is poor space utilization and the root to that problem 

seems to be a lack of structure and time. Or perhaps it is the lack of structure 

that contributes to poor space utilization. Regardless of reason, placing 

articles based on picking frequencies could be a good starting point when 

determining a new layout. However for this system to work devoted and 

active personnel will be required. Bragg (2004) mentions that placing articles 

based on ABC-classification will result in short term chaos and require a 

great deal of personnel labor. As the NECG warehouse already is 

distinguished by a great deal of chaos, the management has to fully be 

onboard and require structure and discipline for this system to work. 

Otherwise implementing an ABC-XYZ classification system for placement 

of articles could result in an even more unstructured warehouse that may be 

hard to recover from. 
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Today products of different picking frequencies and physical characteristics 

are placed together in the NECG warehouse
97

. Bragg (2004) mentions the 

importance of structured product grouping and does not recommend placing 

fragile and bulky products next to each other. NECG does not fully follow 

this. Although products of different characteristics are separated in terms of 

being placed on different shelf levels within a rack, bulky products are still 

placed on shelves above fragile products, and these shelves appear to break at 

any time (see image 4.13 in chapter 4). Also Hassan (2002) mentions the 

importance of separating odor-producing products from other products in 

inventory. This is a factor that needs to be considered when planning upon a 

new and improved layout for NECG, in particular for PetsOnline products as 

these products should be placed separately so they do not attract odor. 

 

Bragg (2004) mentions that placing products with different physical 

characteristics close to one another will encourage a disorganized 

environment. Products with different characteristics therefore need to be 

separated based on their physical attributes (Bragg 2004). In some way 

however, this concept could counteract the notion of placing high/low 

frequent products together which is a method recommended by the 

proponents of the ABC-XYZ classification (Scholz-Reiter et al. 2012). This 

is because products of high/low frequency could be of different physical 

appearances. Therefore a balance needs to be achieved. NECG could 

incorporate placing products of similar physical characteristics together with 

the products’ picking frequencies. The products could first be grouped based 

on picking frequency and thereafter also be grouped based on physical design 

or function to gain the most optimal solution. This should be applied to each 
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specific company and the racks and shelves holding products for the three 

different companies should be kept separated. By doing this, NECG should 

gain useful structure and maximize the use of space in order to prepare the 

warehouse for any future expansions and growth. 
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6. SUGGESTED ACTIONS FOR 

IMPROVEMENT 
This chapter will provide concrete suggestions on how NECG can design 

their warehouse layout based on the discussions carried out in the analysis 

chapter. The suggested layout will be based on a combined U-shape and flow 

shop design. Specific recommendations will also be provided for where 

NordicInk should place their articles based on picking frequencies.  

6.1 Current warehouse layout 
The figure below shows the current warehouse layout and article placement 

at NECG. To recap from chapter 4, the thicker lines represent racks and the 

thinner lines represent shelves. The purple lines represent racks and shelves 

for NordicFeel, the blue represent racks and shelves for NordicInk and the 

green represent a rack for PetsOnline. 

 

Figure 6.1 current warehouse layout and article placement 
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6.2 Suggested warehouse layout 
The figure below shows the suggested warehouse layout for NECG based on 

the analytical discussions in chapter 5. 

 

Figure 6.2 suggested warehouse layout and article placement based on 

analytical discussion 
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The suggested changes from the current warehouse layout are: 

 

 Move the aisles to form a U-shaped layout. Apply the principles of a flow 

shop layout and place important zones adjacently. Suggested layout is 

mainly based on available racks and shelves, although more shelves have 

been added for storage of small products. 

 Add two separate doors for incoming and outgoing orders. 

 Designate one receiving area and one outgoing area. 

 Move the packing tables so they are near the outgoing area and output 

door. 

 Allocate the warehouse space into zones based on company. 

 Allocate article placement within these zones based on picking frequency. 

X-articles hold a high picking frequency and should therefore be placed 

in nearby locations close to the outgoing zone. The same applies to Y-

articles. Z-articles hold a low picking frequency and should be placed in 

remote locations. See figure 6.1 below
98

. 

