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Sammanfattning 
Faktorer som ökad systemkomplexitet, stigande utbud och snabbare rörelser av marknader kan vara 
några orsaker till tendenser av ökade logistikkostnader (Pewe, 2011, p. 17). Dessa tendenser finns trots 
flera utvecklingar inom logistik som strävar efter att minska kostnaderna. Lageravdelningen på Carlsberg 
Sverige i Falkenberg har undersökts gällande kontinuerliga kvalitetsförbättringar. Carlsberg Sverige 
investerade i ett automatiserat lager samt automatiserad kundplock 2012-2013 och har haft en ökning på 
ca 40% av lagerhållningseneheter (SKUs) sedan investeringarna. Carlsberg Sverige har sedan 
implementeringen av de automatiserade delarna haft problem med yttre kvalitet på gods. Systemet har 
blivit mer känsligt och det har blivit allt viktigare att eliminera avvikelser. 

 

Studien ämnade för att ta fram ett sätt att långsiktigt minska eller eliminera felande kvalitet som 
resulterar i negativa effekter för systemet. Ett specifikt område undersöktes där både effekter för 
företaget i ett holistiskt perspektiv och på detaljnivå för området analyserades. Studien omfattade inte 
kvalitet på själva dryckerna utan yttre kvalitetsproblem på gods, som felande stapling av kolli eller 
emballage hängande utanför godset. En explorativ studie utfördes med övervägande kvantitativa 
insamlingsmetoder. Initialt gjordes en nulägesanalys där ett flödesschema skapades, vilket skedde genom 
observationer och intervjuer av anställda. Kritiska aktiviteter/situationer identifierades i flödesschemat 
och tre områden pekades ut för vidare undersökning gällande bristande kvalitet. Observationer utfördes 
och alla avvikelser som skedde registrerades. Resultaten analyserades och ett fokusområde bestämdes för 
fortsatt djupare undersökning. En modell skapades med inverkan av undersökta teorier och all insamlad 
data från fallstudien. 

 

Det undersökta fokusområdet var en del av ett helautomatiserat lager. Anpassning till den nya 
automatiseringen skedde fortfarande under undersökningen och ett behov sågs för tydligare arbete med 
ständiga kvalitetsförbättringar. En observation visade att under cirka 70% av observationstiden i 
fokusområdet fanns det något fel i området som påverkade systemet. Registrerade fel kategoriserades i 
tio grupper, varav sju grupper ingick i avgränsningsområdet. Utav de sju kategorierna hade två 
signifikanser gällande antal upprepningar av felet; oläsbar etikett uppmättes 30 gånger och uthängande 
plast upptäcktes 12 gånger under 7 timmar mätning. Signifikans angående genomsnittlig varaktighet 
upptäcktes för systemfel med etiketter och trä upptäckt av sensorer på transportbanor. 

 

Upptäckta fel med signifikans analyserades med hjälp av fiskbensdiagram för att hitta rot-orsaker. 
Gemensamma orsaker hittades, bland annat gällande bristande metoder och mätningar. De bristande 
gemensamma bitarna låg till grund för modellen som består av: Key Performance Indicators (KPIs), ett 
flödesdiagram med påverkande processer, dagliga tavelmöten, kommunikationskanaler och en process 
för implementering av rutiner. Modellen är utvecklad för att passa fallstudien, som representerar; ett 
komplext system med mycket skiftarbete, både manuella och automatiserade processer, hantering av 
dryckesgods. Trots detta anses modellen kunna fungera som grund till arbete med ständiga 
kvalitetsförbättringar för andra organisationer utan tillhörighet till nämnda faktorer, med modifikationer.  

 
Nyckelord: Logistik, dryckesindustrin, lager, kvalitet, nyckeltal, kontinuerliga förbättringar.  
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Abstract 
Despite several developments in logistics that strive to decrease costs, tendencies can be found for 
increased logistical costs (Pewe, 2011, p. 17). Some factors causing increased system complexity are 
increased selection and faster market movements. The Warehouse Department at Carlsberg Sverige in 
Falkenberg has been chosen to be studied regarding continuous quality improvements. Carlsberg Sverige 
implemented an automated inventory system and automated order-picking system in 2012-2013, which 
has had about 40% increase of stock keeping units (SKUs) since the investments. Since the 
implementation of the automation Carlsberg Sverige  has encountered challenges with other quality of 
goods. The system has become more sensitive and it has become more important to eliminate deviation.  

The study aimed to develop a way for long-term reduction or elimination of quality errors that result in 
negative effects to the system. A specific area investigated was regarding both effect of the organization 
in a holistic perspective and on a level of detail of the analyzed area. The study did not include quality of 
beverages, but only external quality problems of goods, such as faulty stacking of packages or plastic 
wrapping hanging outside of the goods. 

An exploratory study was conducted with predominantly quantitative data collection methods. Initially a 
current state mapping was made, a flow chart was created through interviews and observations of 
employees. Critical activities / situations were identified in the flow chart and three areas were 
determined for further investigation regarding quality errors. Observations were carried out where all 
occurred abnormalities were registered. The results were analyzed and a focus area determined for 
continued deeper examination. A final model was created with the influence of theories and collected 
data from the case study. 

The examined focus area was part of the fully automated warehouse. Adaptation to the new automation 
was still under investigation and a need for more clarity in the continuous quality improvements . From 
the observations, it was revealed that in approximately 70% of the observing time in the focus area, there 
was an error in the area affected system. Registered errors were categorized into ten groups, seven 
groups were included in the research scope. Out of the seven categories there were two significance 
regarding amount of repetitions of registered errors; unreadable label was measured 30 times, and plastic 
wrapping outside goods was discovered 12 times during 7 hours of measurement. Significance regarding 
average duration was discovered for; system errors of labels and wood detected by sensors on conveyors. 

Detected errors with significance were further analyzed with fishbone diagrams to find root-causes. 
Several common causes were discovered in the fishbone diagrams, for instance regarding inadequate 
methods and measurements. The discoveries functioned as basis for the final model that consists of: Key 
Performance Indexes (KPI's), a flow chart of affecting processes, daily whiteboard meetings, improved 
communication channels and a process for implementation of routines. The model developed was to fit 
this case study, which represents; a complex system with lots of shift work, both manual and automated 
processes and handling of beverage goods. Despite this, the model is considered to function as a basis to 
work on continuous quality improvements for organizations outside the mentioned scope, but with 
modifications of the model. 
 
Keywords: Logistics, beverage industry, warehouse, quality, Key Performance Indicators (KPIs), 
continuous improvements.   
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Glossary 
 
Astro WMS 
A Warehouse Management System (WMS), the main IT tool for the warehouse operations. Called Astro. 
 
APS 
Stands for Automated Picking System (APS). A system that automated builds a pallet that is customized for 
each customer. 
 
Ex-works 
Customer picks up the goods at the sellers place, the buyer have responsibility of the goods after picking it up 
(Incoterms, 2010). 
 
FLT 
Stands for forklift truck (FLT). A manual vehicle used in the warehouse. 
 
FRS 
Stands for Fast Rotating Storage (FRS). An automated warehouse that cannot be stacked. Can sometimes be 
called ‘Low bay’ (System Logistics, nd.). 
 
KPI 
Stands for Key Performance Indicator (KPI). Indicators to measure performance in an organization. 
 
LGV 
Stands for Laser Guided Vehicle (LGV). An automated forklift, orienting with help of laser. 
 
MOPS 
Stands for Modular Order Picking System (MOPS). A software used in the warehouse automation. Handles 
goods with package-ID and communicate with Systore. 
 
ORTEC LEO 
An logistics execution optimizer program, integrated to SAP. Called LEO. 
 
SKU 
Stands for Stock-keeping unit (SKU). A stock-keeping unit is used as identification code for a product or 
service, can for example be used to track amount of a special type of product in inventory and units of 
billable entities sold (Investopedia, 2015). 
 
Systore WMS 
A Warehouse Management System (WMS), used in the warehouse automation. Handles goods with pallet-
ID. Communicate with MOPS and Astro. Called Systore. 
 
VLS 
Stands for Vertical Lifting Sequencer (VLS). Handles the package management until the packages gets to the 
palletizing robots. A part of the APS. 
 
X-dock 
Is a type of Cross-docking, goods from one transportation vehicle is unloaded to be re-loaded on another 
transportation vehicle. Can be done to sort out goods intended for different destinations. 
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1. Introduction 
This chapter provides a background of the organization, describe the research problem area and the 
purpose of the research. 
 
Despite several developments within logistics that are aiming to reduce distributional cost, there exists 
tendencies of increasing costs that should be acknowledged (Pewe, 2011, p.17). Factors such as 
increased system complexity, growing selection and markets moving faster can be the cause. Many 
factors are changing and causing problems in adapting to hindering logistical improvements, which sets 
even higher requirements on the distribution system to be more effective and flexible. A organization can 
improve by just doing their best, but that is not enough today, all work need to be well-coordinated if a 
company will survive in the long-term (Pewe, 2011, p.17). The research is contributing to investigate 
complex warehouse constellations, explore ways to simplify complex contexts and to translate complex 
situations to comprehensive views. The research aims to simplify a holistic way to identify quality issues 
of goods and how they affect an organization. A model is created to investigate errors due to faulty 
quality with goals to decrease costs for goods, be more environmental friendly, improve working 
environment for the employees such as increased communication and decreased stress, and increase 
customer satisfaction. It will provide tools to enable continuous quality improvements. 
 
A stock-keeping unit (SKU) is used as identification code for a product or service, can for example be 
used to track amount of a special type of product in inventory and units of billable entities sold 
(Investopedia, 2015). There is a trend within the beverage industry with increased SKUs and there are no 
signs that it will change (Jacobsen, 2012a; Strzelecki, 2008). Strzelecki (2008) stated that some 
companies had grown 50-70% SKUs in one year. Increased SKUs can result in more businesses, but also 
more errors. The beverage industry as a whole is changing drastically and there are needs to find new 
warehouse solutions. According to Jacobsen (2012a) and Strzelecki (2008) have the changes in the 
industry made organizations turn to technology for increased efficiency. The changes in the industry is 
pushing forward implementation of automation (Strzelecki, 2008) and the forecast is that more 
companies will continue to turn to automation regarding warehouse activities (Jacobsen, 2012a). 
 
The research presented is based on a case study of Carlsberg Sverige that is viewed as a well-represented 
example of an organization within the beverage industry. According to the trend of increasing SKUs in 
the industry and implementation of automation in the warehouse in order to manage the inventory. 
Carlsberg Sverige implemented a fully automated warehouse section in 2013. To change warehouse 
processes, thus causes pressure on new routines and expertise of the employees, and some areas are 
easily neglected. One function that has been neglected in Carlsberg Sverige’s warehouse is the routine to 
report and drive forward continuous quality improvements. Before reporting on errors was made on 
paper, but along with the implementation phase of the automation, this routine ended. Before discontinue 
with something, such as reporting with paper a new solution is needed. Hence the warehouse is complex 
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due to the industrial changes taken place in the warehouse there is a need for it to be monitored in a 
holistic view by managers. There is a need for tools that manage this complex system and continuously 
can give employees and managers a simplified view of the current warehouse condition. This research 
aims to investigate the possibility to develop a tool that can give an overview of the system and provide 
indications of areas subject for quality errors. Which have been noticed as a need for both within the 
organization, research of the beverage industry and any firm that have gone through similar changes. 

After the implementation of the warehouse automation has Carlsberg Sverige encountered challenges 
with outer quality of goods. The automation has for example sensors that continuously check the goods 
when transported and the transportation lanes stop if something is hanging outside the goods. The system 
has become more sensitive and it has become more important to eliminate deviation. Quality 
requirements for goods has been detected to be different for manual handling compared to automated. 
Other organization passed through common changes has certainly also perceived an increased need for 
continuous quality improvements, as this case study has detected. 

1.1 Background 
This section will introduce background information about the organization and provide necessary 
knowledge as a foundation to forthcoming section to understand the problem situation and the 
complexity of the warehouse context. 

The research takes place at Carlsberg Sverige in the Warehouse Department. Carlsberg Sverige operates 
in the beverage industry with a wide selection of soft drinks carbonated water, beer, etc. (Carlsberg 
Sverige, 2012). Carlsberg Sverige has both internationally and locally known brands in their portfolio. A 
few well-known products distributed by Carlsberg Sverige is Carlsberg, Holsten, Kronenbourg 1664, 
Tuborg, Falcon, Pripps Blå, Ramlösa, Pepsi and Festis (Carlsberg Group, nd.; Carlsberg Sverige, 2012). 
In 2012 Carlsberg Sverige sold 378.5 million liters of different beverage types (Carlsberg Sverige, 2012). 
The turnover was approximately 3.3 billion SEK in 2012 and with approximately 1000 employees 
(Carlsberg Sverige, 2012). 

The average loading amount of pallets to customers in one week is 14.000 pallets, off-season is 
approximately 11.000 pallets and during peak season approximately 22.000 pallets in one week 
(Pehrson, 2015). The production in Falkenberg produce approximately 9000 pallets per week and the 
loading capacity in Falkenberg is approximately 30.000 pallets. The peak seasons are commonly Easter, 
summer season and Christmas (Pehrson, 2015). More information about the organizations history and 
current state are provided in the following sections.  

1.1.1 History of Carlsberg 
Carlsberg was founded by J. C. Jacobsen, who originated from Denmark, and had a passion for brewing 
beer. He had the aim to improve the quality of beer and the entire brewing process (Carlsberg, 2014). It 
was his father that started brewing beer and after the father’s death 1837, the son, J.C. Jacobsen took 
over the brewery and in 1847 started Carlsberg. After 21 year Carlsberg was exporting the first time to 
Great Britain (Carlsberg, 2014). After World War II, Carlsberg suffered from low export rates (Carlsberg 
Group, nd.). Agreements were signed with companies abroad to bottle the beers on the local markets in 
order to reduce the transport costs and in 1954 Carlsberg was for the first time bottled overseas. 
Carlsberg Export License and Duty Free (ExLiD) is an own part of Carlsberg Group today that is 
responsible for the business of export and license in the markets where Carlsberg do not have breweries 
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of their own. It is by ExLiD that the international portfolio of Carlsberg’s brands is available in several 
markets around the world, more than 100 (Carlsberg Group, nd.). 

Carlsberg has grown over the years and is today a global beverage provider, in which the whole 
organization is called Carlsberg Group (Carlsberg, 2014). Carlsberg Group is the fourth largest global 
brewery (Carlsberg, 2015a). Carlsberg Supply Company (CSC) is a part of Carlsberg Group created with 
the purpose to gather four central focus areas of Carlsberg Group together: procurement, production, 
logistics and planning functions - under one roof (Carlsberg, 2015b). The CSC is responsible for the 
logistics and production network in Western Europe and the standards for the supply chain of the entire 
Carlsberg Group.  

One of the many subsidiaries to Carlsberg Group is Carlsberg Sverige, which this research is based on. 
Carlsberg Sverige AB has the headquarter in Solna (Retriever, 2015a) and Carlsberg Supply Company 
Sverige AB is a subsidiary to Carlsberg Sverige AB with the headquarter in Falkenberg (Retriever, 
2015b), together they represent Carlsberg Sverige. The business of Carlsberg Supply Company Sverige 
AB consists of the manufacturing and distribution of the beverages (Retriever, 2015b). Carlsberg Sverige 
has a rather short history, it was founded in 2001, but derives from three well-known pedigree 
companies: Ramlösa, Falcon and Pripps (Carlsberg Sverige, n.d.). These companies have significantly 
longer histories. In 2001 Pripps and Falcon were merged to create Carlsberg Sverige. 

1.1.2 Business description 
Carlsberg Group is operating in 40 countries (Carlsberg Sverige, 2012) and have three focus areas where 
Carlsberg Sverige belongs to the largest, the Western Europe market (Carlsberg Group, n.d.). Since 
Carlsberg Sverige is controlled and affected by Carlsberg Group on a higher level are information from 
both included in the business description. 

Mission – Carlsberg Sverige 
The mission for Carlsberg Sverige is to create pleasure in everyday life through making the beverage an 
experience for everyone (Carlsberg Sverige, 2012). The aim is to run the organization to growth and 
profitability through a culture of quality, innovation and continuous improvements. 

Carlsberg Group - Strategic wheel
Carlsberg Group has a strategic wheel in order to visually show what Carlsberg Group stands for and 
how they will act to be the fastest growing global beer company (Carlsberg Group, 2015c). There are 
five different strategic areas that are highlighted to achieve the business goal (see figure 1):

1. Consumers, brands and innovation
2. Customers
3. People
4. Effectiveness and efficiency
5. Society and reputation
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Figure 1. Illustration of Carlsberg Group’s strategic wheel (Carlsberg Group, 2015c).  
 
The five core strategic areas are closely linked together and are equally important in order to achieve 
Carlsberg Groups long-term goal to be the fastest growing global beer company (Carlsberg Group, 
2015c). The strategic area with consumers, brands and innovation refers to always have the consumer in 
mind in every decision made. The focus area has as purpose to always base decisions out of a consumer’s 
context regarding needs, brands, occasions and innovations. Another strategic focus is customers; to give 
customers locally best-in-class service with globally developed systems and tools. It is of high 
importance to be considered as a trustworthy and attractive partner with its customers at the point of sale. 
With close collaboration with customers Carlsberg aim to achieve growth in the beer category both in 
volume and value terms, especially in times of regulatory restrictions. The strategically area regarding 
people refers to that Carlsberg strive to have highly engaged and skilled employees in order to achieve 
the goals, to be the first choice of company for the employees by providing necessary tools for 
professional and personal development. The strategically focus area regarding effectiveness strive to 
produce, market and sell products of a consistent high quality at right price in order to create an 
competitive advantage, drive earnings and improve return on investment. Increased effectiveness will be 
achieve by focus on value-adding activities to get out as much as possible of their resources and focus on 
optimizing business across the value chain. Optimization of business across the value chain will be made 
by standardizing, centralizing and optimizing processes and systems. The society is important for 
Carlsberg and is therefore one of the strategically focus areas, hence the long-term success is dependent 
on what Carlsberg Group do, say and behave when interacting with stakeholders (Carlsberg Group, 
2015c). 

1.1.3 Carlsberg Sverige warehouse 
The Warehouse Department is the focus area for this research and the organizational chart for the 
Department is seen in figure 2. The Warehouse Department is divided into different sections: a manual 
warehouse part, an automated warehouse part, administration of the warehouse and handling of empties. 
The administration section handles inventory management among other things (Pehrson, 2015). The 
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section of empties handles for example empty pallets, empty containers and takes care of scrapping of 
goods.  

Figure 2. Illustration of Carlsberg Sverige’s organization chart of the Warehouse Department (Pehrson, 
2015).

Other departments interesting for the Warehouse Department are for instance the SC Systems 
Department, the Quality Department and the Production Department (Pehrson, 2015). The Supply chain 
Systems Department are involved with the warehouse IT. The Quality Department handles the quality 
work in Carlsberg Sverige with the main focus on the quality of the beverage, for example tests of 
bacteria culture and taste. The quality of the beverage is prioritized and quality of factors outside the 
beverage is naturally not as high priority - such as packaging and wrapping, that this research will focus 
on (Pehrson, 2015). There are one employee responsible for implementing Lean manufacturing in 
Falkenberg belonging to the Production Department and is thereby focusing mostly on the production 
processes (Pehrson, 2015; Petersson, 2015).  

The main warehouse in Sweden is located in Falkenberg (Pehrson, 2015). The warehouse made large 
investments in where LGVs, automated forklift trucks oriented with help of laser, were bought and 
implemented to the warehouse (Pehrson, 2015). After that Carlsberg Sverige started a large project called 
‘One Warehouse’ that consisted of four sub-projects. The first of the sub-projects was construction of a 
new warehouse, a technical setup of an automated warehouse called FRS (Fast Rotating System) and 
automated picking for customers on pallet called APS (Automated Picking System), in order to automate 
the warehouse activities on a higher level. The second sub-project was to have operational services in
Falkenberg warehouse when the above installation was completed. The third sub-project was to establish 
an X-dock in Årstad (Stockholm) and close down existing complementary warehouse in Bromma 
(Stockholm). The fourth sub-project was to change management regarding stop times for orders, 
affecting the customers at some distributions locations. All four sub-projects have been implemented, the 
FRS was finished in November 2012 and the APS was ready October 2013 (Pehrson, 2015). By the 
implementation of LGVs, FRS and APS Carlsberg Sverige has transitioned their warehouse functions 
towards a more automated future.  
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The new automated picking system required a new technical expertise within the warehouse (Pehrson, 
2015). Training was made with mainly the previous existing employees, for internal transfer of human 
resources. Some of the intended benefits with the ‘One Warehouse’ project were: decreased unit cost, 
standardized picking of pallets, improved control of balance and scrap reduction. Calculations of the 
project was that the total warehouse capacity should cover major parts of the annual demand with only 
one main warehouse and lead to a decreased need of external warehouses. The aim of the project was 
increased efficiency through only having one warehouse and by increasing the level of automation 
(Pehrson, 2015).  

The warehouse extension in the ‘One Warehouse’ project considered a forecasted increase of number 
SKUs (Pehrson, 2015). However, the increase of SKUs was already 40% higher than calculated when the 
implementation was done. This was one reason why the warehouse did not have enough capacity to meet 
the goals that were planned for the new construction. For instance was it calculated that there would not 
be a high need for the external warehouses, but the need of extra storing capacity have increased after the 
implementation (Pehrson, 2015; Brynningsen, 2015).

The warehouse has been in need of several improvements after the large implementations (Pehrson, 
2015). The goal with the new automated picking system was to meet the entire demand from the markets 
required order picking. However, the demand increased more than planned and the automated order 
picking had not achieved enough effectivity quickly enough, therefore was the summer in 2014 a chaotic 
time where it was a hardship for Carlsberg Sverige to deliver on their promises. Hence the 
implementation problems of the automated system was a manual picking station still used, which still 
exists today but is continuously decreasing as the capacity of the automated order picking is increasing 
(Pehrson, 2015). There have been work made to implement Lean manufacturing tools to the Warehouse 
Department a couple of years ago, but after the intense period with new implementations have there been 
an interruption (Petersson, 2015). A vision from the warehouse manager is however that the Warehouse 
Department in a near future will continue to implement a Lean philosophy and work more strategically 
towards continuously improvements. 

Beside of the plant in Falkenberg is there one plant in Helsingborg. There is no warehouse at the plant in 
Helsingborg, only a small middle warehouse because of limited space. Therefore all products are directly 
transported after production to the warehouse in Falkenberg or to an external warehouse in Halmstad. All
products with the brand Ramlösa are produced in Helsingborg and consist of carbonated or still water 
that has the origin from two wells of water in that area. The two water wells are strong factors for 
Carlsberg Sverige to have two production sites, since those wells build up the brand of that particular 
water.  
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Figure 3. Map of Carlsberg Sverige’s plants, headquarter and external warehouses. 

Carlsberg Sverige has two external warehouses in order to cope with the volume of the goods that need 
to be warehoused (Pehrson, 2015; Brynningsen, 2015). There are two types of goods delivered to 
external warehouses imported goods or goods that comes directly from one of the production plants. The 
external warehouses are located in Morup respectively Halmstad, geographical locations can be seen in 
figure 3. The daily transportation between the external warehouses and Carlsberg Sverige is made by the 
companies having the external warehouses and trucks from Carlsberg Sverige. Logistics of the 
transportation are managed by Carlsberg employees located in Falkenberg that have daily direct contact 
with the drivers (Pehrson, 2015; Brynningsen, 2015).

1.2 Purpose and research question 
The purpose of the research is to investigate errors regarding quality that occur in a warehouse and to 
create a model for continuous quality improvements, to decrease negative effects due to quality errors. 
The purpose is not to only investigate problems with faulty quality at the studied case, but on a general 
level create a model that with modifications can be applied to other organizations for quality 
improvements.

The research will...
...create an overview of current warehouse activities and identify critical processes.
...investigate faulty quality of goods in the warehouse and how it affects critical processes.
...create a model to decrease/eliminate negative effects that is a result of faulty quality of goods,
in a long-term way.
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The main question to be answered in order to fulfil the research purpose can be seen below. 

Q1. How can faulty quality of goods that result in negative effects in a warehouse be 
monitored, measured and prioritized in order to successfully achieve continuous quality 
improvements?  

1.3 Problem discussion 
Carlsberg Sverige develops, produces and sells beer, sparkling water, soft drinks and additionally also 
distributes a wine- and liquor selection (Carlsberg Sverige, 2012). Many of the provided products are 
offered in different packages and dimensions (Pehrson, 2014). The variety of products and packaging 
increase the amount of articles that the organization provides. An increase of articles also entails an 
increase of SKUs needed to be warehoused. Even though the organization has as goal to decrease the 
amount of SKUs is it constantly increasing due to customer demand and extended product selection,
without discontinue with products in the same rate. Carlsberg develops new products, develop versions 
of old products, buy license of established products and also buy established beverage companies. These 
are some causes why the SKUs are continuously increasing at Carlsberg Sverige (Pehrson, 2015).  

It is a trend that SKU’s are increasing in the beverage industry and there are no signs that it will change 
(Jacobsen, 2012a; Strzelecki, 2008). The increase of SKUs in beverage organizations put increased 
pressure on storing systems and warehouse activities (Strzelecki, 2008). Some experts estimate that 
companies that have consolidated have gone from a number of low hundreds of SKUs to rise to an 
amount of 600-700 SKUs in their warehouses. Amount of SKUs that Carlsberg Sverige warehouses are 
currently approximately 550 (Pehrson, 2015; Warehouse administration Department, 2015). An increase 
of SKUs can result in more business for organizations within the beverage industry, but it can also mean 
more errors (Strzelecki, 2008). The increase of SKUs requires new technology and innovations in storage 
systems to run warehouse operations in a smooth way.  

In order to survive the new environment do beverage organizations invest in implementing automation 
solutions in the warehouses (Jacobsen, 2012a), and Carlsberg Sverige is no exception. The transition 
towards a more automated system requires new ways of working in several different aspects, where the 
way of doing continuous improvements in a strategic way is one. The increase of system complexity 
requires new tools in order to handle errors that occur in the system. Since it is a relatively new trend and 
environment that the beverage industry is facing is it also relatively new in the research field. Therefore 
is it seen that there is a need for more thorough research within this area. However, there have been many 
researches within the field of Logistics, Quality management, Lean manufacturing etc. that have brought 
up theories of handling quality errors which will be used as inspiration for the execution of the research. 
However, there is lacking research for adapting to warehouse activities within the beverage industry. 

Increase of SKU’s sets higher pressure on the warehouse department; more storage locations are needed 
due to the fact that each SKU needs a safety stock, which also result in overall increased activity in the 
warehouse. It sets higher requirements on the inventory systems, internal transportation and order 
picking system. It is important that the internal flow is kept running with high speed in order to meet the 
customer requirements to deliver products in right time without errors. Quality errors is one occurrence 
that disrupt the sensitive flow of goods in a warehouse. Depending on where goods with faulty quality 
are detected does it affect the supply chain activities in different ways. When faulty quality is detected in 
the warehouse can it already have resulted in major negative effects, such as cause delays in: the 
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automated storage, the automated order picking and areas with LGV’s. The delays can affect the 
throughput that in turn may result in that orders cannot be delivered to customers in right time. 

Goods with faulty quality result in sustainability issues in several different aspects: economical, 
environmental and social. Quality errors means extra costs for the responsible party, within warehouse 
activities will that cost belong to Carlsberg Sverige. In this aspect is it not economical sustainable. If 
goods are in condition to be discarded does it means loss of courant products and extra work needed. 
This may result in environmental issues if products will be waste and social issues due to caused stress 
and un-ergonomically movements for employees. It may also result in economic issues if to missed 
profits due to decreased customer satisfaction. To decrease the amount of goods with faulty quality is 
aligned with a more sustainable path that is an increasing demand. To put the sustainability trend in 
relation with the beverage industry, Systembolagets sales of ecological beverages increased from 8.5 
million liters in 2009 to 14.7 million liters in 2013 (Systembolaget, 2014). To work towards a more 
sustainable path is also aligned with the business goals of Carlsberg Sverige that is certified to ISO 
14001 since 1999 (Carlsberg Sverige, 2013). 

The quality of goods entails a risk to lose business confidence between an organization and its customers. 
It can be crucial for a customer to get a specific product on the set date and if the supplier, Carlsberg 
Sverige, does not meet this might the customer deliberate to change to a supplier considered more 
reliable. Besides that quality can be a cause of delayed deliveries for customers can it also result in that 
customers receive damaged goods. Even though this report only involve damages that are detected in the 
warehouse, can this improve the problem with obsolescence goods being delivered to customers as well - 
the aim is to lower the overall quality errors of goods handled in Carlsberg Sverige. 

The organization is lacking successfully support to ascertain faulty quality that negatively affect 
activities performed to warehouse the items in a successful manner. This research will provide a model 
that can in an early stage detect errors occurring in the warehouse and by analyzing the effects that the 
faulty quality results in prioritize the errors. By creating a way of measuring faulty quality in the 
warehouse can it function as a base for decision-making in several different occasions, decisions on a 
daily basis as well as for strategic long-term decisions. This research can work as base for the daily 
management of the warehouse. This investigation can also work as base on how an optimization of the 
system flow could be performed. Research can be considered as a problem-solving process for a defined 
problem under specified conditions (Ghauri and Gronhaug, 2005, p. 10). When theories/ideas have been 
properly tested they can even predict the future. Managers need to be able to analyze their situations in 
order to be able to use investigative approaches for problem solving and decision-making according to 
Ghauri and Gronhaug (2005, p.10). This emphasize the importance of this problem discussion and also to 
initiate more researches like this within the new field of increased SKUs, implementation of automation 
and complexity within the beverage industry. 

Warehousing is an area that often can be neglected, for example in front of production activities 
(Pehrson, 2015). Hence the root cause of quality issues of goods likely may derive from earlier activities 
in the supply chain, such as the production, is it of importance that processes later in the supply chain 
have a routine to enlighten responsible parties of detected errors in order to raise the awareness. 
Organizational growth also correspond with increased complexity and higher requirements on integration
between departments are set. It is a hardship to change former behavior, but this research will hopefully 
change old mentality and increase the warehouse’s influence in the supply chain - to state their 
importance. For instance can some problems in the warehouse derives from the lack of the warehouse 
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aspect being involved in the product development phases, where products are developed that then cannot 
be handled everywhere in the warehouse (Pehrson, 2015).  
 

1.4 Scope of Research 
The research will look at activities in the warehouse in Falkenberg. The second production site that 
Carlsberg Sweden has, Ramlösa, will be excluded. This decision is based on that all Ramlösa products 
are directly transported from production to the warehouse in Falkenberg and the Ramlösa warehouse is 
therefore considered being outside the scope. This limitation is also due to the time frame; hence the 
internal logistics regarding Ramlösa would be able to create an own research. However, when the 
products deriving from Ramlösa is located in Falkenbergs warehouse are they included in this research. 
The two external warehouses will also be excluded hence the focus is on processes managed by 
Carlsberg Sverige. This might limit the understanding for how some errors occur, where the external 
warehouses may be affecting factors. However, the purpose is not to solve detected errors, but develop a 
model to manage to detect errors and decrease/eliminate them. 
 
Included warehouse activities start when the goods is transported out from production until when the 
goods leave the dock platform into a truck to be further transported to a determined customer. The 
decision to focus on the activities in the Warehouse Department is a limiting factor; hence the 
organization is built up by different activities that are dependent on each other in several ways. This may 
add a source of error to find the root cause of investigated problems, since it can derive from activities 
not included in the warehouse activities. For example can quality errors of goods create issues in the 
warehouse that derive from the production, but just not result in any issues until deriving to the 
warehouse. To decrease the effects of this limitation will all main activities be included in the first stages 
in the research by mapping a flow chart, not only investigate the warehouse activities isolated. To keep a 
holistic view in the research is a priority. Also will contact with other functions be made if it needed, if it 
regards occurrences that are considered having a high negative effect. 
 
Quality errors by goods that passes the warehouse activities without resulting in any negative effects 
registered by the Warehouse Department will be excluded. It can for example be damaged goods that are 
detected when arriving to customer, but derives from the warehouse. The focus is on functions of the 
Warehouse Department and therefore a natural boundary is to only involve events directly affecting the 
warehouse activities. However to minimize the effects of this will data collection methods be used in 
several different areas in the warehouse in order to give sufficient measurements of certain events.  
 
To define the type of quality that will be investigated, is it the quality of packaging of the goods, the 
quality that can affect the warehouse in a negative way. Faulty quality that creates interruption in the 
supply chain is of highest interest in this research. The research will not involve faulty quality on the 
beverages itself, for example due to production errors or bad expiration date. Discarded goods due to bad 
expiration date or production errors create planned actions that are communicated from office positions 
to employees working on the warehouse floor, but the targeted area for this research is unexpected 
occurrences. The scope is the outside of the beverages that create negative effects on warehouse 
activities. 
 
Further limitations are made by the method selections and are explained in chapter three. 
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1.5 Disposition of report 
There is one part in the report that deviates from the normal, the result chapter. The disposition is presented 
below. 
 

 
 
Figure 4. Illustration of disposition of the result chapter. 
 
The structure of the result part was made in chronological order and due to that a focus area was not 
determined in the start of the research, but the determination was made as a part of the research it did affect 
the result chapter. The beginning of the result chapter (4.2-4.3) shows a holistic view of Carlsberg Sverige’s 
processes in Falkenberg, it is not until section 4.4 that the report zoom into a focus area. It is not either until 
the focus area was determined that the empirical part start focus into quality errors of goods in the warehouse. 
The report wanted to demonstrate the whole process to actually find the main issues in an organization, since 
it was considered as an important part regarding quality management. As a result of the complexity and 
magnitude of the warehouse system was theory of different features and sub-systems that perform important 
operations in the warehouse included in 2.6-2.10, made for the one interested in more details. 
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2 Theoretical framework 
This chapter provides knowledge about investigated area, quality and logistics. Theories presented are 
about logistics, quality and continuous improvements.  

2.1 Logistics 
Logistics is a philosophy to in a holistic view coordinate and handle resources of a company according to 
Pewe (2011, p. 19). The person working with the logistics is the organizations’ practically coordinator, 
whom need to be a generalist that can gather managers from different departments. Definition of the 
logistics concept according to Christopher (1998, p. 4): 
 

“Logistics is the process of strategically managing the procurement, movement and storage of 
materials, parts and finished inventory (and related information flows) through the organization 
and its marketing channels in such a way that current and future profitability are maximized 
through the cost-effective fulfillment of orders.” (Christopher, 1998, p. 4) 

 
The mission of logistics management is to plan and coordinate all activities that are necessary to achieve 
delivered service and quality at lowest cost that is desired (Christopher, 1998, p. 13). Logistics can be 
seen as the linkage between the market and the business’s operating activities. The scope of logistics 
extends over the organization, from the management of raw materials to the end-customer delivery (see 
figure 5). All processes/activities/functions need to work towards the same goal for effective work. There 
is a logistical main goal, to get as cost effective result as possible (Christopher, 1998, p. 13).  
 

 
Figure 5. A Logistics management process (Christopher, 1998, p. 13). 
 
The conventional view is that different plans stands alone, like for marketing, distribution, production 
and procurement (Christopher, 1998, p. 4). The mission of logistics management is to ideally create an 
mentality that seeks for one integrated plan. A logistical mentality is not built on viewing problems in 
different areas, but the problems are seen based on the consequences of the whole system (Pewe, 2011, p. 
19). The mentality need to be integrated throughout the whole organization and influence all actions. 
Commonly organizations have been seen as different functions. Different departments have been handled 
as different functions apart from each other and how they are affecting each other have not been 
investigated. Sometimes it can be better to accept a higher cost in one of the linkages in the chain to 
achieve the best result for the overall picture (Pewe, 2011, p. 19). 
 
Organizations often design and manage systems with objectives that are internally focused, rather than 
focused on external goals (Christopher, 1998, p. 47). While logistics has its role to develop systems and 
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support coordination processes, aimed to insure the customer service, which is the idea of a service-
driven logistics system. The service-driven logistics system is designed to address stated service goals 
and the market place should be seen as the starting point instead of end. A deep understanding of the 
customer service needs have to be achieved first, before go into internal requirements like cost reductions 
(Christopher, 1998, p. 47). 
 
A holistic view is a foundation of logistics, for instance can two working methods be found that 
separately is excellent but when seen together with all processes do they counteract each other (Pewe, 
2011). It is of importance when improving a process that a holistic overview first is obtained, in order to 
understand the outcome of different changes. To regard the organization with an holistic view, to see the 
total flow or systems, relate the problem to each other and connect the problem resolutions is a way to 
connect the strategic level with the operative. It comes naturally that the strategic goals get connected 
with the operative activities if they are done with a holistic view of the flow (Pewe, 2011). 
 
The philosophy of logistics creates consequences of all levels within the organization: operative, tactical 
and strategic levels (Pewe, 2011). It is not only the physical flow that is important, but the information 
flow is as important to be effective and flexible. The information flow is an enabler for the physical flow 
to function, for the physical activities to quickly be able to adjust to the variations (Pewe, 2011). The 
importance of improving the flow of material and goods lays in that it in many cases stands for half of 
the total cost within an organization (Pewe, 2011). A flow that is well dimensioned and fast can hold 
down the costs and give a good delivery service to its customers. It also result in lower working capital, 
tied up capital. 
 
The operational activities within the philosophy of logistics can be divided into five main areas (Pewe, 
2011): 

1. Physical distribution - Ways to warehouse, handle and distribute finished goods, input material 
and raw material. 

2. Production logistics - Steering production, capacity calculations, production layout, equipment 
and planning of input material to be accessible in production. 

3. Procurement logistics - Choose right suppliers, get right resource at right total cost accessible at 
right time. 

4. Packaging logistics - adapt consumer packaging to what they are being moved with, transport 
packaging, that will be adapted to fit in further transportation such as in truck or container. 