 

Article Picking 
frequency 

Highest picking 
frequency/year 

Highest picking 
frequency/month 

Highest 
picking 
frequency/day 

X High 3399 283 9 

Y Average 222 19 0,6 

Z Low 47 4 0,13 

 

Table 6.1 highest picking frequency of X,Y,Z-articles for NordicInk 
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 The reason for why NordicInk’s high-frequent products appear to be placed closer to the 

receiving area, than the outgoing area in figure 6.3, is because of the designated company 

zones.  

In terms of product frequency, NordicInk's X-articles are nearer the outgoing area than the 

Y-articles, within the company zone. 
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 Allocate a specific number of aisles to each article group for NordicInk. 

The reason for assigning the specific number of aisles, in the suggested 

layout, to each article group of NordicInk is because of the numbers 

below. For example the number of X-articles account for 5% of the total 

number of 4151 articles. Therefore they are given a specific number of 

shelves in the warehouse which is representative of that number. 

 

 

XYZ-code Number of articles % of total articles 

X  210 5% 

Y 399 10% 

Z 3542 85% 

  4151 100% 

 

Table 6.2. Dispersion of X,Y,Z-articles for NordicInk 
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7. CONCLUSION 

In this chapter the conclusion of this thesis is presented. The purpose was to 

identify NECG’s current warehouse layout and article placement and the 

problems associated with it, as well as to provide suggested actions for 

improvements. This was accomplished so NECG can better utilize the 

warehouse space, and thus prepare the warehouse to handle a larger volume 

of sales. Here, the purpose is fulfilled and answers to the four research 

questions will be presented. A summarizing image will recap the main 

answers. The chapter will conclude with the authors’ own criticisms and 

suggestion for further studies. 

 

1. How does NECG’s current warehouse layout look like and what 

problems can be identified? 

 

The figure above shows the current warehouse layout at NECG. 
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To summarize the problems identified with the current layout, the list of 

identified problems from chapter 4 are relisted: 

 

 Unutilized space 

 The warehouse has the same door for incoming and outgoing deliveries  

 The distance between the input/output door and the packaging area is too far 

 The warehouse space has no designated receiving area  

 The warehouse space lacks a designated area for outgoing deliveries 

 The allocation of space in the warehouse area is uneven 

 Incoming deliveries are aimed to be unpacked one day after arrival, but this can 

currently not be met 

 The aisles at the NECG warehouse have previously been set by the property-

owner and have not been altered since the start 

 Blocked aisles 

 Poor utilizing of rack and shelf space especially for small and loose products 

 The racks holding heavier products and packages are of a more deteriorated 

state. The shelf levels in some of the racks appear to break soon 

 The lack of steady backs and boxes results in products easily being mixed, 

especially smaller items 

 Closer observation detected that that the coding system is not correct at all 

locations in the warehouse 

 There is no specific uniform system for grouping of products 

 Products are mainly placed in inventory based on company, although this is not 

consistent throughout the whole warehouse 

 The personnel do not use the FIFO principle 

 Fixed location system is the principal method and the personnel do not apply a 

floating system for already existing products 

 Products of high and low frequencies are placed together throughout the entire 

warehouse 

 NordicInk’s products are the most disorganized out of the three companies. 

 PetsOnline’s products need to be kept separately so any possible odor is kept 

remote from the remaining products in inventory 
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The warehouse is distinguished by poor utilization of space as well as a 

disorganized nature. Empty cartons are left on the warehouse floor after 

being unpacked and compressed cartons from boxes are placed back in 

inventory instead of being disposed of. Moreover, there are racks and shelves 

in the warehouse holding too many articles while others are distinguished by 

a great deal of empty space. Furthermore, NECG only has one door for both 

incoming and outgoing deliveries. Although the company is not experiencing 

any specific problems with this today, the matter has to be considered. If they 

continue to expand, simply having one door for both incoming and outgoing 

deliveries will not be sufficient for well-working operations in the warehouse. 