5. Quality and environmental assurance - To find error in early stages and to work in a sustainable 
manner. 

 
There are three main criteria’s of logistics: lead time, service degree and reliability (Pewe, 2011). Lead 
time is the time that it takes for a product to be delivered to a customers requested place from that 
moment that an order is laid by the customer. The lead time requirement is one of the most important 
ground criterion for how the physical distribution shall be dimensioned and affect the total cost of 
distribution. The degree of service is measured in percent, a service degree of 95% for a product means 
that it should be delivered in scheduled lead time at 95 out of 100 delivery times. To have a high service 
degree for the whole product selection is very costly for an organization. Reliability highly affect quality 
control, reliability of delivery, costs if the right product or input articles are missing (shortage occasion) 
and level of safety stock/capital costs (Pewe, 2011).  
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Profitability
The profitability for an organization can increase by changes of three different factors; revenue growth, 
cost reductions and release of capital (Pewe, 2011). Increase effectivity gives costs reductions and a high 
usage rate of capital. Flow quality is a prerequisite for effectivity and does partly also generate revenue 
stream, therefore is flow quality regarded as the primary to look at when developing organizations. An 
increased flow quality can give (Pewe, 2011): 

Decreased costs - for delays, complaints, adjustments, distribution replacements, administration
for deviation etc.
Decreased tied up capital - in safety stock buffers, products in work, products gotten complaints,
unpaid invoices etc.
Increased revenues - through increased product quality and service degree, shortened delivery
times with higher precision, etc.

2.2 Quality 
There are several different definitions and meanings of what quality means. According to M. Wiggins 
(2010, p. 499) means quality basic character or nature, but have in recent years incorrectly been used to 
indicate degree of excellence. The term quality needs a qualifying adjective to indicate achievement or 
benchmark, such as ‘high’ or ‘low’ quality. However, quality is an relative concept and not an absolute. 
Crosby that was one of the people initiating quality work had four main principles regarding quality 
(Crosby, 1979): 

1. The definition of quality is conformance to requirements (requirements includes both customer’s
requirements and product)

2. The system of quality is prevention
3. Zero defects is the performance standard, relative to requirements
4. The price of non-conformance is the measurement of quality

Crosby describes quality management as: 
“a systematic way of guaranteeing that organised activities happen the way they are planned. It is a 
management discipline concerned with preventing problems from occurring by creating the attitudes and 
controls that prevent defects from happening in the company's performance cycle.” (Crosby, 1979, pp. 
22, 29) 

Some think of improving quality as costly and that it is a trade off with profit vs. quality and ask how 
low quality they can afford in order to not affect the profit from the customers (Chowdhury, 2002, p. 6).
On the opposite of this thinking stands the mentality that for instance Six sigma and Lean production 
mediates, that it instead saves money to work with improving quality. The reason to work to improve 
quality can be in order to cut costs and increase profits. Quality improvements can for instance result in 
fewer discard, warranty pay-outs, refunds and increased rates of customer retention. After a customer is 
enrolled is it important to make to customer retain, in order to do so do the organization need to deliver 
what was advertised and promised: deliver the customer a good product and service at a good price 
(Chowdhury, 2002, p. 6). Crosby (1979) also had the beliefs that an organization that establish an well-
functioning quality management system will receive savings that returns that pays off more than the cost 
of the quality system, thereof the citation “quality is free”. Crosby (1979) argued that it was less 
expensive to do the right thing the first time then instead pay for repairs and rework.  
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Crosby (1979) emphasized that cost of quality is not an absolute performance measure, it is an indication 
of place where corrective actions will be profitable for an organization (Crosby, 1979). S. Sohal et al. 
(1992, p. 295) emphasized that customers need to be satisfied to the extent that issues regarding reduced 
cost and improved profit are a natural outcome of an improved market share. 
 
ISO 9000 certification 
ISO 9000 is an international accepted program for certifying Quality management systems  (M. Wiggins, 
2010, p. 506). The certification ISO 9000 are used by companies to improve their quality and/or leave a 
security to their customers (Chowdhury, 2012). ISO 9000 consists of several Quality management 
standards that is approved by the International Organization for Standardization. The standards in ISO 
9000 are built around business processes with focus on meeting customer needs and with emphasis on 
improvements. ISO 9001:2000 represent the requirements for QM systems and is the core member of the 
ISO 9000 family. The 9001:2000 approach is built of four processes (Chowdhury, 2012): 
 

1. Management responsibility 
2. Resource management 
3. Product realization 
4. Measurement, analysis and improvement 

 
The ISO 9001:2000 standard use customer requirements as main input to the Quality management 
process and customer satisfaction as main output of the process (Chowdhury, 2012). Therefore is it 
constantly vital that customer satisfaction is continuously evaluated and passed back to the QM process. 
To collect soft data in addition to hard data is important in order to measure performance, to see if the 
organization is satisfying needs and expectations of its stakeholders (M. Wiggins, 2010, p. 501). 
 
Quality management 
Quality management is a business management program and there have been several different Quality 
management developed frameworks since it emerged about 60 years ago (M. Wiggins, 201, p. 500). 
Quality management is based upon a concept where separate components in an organization is connected 
into a whole. Essential in QM is to rethink how things are done in order to make that quality is inherent 
in the services and products. In QM is there a culture in the organization that they are committed with 
customer satisfaction through continuous improvements. QM is an ongoing process that involve: 
customer focus, process focus, measurement of process and commitment by top management. Quality 
management (QM) has developed as a way for organizations to remain competitive in a global economy. 
W. Deming is also known as the father of quality. Deming wanted the managers to actively be involved 
in the quality improvement programs of the organization (M. Wiggins, 2010, p. 500).  
 
The customer in a QM context is represented in each step of the supply chain, suppliers are for example 
also customers (M. Wiggins, 2010, p. 510) . Every part in the organization need to identify their internal 
and external customer. In QM is it important to do the right thing right, every time. Many benefits can be 
obtained if an organization manage to reduce errors by improving how things are done. Some benefits 
can be: improved efficiency, increased customer satisfaction, improved communication, less waste, 
improved morale of employees, better use of resources, enhanced reputation, and increased cash flow 
and potential for increased profit (M. Wiggins, 2010, p. 510). 
 
Most QM systems are built upon the concept of continuous improvements or Kaizen. To achieve 
ongoing continuous improvements are five steps required (M. Wiggins, 2010, p. 501): 
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1. Elimination of needless process steps 
2. Continually seek for and implement refinements 
3. Elimination of waste 
4. Reduce the process cycle (for example speed of response) 
5. Design a systematic quality program for the organization 

 
Several studies have tried to determine which practices that give highest positive influence on quality 
performance and Jinhui Wu et al. (2011) states that there is a trend to emphasize on infrastructure quality 
management. and Jinhui Wu et al. (2011) also argues that research regarding quality management has 
shifted from hard factors like techniques and tools to soft factors like culture and mind-set. The by study 
Naor et al. (2008) conclude that enhanced operation performance directly is affected by organizational 
culture and infrastructure quality management practices, not by practices of core quality management. 
This is also supported by Samson and Terzioviski (1998) that claimed that soft factors were positively 
related to performance. Zu (2008) on the other hand argues that both types of quality management 
practices are of importance, that there are two interacting subsystems; a social and a technical subsystem. 
The Lean manufacturing approach also highlights the importance of having an culture in addition to 
techniques and tools (Liker, 2004). Actually have it been highlighted that a lacking implementation of a 
Lean culture in many is the reason of failure for the whole approach (Carreira, 2004). Many companies 
simply implement the tools and techniques, but forget to implement a new mind-set and culture. 
 
There are several different principles suggested to implement according to QM. One of them is to adopt 
to modern management methods and to empower the employees, to eliminate fear in the workplace. 
Another principle is to break down barriers between departments in order to increase communication and 
teamwork. Yet two another principles are that the organization need to commit to implement continuous 
improvements as long term and to help the employees understand customer/supplier relationships. Five 
fundamental inputs in a QM system can be seen in figure 6. 
 

 
Figure 6. Fundamental inputs in a QM system (M. Wiggins, p. 500, 2010).  
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Leadership 
Crosby (1979) highlighted the importance of management involvement that the management team need 
must be personally committed and participate in the quality program. An evidence of management 
commitment is for instance to have a hands on management style or also called ‘management by 
walkabout’, which has shown result to give positive influence of the outcome of quality work (S. Sohal 
et al., 1992, p. 290). The management style should rather be characterized by ‘activity’ instead of 
‘rhetoric’ according to S. Sohal et al. (1992). 
 
Education and training 
With the aim to make all employees feel responsible of their performance and embed a commitment to 
quality does quality management try to change focus of having control from outside  to have it within the 
individual instead (S. Sohal et. al., 1992, p.291). Managers shall make the employees conscious with 
quality, make them comfortable with quality concepts and show what can be gained to be loyal to the 
concepts (Crosby, 1997). Education and training is fundamental to gain a solid foundation for a quality 
program, it is vital for internal diffusion of practices and ideas. According to S. Sohal et al. (1992, p. 
291) can an acquisition of understanding for quality principles and application of them contribute to 
positive attitude change for employees. 
 
Employee involvement 
Organizations that have a high level of employee involvement are likely to have a fast problem solving 
process, with fewer defects and higher job interest (S. Sohal et al., 1992, p. 291). Quality information 
(such as defect rates, costs, meeting target objectives, company performance etc.) are often sent to 
management but without any information passed further to the operators affecting the quality outcome. It 
is important with regular meetings and written documents to be communicated to operators for employee 
involvement (S. Sohal et al., 1992, p. 291). 
 
Some benefits of successful quality management according to a study in Australian companies showed 
among other things improved product design, employee morale, production flow, marketplace 
acceptance and product service (S. Sohal et al., 1992, p. 295). When the study asked companies about the 
measure of degree of improvements and the result showed that both tangible and intangible benefits were 
experienced. However, it was shown that the benefits did not happen quickly, that it takes time to change 
organizational culture and attitude, and managers need to be patient for experienced benefits and not 
expect positive changes regarding their quality efforts in short-term (S. Sohal et al, 1992, p. 295). 
 

  2.2.1 PDCA – continuous quality improvement tool 
There are different methodologies to implement quality management and programs for continuous 
quality improvements (Sokovic, Pavletic & Kern Pipan, 2010). Programs can be Total Quality 
Management (TQM), Six sigma, Business Process Reengineering (BPR), Business Excellence, 
Operational Excellence etc. Independent of which methodology, tool, program or approach of the 
continuous improvements, each organization need to make a properly selection and combination in the 
implementation process. How successful the implementation of continuous quality improvements 
depends on the understanding, knowledge and application in the processes by the team. Most of the 
techniques, tools and approaches are international used and easy to understand that makes it suitable 
where there are large number of people in the organization, where PDCA and Deming’s circle are 
examples of. Some techniques, tools and approaches are however more complex and demanding in this 



18 
 

area, such as Six sigma, Design for Six Sigma, Lean Sigma and EFQM excellence model. To use these 
advanced techniques and methodologies are specialist’s needed (Sokovic, Pavletic & Kern Pipan, 2010). 
 
The DMAIC methodology that is a part of Six Sigma delivers best result when the processes are flexible 
and unproductive steps can be eliminated. DFSS and RADAR are complex techniques and tools that are 
long-term and resource demanding (Sokovic, Pavletic & Kern Pipan, 2010). The DFSS methodology is a 
systematic approach for product or process design with the objective to design things right from the first 
time. This research area however does neither involve flexible processes, is at the stage of process design 
or have resources for demanding approach. Therefore were not the above methodologies considered 
suitable for this research and there have not been any disproved aspects that the PDCA cycle will fit the 
purpose of the research, it was therefore decided that the PDCA was would be used (Sokovic, Pavletic & 
Kern Pipan, 2010). 
 
The PDCA cycle may also be called the Deming circle that is named after W.E. Deming. PDCA stand 
for Plan-Do-Check-Act, four steps that are made in that exact order, see figure 7 (Sokovic, Pavletic & 
Kern Pipan, 2010). In processes are the actual result of an action compared with a set target and if there 
is a too large difference between those two are actions taken. PDCA represent that definition of control 
and repeated nature of continuous improvements (Sokovic, Pavletic & Kern Pipan, 2010). 
 
To applicate the PCDA has shown to be more effective than the approach to make it ‘the right first time’ 
(Sokovic, Pavletic & Kern Pipan, 2010). The PDCA cycle entails that there is always a search for better 
methods of improvements. An application of PDCA can both be done when performing daily work and 
when managing a program of continuous improvements.  Two different types of corrective action may be 
done with PDCA – temporary and permanent actions. The temporary corrective actions are aimed to 
achieve results by tackling and fixing the problems. The permanent actions however consist of 
investigation and strive to eliminating the root-causes, and thereby achieve sustainability of the improved 
process (Sokovic, Pavletic & Kern Pipan, 2010). 

 

 
Figure 7. A PDCA cycle as a concept of continuous improvement process (Sokovic, Pavletic & Kern 
Pipan, 2010). 
 
The PDCA cycle is not only a quality tool it is also a fundamental concept of continuous improvement 
processes (see figure 7) that is embedded in the culture of the organization (Sokovic, Pavletic & Kern 
Pipan, 2010). The Act-step is most important in the PDCA, after completion of a project when it is time 
to start a cycle again for further improvements. The PDCA cycle is possible to use within the Kaizen 
concept (Sokovic, Pavletic & Kern Pipan, 2010). 
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Execution of PDCA (Maruta, 2012):
Plan – Study of current situation. Collect data to be able to formulate a plan for improvements. 
Do – Implement finalized plan from previous step. 
Check – Check if the implemented plan has brought up anticipated improvements. If not, go back the 
plan-step and start again. 
Act – When the experiment has been successful is it time for a final action. The final action can be a 
methodological standardization, to ensure that the new introduced methods will continuously be 
practiced for sustained improvement. 

The first step, to plan, can for instance include: training of quality, quality concepts and objectives, 
control of design, statutory considerations, product liability and product safety (Sokovic, Pavletic & Kern 
Pipan, 2010). The Do-step can be performed by changes with: procurement, servicing, controlling 
changes, compatibility, standards, standardization, conformity, just-in-time supplies, process capability, 
materials handling, service quality and product reliability. The Check-step can for example be carried out 
by: statistics, control charts, inspection, measurement equipment, quality audits and reviews, 
benchmarking, functional testing and look at quality – and safety related costs. The last step, Act, can for 
instance consist of:  ISO 9000 certification, TQM, environmental management systems or management 
system integration (Sokovic, Pavletic & Kern Pipan, 2010). 

2.3 Theory of Constraints 
The international bestseller book “The Goal” introduces principles of manufacturing aimed to transform 
the conventional management thinking (Goldratt, 1993). Goldratt introduces a way to think logically and 
consistent of problems within an organization and by that new thinking enable to identify relationships of 
‘cause and effect’ to actions and results. The created principles have an aim to bring order to existing 
chaos within a plant. Goldratt (1993) claims that if the correct principles are understood and applied in a 
plant can that organization compete with anyone.  

Even though the theory that Goldratt argues for is aimed for manufacturing businesses there can also be 
the same potential to be implemented in other types of organizations. The theory is called Theory of 
constraints (TOC). TOC is a management paradigm that sees a manageable system as it has a very few 
numbers of constraints, as limiting factors to achieve more of its goals (Goldratt, 1993). When 
constraints are identified, the rest of the organization is restructured around them. TOC adopts to the 
saying that a chain cannot be stronger than its weakest link. The theory is based on that the level of goal 
achievement. 

Goldratt (1993) questions the conventional calculations with productivity of single activities. For 
example if a new machine increase the productivity of a single operation with X% will it not mean that 
the organization make X% more money on the plant (1993). Accordingly to Goldratt is not productivity 
measured on internal activities, but is a measurement that should show how it affects the whole system. 
Instead of looking at a single activity should it be put it relation to the overall system. For example do the 
machine enable the plant to deliver out more products than before, to sell more products? Could the plant 
lay off people, use less labour to deliver the same products? Do the inventories go down by installing the 
machine? If a change not enable the organization to increase the revenues, decrease employee expenses 
or decreased inventories does it not improve a plants’ productivity according to Goldratt (1993). 
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Wrong measurements are commonly used in order to measure how efficient an organization is. The way 
of thinking is not overlapping the reality. Measurements should be adapted to your specific organization. 
The measurements and terms should be simplified according to Goldratt, he claims that productivity 
simply can be defined as that you accomplish something in terms of goals. The organization is 
productive when it accomplish something in terms of its goal. The conclusion of the term productivity is 
that it represent the acts that bring the organization closer to its goal, which can be seen as simple logic. 
This brings up the need of having a goal - unless knowing your goal is productivity and other terms 
meaningless. The main goal of a manufacturing organization is often to make money and then there are 
enablers around to make it possible to achieve the goal of making money. If the goal is to make money is 
an action that moves the organization towards making money productive. But even if it is an organization 
not having the goal to make money, it should be seen as an condition to be met in order to meet the goal.  

To chase after improved efficiencies of for example a machine in order to keep down costs per part is not 
a way to see how it affects the whole system. There is for example a risk to increase the inventories if 
only a measurement of efficiency for a single activity is considered. An employee working in production 
that is idle because there are no product to work with is not always bad, a plant where everyone working 
all the time is very inefficient according to Goldratt. To create excess inventories is excess manpower 
needed. The TOC philosophy is to think about the organization as a whole, not about local optimums.  

Measurements 
Measurements to show productivity sometimes only measure if employees worked for the hours paid for
- not if the needed output to earn money was achieved. However, the conventional measurements to 
measure if the organization makes money such as net profit, return on investment and cash flow, are not 
well expressed to be used in daily operations of a manufacturing organization. Three other measurements 
may be used in order express the goal of making money, but in the same time permit to develop 
operational rules to run a plant. The three measurements are called: throughput, inventory and 
operational expense. Even though the measurements are well known they are defined differently in the 
theory by Goldratt (1993). Throughput is defined as the rate where the system generates money through 
sales. If you measure production instead does it not correspond when a product is not sold, it should not 
be included in throughput if not sold. Inventory stands for all money invested in the system to purchase 
things intended to sell. Operational expense is all money the system spends to turn inventory into 
throughput. The three measurements need to be considered together as a group, if one of them is changed 
will at least one of the others also change. The goal is to reduce inventory and operational expense while 
simultaneously increase the throughput. 

Dependent events and statistical  fluctuations 
A balanced plant is a plant where the capacity of each resource is balanced exactly with the demand of 
the market. The conventional thinking have been that if you have more capacity than you use are money 
wasted and if there is a lack of capacity within an organization is there a waste of potential throughput. 
However, according to Goldratt do no balanced plants exist. On the contrary, the closer an organization 
comes a balanced plant, the closer it comes bankruptcy. The assumption that if the capacity to balance 
with the market demand is trimmed will not affect inventory or throughput is wrong. According to 
Goldratt goes throughput down if the capacity is trimmed to exact marketing demands and inventory 
goes up, hence the carrying cost of inventory goes up will also the operational expense increase. There is 
a combination of two phenomenon that causes this effect: dependent events and statistical fluctuations.  

Dependent events entails that one or several events must take place before another event can begin, the 
subsequent event depend on the events prior to it. Statistical fluctuations are created by things that cannot 
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precisely be predicted –it vary from one instance to another – they are subject to statistical fluctuations. 
Therefore can most critical factors to successfully run a plant not be precisely determined in advance. To 
understand what the combination of those two phenomenon is important. Accumulation of fluctuations 
happens because dependency limits the opportunities for higher fluctuations, that is why delays may 
spread in an operation process. The maximum deviation of a proceeding activity will become the starting 
point for a subsequent activity. 
 
Bottleneck resource vs. non-bottleneck resource 
An organization should be optimized in a system perspective, not single activities; some resources must 
have more resources than others. Resources in the end of a system should have more capacity than the 
resources in the beginning, sometimes a lot more capacity. There are two types of resources that need to 
be distinguished from each other – a bottleneck resource vs. a non-bottleneck resource. A bottleneck 
resource is where the capacity is less or equal than the demand put on it and a non-bottleneck resource 
has greater capacity than the demand put on it. When those two resources are identified will vast 
implications started to be discovered. 
 
Capacity should not be balanced with demand, but instead should the flow of products through a plant be 
balanced with the demand of the market. It is the bottleneck resource that determines the effective 
capacity of the system. The flow through a bottleneck resource should be equal or little less than the 
market demand. Where a bottleneck resource exists should they be used in order to control the flow 
through a system to the market. The goal is not to eliminate bottlenecks, but only to find more capacity to 
make that the bottlenecks become more equal to the market demand.  
 
If the capacity for the bottleneck need to be increased are there several different ways to do so, 
depending on the environment and different factors. There are two main themes to consider in order to 
maximize the capacity of the bottlenecks: no waste time of a bottleneck or to direct some of the load on 
the bottlenecks to the non-bottlenecks instead. Then can also additional equipment be added to the 
bottlenecks in order to increase the capacity, for example add an machine. It is important to prioritize to 
items that will make money – the ones that will go out to customer directly. In a case study in the book 
by Goldratt (1993) are some solutions mentioned in order to increase the capacity for a bottleneck. For 
example to have staff 24 hours a day, no stops during breaks, change place of processes, reconsider if all 
items need to go through a bottleneck, only use for items ensured to be transitioned into throughput, look 
for outsourcing, introduce quality checks before products enter bottleneck in order to minimize 
unnecessary handling in a bottleneck, add more equipment at bottlenecks. Lost time on a bottleneck 
resource means loss of throughput according to TOC. The time lost for a bottleneck is the same time lost 
for the whole system. The cost for a bottleneck is the total expense of a system divided with the number 
of hours the bottleneck is active. Managers need to learn how to run their plants by the plants’ 
constraints.   
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Execution of Theory of constraints 
The TOC theory says that the only way to increase the overall throughput is by increasing the flow 
through the identified constraints. In order to implement the Theory of constraints in an organization 
does the organization need to first determine the main goal of their system and define the measurements 
according to their system. After those things have been made are there five steps to perform (Goldratt, 
1993): 
 

1. Identify the system's constraint(s). 
2. Decide how to exploit the system's constraint(s). 
3. Subordinate everything else to comply with the above decision(s). 
4. Elevate the performance of detected system's constraint(s). 
5. If a constraint in the previous steps has been broken, go back to step 1. However, do not allow 

inertia to cause a new system's constraint. 
 

2.4 Lean management 
Lean can be seen as many different things, a philosophy, a culture, tools etc. (Carreira, 2004). One 
implementation failure organizations often do is to not incorporate Lean as culture throughout the 
organization. It is often separate to the business plan and not used to develop and support the business 
plan as it should be. Key characteristics of lean is that (1) reduce/eliminate waste and (2) make processes 
flow with a very high velocity (Carreira, 2014).  
 
The objective of a manufacturing company in accordance of a Lean philosophy is to make something 
that can be sold to someone for more money that it cost the company to make it (Carreira, 2004). 
Simplified is the objective to make money, as Goldratt (1993) implies in the Theory of constraints as 
well in the previous section (2.3). In order to achieve that goal are a couple of things needed: a product, a 
place to create the product, human resources to do the work, material to create the product, machines and 
tools for the human resources to use and finally a customer willing to buy the product (Carreira, 2004). 
The core of the Lean philosophy is to measure all activity from a customer’s point of view. The highest 
priority is to give the customer exactly what it want – no more, no less (Carreira, 2004).  
 
Profit 
If the organization has a product that everyone wants to buy is it just make it happened that the product is 
produced, sell it to customers and start to accumulate profit (Carriera, 2004). To extract the profit, the 
difference between the organizations costs and selling price is calculated. The selling price is set by the 
market place, but what about the costs? A first step to determine the real cost for an organization can be 
to start with the obvious ones like taxes, water, electricity, real estate and procured material – what is 
needed to operate and produce the product (Carreira, 2004). Then is the actual cost to produce a product 
considered. For non-lean production are there two primary rules: that everyone needs to be busy and that 
all expensive equipment need to be running all the time (Carreira, 2004, p.13). This is also in accordance 
to what Goldratt (1993) claims that conventional organizations works according to (1993). If direct 
labour efficiency and machine utilization is what is primarily measured is that what the focus will be. 
What is close to the real manufacturing cost for one product is to measure the hours a person need to 
work and the process a certain amount of material need to go through (Carriera, 2004). 
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Metrics 
The foundation of continuous improvements is to measure what you do (Carreira, 2004, p.15). What is 
measured dictates what is done, if it is not measured it is not considered as important. One important 
point is that metrics control the performance and business decisions. The second important point is that 
metrics need to be complementary; they need to highlighted throughout the whole system and give 
everyone in the organization the same message. It is otherwise common that various areas have 
contradictory, conflicting or no metrics (Carreira, 2004). 
 
The conventional mind-set is to measure the indirect costs and overhead costs against department 
budgets, not the specific activity (Carreira, 2004). The conventional way is driven by the standard cost 
system that measure the direct activity, value the inventory and absorb the overhead costs. A big 
difference in the lean philosophy is that direct labor is not a primary metric, instead is all activity across 
the whole value stream considered. Even though the inventory is represented as asset on the financial 
statements it is represented as waste and expenditures in the lean measurements (Carreira, 2004). 
 
Financial measurements and integration of accounts continue to be important for external reporting in a lean 
world, but in the daily work regarding management and control of operations those measurements can be 
harmful (Carreira, 2004, p.16). A lean way of measure is made in a more direct way and located where the 
source is if possible. Therefore can often whiteboards be seen in out in the production. Measurements on the 
whiteboards can for example be: production rates and performance and difference customer-service levels. 
Customer-service can for instance be measured by quality performance, safety performance and on-time 
delivery. Traditional reporting often deliver facts from previous week in a complex way, so it need analysis to 
be understood and old facts are used. Lean philosophy emphasizes on measuring what is important, for the 
day-today decisions, use real-time measurements and making it pure simple (Carreira, 2004).. 
 
According to the conventional reporting it does implies that managers should keep the resources busy 
producing in order to be successful, for machine utilization and direct labor efficiency (Carreira, 2004, p.17). 
It does not matter where the product will be transported, if it’s going to customer or in storage location. It is 
the same mindset that Goldratt (1993) implies that the conventional way has. Which will drive the department 
to be efficient in the books – but this system will only lead to unnecessary work performed in order to make 
numbers look good (Carreira, 2004). 
 
Cost of inventory most often have four areas (Carreira, 2004, p.28). The first one is cost of money, when an 
organization pays for materials it does not take from their own money, it takes from bank credit. Interest is 
paid for this borrowed money, the interest rate is tied up to the prime rate. The second area is the opportunity 
the cost of the money could have given, if that money would have been invested instead it could have given 
more return on investment. The third area is obsolescence, the amount of obsolescence or products that 
cannot be sold - which can be the case when using forecast. Organizations often get materials that cannot be 
used of due to different reasons. The fourth area involves equipment, people and space that is used in order to 
manage inventory (Carreira, 2004). 
 
Lead times, throughput and velocity, and the connection between them are considered in Lean manufacturing 
(Carreira, 2004). Velocity is the speed an order has when it moves through the plant and processes, the 
longer it takes the more to accumulate cost. The faster the better. Throughout can be used in different ways as 
measurement. Usually is it used to measure how much of a product that you can get out of a process, perhaps 
a measure of an bottleneck. It can also be used to measure the amount of finished goods that can be delivered 
to a customer in a certain time frame. Lead time is the time it takes to process an order through an system, it 
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can be breaker up in sections but in the customers point of view is it the time from the order is set to when the 
customer receive the product. It is an important measurement to the customer (Carreira, 2004). 
 
The difference between velocity and lead time is that velocity regards the time to process an order through the 
manufacturing, but lead time regards the time to responds to the customer with an delivery (Carreira, 2004). 
Velocity is for instance important to measure in order to strive to reduce lead time, that in turn can give a 
customer advantage to be able to respond to customers more quickly. In order to decrease lead time, Kanban 
can be used where additional waste of more work in progress is created artificially, but it will not affect the 
velocity. The velocity then have to increase in order to reduce the waste of inventory, Kanban’s, by still 
remaining the reduced lead time (Carreira, 2004). 
 
According to Carreira (2004) can there only be one bottleneck in a system, however if things are changed at 
stated bottleneck to improve the speed through that specific area the bottleneck will move to another area. As 
improvements are done in different spots the bottleneck will jump, there will always be a bottleneck.  The 
bottleneck need to be considered when deciding which products to run, cost and profitability of products are 
important considerations but need to also consider product flow to see to total cash impact (Carreira, 2004). 
 
Batch and queue vs lean flow 
In a batch-and-queue model are large orders of products produced through a series of operations where the 
entire batch is sent from one operation to a queue before the next operation start (Carreira, 2004). There is 
storage before and after each department. This mass production approach is the opposite of a fully integrated 
lean environment that handles single piece flow. The lean model are working in line with very small work in 
process queues, where each operation have been put together to take an equal amount of time, the operations 
are balanced and physically linked together. To calculate the tally of the day is the cost for the people, 
materials and overhead merged and the total shall be less than the return for that day, what is delivered and 
invoiced. Just to keep simple calculations and see proportions (Carreira, 2004). 
 
Waste elimination 
Waste elimination is one of the cornerstones of in the Lean philosophy (Carreira, 2004). But even if waste is 
a priority as it common to see a lot of waste when doing an walk around in plants, according to Carreria 
(2004, p.50). People are directed to eliminate waste, but not properly trained what waste exactly is. Instead of 
directing employees to eliminate waste there should be directives to identify waste, to motivate the employees 
to know what waste looks like. One of the challenge with waste elimination is to make people understand the 
purpose and impact of a commonly used word as waste, it is often taken for granted to know the meaning 
(Carreira, 2004).  
 
By observation in a plant everything can be translated to have one or two impacts: generates revenue and/or 
adds cost (Carreira, 2004). One example is that activity often is mistaken for work and that a few seconds 
here and there are too trivial to think about. But in one year,  those seconds sum up to a major cost. It can for 
example be that a person need to walk a few additional seconds hence the layout is not optimized (Carreira, 
2004).  
 
There are seven categories of waste in Lean theory (Carreira, 2004): 

1. Overproduction 
2. Unnecessary inventory 
3. Transport 
4. Process 
5. Rejects 
6. Waiting 
7. Unnecessary motion 
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The stated wastes do not cause a product to be transformed into a complete product for a customer, they are 
activities that add cost (Carreira, 2004). The wastes are non-value-added activities, activities that do not add 
any value in a customer perspective. One additional category to the wastes can be considered, one that 
generates revenue. It can be called work, where activities that are value-adding in a customer perspective is 
included. All activities in a plant can then be observed and assigned to one of the categories (Carreira, 2004). 
 
Overproduction 
Overproduction is that the organization produce more than needed, the organization need to understand the 
true demand of its products (Carreira, 2004, p. 54). So, the question is how an organization do to determine 
the true demand. What you measure will create behavior and conventional metrics often make managers do 
bad decisions, for example if you measure the performance of output instead of output in relation to hard 
orders that will go out – inventory will increase and overproduction created (Carreira, 2004). 
 
Unnecessary inventory 
Unnecessary inventory stand for inventory that is not needed (Carreira, 2004). To identify unnecessary 
inventory, look if there is idle inventory somewhere, that no one is working on and question if it is needed. 
There are two ways to accumulate unnecessary inventory, either the organization buy it or produce it. Cost 
associated with the material is often not included, such as how material from different vendors affect the 
organizations internal operations, that scrap and rework labor are not included in the part price. If it is not 
overlooked with an holistic perspective does only purchasers consider their costs and not how their actions 
affect the costs in the production department. To get the lowest price possible for a part does conventional 
practitioners buy largest quantities possible and get delivery in full truckloads, they are not measured on days 
of inventory (Carreira, 2004). 
 
Transport 
Transport represent when things are transported from one place to another (Carreira, 2004). Any transport of 
products fall directly into the waste-category, it is not being transformed into a more finished state. 
Organizations tie up a large amount of cash for the activities to move materials around. 
 
Process 
Waste regarding process can have several different causes (Carreira, 2004). For example a process that 
requires an hand adjustment in every cycle, which can beside the process waste also cause irritation for the 
human resource performing the manual adjustment. Another example is when two different operations is 
needed, where there is a tool on the market that do both operations, the whole extra activity to go and get the 
other tool is waste activity. Even if the right tool is more expensive does it often pays off to invest if 
calculated on the secondary tool, go gets and put-aways to translate them into cash. There can also be over-
processing as a process waste, which is often performed regarding quality (Carreira, 2004). 
 
Activity resulting from rejected product - Rejects 
Waste related to rework/rejects are a large cost area for many organizations (Carreira, 2004). Costs are rather 
straightforward when it comes to directly connected with rejects and the associated rework. Once a unit is 
rejected will it start to accumulate a large amount of cost that all is in the waste category. Until the rejection 
point has that unit also already an accumulated cost for materials and performed labor (Carreira, 2004). 
 
Waiting 
For a machine or operator to wait for resources create no value (Bergman & Klefsjö, 2007, p.623). 
Waiting waste can for example be that an employee wait for materials to be delivered, waiting for 
inspection before performance or waiting for information (Carreira, 2004, p.65). It can also be waiting on 
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equipment time that can be at a CNC machine where an operator load the machine and then wait until the 
machine has run through the cycle time. 

Unnecessary motion
Motion refers to people and areas where work is performed (Carriera, 2004, p.65). It can be excessive 
distance travelled or reached to by the employees while their operation, for example twist and turns or a 
lot of walking. Compounded costs for this waste is worker injury, ergonomic issues and compensation 
costs. 

Value stream
To view the business from a system view we need to evaluate it by the value stream, which is one ground 
pillar of Lean (Carreira, 2004). A value stream considers all activities done in one cycle for a product, 
from taking the first contact with a customer to then receive the payment when a product has been 
delivered. A problem in organizations can sometimes be that each function is individually improved and 
the intersections between the different sections is forgotten. To analyze the business through a value 
stream approach can highlight other opportunities than the conventional ways bring up and also what the 
priorities should be to leverage those opportunities (Carreira, 2004). 

2.5 Key Performance Indicators (KPI’s)
Key Performance Indicators (KPI’s) should be created and decided after the overall organizational goals 
are defined (SustainableBEER, 2014). Some guidelines to consider when creating KPI’s according to 
SustainableBEER (2014) are: 

1. Choose the KPIs that are most relevant.

2. Prioritize the measurable KPIs.

3. Choose the KPIs that change frequently.

4. Be selective in the choice of KPI.

It is important that the KPI’s are relevant in many aspects and most importantly do they need to be 
aligned with the organization’s core business strategies hence the need of first having the organizational 
goals defined (SustainableBEER, 2014). The KPI’s also need to be relevant due to the need of having an 
impact, be industry applicable and to satisfy the stakeholder groups. If using KPI’s that have short-time 
fluctuations, can they be used as timely feedback for example resource use and be used better when 
analyzing progress than using long term initiatives. Specific and timely data may also be used to create 
an internal momentum, for the employees to be enlightened of their efforts and the changes 
(SustainableBEER, 2014). 

One requirement of KPI’s is that they need to be measurable (SustainableBEER, 2014). Utility bills is 
one example of measurement that can be rather simple to track usage and costs. A less straightforward 
example is to track improvement in employee engagement, perhaps due to an extra effort in improving 
the overall engagement. Due to these two examples is it important to consider all the chosen relevant 
KPI’s in step 1 regarding how feasible and easy they will be to measure (SustainableBEER, 2014). 

Budget can be a limiting factor for the use of KPI’s and it’s then necessary to strategically select the most 
appropriate KPI’s (SustainableBEER, 2014). When the most appropriate KPI’s have been selected,
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identified and tracked goals for each KPI should be created, in order to address long term strategic goals 
aligned with the organization. A decision on how and to whom the KPI measurements and result should 
be reported. There are risks with both providing too many or too few metrics. There is a risk that the key 
issues might not be addressed if too few indicators are shown respectively that the issues might be lost if 
there are too many indicators by being overwhelmed by the amount of data (SustainableBEER, 2014). 
 
According to M. Wiggins (2010, p. 5) is the first step to create KPI’s is to find out which KPIs currently 
used in the organization. Then is it needed to identify business KPIs that the investigated area directly 
can impact and give priority to those business areas. In addition, KPIs will help determine which 
behavior that aims to be measured, which processes needed to provide the KPI data and who owns the 
data and the KPI. It is important to know the purpose of the KPI, which people that need to receive the 
KPI data and determine who have the responsibility to collect the KPI data. There is an danger according 
to M. Wiggins (2010) with only measuring what can be measured and ignore the other, that it may result 
in employees only doing what will be measured. 
 

2.6 Key Performance Indexes at Carlsberg Sverige 
Hence the magnitude of the organization that Carlsberg Sverige is included in by Carlsberg Group are 
there many different projects and programs on both international and local levels. Therefore have only a 
few that bring fourth new measurements been selected to be presented in this research, the ones that are 
seen suitable for the scope. 
 
Business Standardisation Programme (BSP) 
Carlsberg Group is in the implementation phase of a Business Standardisation Programme (BSP) that is a 
standardization of the processes in most of the functional areas that Carlsberg Group has (Pehrson, 2015; 
Brynningsen, 2015). It also involves standardization of KPI’s, reporting and basic data. Carlsberg in 
Sweden was the first country to implement BSP, made April in 2013. New countries are continuously 
added and implement BSP according to a project plan, but when a new country is added to the 
standardized platform can it result in different errors for the countries already active and finished with 
the implementation (Brynningsen, 2015). In order to minimize the errors and effects when a new country 
join the BSP are several test runs made and employees are enlighten about the situation. If any IT 
problems is detected are there a routine to contact ‘IT helpdesk’, and leave a ticket of the problem 
(Brynningsen, 2015). 
 