Another problem is that NECG lacks a designated receiving and outgoing 

area for deliveries. Incoming pallets are instead placed in aisles which cause 

restriction and immobilize movement in the warehouse. In terms of the 

material handling equipment, a number of problems can be detected as well. 

Some racks are of deteriorated quality and their wooden shelves appear to 

break at any time. Furthermore, there are few backs and boxes for storage of 

small products in the warehouse. Small products are instead placed on the 

shelves, thus increasing the chances for mixing the products up. In terms of 

the coding system, there is a code assigned to every location in the 

warehouse. However the system is inconsistent. The letters on the aisles do 

not always equal the letters of the shelves within the aisles, and some shelves 

are of even numbers. In some areas shelf numbers are missing completely. 

The problems identified with article placement will be discussed further in 

question 3. 
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2. How can NECG’s current layout be improved? 

 

 

NECG’s current layout can be improved by having two separate doors for 

incoming and outgoing deliveries. If the company continues to expand its 

business and increase its sales volumes, the lack of separate doors for 

incoming and outgoing deliveries can cause traffic and even more chaos. 

Having more than one door is important to reduce delays and provide routing 

flexibility and shipping. Furthermore, a designated receiving and outgoing 

area for incoming and outgoing deliveries is of upmost importance to deal 

with the lack of structure in the warehouse and poor utilization of space. By 

having a designated zone for these areas, incoming and outgoing products 

will not have to stand in the aisles and take up unnecessary space. The 

receiving area should preferably be located to the input door, and the 

outgoing area should preferably be located near the output door, so that a 
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logical flow is gained and products and personnel will not require much 

traveling. Naturally, the location of the packaging tables should also be close 

to the outgoing area to gain a natural flow. 

 

Because of the company’s simple warehouse nature, a flow shop layout 

should be suggested for improvement. Such a layout would allow important 

zones such as the receiving, storage and outgoing area to be placed nearby. 

Also it is recommended for NECG to alter the positioning of the aisles to 

form a U-shaped warehouse layout. This would increase mobility in the 

warehouse and prevent personnel from crossing each other when carrying out 

different activities in the warehouse and thus diminish bottlenecks. A U-form 

layout combined with a flow shop layout would be the most beneficial for 

NECG’s warehouse and its specific characteristics. 

 

In terms of material handling equipment, it is recommended for NECG to 

decide upon which specific storage and handling equipment that is required 

for each company product group. Backs and boxes should be recommended 

for storage of smaller products so that structure is gained and shelves should 

to a certain extent be added or replace racks so that space is better utilized. 

Other storage options to be recommended are modular backs and back 

shelving systems. These storage options reduce the risk of mixing products 

up or errors happening in the inventory balance and are beneficial in 

particular for smaller products. Furthermore, it should be suggested for 

NECG to have a consistent coding system throughout the warehouse and to 

consider any future expansions when doing the coding. If this is ignored, it 

can be harder for personnel to find locations especially if the volumes of sales 

increase. 

 



 

 

 

111 
 

3. What is NECG’s current article placement? 

As article placement is part of warehouse layout, the problems identified 

have been listed in the first question. Here a more thorough answer will be 

followed. There is no explicit uniform system for placement of articles 

detected for all three companies. When products arrive, the placement of 

articles is mainly determined upon company. Products are also sometimes 

grouped and placed based on physical characteristics. None of these methods 

mentioned, however, are consistent throughout the warehouse. A fixed 

location system is the main location system applied at the warehouse today. 

Upon arrival, products are only placed in their previously assigned location, 

even if this place should be full. The products are not placed in any other 

location than their fixed locations. However, when new products arrive with 

no previous designated location, they are assigned a vacant space which later 

is registered into the computer system. This entails that NECG sometimes 

also apply a floating system, although the fixed location system is dominant. 

But the picking frequency of products is not taken into account when 

deciding upon placement of articles. 

 

4. How should NECG generally and NordicInk specifically place their 

articles? 