The Perfect Order (PO) 
Perfect order refers to the striving towards achieving no order errors that affect customers (Pehrson, 
2015). If an order is executed without any error at all that affect a customer is it classified as a Perfect 
order. The perfect order KPI is measured once a day, the percentage goal is different depending on 
Carlsberg subsidiary and their prospects. The main goal is the same for the whole Group, that Carlsberg 
can ensure that each order is handled as agreed. The Perfect order is a measurement of how much percent 
that was ‘perfect’ out of the customers perspective. In order to measure the percentage of Perfect orders 
achieved are seven measurements made in different steps that an order goes through, where each sub-
measurement has own objectives. By the Perfect order KPI Carlsberg Group keeps track of performance 
throughout the whole value chain in order to secure continuous improvements and to become first choice 
as supplier. Perfect order will be achieved by that all departments will work with doing right the first 
time. The scope of Perfect order is all SKUs (Pehrson, 2015). 
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Every morning a supply-meeting go through and discuss The Perfect Order with different categories 
(Pehrson, 2015). Employees at Carlsberg responsible for different measurements are involved in this 
phone-meeting where excel-files are used to visually show everyone the different problems. The purpose 
is to find the root-cause for detected mistakes, and to together find solutions for problems and designate 
someone responsible for it not to happen again (Pehrson, 2015).  
 

2.7 Sustainability at Carlsberg Sverige 
Carlsberg Sverige is since 1999 certified to ISO 14001 and when it comes to their social responsibility is 
the environment Carlsberg’s focus (Carlsberg Sverige, 2013). Carlsberg Sverige strive to use the natural 
resources in the most efficient way and decrease the environmental impact. The ISO 14001 certification 
builds on continuous improvements, two audits is made each year to follow up and every third year is 
renewal made of the certification where a larger audit is made. The Carlsberg group developed a new 
sustainability strategy in 2009 with the aim to achieve even better results and to keep the position as 
branch leader regarding low energy- and water usage. The sustainability strategy focus on the most 
important areas for Carlsberg's’ businesses and operations, namely: water, transportation, effective 
resource usage, energy and emissions (Carlsberg Sverige, 2013). 

 
The Carlsberg Group has several different focus areas and targets regarding environmental sustainability 
(Carlsberg Group, 2014). The aim of Carlsberg Group is to reduce their environmental impact while at 
the same time positively contribute to the society and environment. Environmental efficiency has been a 
priority for several years that can concern different aspects, for example optimization of production 
processes, improving distribution or rethinking packaging. The continuously improved efficiency have 
given some positive results, especially the energy consumption and CO2 emissions at the production sites 
have decreased, which stands for two of the key targets. Carlsberg Group currently have a large project 
regarding sustainable packaging, primary and secondary packaging stands for approximately 45% of 
their total CO2 emissions and it is therefore one of the three key initiatives. Water is a key resource to 
produce the beverages within Carlsberg Group and due to water is increasingly becoming an scarce 
resource is it also one of the three key areas of CSR. Carlsberg Group has three-year targets (2014-2016) 
to encourage continuously ambitious efforts, which are regarding energy consumption, CO2 emissions 
and water consumption. 
 

2.8 Warehouse storage 
There are four different inventory systems at the case: regular racking storage, block stacking storage, 
flow racket storage and Fast Rotating Storage (FRS). The FRS is involved in the research and will be 
explained. 
 
The fast rotating storage (FRS) is a solution for low-bay storage (System Logistics, n.d.). The FRS 
system is built on high-speed linear shuttles (see figure 8) and combined with multi-depth satellite 
technology. The base has the aim to allow a high throughput and to achieve a high storage capacity in 
small ‘volume’. It can function both as buffer before shipping and as a high-density storage solution. 
There is a flexible block design concept for the FRS, it has the possibility to store 3-5 levels and have a 
high handling capacity. The FRS is self-supporting and need minimum changes to existing building 
constructions. 
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Figure 8. Linear shuttles in FRS (System Logistics, n.d.). 
 

2.9 IT system in Automated Order Picking 
There are two programs used for the automated order picking, Systore and MOPS (Pehrson, 2015). The 
same supplier makes the two programs and they created to interact with each other (System Logistics, 
nd.). Systore is used when handling pallets and when the goods are located on pallets, the goods then 
have a pallet-ID. Systore is used when the goods is handled as individual packages and the goods have an 
own package-ID. These two programs however are subordinated to Astro that is the head program in the 
warehouse (Pehrson, 2015). 
 
MOPS (modular order picking system) is an automated solution for both case picking and automated 
mixed SKU pallet building (System Logistics, n.d.). MOPS is a solution ideal to high volume where each 
customer requires more than one SKU per pallet and also more than one SKU per layer per pallet. MOPS 
is built by modules and thereby is the final solution customized for the customer to meet individual 
requirements. Basic modules are: pallet descrambling, sequencing and palletizing, palletizing robotics 
and Systore WMS. The module with pallet descrambling is where full pallets are stripped into single 
packages, either automatically or manually. The module of sequencing and palletizing involves 
management of pallet building with mixed SKU, it follows a clear sequence or complex business rules. 
The palletizing robotics module is carton handling robots that pick and place cartons on a pallet, it builds 
a pallet package by package instead of layers. Systore WMS manages physical dynamics and business 
rules of all SKUs in an item mastered through a ‘best fitting™’ algorithm (System Logistics, nd.). 
 

2.10 Automated transportation 
The goods are internally transported in different ways, depending on the start point and endpoint of the 
transportation. If the goods are transported from the production in Falkenberg is Laser guided vehicles 
(LGVs) used. Also if the goods are transported from two inventory systems. In the automated sections 
for storage and order picking are conveyors, automated lanes and stacker cranes. Stacker cranes will be 
explained. 
 
Laser Guided Vehicle (LGV) 
Carlsberg Sverige has several Laser guided vehicles (LGVs) in the warehouse for different purposes, see 
figure 9 (Elettric 80, 2015). There are different LGVs at Carlsberg Sverige, the size differentiate if it can 
handle two or one pallet at a time. For greater reliability, the LGVs have separate compartments, they are 
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by standard built with separate compartments for hydraulics, power and electronics. This standard is 
chosen in order to ensure trouble free usage and minimized random errors that occur due to failure in 
signal disturbances or electronics (Elettric 80, 2015). The LGVs are characterized as automated forklifts 
guided with help of laser (Pehrson, 2015). 

 
Figure 9. Picture of a LGV CB 25 (Elettric 80, n.d.). 
 
Stacker cranes 
Stacker cranes are used to store loading units in a vertical automatic 
warehouse (System Logistics, n.d.). A stacker crane picks and delivers 
loading units from and to storage lanes inside aisles of racks (see figure 
10). A stacker crane travel along the aisle in a warehouse where 
materials are entered, positioned and extracted. When a load is picked 
from a storage lane is it delivered to drop it off at a station that then 
convey the pallet to another area, located in the system. There can be 
one or more drop off stations within this type of system. A stacker crane 
provides a fully automatic, safe and fast handling movement of loads. A 
stacker crane is guided by a management software system that 
coordinates all activities. Stacker cranes can easily be adapted to 
customer requirements regarding dimensions, load capacity, cycle times 
and building height. 

Figure 10. Stacker crane (System 
Logistics, n.d.). 
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3 Methodology 
The aim is to find a suitable execution for the research goals and answer the research questions in an 
adequate way, with high validity and reliability. The methodology choices of this research will be 
presented in this chapter. 
 
Research can be conducted in different levels, where conceptual (theoretical) and measurement 
(empirical) can be seen as two different levels (Ghauri and Gronhaug, 2005, p. 32). All research begins 
with activities at the conceptual level, and some also include activities at the measurement level. This 
research will include activities from both levels, due to the character of the problem discussion. When 
moving from the conceptual level to the measurement level is it important to consider which 
requirements the research design should satisfy (Ghauri and Gronhaug, 2005, p. 69), and that will be 
reviewed in the section below. 
 
The methodology setup is shown in Figure 11, which includes: type of research purpose, method 
approach, scientific approach, research strategy, type of data collection and method for data collection. 
The choices will be further explained through the chapter and a with a through explanation of the 
execution, thoughts about validity and reliability and also research ethics. 

 
Figure 11. Method map. Filled green boxes represent the methodology choices for the research. 
 

  3.1 Research design 
The first step towards finding an answer, according to Ghauri and Gronhaug (2005, p. 44), is to find a 
problem/question and formulate it clearly.. The research problem helps to explain what is to be 
investigated and the research purpose explain why and how large the investigation will be. There are 
different models, which determines the type of research to be used. In work by Andersson & Borgbrant 
(1998, p. 21), they argue that in order to determine  research design, is it necessary to choose which type 
of research to be conducted. When deciding the research type, it will have an impact on the design of the 
different research elements that should be considered. Also, Giger (2007) highlights the importance of 
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first deciding which type of research project to be made in order to facilitate the following work with the 
project. There are several different types of research design and Ghauri and Gronhaug (2005, p. 56) 
highlight three of the most common: exploratory, descriptive and casual. 

An exploratory design has an unstructured problem design, where the search for the solution may
change direction along the way as more information is gathered (Ghauri and Gronhaug, 2005, p.
44).
A descriptive design has a structured problem design, where a detailed sample plan is needed
with strictly decided questions that have the aim to be measurements.
A casual design has a structured problem design, but unlike the descriptive design will it involve
‘cause-and-effect’ problems.

Since there was no specified target area determined in advance and to be able to change direction along 
the way , the exploratory design was determined to be the best design for this research that is published 
in the paper. Hence one part of the research process actually was to gain knowledge on how to identify 
problem areas that could not be experienced in advance, thus the explorative design was considered 
suitable. The purpose of the research is to search for ways to monitor, measure and prioritize quality 
errors, and to search for new ways or methods that were not considered before.  

3.2 Scientific approach and concepts 
In work by Goldratt (1993), he sees science as creating an understanding of the way the world is and why 
it is that way. Additional thoughts by Goldratt (1993) were that there are no absolute truths, it is only the 
current state of the art at a given time, and the search for a better understanding should be never ending . 
In work by Goldratt (1993), he believes that as a scientist you need to look at the reality and think 
logically and precisely of what you see – to face inconsistencies of what you see and deduce, and how 
things are done. To challenge basic assumptions is essential to achieve breakthroughs. 

Similar to Albert Einstein and Leonardo Da Vinci,  Goldratt also has the vision to simplify things, a few 
examples which are presented by citations of them below. The aim of this research was also to simplify 
the complex system that the warehouse of Carlsberg Sverige depicts to be and to create a model for 
continuous quality improvements that can be understood by the common man.  

Einstein said: Da Vinci said: 

There exist two different ways to determine what is true or false and to reach conclusions, deduction and 
induction according to Ghauri and Gronhaug (2005, p. 15). Deduction is based on logical evidence and 
induction is based on empirical evidence (Ghauri and Gronhaug, 2005, p. 15). Deduction is commonly 
associated with a quantitative research type and induction with a qualitative research. The research presented 
in this paper has been built on deduction, logical evidence have been used to reach conclusions. Hence 
quantitative approaches are commonly used with deduction (Creswell, 2003; Ghauri and Gronhaug, 2005) did 
this paper adopts a more quantitative research approach.  

"If you can’t explain it simple you 
don’t understand it well enough" –
Albert Einstein (1879-1955)

"Simplicity is the ultimate 
sophistication” – Leonardo Da Vinci 
(1452-1519)
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3.3  Data collection methods 
In work by Creswell (2003), he highlights three method approaches; quantitative, qualitative and mixed 
method approaches. According to Creswell (2003) quantitative and qualitative elements can be 
advantageously combined in one research, and therefore mixed methods do exist. There is no 
competitive nature between the two approaches, but they have different strengths and weaknesses and are 
thereby suitable to different types of research situations (Creswell, 2003; Giger, 2007). In addition, the 
different methods within the quantitative and qualitative approaches possess different characteristics and 
the methods can also be specially adapted for other purpose than it usually has (Creswell, 2003, pp.78-
79). Descriptions of the different research methods is presented in the following section with a brief 
explanation on their differences. 
 

3.3.1 Quantitative, qualitative and mixed methods 
Quantitative methods are characterized by having a high degree of structure and formalization (Giger, 
2007). The researcher has a higher level of control of the research situation when using quantitative 
methods. The researcher has to select the information resources carefully and have a larger distance to 
the sources compared to in the qualitative methods. Quantitative methods are thus useful for comparison, 
formalized analysis and testing of generalizability in combination with statistical measurement methods 
(Giger, 2007). Quantitative methods convert the information into numbers and quantities (Creswell, 
2003, p. 76). One section was considered beneficial to use a quantitative approach in the research, to 
measure quality errors. A characteristic of a quantitative approach is to have a small amount of 
information from many research units, to create a broad perspective (Creswell, 2003, p. 78), it was 
wanted to highlight with numbers to use hard facts in the research. The aim with quantitative approach is 
to look for the common, the average or the representative (Creswell, 2003, p. 78). Both the common and 
average was investigated; repetition of error types average duration of errors.  
 
A strength of qualitative methods is to create a deeper understanding of a phenomenon or problem area 
(Giger, 2007), the output is descriptions and understanding (Creswell, 2003, p. 76). In qualitative 
methods it is the researcher’s perception or interpretation that stands in the forefront (Creswell, 2003, p. 
76). The common characteristic for a phenomenon or problem area using a qualitative approach is that it 
can’t or shouldn’t be converted into numbers. A characteristic of a qualitative approach is to get rich 
information about few research units, to dig deep into the research area. This was considered suitable for 
this study, to dig deep into the research area and involve a wide range of affecting factors, aligned with 
the explorative design. 
 
Qualitative researches have a flexibility to change the structure while conducting the research, in two 
ways (Creswell, 2003, p. 80). The first is that questions can be reformed or added during the research. 
The second is the flexibility of structure, for example if the questions are asked in an inappropriate order 
can they be corrected. The planning of the research is characterized by the researcher and by the 
openness to new knowledge and understanding. These two ways of flexibility can both be seen as an 
essential strength or a weakness. Strength due to the fact this it is increasing the possibility to constantly 
improve the understanding of the research question and as a weakness from the perspective that the 
flexibility makes it difficult to compare the information from the different units (Creswell, 2003, p. 80). 
Therefore was one section determined to be performed with a quantitative approach, since it had the need 
to be compared. The other areas were not considered having the need to be compared. 
 
As discussed about the quantitative and qualitative approaches they do suit different kind of areas, but in 
many cases can be combined (Creswell, 2003, p. 78). Important aspects to consider are for example if the 
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aim is to receive an overall perspective or a deep understanding of the phenomenon or problem area, if 
the aim is to set hypothesis and question interpretations or to build up a new theory etc. (Creswell, 2003, 
p. 78). Hence the qualities of the research was mainly a qualitative research approach chosen since 
according to Ghauri and Gronhaug (2005, p. 105), an explorative research suit qualitative methods and 
that qualitative methods also emphasis a holistic view which was requested. However a quantitative 
approach was used in one section, measurement of errors in a focus area, and the research can also be 
considered to have a mixed method approach. 
 

3.4 Data collection 
There are two types of data, primary data and secondary data, where primary data is directly gathered by 
the researcher and secondary data is derived from another source gathered by someone else (Lekvall & 
Wahlbin, 1993). The research in this paper from a high level is based on primary data through 
measurements. However, Lekvall & Wahlbin (1993) argues that there are always parts in a research 
where there are no other options other than using secondary data and this research will not be an 
exception. However secondary data will only be used to some extent, it will be used in the literature 
review in the result and used theories. A negative aspect in using primary data in this research is that it is 
time-consuming, but the positive effects weigh up by all rich data that have been able to be collected 
from a practical case. 
 
A positive aspect that has made the access to data from an organization easier is due to having the 
performed research located in the organization, specifically being employed in the Warehouse 
Department. Possessing such access to directly contact employees and build a network of valuable 
human resources to interview and perform analytical meetings has been of great value and has impacted 
the results of this research. A risk with carrying out this type of research within the organization is that it 
may lead to biased opinions and create personal connection with the involved people that could affect the 
outcome of the research, which affects the reliability of the results. Attempts have been made to avoid 
this risk by impartially respond to all collected data and additionally use triangulation. 
 

3.4.1 Literature review 
A literature research can be made with several different sources, for example books, journal articles, 
online data sources as websites of organizations etc. (Ghauri and Gronhaug, 2005, p. 90). There are many 
factors that need to be considered to insure the validity and reliability of the data collection, such as: the 
authenticity of the information, time period, bias and purpose etc. The literature research was made in a 
systematic and structured way, but parallel with whole research time and adapted to the current 
directions of the research, aligned with the explorative research. The desired knowledge and the 
knowledge already gotten was identified in advance, and a list with key terms/names was generated 
before the search (Ghauri and Gronhaug, 2005, p. 90). Literature research should be performed parallel 
with the research according to Ghauri and Gronhaug (2005) and this was also how it was made in this 
research. 
 
The purpose of the literature review was to gain knowledge of the industry that the research case operates 
within; to acknowledge trends, opportunities and threats. The literature review was also used to examine 
how similar problems found in the research case have been investigated and handled. The main 
collection of data was made through two different data bases: BTH summon and Google scholar. 
Additionally were also academic books at different Universities used, but the main resource came from 
internet based data. To receive data up to date, to examine how the industry has and still are transitioning 
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and which challenges that the industry changes brings fourth. Keywords searched on with different 
formations were: Brewery industry, Beverage industry, warehouse management, warehouse logistics, 
warehouse automation, increased SKU, quality systems, quality control, continuous improvements. The 
number of outcomes were minimized through selecting output that were maximum 5 years old, that 
could be retrieved with BTH access and were within the fields of engineering and business. 
 
The outcome that arose after the first selection were scanned by abstract. If the scanned literature 
contained relevant information in the abstract was it retained as interesting outcome. Interesting outcome 
for this literature review would for instance be trends within the beverage industry concerning warehouse 
operations regarding quality of goods. The retained outcome were then scanned regarding table of 
context and introduction and if the outcome was considered having potential was it retained to the final 
step. In the final step was the section found with potential skimmed through and used if considered 
useful for the research. 
 
Execution to find relevant literature: 

1. Search by chosen keywords 
2. Selection of outcome regarding age of source, access and field. 
3. Scan through abstracts, and limit outcome 
4. Scan through table of context and introduction, and limit outcome 
5. Skim or read section considered relevant for the purpose of the literature review 

 
The execution of the literature review were seen successfully made, in a systematic and planned way. 
However the outcome was lacking in some cases where there were many irrelevant sources arising. It 
was a challenge to find keywords that brought forward sought-after result. However, a few well-targeted 
sources where found implying same conclusions that resulted in possible triangulation. A limitation with 
the literature review was that only a couple of aspect got included, but important information could still 
be extracted an used in the research.  
 

3.4.2 Interviews and observations 
Primary data can be collected in several ways, such as: observations, interviews, questionnaires and 
experiments, etc. (Creswell, 2003, p. 78). This research will use interviews and observations. Due to the 
predominant qualitative approach of the research, interviews and observations are selected in order to gain a 
good understanding of a selected area.  
 
Interviews can be by mail, phone or in person (Ghauri and Gronhaug, 2005, p. 125), this research focused 
solely on personal interviews. Semi-structured interviews were selected in order to both gain knowledge in a 
structured way, where the interview have been determined beforehand, but being open to additional 
knowledge. Observations were made to collect data and information to also use at interviews to get further 
explanation of observed events. The data output from observations was used as the foundation for analytical 
interviews and to test the model. Since the researcher was located in the organization during the research and 
having close access to the participants  - this advantage helped to make it possible for many observations 
under different circumstances.  

 

  3.5 Data analysis 
Data analysis of qualitative data imposes some challenges (Ghauri and Gronhaug, 2010, p. 196). 
Qualitative research tend to be more explorative and unstructured with the emphasize of understanding 
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while quantitative research tend to emphasize on descriptions and testing derived hypotheses. Qualitative 
research often has a data collection and analysis conducted simultaneously in an interactive way. 
Collected data is analyzed and then initiated further data collection. The continuously data collection and 
analysis is due to the urge to understand a problem and as more data gradually is gathered and analyzed 
will be answers to the problem be clarified (Ghauri and Gronhaug, 2010, p. 197). This was the way of 
proceeding analysis of the study. For example when the a flow chart had been made was critical 
activities or situations identified and analyzed, and the output determined which direction to take next 
and which findings to focus on further. 
 
Data analysis is a process to bring order, structure and meaning to collected data (Ghauri and Gronhaug, 
2010, p. 199). In quantitative methods are often a large mass of data obtained. A key characteristics of 
analysis is to break down or divide up complex whole parts into components. This was made throughout 
the study, for example was the flow chart created into three main parts and then several different sub-part 
where all were investigated regarding dependencies. Interesting problems and dependencies detected 
were then put in an table for an analytical view.  
 
Three components can be highlighted in data analysis for qualitative data: data reduction, data display 
and conclusion drawing/verification (Ghauri and Gronhaug, 2010, p. 199). The study used those three 
components when performing the data analysis of qualitative data. Hence the qualitative approach have a 
lot of effort been to reduce data. 
 
One section had a quantitative data collection, but only for simple measurements of detected errors. 
Cluster analysis was used in the study, which has the purpose to find natural groupings of units in a 
sample (Ghauri and Gronhaug, p.192, 2010). The various groups are not known before the analysis 
starts, but based on the data of detected units. Groups are then created and each group can be called a 
cluster. The grouping is based on similarities or distances (Ghauri and Gronhaug, 2010, p. 192). In the 
studied case were the units grouped regarding similarities of type of error. For example were all errors 
with plastic hanging outside goods one group. The groups could then be used to analyze their effects on 
the system and to analyze which factors needed to be measured quality errors. 
 

3.6 Research strategy 
The choice of the exploratory design guides which methods that will be selected and how they will be 
performed. Due to the noticed complexity of the research topic is also a motivation why qualitative methods 
mostly will be used, to be able to understand the system and simplify it, as Goldratt advocates (1993). It is not 
only the things that can be calculated that count (Creswell, 2003, p. 76).  
 
Logistics and supply chain management research, which this research is a part of, have traditionally used 
qualitative methods using for instance surveys, experiments and mathematical models (Flint & Gammelgaard 
2012, p. 727). But the investigated issues are increasingly complex and using a diversity of methods makes 
the results of these researches more robust. According to Flint & Gammelgaard more than one type of 
research approach is needed to fully understand the complex phenomenon. Therefore will the qualitative data 
be complemented with quantitative data to some extent in this research. 
 
The methods were be performed in a un-structured manner due to the design characteristics. A consequence 
of choosing the exploratory design and also a more qualitative approach is that there will be limitations 
regarding statistics, to receive data considered with high reliability. However instead can benefits be gained 
regarding including human factors and the reliability can be gained in other ways, which was made through 
triangulation is this research. 
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In research, a process view often used is with activities happening over time (Ghauri and Gronhaug, 
2005, p. 30). An example can be seen in figure 12, which is designed for a prototypical research. A 
research process is never as easy and orderly as illustrated below, however it can be used to show the 
main gates and which order the research will have. It should not be seen as strange to go back, loops on 
the different stages are common (Ghauri and Gronhaug, 2005, p. 30). Since the research will create a 
model was a prototypical process considered suitable. 

 
Figure 12. Illustration of a prototypical research process (Ghauri and Gronhaug, 2005). 
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Below can the planned strategy be seen, based on figure 12:

1. Choice of research topic
Literature review made to understand current situation for beverage industry. Created flow 
chart and critical processes in the flow were identified. Quality was found as an issue in the 
research area and chosen as research topic.

2. Research problem
Theoretical research of quality and continuous improvements. Observations and interviews 
regarding quality in the research area. 

3. Research design
Research design was done in this method chapter.

4. Measurements
Samples to perform quantitative observations on were determined through interviews. 
Literature were searched for inspiration on how to perform the observations and a form was 
developed.

5. Data collection
Data was collected by interviews, observations and physical measurements in an iterative 
way.

6. Sample
The model was built. Output from the data collection was organized and used to build an 
cause-effect analysis to detect what aspects currently missing and complementing data 
collection was made to investigate possible resource to build model of.

7. Data analysis
The model was analyzed and improved by input from affected parties in the organization and 
comparison with theory.

8. Recommendations
Recommendation was delivered through the model, which represent the deliveries for the 

organization. 

3.7 Execution of the Research 
The research was performed in several different phases to obtain an adequate and thorough investigation. 
A pre-study was made due to the complexity of the researched area, various factors derives from that the 
organization had a large outbound delivery volume to customers. Other factors that increased the 
complexity were that the warehouse had four different inventory systems, 11 storage locations, two order 
picking systems and two external warehouses. Initially a literature research was made in order to create a 
required understanding of the company, industry and research topic. The other part of the pre-study 
consisted of a flow chart of processes in Carlsberg Sverige in Falkenberg to gain knowledge of the 
organizations’ system, its processes and dependencies between processes.  

When the pre-study was finalized the flow chart was used to identify critical processes, so called 
system’s constraints. Three areas were chosen to perform measurements on regarding “faulty quality”, 
the chosen areas were considered to receive most goods with quality errors. The results of the faulty 
quality detected during the measurements were then further analyzed. Together with the results of the 
measurements and the identified critical processes in which one focus area was determined to be 
continued and was considered to have highest negative effect on the system regarding quality of goods. 
The focus area  that was identify was further analyzed, an cause-effect analysis was made on chosen 
errors found in that area and then complemented from empirical data collected to create a complete 
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picture. Main causes found in the cause-effect analysis were used in developing a proposed solution and 
by use of theories.  

Current state mapping 
A flow chart that was made with the main activities for Carlsberg Sverige in Falkenberg,  Sweden.  The 
flow chart starts from when a customer calls in an order until that order leaves the dock platform to be 
delivered to the customer. Due to stated boundaries (in section 1.4) the flow chart was made for the 
scope, however activities considered to affect the research area were also involved. A flow chart can give 
a graphical view of steps within a process (Campbell, 2004). A flow chart was made with the purpose to 
include a holistic aspect throughout the whole research and to identify critical processes in the warehouse 
in a systematic way. To start mapping out the current state is a foundation when doing change work, to 
make a flow chart is often a first step to create an understanding of the current state (Oskarsson et al., 
2013, p. 177; Carreira, 2004). Knowledge of current processes is fundamental in order to have an 
understanding if an alternative solution will lead to an improvement  according to Oskarsson et al. (2013, 
p. 178).

The flow chart was made with the focus on the way an order is moved through the system, to have the 
customer requirements as input in the system and customer satisfaction as output, similar to the 
philosophy of Quality management (M. Wiggins, 2010, p. 501). To avoid unnecessary resources on 
wrong things the flow chart progressively was extended with more details on parts interesting for the 
purpose (Oskarsson et al., 2013, p. 178), therefore the flow chart has a higher level on detail on the 
processes involving the warehouse activities.  

Interviews and observations were performed iterative to successfully build up knowledge of several 
different processes and how they function according to different factors. Processes and steps in the flow 
chart were then analyzed regarding dependencies, if and how different steps in the flow chart were 
dependent/independent of each other. Dependencies were investigated to find if there were any processes 
or situation where there were issues with investigated dependencies. Dependencies were identified 
through analysis of interviews and observations aimed to create and explain the flow chart, and to be 
used in the phase where critical processes were identified. 

Identification of critical processes 
Identification of the critical processes were based upon The theory of constraints (section 2.3), aimed for 
continuous improvements as this research. The first of five steps was to identify the constraints that the 
system have, which was made in this section. The flow chart were used to in a holistic way identify the 
constraints for the system. When the system’s constraints were selected did the research further used it to 
evaluate how certain detected occurrences affect the system in an holistic view. The next step in the 
research was to further zoom into the determined scope, quality of goods, and perform measurements. 
Analytical discussions were performed with two different managers to select samples, where quality 
errors considered high.  

Measurement of samples 
Areas designated to be most interesting to investigate regarding quality errors was chosen. Unstructured 
observations were performed to assure that the highlighted areas had quality problems of the goods. The 
unstructured observations were also performed during the preparation of the coming measurements, to 
develop a suitable form to fill in during the measurements. Observations were performed on all chosen 
areas and the observations were executed during one shift for each area. The purpose of the observations 
were to get an indication of how many occurrences of faulty goods detected that occurred at the different 



40 
 

locations, get an foundation of which different problems regarding faulty quality that were happening 
and how faulty quality affects the warehouse performance. Also to experience which factors are 
important to measure regarding quality errors to develop the final solution.  
 
A form was developed for the measurements to be filled in during the observations, to be able to analyze 
the result of registered errors. The form was made in Excel to easily use the data directly for analysis. 
The form had for instance fill-in boxes for: event nr, start time, stop time, location, description of event 
and effect of event (see the form in Appendix 1). Some boxes in the form had the purpose to be filled in 
afterwards, such as category code, used to categorize the different errors in order to analyze them further. 
Description of the events were used to categorize the different events, which was made according to type 
of errors, for example if it was an error due to labelling. The main focus was to fill in start time of 
occurring error, end time of error, location and an description about it. The start- and end time were used 
to calculate the duration of each event, to analyze the total time of different error categories and get an 
indication of how the errors occurring affected the system. 
 
The content in the description was not pre-determined, but occurrences connected to the event considered 
valuable were registered. Beyond the form were questions asked afterwards to the employees solving the 
occurred error, where the ‘5 whys’ where used to such degree that was possible hence it where a fast 
pacing environment. The 5 whys is an iterative method to ask questions, to ask why five times to dig 
deeper to find a root-cause (Carreira, 2004, p. 137). 
 
Observations were made one day on each sample, three days in a row. The observations were performed 
Monday to Wednesday in week 12. The chosen time and space of the observations represent low to 
medium season days for Carlsberg Sverige. The end of the week have often more demand than the 
beginning, hence that majority of the Swedish population is free during the weekend and consume more 
beverages during weekends. It was approximately one week until the normal salary day (25th each 
month), which also may contribute to a lower demand than a week when the majority of population 
recently have received their salary. Week 12 in 2015 occur more than two months after Christmas and 
approximately three months before summer and was therefore not in a peak season. However it was two 
weeks before Easter, which put a higher pressure on the system due to preparation. Therefore the 
observation was rated to represent a day with low to medium demand. 
 
Focus area 
After the result and analysis had been compiled of the observations of the samples were meetings with 
different managers made to get feedback and thoughts of the result in order to determine one specific 
area to zoom in to. Criteria used to determine the focus area was the level of negative effect that detected 
faulty quality in different areas caused on identified critical processes. Meetings with managers were 
conducted in order to establish an perception of the current state of that area as well as the 
organizations/managers vision of the future for that area in a detailed and additionally a holistic way. As 
methods to transition towards a sustainable path founded by The Natural Step, that can be correlated to 
work with continuous improvements, are the two first steps to create a picture of the wanted future and a 
baseline mapping (2015). To make a future state mapping in addition to a current state mapping was also 
recommended within Lean management, Quality management and Logistics (Carreira, 2004; Oskarsson 
et al., 2013; Pewe, 2011).  

Deeper investigation of chosen focus area 
In order to investigate chosen focus area further, cause-effect analysis was made of selected errors. A 
Fishbone-diagram is a great way to illustrate different causes and connections of causes for a identified 
problem or effect (see figure 13). The Fishbone-diagram is also called Cause-effect diagram or Ishikawa-
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diagram (Oskarsson et al., 2013, p. 209). According to Oskarsson et al (2013, p. 209), it can be single 
aspects that create problems, but there are often several causes in combination that creates problems. 
Employees involved in the different processes often have knowledge and ideas of probable causes for the 
identified problem. However, different people in the organization might have different perspectives and 
therefore should different employees be involved in order to build a complete picture of the problem. 
Literature might also be for help to find general connections of causes (Oskarsson et al, 2013, p. 209). 
Therefore were interviews made with different employees to search for causes.  
 

 
Figure 13. Illustration of a Fishbone-diagram (figure inspired by Silva, 2014). 
 
The 6M (Machine, Manpower, Mother nature, Material, Methods, Measurements/Metrics) were used as 
guidelines when performing the fishbone-diagram, to analyze the errors out of different perspectives. See 
figure 13. It was highlighted by Carreria (2004, p. 138) that it is commonly occurring that common roots 
can be detected for different investigated effects and that 6M is a good way to detect it. 
  
The further investigation of the chosen focus area was performed by observations, interviews and 
searches on intranet for further information. Observations in this stage consisted mainly of participation 
in four different daily whiteboard meetings, as an observer. To obtain additional input about those 
whiteboard meetings were interviews made by participators, both workers on the floor, managers and 
coordinators for a view out of several different perspectives.  
 
Final solution 
The data received in the fishbone-diagram about the focus area were used to detect the needs for the final 
solution. The extracted needs were transformed into requirements, that in turn were used to build up the 
final solution. It was investigated which data that could be used to build the model through interviews 
with employees handling the warehouse software.  
 
A draft was made out from the stated requirements that was refined along the time as new ideas arose 
and input from involved employees were received. The draft were tested on employees, if the draft was 
fulfilling the needs, if it would be user-friendly for the affected employees and if it practically would be a 
do-able solution. It was of high interest that the model would be user friendly and thereby a priority to 
test the concept of the model on involved employees. Theory and additional literature searches were also 
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made in order to receive ideas of how others have managed similar issues and which continuous quality 
improvement management that would suit the qualities that this case cover.  
 
Evaluation of solution 
The final solution was only tested by interviews and not by a real implementation, therefore was not a 
sufficient evaluation possible for the developed model. However, an estimation was made for a prospect 
of the effects this model could result in. It was important that the developed model would contribute to 
increased sustainability in the system; economically, environmentally as socially. Therefore was the 
model evaluated out of these three cornerstones. A Logic model was used to evaluate the model. 
 

  3.8 Validity and Reliability 
In order to critical review the choices of methods they are analyzed regarding validity and reliability. Validity 
is used in research to assure that the research measures the things intended to do (Ghauri and Gronhaug, 
2005, p. 81). Reliability is used in terms of securing that the measurements will deliver scores close enough to 
the reality. 
 
The secondary data will critical be collected in order to assure the validity and reliability. It will be kept in 
mind that the data may have been extracted with another purpose and will go through criteria to secure the 
quality of the research. Internal and external supervisors will supervise the planned conduction of the primary 
data in order to ensure the validity and reliability. 
 
Measurements often contain errors and this have to be reflected upon (Ghauri and Gronhaug, 2005, p. 78). 
There will be a level of uncertainty if the received score of the measurement reflect the ‘true’ score, since it 
may reflect other factors as well. Thereby can both the reliability and validity be challenged. In order to 
reassure the them will some factors be examined with triangulation. Triangulation refers to combining 
methods of same phenomenon in order to increase the accuracy and to secure that the right thing is measured 
(Ghauri and Gronhaug, 2005, p. 212). Through triangulation can data collection be made with different 
methods, but can also be collecting different kinds of data of the investigated subject. Therefore it is 
considered beneficial that this study will include several methods. 
 
Multiple information sources are used partly because of the large size of the warehouse, which has several 
managers and workers possessing different areas of expertise. In order to capture a context that takes the 
whole warehouse distribution into account, different managers and workers were involved in the research. By 
using multiple information sources the reliability increase so that the data input is as close to the reality as 
possible. Triangulation is a technique that can be used to prevent problems that the interview method can 
bring, for improved reliability to a qualitative research. An important benefit in using multiple sources is 
the that the research may build up a consistency.  
 
The main advantage of using triangulation is the facilitation to create a more complete, contextual and 
holistic picture of the studied object (Ghauri and Gronhaug, 2005, p. 212). Which was endeavored in the 
study due to its explorative nature. An disadvantage however with triangulation is to judge the results if they 
are consistent or not and what to believe in if contradicting result comes up. If this happened in the study 
were additional sources added to determine what was considered right and looked if the inconsistency could 
have been due to bias. 
 
The development of a flow chart was made based upon the influence of four managers. After the flow 
chart was finalized it was shown to the four managers in order to reassure its accuracy. The flow chart 
was based on observations, over an approximate time span of four weeks in order to investigate the 
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consistency of it and create a deeper understanding of the dependencies between the processes. The flow 
chart was used throughout the research as a communication tool to increase the validity, to visually and 
verbally assure that same things were referred to while gathering new data. 

3.9 Research Ethics 
When performing technical and natural science research can many different questions regarding ethics 
arise (CODEX, 2013). When the research involves people is the traditional humane oriented research 
ethics relevant that for instance have the Law (2003:460) for ethical review. Research on humans have 
often raised ethical questions regarding integrity and autonomy while research within technical and 
natural science often get questions regarding consequences of the research. 
 
The only consequences that can be considered un-ethical regarding to this research could be if any 
organizational sensitive information would be included in the report and leaked out. However this was 
circumvented by having two full reviews of the report by actors involved with the company. 
 
Questions regarding a humane ethics review can be about employees being interviewed and observed. 
The aspect with employees being involved in the data collection. Even though the research do not 
concern any sensitive personal data (such as religion, union involvement, political opinions etc.) was it 
considered as important that the information collected from the individuals was questioned regarding 
ethics. To ensure that the information would not harm any employee in their work life or personal life. 
All employees involved in interviews have been asked permission to use the collected data and have 
been able to review the data in its full context. Even though no anonymity have been requested during 
the work are some employees not directly referenced, but the references are made for the special working 
area or position. Both due to the large amount of employees involved working in same areas that would 
make it difficult for readers to follow and also for the ethics of the employees. Therefore only a few 
people used for supplying data were referenced by name. After the research has been approved will all 
source data such as notes, forms and  excess pictures be deleted, as recommended by Etikkommittén 
Sydost (2015). 
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4 Research Result 
This chapter present the extracted result which entails a literature review of the beverage industry, flow 
chart, identification of critical processes and further investigation of chosen focus area. 
 