 

General suggested actions for NECG 

An essential recommendation for NECG is to allocate the warehouse layout 

into company storage zones, that is to assign racks and shelves to each 

company and to keep these separate in the layout. Although allocating the 

warehouse layout based on company has been moderately done today, the 

system is not consistent. NECG should put greater emphasis on truly 

separating the shelves belonging to the different companies so that other 
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principles can be effectively applied and to achieve structure in the 

warehouse. Thereafter, it is recommended for NECG to determine its article 

placement based on the picking frequency of products.  

 

According to Pareto’s principle only a small percentage of products stand for 

the highest picking frequency. Therefore it is recommended for NECG to 

have a floating location system applied to its high-picked products, and a 

fixed location system applied to its low-picked products. Accordingly, 

products most often picked from inventory should be located in nearby 

locations while products seldom or never picked from inventory should be 

placed in remote locations. Hence, movement in the warehouse would be 

more operative and increased levels of structure and space would be 

achieved. The FIFO-principle would also be more effectively applied. This is 

an important matter to consider as products such as ink, pet food, mascaras 

and perfumes do not last forever and have a best before date. To sum up, the 

warehouse layout should be allocated by company and the picking principle 

should be applied separately to each company’s products. 

 

Specific suggested actions for NordicInk 

In this study, an ABC-XYZ analysis has been carried out for NordicInk’s 

product range. The analysis showed that the Pareto principle mentioned 

before was in fact correct. The results showed that only 8.8% of articles stand 

for 80% of the cumulative order lines. This entails that the general 

suggestions mentioned above could beneficially be applied to NordicInk. 

NordicInk is recommended to place their X-articles in nearby locations, high 

enough on the shelves for staff to reach. As these products are picked the 

most often, warehouse operations will work effectively, and personnel will 

not have to travel too much when picking products from inventory. X-articles 
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should be applied a floating location system which in turn will endorse the 

FIFO principle. Preferably, X-products should be placed near the 

packaging/outgoing area. Y-articles that are similar in terms of function or 

design could also be given a floating location and placed close to X-articles. 

But for Z-articles, a fixed system is to be recommended. As these products 

are ordered less frequently from customers, they should be placed in remote 

locations. Thus priority in location is given to products most often picked 

from inventory and products seldom or never picked from inventory, will not 

interfere with the remaining actions of the warehouse. 

 

Social and sustainability aspects 

There are a number of social aspects associated with NECG developing its 

warehouse layout. A change towards the suggested actions presented in this 

thesis can contribute to more structure in the warehouse. A more structured 

warehouse leads to decreased travel time from one location to another. 

Therefore more time can be spent to effectively and quickly pick customer 

orders and send them away for delivery. This will put less pressure on 

personnels’ physical bodies and thus stress levels will decrease. A lower level 

of stress at the work place will contribute to a happier personnel member and 

a happier individual in society. 

 

By implementing these suggested actions, the company may also have the 

opportunity to continue to grow and expand their sales beyond the Nordic 

borders. Thus the company will increase sustainability by maintaining on a 

broader market and increase its product range. NECG should also think about 

finding alternative options that are eco-friendly. For example, renting more 

space requires increased energy and resources. Although it is recommended 

for NECG to add more space as an initial step, this should if possible be 
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avoided in the future. NECG should preferably not consume more resources 

than necessary to create and maintain sustainability in society. Instead other 

energy-friendly options should be considered.  

 

 
Table 7.1 Summarized conclusion 



 

 

 

115 
 

Critique of own work 

The suggested warehouse layout provided in this thesis is not conclusively 

complete and some adjustments need to be made. The suggested layout might 

lack certain details, which would be supplemented by more profound and 

practical knowledge about the warehouse. Therefore it is important for the 

company whome holds such profound and practical knowledge, to apply it to 

the suggested layout of this thesis. Thus more authentic layout conditions are 

achieved. 

 

The authors are aware of the fact that undertaking an ABC/XYZ analysis for 

only one company out of three does not provide complete suggestions on 

where to place products in the entire warehouse. NECG only wanted an 

ABC/XYZ analysis done for NordicInk, but a complete analysis for all 

companies would provide more explicit suggestions on article placement, 

which the company could benefit from. Also, the number of racks and 

shelves in the suggested warehouse layout in chapter 6, is based on a total of 

4151 articles. If the total article number was higher, the dispersion of racks 

and shelves could be different. 