4.1 Results from Literature review 
In Sweden, the main competitor of Carlsberg Sverige is a company called Spendrups. Similar to 
Carlsberg Sverige Spendrups provides a large amount of beer, soft drinks and bottled water to the 
Swedish market (Pehrson, 2015; Spendrups, 2013). Common to Carlsberg Sverige Spendrups also has a 
large amount of beverages (Spendrups, 2013). Several research papers highlight the phenomenon of 
increasing number of SKUs in the beverage industry and that there are no signs that the trend will change 
(Jacobsen, 2012a) (Strzelecki, 2008).  
 
SKUs proliferation continuously keeps impacting the demand in the beverage industry by emerging 
brands, new innovative categories and line extensions (Strzelecki, 2008). One of the trends is to launch 
premium or luxury products (Jacobsen, 2012b). Generally mature markets have shown a slow growth 
and thereby have some organizations focused on premium products in order to increase growth, which in 
turn has generated in increased complexity in the organization. A growth of niche products sets higher 
demand on warehouse flexibility to deliver more variety through mixed SKU pallets, which increase the 
handling cost (Jacobsen, 2012a). Maras (2014) claims that increased globalization also increase SKUs 
proliferation. 
 
The trend of increased SKUs in the beverage industry can also be explained by companies consolidating, 
for instance that bigger companies buy up smaller ones and incorporating new brands into a growing 
selection of products (Jacobsen, 2012a; Strzelecki, 2008). Smaller companies in the beverage industry 
that remain independent start to increase their portfolio of SKUs in order to keep up with competition of 
larger organizations (Strzelecki, 2008). As a result of this trend has the number of products also 
increased in the consumer market. 
 
In addition to new products have new package sizes and formats increased, which also creates another 
dynamic in the warehouse (Jacobsen, 2012b). Wider selections of packaging and formats offer the 
consumers a greater range of choices and price points, but can lead to shortened production runs and 
increased line changeovers for the producers (Jacobsen, 2012b). Growth of E-commerce also put higher 
pressure on companies to reach customers through more point of sales than the traditional retail stores for 
food and beverage companies (Maras, 2014). It sets high pressure on companies to handle more SKUs, 
more package loads and more varying workload for all warehouse operations (Maras, 2014).  
 
Experts estimate that companies that have consolidated have gone from a number of low hundreds of 
SKUs to rise to an amount of 600-700 SKUs in their warehouses according to Jacobsen (2012a). 
Strzelecki (2008) highlights that some says companies had grown from 50-70% SKUs in 2007. An 
estimation was that Carlsberg Sverige increased their number of SKUs with 40% the year after 
implementing the warehouse automation in 2013 (Pehrson, 2015). The beverage business as whole is 
changing drastically. And there is a need to find a new ways to store the additional SKUs in the 
organizations better and to find a solution to keep track of a large amount of inventory. Increase of SKUs 
can result in more business for organizations within the beverage industry, but it can also mean more 
errors (Strzelecki, 2008). It is a challenging situation for managers to make decisions of beverage 
logistics, with quest to improve efficiency and keep track of changing market conditions and customer 
expectations (Maras, 2014). 
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Manual warehouses goes automated 
According to Maras (2014) do beverage managers stands in front of a crossroad, with opportunities and 
challenges. Jacobsen (2012a) and (Strzelecki, 2008) states that the increase of SKUs and demand for 
mixed pallets have made companies turning to technology for increased efficiency – especially software. 
Specialist need to keep up with warehouse management software, warehouse control software, 
automated handling equipment and other technologies (Maras, 2014). New arising technologies enable 
managers to monitor transportation more accurately and appropriate. However this put demands on 
increased knowledge of expertise within that technology area and also constantly updated about the 
evolving technology (Maras, 2014).  

The increase of SKUs in the beverage organizations put increased pressure on storing systems and 
warehouse activities (Jacobsen, 2012a). The increase of SKUs push forward the need to implement 
automation in case picking according to Strzelecki (2008). Before implementing a lot of automation it is
important to make sure that the automation is flexible and that the company’s profile is stable enough to 
handle automation according to Maras (2014). Hence the enormous numbers of components in the 
supply chain is leading to having more flexibility to be an important factor in many different aspects 
(Jacobsen, 2012b). Maras (2014) argues that a full automation is not always the answer in beverage
industry, for some profiles it is more suitable with a semi-automated system. Even so, Jacobsen (2012a) 
stated that more companies will turn to automation regarding warehouse storage systems. Jacobsen 
(2012a) states that transition to a automated warehouse is not only for large companies, but for smaller 
ones as well, there are less expensive options on the market too. Jacobsen (2012a) highlight product 
damage as an positive aspect if implementing automation, that by implementing automation it will give 
positive results on current product damage. 

Although the amount of SKUs to store expand,  not all facilities to store the items are expanding, which 
entails that managers need to become creative to manage that calculation (Strzelecki, 2008). In absence 
of increased surface has high-density storage systems been introduced. To use space better, free up floor 
area and give a better flow of goods to picking area. Instead of using forklift trucks in storage aisles can a 
crane pick up pallets and store them in racking systems. Long conveyor lines transport the pallets to be 
automatically stored. The amount of plastic wrapping to keep the products on the pallet can then be 
reduced according to Strzelecki (2008). These fully automated systems have smooth transactions, 
eliminate many damages and reduces packaging material and plastic wrapping. However, it is not only 
the storing that are affected by quick growth of SKUs but it can also result in problems with picking rates 
if having a manual order picking and it put a higher pressure of the need to implement automation in case 
picking (Strzelecki, 2008). According to Strzelecki (2008) have environmental factors impacted a lot 
how advanced storage systems fit in the holistic view, that it has been one of the most important factors. 
By eliminating fleets of forklift trucks has for example dirt decreased. 

To survive the new environment it is essential to have warehouse management software that make it 
possible to manage more complex warehouse operations (Maras, 2014). Equipment and technology 
providers have followed the challenges and there are a huge variety of solutions; real-time vehicle 
locating, laser guided vehicles, evolving robotic palletizing, optical and RFID vehicle tracking, 
customized business intelligence dashboards etc. Strzelecki (2008) says that management software for 
warehousing is becoming more widespread that automated retrieval systems and voice-picking are 
touchstone technologies to help production and warehouse distributions manage the growing SKUs. The 
same kind of efficiency and productivity with new arising systems can be seen in companies in the 
United states as in Europe, because it is the same requirements, that everything need to be delivered the 
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next day (Strzelecki, 2008). Absence of a good Warehous Management System (WMS) will give a 
struggle of a long term according to Maras (2014) and that real-time data will make labor more efficient. 
Developed voice technology has expanded from picking functions to for instance quality control (Maras, 
2014). 
 
Warehouse management software is considered as one part of the solution for an efficient systems that a 
completely organized and automated warehouse is essential to handle a large amount of products and 
pallets (Strzelecki, 2008). Software that interface with a host system can completely organize warehouse 
operations. Strzelecki (2008) states that new innovations and technology in storage systems will be 
essential for running smooth operations for beverage companies, as they continue to increase their SKUs. 
 
Carlsberg Sverige has experienced highlighted changes within the beverage industry, such as: quickly 
increase of SKUs, implementation of automation and new warehouse software. As Strzelecki (2008) said 
can the changes mean more business but also more errors and the errors will be investigated in this 
research. 

4.2 Current state mapping – Flow chart 
A current state mapping was made through a flow chart and with deeper information about stated 
processes and activities. The flow chart starts with a customer calls to make an order and ends when the 
order leaves the outbound delivery platform to be delivered. Activities outside the Warehouse 
Department was included in order to create an holistic view of the flow and to involve variables outside 
the scope that affect the warehouse activities. 
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Figure 14. Overview of main processes, flow chart constructed for this research. 
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The flow chart is divided in three main parts: creating order, delivery and shipment. The flow chart, seen 
in figure 14, visually show many activities for the shipment-part. However, the amount of activities in 
that part is due to having more detail since they belong to the scope of the study. 
 

1. Create Order 
A customer and employee at the Sales Department have contact with the purpose that the customer shall 
place an order. The Sales Department in Falkenberg is called “Inne sälj” (translation: inside sales). The 
Sales Department belonging to the headquarter are called “Ute sälj” (translation: field sales) and are 
field sellers, located in several different cities around Sweden. They travel to different customers, create 
contracts and update contracts between Carlsberg and customers. 
 
The Sales Department in Falkenberg create an sales order of what the customer request in SAP. This first 
initial sales order is only temporary. An ATP-check done, which means that the system examines if the 
items in that sales order is available to promise. In this stage is the ATP-check done by searching all 
different storage locations if there is enough items that are free to allocate for this order. Even the items 
stored in the external warehouses, planned to be produced or to come in as inbound delivery is included 
in the allocation if considered being able to come to Falkenberg for the requested date. The items in the 
external warehouses are considered being able to arrive before the order will be handled in the 
Warehouse Department if made at least a couple of hours in advance. The person that plan the routes 
between the external warehouses and Falkenberg see the sales orders created by the sellers in the 
planning tool in SAP and can use them to manage transport of  articles that is needed back to Falkenberg 
in order to avoid shortages. If the ATP-check gives a negative result it is communicated to the customer. 
The seller then need to change the initial order and put the changed order through the ATP-check again. 
 
If the ATP-check is approved it is communicated to the customer, the customer gets an deadline to make 
a final decision if the sales order is what the customer wants. There are different deadlines, so called 
order-stop-times, depending on which city the customer belongs to. The order-stop-times are connected 
with the distribution schedule of trucks out to different distribution locations around in Sweden. If the 
customer wants to make changes to the sales order is it communicated to the seller, that then need to 
change the existing order and put it through an ATP-check again. The seller make a final booking if the 
customer is content and the order allocated items in SAP. The system in this stage only knows how many 
packages that is ordered (not amount of goods pallets), the balance is allocated and the specific packages 
are not chosen yet. 
 
2. Create delivery 
When the Sales Department finalized their orders does the Delivery planning Department take over. The 
delivery planning starts by creating a delivery for all orders and a second ATP-check. This ATP-check 
requires that the goods either is in the warehouse or lays on an incoming order to Falkenberg within a 
time frame to be able to be handled. If there is not enough packages, an shortage, available is it shown in 
this stage. Delivery planners communicate shortages to Warehouse administration Department to see if 
they can solve the shortages. Sometimes can it be solved by prioritize or change the transportations from 
external warehouses. If short of time is it directly communicated to the Sales Department that the whole 
order cannot be delivered, that in turn communicate it to the affected customer. The customer can either 
decide to add other items to the order and/or put the missing items to the next order. 
 
Most customer picked orders goes to an X-dock (a type of Cross-docking, see glossary for explanation). 
The exception in an area around Falkenberg that is transported directly to customer. Distribution planners 
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for cities with X-docks need to plan transportation to the X-dock and the transportation from X-dock out 
to the customer. The planned load to an X-dock is called ‘Heavy load’ and is the order used in the 
warehouse.  
 
After deliveries have been made are all orders downloaded to the program LEO (Full name: ORTEC 
LEO). LEO is an logistics execution optimizer program that is integrated to SAP. LEO is used to plan 
routes, created customized for certain drivers. LEO automatically determines the different routes, but 
need to be manually checked and changed since there are exceptions that can varies from day to day. 
LEO calculates an approximately drive time, that among several factors is based on customers and types 
of roads. Customers are categorized regarding how long time it takes to unload the goods. Most trucks 
planned can handle 36 ton and loads are planned according to maximizing as many pallets as possible, 
the restriction is often the weight and not the space. The load capacity for those trucks are approximately 
70-90 pallets, pallets are stacked above each other and some drives have booms. More problems with 
damaged goods arise when pallets are stacked according to interviewees. 
 
Heavy loads are downloaded to Astro, a logistics program, which is made through SAP. However, in 
order to check that the transition between the two different systems is made properly do the delivery 
planners check Astro. 
 
3. Create shipment 
The step to create shipment, from planning of which packages/pallets that will be taken for a certain 
order to that the order will be loaded on a truck ready to be delivered to customer, involves many 
different cross functioning processes in a complex way. The created flow chart shows a simplified view 
of the warehouse processes. It is divided into: stock replenishment, automated order picking, manual 
order picking and loading platforms. 
 
Initially production orders are created in Astro, which is dependent on the replenishment of saleable 
goods. Production orders are created for the warehouse system to cope with a reasonable number of 
packages at a time, approximately 3-4 trucks (Pehrson, 2015). The production orders are made under 
consideration of Heavy loads. Production orders take the order-stop-times into consideration by having 
loading times scheduled for trucks to different cities. When a production order is released to be handled 
in the warehouse, are automatically calculations made. Astro determines for instance if it will be manual 
picked, automated picked or full goods pallets. Several factors are taken into account in the optimization 
algorithm. First are customer requirements considered, such as pallet type and stacking of goods. 
Secondly is FIFO determining the allocation. An exception however are orders to Norrland that are 
transported by train, not order picked in the automated system hence being time critical orders. The 
throughput time in the Automated Picking System (APS) is considered too long to rely on it for that 
delivery reliability. 
 
Stock replenishment 
Replenishment of pallets to the warehouse in Falkenberg are mainly done by four different ways: 
production, external warehouse, returned goods and/or by procurement of external actors. The 
replenishment from Carlsberg Sverige’s production comes from the Ramlösa production plant or the 
Falkenberg plant.  
 
Planning of production and procurement of material is made by forecast. Falkenberg have production 
lines producing beverages in: glass bottles, PET bottles, cans and kegs. The production output is stacked 
on pallets by palletizing robots, automatically wrapped in plastic and transported to the warehouse by 
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Laser Guided Vehicles (LGVs). There are no human controls at this last stage in the production process, 
only an operator that solve errors hindering the automation. This entails that if stacking and wrapping 
errors may occur is the risk high that they will not be detected. Each article have a priority list of which 
inventory systems to use when transported out to the warehouse, some articles have restrictions where 
they cannot be stored, which is managed by Astro. The goods comes from a running web without  middle 
storing between the production and warehouse and are thereby sensitive to stops. If an unpredicted stop 
occur in the production line that will consequently affect the delivery to external warehouses and the 
truck drivers might need to wait until the intended load is delivered by the LGVs to the unloading row. 
The truck drivers might not have the time to transport all planned loads if there are too long delays. 
 
The external warehouse in Morup additionally has the function to receive replenishment by external 
parties from 3PP (Third party product) or from any Carlsberg abroad. Some deliveries are manually 
picked to other pallets when arriving. There are different reasons why goods are reconstructed to a new 
pallet: the goods can be palletized on a large pallet that will not fit in the automated system, be stacked in 
an unwanted way, be palletized on a sleek plate instead of a proper pallet etc. Palletized in any way that 
it will not successfully function to be handled in the Falkenberg warehouse. The solution to make this in 
Morup is in accordance to the theory of constraints (Goldratt, 2011), if there are no successful ways to 
solve the problem in the organization can a solution be to buy help from another organization. There are 
a lack of space in the warehouse in Falkenberg and the loading platforms are a critical process. 
 
Returned goods can arrive in different ways depending on customer and location of returned goods 
(Larsson, 2015). There are two types of returned goods that can arrive to Falkenberg: obsolete or courant 
(saleable). When the returned goods arrive to Falkenberg warehouse it is marked if it is obsolete or 
courant and the name of the customer. The returned goods is physically taken care of by the Waste 
Department and are taken care of in the system (SAP) by the Warehouse administration Department 
(Larsson, 2015). 
 
Automated order picking (APS) 
Pallets comes from a storage location to a station where a BEMA robot is located. There are three 
different BEMA robots at Carlsberg Sverige, called: BEMA 1, BEMA 2, BEMA 3. The calculated 
capacity of the BEMA robots was approximately 36% more than in the station that critical determines 
the overall flow of the whole APS, the palletizing station (Petersson, 2015). Astro choose which 
packages that will be used in a production order, the goods can come from any inventory system in the 
warehouse. When arriving to a BEMA station is the goods unwrapped, either fully or partially, 
depending on the deliberation by the BEMA operator. The reason to partly keep plastic wrapping on 
goods is because it makes the goods more stable. The goods is then further transferred to the robot. One 
of the three BEMA robots is fully automated, it is configured to handle pallets that don’t have any 
plastic. Therefore it is beneficial to take off all wrapping, for the pallet not needing to go through the 
robot stations that have manual assistance next time.  
 
The robot’s clutch takes one layer of packages off at a time, the amount of packages in one layer varies 
depending on article and that information is managed in Systore, the IT system that handles goods with 
pallet-ID in the APS. The robot clutch lifts the layer of packages to a table where the packages are 
pushed forward and then further transported on a conveyor belt. When a package pass through this 
section is it registered by a system called Mops, the systems Systore and Mops communicate with each 
other in this step in order to fulfil a successful transmission. When packages go from Systore to Mops, do 
they go from pallet-ID to get an own package-ID. When packages go from pallet-ID to package-ID can 
quality errors be detected of single packages that could not be detected when stacked on a pallet. 
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Single packages allocated to the handled production order are transported on conveyor belts to a Vertical 
Lifting Sequencer (VLS). The VLS is used as a temporary storage location, when it is time for a certain 
order to be built and palletized are intended packages for that order transported to one of the five 
palletizing robots. The palletizing robots handles one package at a time, instead of layers. The robots 
have a clutch that sensors the size on the package that determines the place for the package on the pallet. 
The goods is then moved forward to be wrapped in plastic by an automated machine. Since the BEMA 
robots only manages full layers might some packages be redundant and are transferred to a ‘Rest-VLS’. 
The Rest-VLS is a storage location for single packages, technically run by the same machines and system 
as the VLS. When a new production order is posted is the highest priority to first use the packages in the 
Rest-VLS. 

Some articles cannot currently be handled in the automated system. For instance cannot kegs be handled 
in the automation, due to its round shape. Hence are some orders not complete when leaving the 
palletizing robot, but will go to the manual order picking to be complemented. Some orders are picked in 
advance and are therefore not transported to the outbound platform when leaving the palletizing robot, 
but are transported to a Fast Rotating System (FRS) for intermediate storing. FRS is fully automated 
inventory system.  

Either if the goods will go on a transportation line to the FRS or to the manual order picking, will it pass 
through a control section. All goods going into the fully automated FRS will pass the control. There is an 
automated scanning where the barcode and the shape of the goods is controlled. If the goods fail the 
control will the transportation line transfer the pallet to an control area where two employees has its base, 
titled FRS operators. FRS operators amongst other things solve errors with goods failing the control 
check and debug problems arising in the FRS area. Many of the automated transportation lines are 
dependent to the control area. There can only be three different pallets with goods standing in line to be 
checked at the control area without stopping the flow of a transportation line. It can then both stop 
incoming and outgoing goods. Especially time critical it is to get out orders, to get in goods from the 
inbound platform into the FRS or get in goods from production by the LGVs. 

Manual order picking
If an order was not completed in the automated system it is transported by FLT (Forklift truck) to the 
manual order picking station. Some orders only involve packages from the manual order picking and are 
then started and completed at the manual order picking station. Pickers get indications on a computer 
stationed on a FLT which packages to pick up, when an goods is complete, the pickers drive to a 
wrapping station to package the order to safely be transported further to the customer. When the goods is
wrapped in plastic do the picker print out a label and put on the goods. The picker then transport the 
goods to a predetermined line at the outbound platform, communicated on the FLT computer. 