 

The authors have also considered the possibility that respondents in the 

interviews might sometimes not provided full information, because they did 

not want to put the company in a negative focus. However this factor was 

supplemented by the authors’ own observations, which provided objective 

descriptions of the situation at the warehouse. 

 

Suggestions for further research 

This thesis has not carried out any calculation in regards of costs. Costs for 

implementing the different suggested actions could be a recommended action 
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for further studies. Expenses can be calculated to determine how much it 

would cost to add extra meters to the warehouse, so that a U-shaped layout 

can be formed. Also the cost for adding new and improved material handling 

equipment or the cost of implementing a floating location system in the 

warehouse can be calculated upon. The floating location system specifically, 

requires a data system, which has up-to-date information on where vacant 

locations are located in the warehouse. A calculation can be done to estimate 

how much such a system would cost. 

 

In order to implement the suggested warehouse layout of this thesis, further 

studies can be done on the physical construction of the warehouse building 

and what is physically possible to do. Furthermore, rules and regulations on 

warehouse layout and the material used in a warehouse can be studied upon. 

Are there any regulations that need to be followed and what rules concerning 

safety have to be followed? 

 

Furthermore, the suggested warehouse layout provided in this thesis only 

incorporates specific article placement for NordicInk, in terms of picking 

frequencies. Although the same principles discovered for NordicInk also may 

apply to the entire company it could be beneficial to do an ABC/XYZ 

analysis for NordicFeel and PetsOnline in terms of further research. This 

should be done so that actual numbers for NordicFeel and PetsOnline can be 

presented to NECG, to truly make the company understand, that it is only a 

small number of their products that hold the highest picking frequency and 

further highlight the importance of not treating all products equally. This will 

further improve the warehouse layout. 
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IMPLEMENTATION OF SUGGESTED 

ACTIONS 

This supplementary chapter will provide a list of priorities for how NECG 

should implement the suggested actions provided in this thesis. This has been 

done so that NECG can gain a clear overview of what has to be done and in 

what preferable order. The list will begin with actions recommended for the 

warehouse layout and continue with actions recommended for article 

placement. 

 

List of priorities for implementation of suggested actions 
  

Warehouse layout 
 

1. NECG should begin with deciding upon whether to rent extra space to 
their warehouse area, or take use of the space they already have. 
Furthermore, they have to decide whether to do the actual reconstructing of 
the warehouse themselves, or to hire a consultant to do it. 
 

2. Before implementing the new layout it is important to revise what laws, 
regulations and safety factors that need to be followed and what physically 
is possible to do with the warehouse. 
 

3. NECG should move the fences that surround the warehouse area to form 
a U-form layout.  
 

4. NECG should design the layout so that a flow shop layout is achieved and 
place important zones adjacently. There ought to be two separated doors, 
one for incoming and one for outgoing deliveries. These should be placed on 
the same side of the warehouse. NECG should designate a receiving and 
outgoing area in the warehouse. The receiving area should be allocated 
based on company. The outgoing area should be allocated based on 
conveyor. The input door should be located near the receiving area and the 
output door should be located near the outgoing area.  
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5. NECG should review its material handling equipment. How many racks 
and shelves are required for the new layout? Which racks and shelves are in 
need of replacement? NECG could determine whether they need to add 
more backs, boxes, modular shelving systems an/or back shelving systems, 
so that space is better utilized. 
 

6. NECG should code the aisles coherently. 
 

7. After implementing the new warehouse layout, the placement of articles 
should be determined. 
 

Article placement 
 

1. NECG should allocate the warehouse racks and shelves into zones based 
on company. These should be kept separately and products from for 
example NordicInk should not be placed in aisles belonging to NordicFeel. 
 

2. NordicFeel holds the greatest number of racks and shelves and should be 
placed closest to the packaging area and outgoing zone. PetsOnline only has 
one designated rack for storage of products. This rack should be placed 
farthest away from the input/output door, as it seldom is ordered by 
customers and should not be given a prioritized location. NordicInk should 
be placed in the remaining racks of the warehouse within the designated 
company zones. 
 

3. The most frequently picked products should have front locations in each 
company’s designated zone. The least frequently picked products should 
have back locations in each company’s designated zone. 
 

4. The high-frequent products of each company should be assigned a 
floating location in the designated zones. This way, staff can work 
effectively, travel distances are minimized and the FIFO principle can be 
applied. The low-frequent products should be assigned a fixed location 
somewhere remote in the zones. This way, low-frequent products are 
separated, easy to find and do not disturb the flow of other high-frequent 
products in inventory. 
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APPENDIX 
 

1. INTERVIEW TEMPLATE 

 

Warehouse layout 

How did you decide upon today’s warehouse layout? 

Who has decided upon the layout today? For example who has decided where 

the packing tables should be placed or where certain shelves should be 

placed? 

Have you had a previous layout which you later have changed to the one you 

have today? 

Do you have a safety buffer? 

Where do you have the designated area for incoming products? Where are 

incoming products from suppliers placed first, upon arrival? 

Who has decided where incoming boxes should be placed? 

How long does it take to unpack the incoming boxes? 

Where do you have a designated area for outgoing deliveries? 

What is the next procedure that takes place with incoming boxes? Do you 

register the content into a computer system? 

What computer system do you use? 

What happens if the boxes are not unpacked and the products remain in the 

boxes? 

Do you find these products at a later date? 

Is there a chance for backorders or obsolescence? 

Do you know when orders from suppliers are expected to arrive? Do you 

have the day and time? 

When you receive incoming boxes from suppliers, do they contain the same 

type of products?  

Are these products the same sizes? 

What type of equipment do you use to move products in inventory from one 

place to another? 

Do you have some form of information system which detects the location of 

products in inventory? 

What type of equipment do you have for physical storage of products? Racks, 

shelves, backs or boxes? 

What type of products do you have in inventory? Do you have a great deal of 

small and loose products? Do you have a great deal of heavy and bulky 

products? 

Which products are in most need of help in terms of placement? Why? 

How is the quality of the shelves? 

Do you have any fragile products? 
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How have you coded the aisles? 

Is there a location in the warehouse, which is not coded? 

When doing the coding system, have you taken a possible warehouse 

expansion into account? 

What do you feel about the warehouse today in terms of layout and 

placement of articles? What is positive? What is less positive? What 

potentials do you see? 

Do you see any potential risks that could come from a change in the 

warehouse layout? 

 

Article placement 

Based on what factors do you assign the placement of products? 

Do you have a fixed location for each article? Do you have a floating system? 

Do you place article wherever there is a vacant spot in inventory? 

Where are the more bulky products placed in inventory? 

Where do you place products that are often/seldom picked from inventory? 

Have you placed products with high and low picking frequency close to each 

other? 

Do you apply the first in/first out principle? 

If there still are products left from before at a certain place in inventory, and 

there will be a new delivery of the same product, do you put these products in 

the same place as before? Or do you choose a new location, so you can apply 

the first-in, first-out principle? 

Upon incoming deliveries, who decides upon where to place the products? Is 

it the personnel that choose the location and later enter the location into the 

computer system? Or do you have some form of computer that chooses the 

locations? 

The computer system that you have today, does it have up-to-date 

information on where there are vacant shelves? 

How do you know where articles are located in inventory? How do you find 

them? 

 

Question template for authors’ own observations 

How wide is it between the shelves and the aisles? Can you easily get 

through? 

How are the shelves? What is the quality like? Are they low enough for 

personnel to reach? 

What type of shelves do they use?  

Do they use backs for storage of small and loose products? What type of 

backs? Where are these located? High/low? 

Is there any space that is not used in the warehouse?  
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Do they have barcodes next to each location in the warehouse? 

How are the aisles and shelves numbered? 

Where have they placed small and fragile products? 

Where have they placed large and bulky products? 

What type of equipment is holding these products? 
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