Full pallet orders
Some heavy loads solely have full goods pallets, they are brought to the loading platform on a
determined row by manual FLTs a certain time before planned truck driver arrives. FLT driver get 
information on a computer in the cabin which goods to pick and where to pick it. The goods can be 
picked on a manual storage location and are then transported the whole way by one FLT. If stored in the 
FRS, the automated storage transport the goods to a dispatch space where a FLT picks it up to deliver it 
to determined loading row. Some inventory systems are managed by LGVs, if the determined goods is 
located such a storage location will the LGVs get a command to pick the goods and leave it at a 
transportation flow rack lane. The goods then automatically roll from where the LGV drops it to the front 
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of the lane - where a FLT will pick it up. The flow rack lanes creates a connected flow between LGVs 
and FLTs. Some Heavy loads have a mix of full goods and customer picked orders, when the order 
picked goods are made are indications given to FLTs to bring the full goods to predetermined loading 
space. 
 
Loading platforms 
There are two platforms for loading/unloading hence expansions of the warehouse. The platforms are 
used for different purposes, but it differentiate on a daily basis dependent on the ad hoc demand. Loading 
rows aimed for outbound deliveries can be to customers or external warehouses. Inbound deliveries can 
come from external warehouses, Ramlösa plant, returned goods or external suppliers. Employees 
responsible of unloading and loading processes are called Checkers.  
 
Routines for inbound deliveries differentiate depending on actor. If the delivery comes from Ramlösa do 
the goods already have right labels and solely need to be counted and checked for quality by checkers 
before FLTs comes and transport the goods to a storage location. There are sensors in front of the FLTs 
that automatically registers the barcode on the labels and suggest a storage location for the pallet on the 
FLT. If the inbound deliveries comes from outside actors are new labels put on the goods, if there are 
other labels on are the new ones put above them. There are two labels put on each pallet, on each short 
side, for the pallet to be able to be scanned on both sides. The unloading of incoming goods is affecting 
the production orders, if the unloading process is delayed might there be shortages of articles in the 
production orders that were planned for an order. Delays can happen because the flow in the warehouse, 
if there is a blocked flow or there are a high fill rate of the storage locations can it hinder the FLT drivers 
to leave goods anywhere. If flow of the unloading process is blocked can it cause delays for incoming 
truck drivers as well.  
 
When a Heavy load is ready at the outbound delivery platform a Checker will check all goods. Every 
pallet have a label with needed information, for example: name of customer, packages on pallet and 
pallet-ID. The outbound deliveries are dependent on the production orders since they give the command 
to make the orders ready to be transported to the loading space in a determined time. The loading and 
unloading platforms have an quickly changing environment, dependent on several different factors. It is a 
critical location that affect and are affected by many other processes in the supply chain. It can be 
considered as an bottleneck in the supply chain. 
 
There is a common problem in Falkenberg to decrease the warehouse fill rate, but in the same time not 
do unnecessary transportations back and forth between external warehouses. There is an aim to optimize 
the product mix in the warehouse in order to minimize the external transportations yet having the 
demanded products - have the right products at the right place at the right time.  
  



53 
 

 
A compilation of detected problems in the system derived from the flow chart can be seen in table 1. 
 
Table 1. Compilation of identified problems in the flow chart. 

 

4.3 Identification of critical processes 
The first step for continuous improvements was to identify the system’s constraints, based on the flow 
chart in 4.2. Four areas considered most critical for the flow of the system were found. 
 
Major critical areas identified: 

(1) Platforms for inbound/outbound delivery 
(2) Filling rate of storage 
(3) Palletizing process (in APS) 
(4) Accessibility on automated trails 

 
(1) Platforms for inbound/outbound delivery is a commonly known issue in the Warehouse 

Department, there are too few platforms for inbound and outbound delivery to conform with the 
goods flow. It sets constraints on the outflow; of goods from production directed to external 
warehouse and to customer. It sets constraints on the inflow which concerns the inflow; of goods 
from suppliers, external warehouse, Ramlösa plant and returned goods. Hence the constraint, it 
sets pressure on activities effecting the process of handling inbound and outbound deliveries. Due 

Flow chart – detected challenges 
1. Create order 

         ATP-check 1 do not go through, shortage of articles 
2. Create delivery 

         ATP-check 2 do not go through, shortage of articles 
         Software LEO lack some features for accuracy – need added manually work 
         Damage problems with goods when pallets are stacked above each other in trucks 
         Transition of ‘Heavy loads’ from SAP to Astro can fail 

3. Create shipment 
         Too long throughput time in APS for some customers 
         No quality control of goods after stacked and wrapped in production – increased risk   of non-detected errors 
         Too little storing space in Falkenberg – need of external warehouses 
        Extra transportation, increased risk for quality errors 
         High fill rate in Falkenberg – can create delays for loading platforms 
         Restrictions for articles regarding inventory systems – decreased flexibility 
         Unpredictable stops in production creates delays for truck drivers to external warehouses 
         Inbound deliveries that need to be re-picked from external actors, not directly available when arriving (shortage 

risk) 
         Too few loading platforms 
         Errors detected in system when packages transition from pallet-ID to package-ID – stop in automated system 

         Not all types of package types can be handled in the automation 
         Many transportation lanes are dependent to FRS control area 
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to the high pressure on the platforms it is critical to move the goods away from the platforms as 
efficiently as possible – both inside to the warehouse and in trucks. It was identified both by 
informal observations and interviews with employees from different areas that there was an 
uneven flow on the platforms. This implies that there are times were it is more hectic than others, 
which was affirmed by the Checkers that work there. The asked employees said that most of the 
time is too hectic to be able to follow all routines. For example are the routines to control the 
quality of the incoming goods often inadequate – which may give negative effects in forthcoming 
processes. 

 
(2) Filling rate of storage is an limiting factor of the warehouse. There is not enough of storing, 

thereof the use of external warehouses, but the usage of external storing help has increased the 
past year. Perhaps due to increased amount of SKUs and increased sales. It is critical for an 
strategic planning of the goods and the mix of the goods – to have the right demanded goods at 
right place in right time – within the limited space. The increased need of external warehousing 
can cause problems with expiration dates and FIFO, which in turn amongst other things can cause 
scrapping of goods and decreased customer service when delivering differently long expiration 
dates. The limitation with storages can also cause a domino effect on the platforms for inbound 
and outbound deliveries, if there is not enough storage locations can the FLT drivers not drive in 
the incoming goods immediately from the platforms. Which will create delays. This occurrence 
happened every now and then during the research time frame.  

 
(3) The automated palletizing process is a constraint for the order picking of goods in the warehouse. 

The capacity is over-dimensioned for the APS processes before the palletizing process. The 
process where the robots put the packages on the pallet and wrap it with plastic is a bottleneck of 
the flow with picked orders. The degree of utilization of the capacity with the APS has 
continuously increased since it was implemented due to continuous improvements. There were 
many hardships in the implementation phase and it took more time than estimated to gain 
sufficient flow through the palletizing robots and the rest of the new automation area. But many 
of the implementation errors have been solved and the KPI’s of the APS have managed to reach 
sufficient numbers. The system is continuously getting more secure. However, it is still an 
constraint that limits the system and that adds an insecurity to the reliability of the flow. 

 
(4) Accessibility on automated trails are critical activities, especially when taking care of time critical 

goods coming from the palletizing process. Hence the bottleneck of the order picking is the 
palletizing robots are all processes after that critical to keep up the flow. It is mostly automated 
handling after the palletizing robots that makes the flow after that even more sensible. An 
disadvantage (and advantage in other cases) with automation is that it not adopt the speed 
accordance to some external factors as manual resources may do. For example if there is high 
pressure to transport goods to the platform, a truck is waiting for its load, may a FLT driver drive 
faster than when it’s calm, to catch up. Automated trails, conveyor belts and LGVs however will 
keep its same maximized speed as always. This is the situation in this case study, but can 
differentiate in other automation systems.  

 
If reconnecting with The theory of constraints, even though the Warehouse Department have invested in 
robots, which should not have any statistical fluctuations, are there many other processes around that 
have it that effect the automation (Goldratt, 1993). The automated area with trails is sensitive in the 
viewpoint that it works as a serial connection in electric circuits. If something is detected by a sensor on 
a trail will the trails behind also be hindered to continue to be transported forward. There is a high 
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pressure on the trails since handling all goods going in to the APS and the FRS. There is a high flow of 
incoming goods; from the production, inbound deliveries and inventory systems that will be transported 
to the APS. There is also a high flow of outgoing goods coming from the FRS going out to loading area 
or manual order picking, and goods from the APS going directly to the loading area or for completion at 
manual order picking. 

4.4 Results from measuring three samples 
The three different areas that were determined to be under further observation were: FRS operators, 
BEMA operators and at the Waste Department. The Waste Department is responsible of all goods that 
are detected with faulty quality that cannot easily be fixed by the employees that detect the defect. The 
BEMA robots handles the process where goods goes from pallet-ID to package-ID, which is a process 
where many quality issues are detected (Pehrson, 2015). A full loaded pallet with goods can go through 
several different quality checks without any detections, but on that pallet can one or more packages be 
stacked that have abnormal quality that is only detected on a package level. FRS operators have a control 
area that they are responsible of, where incoming goods that don’t go through an automated quality 
check is transported to. The FRS operators also handles error messages in the FRS and transportation 
trails around the FRS.   

The detailed result of the measurements can be seen in Appendix 1 and pictures from observations can be 
seen in Appendix 2. Excerpts of highlights from observations can be seen below. In addition to 
measurements was also notes taken to on a deeper level explain certain events. The three areas had many 
differences and the results are presented individually. 

1. FRS operators
All incoming pallets goes first through an automated control that scan the label of the incoming goods 
and the shape of the goods. The shape control are for instance detecting oblique goods and too large 
dimensions. If an error is detected in the control is the goods transported to a manual control area, just a 
few meters from the control scan. There are two employees working as FRS operators in one shift and 
they have a schedule of 5-shifts1. The FRS operators have their office at the control area, for direct
access. There can maximum be three loads waiting to be inspected until it creates stop in another 
transportation lane. If there are four pallets waiting to be inspected is one of two transportation lane on 
the first floor out to the dispatch-area hindered. If that lane is hindered will it quickly stop the other 
transportation lanes around. It may for instance stop the flow of goods from the APS, production and 
loading platform – that are critical processes. This highlights the importance of this area, to keep the flow 
in the area of the FRS operators is essential of the system’s capacity. Measurements showed that 69,42% 
of the observation time had errors affecting the system (see Appendix 1). 

There were 10 different types of errors that occurred during the measurements and three of them was 
considered to be outside of the scope, not belonging to the quality (see table 2). Out of the resisting error 
types had two significance regarding amount of errors; unreadable label/barcode happened 30 times and 
detected plastic by sensors happened 12 times during the 7h of measuring. The other error types inside 
the scope were below 7 occurrences. Significance regarding average duration where detected in two of 
the error types, critical duration is when an error have duration longer than 5 minutes in the area, since if 
it is longer the FRS operators need to contact a Technical operator. However, each minute is critical and 
can causes effects on the system. The two error types with highest average duration were system faults 

1 Shifts continuously changes. For instance due to demand and season. 
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with barcode and pallet errors where wood was detected by sensors. The system errors with barcode 
could be different types of faults, it could be a load: not be scanned when checked in as incoming goods, 
without label, with an old label in addition to Carlsberg Sverige’s labels or only have old label(s). 
Significance of the total duration of the error types was seen with the error of unreadable barcode due to 
physical faults. The total time that these errors caused stop in the system was 1h 30 min during the 
measuring. The error type with second highest total duration was the errors with detected wood in the 
automation that also had significance regarding average duration. 
 
Table 2. Measurement results from observation of FRS operators. 
Code  Nr. Errors Tot. Duration Average Duration Faulty Quality (inside scope=X) 

Code 1 30 01:30:00 00:03:00 X 
Code 2 2 00:31:00 00:15:30 X 
Code 3 7 00:09:00 00:01:17 X 
Code 4 5 00:16:00 00:03:12 X 
Code 5 11 00:34:00 00:03:05  
Code 6 7 00:50:00 00:07:09 X 
Code 7 12 00:29:00 00:02:25 X 
Code 8 13 00:23:00 00:01:46  
Code 9 4 00:08:00 00:02:00  
Code 10 5 00:13:00 00:02:36 X 
Total: 96 05:03:00 18:33:09  

 
2. BEMA operators 

The BEMA operators handles three BEMA robots that un-palletize packages from pallets and 
transportation conveyors to the VLS. The BEMA operators also handles a Rest-VLS where redundant 
packages not are transported until new orders are dropped that need those packages.  
 
The measurements of the observation with the BEMA operators showed that 43,29% of the time had 
errors effecting the system (see Appendix 1). There were eight different error types occurring during  the 
observation (see table 3), but three of them were considered to be outside the scope to not belong to 
faulty quality of goods. From the measurement a significance regarding repetition of errors, total 
duration and average duration was noticed. The location of where the errors occurred was also registered. 
There was a strong significance with repetition with packages turning over on the transportation 
conveyor, it happened 11 times during the observation. This error caused the conveyor to stop and 
caused delays on that specific conveyor, the total duration of this error type was 45 minutes out of the 7 

Code 1: Unreadable barcode/label - physical (hanging, dirty, unclear code, missing) 
Code 2: System faults with barcode (for example wrong label) 
Code 3: Failed shape control - dimension errors 
Code 4: Failed shape control - canted goods 
Code 5: System errors 
Code 6: Pallet errors - wood detected by sensors 
Code 7: Plastic errors - plastic detected by sensors (e.g. plastic tail) 
Code 8: Errors for automation - technical errors, sensor errors 
Code 9: Sent out pallets to manual order picking (due to recently changed routines) 
Code 10: Failed routines in previous activities   
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hours measuring. Ten out of those 11 occurrences (90,91%) happened in the conveyors out or in to the 
Rest-VLS, the exception happened at BEMA 1. Significance regarding articles were that 90,91% of them 
were Ramlösa packages.  

Table 3. Measurement results from observation of BEMA operators. 
Code Errors Total duration Average duration Faulty quality (inside scope = X)

Code 1 11 00:45:00 00:04:05 X
Code 2 2 00:07:00 00:03:30 X
Code 3 1 00:08:00 00:08:00
Code 4 2 00:17:00 00:08:30 X
Code 5 2 00:09:00 00:04:30 X
Code 6 2 00:19:00 00:09:30 X
Code 7 15 01:48:00 00:07:12
Code 8 1 00:09:00 00:09:00

Code explanation (error type):
Code 1: Packages turned over on conveyor
Code 2: Stacking error/Coming wrong - oblique on conveyor
Code 3: Detection of items not belonging/ items at wrong place
Code 4: Packages damaged by robot
Code 5: Faulty quality of goods/load carrier -broken

Code 6: Faulty quality of goods -moisture damage
Code 7: Errors for automation - technical errors/sensor errors
Code 8: Failed routines in previous activities

There were 2/3 of the detected Ramlösa packages, 8 PET bottles of 1.5 litres wrapped in plastic as one 
package. The other third of the Ramlösa packages turning over were 33 cl PET bottles with 24 bottles 
gathered as one package. It was commented and confirmed by the BEMA operators that this problem 
happens most often with Ramlösa packages. One cause may be the shape of the packages, hence the 
design of the single bottles that are more narrow in the bottom than the waist of the bottle (see figure 15). 
The shape of the packages are more narrow in the bottom then the broadest part, the package have places 
where the perimeter is larger than the bottom. This may create unstable packages. It was declared by the 
operators and Technical coordinator that there have been actions to solve the problem with Ramlösa 
packages that turn over on conveyors. A cardboard tray have been implemented under the bottles to 
create a broader platform for them to stand on, however based on this measurement it is still not yet fully 
solved. 
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Figure 15. Ramlösa package that has turned over on the conveyor, 1.5L PET bottles (see Appendix 2). 

The two error types inside the scope that had highest average duration were packages damaged by 
BEMA robot and packages detected with moisture damage. These errors however only happened two 
times each during the observation and therefore not considered to show any significance. The error type 
inside the scope with highest total duration was packages turning over on conveyors that also had highest 
significance with repetition. The other one that had the highest total duration was outside the scope, 
technical errors, that also had highest level of repetition. Even if this error is outside the scope can it be 
highlighted and recommended that it is an occurrence that should be further checked up. 

3. The Waste Department
The Waste Department have several different work function, but mostly to take care of goods with faulty 
quality in different aspects and to keep the warehouse clean. The Waste Department drive with FLTs and 
pick up faulty quality or in most other cases are goods with faulty quality transported by others and left at 
the space where the Waste Department operates. Thereby goods often arrive at the Waste Department 
without the workers notice. If goods need to be transported from the automation to the Waste 
Department, the automation employees send the goods to either an unloading space where an LGV pick 
it up or another unloading space where a FLT pick it up, depending of where the goods is located. Hence
different steps of handling it is important that the goods is marked properly so it will be transported to the 
Waste Department and be handled properly. There are two employees working in the waste department 
in one shift and they have a schedule of 3-shifts1.

In comparison of the two other samples, the operations in this area created no initial errors, the purpose 
was instead to take care of errors happening in other areas of the warehouse. This sample gave an 
indication of larger errors that cannot quickly be solved by employees detecting the errors. It was fruitful 
to understand how the communication works between different types of areas in the warehouse. Error of 
sources should be brought up in this sample, the observation time was only 5 hours and 50 minutes at 
this sample (compared to more than 7 hours in the other samples) and work efficiency of the employees 
were noticeable affected by the observation in this case. This contributes to that the result was not seen as 
representative for a ‘normal’ day, which was also confirmed by the employees. An error that had never 
occurred before for the employees working in the shift happened during this observation as well that took 
a lot of time to solve, hence the lack of information of what was wrong with the goods. However, an 
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completion observation was not made due to it was considered that it gave enough information of which 
types of faulty quality that comes to the Waste Department and how it is handled. 
 
A large problem detected at the Waste Department was the lack of enough information of incoming 
goods to their area. Out of the 17 registered problems none had enough information to solve the problem 
with the goods in a secure and efficient way. A new routine just started a few days ago that everyone 
should use two sticky notes when sending goods to the Waste Department and write: Waste department, 
where it came from and which error. This new routine was only taught by mouth to mouth. This study 
made a follow up after four weeks and the routine was still not performed properly according to the 
Waste Department. Most goods had no labelling at all, but some had labels written with “Waste 
Department”. The lacking of information could cause problems with handling the goods in a right way in 
the IT system. The lacking of information may also generate in extra work, wrong solution might be 
applied or that no error is found so the goods it sent out in the warehouse again. It also caused extra time 
and effort to handle the goods when there were no communication mediated, the employees had to guess 
or ask around to find solution. This can be seen in the result where both the total time and average time 
of the error type when there were not visible faults  (Code 4) was high, see table 4. 
 
Table 4. Measurement results from observation from Waste Department. 

Code Nr of errors Total duration Average duration Faulty quality (inside scope=X) 
1 4 00:41:00 00:10:15 X 
2 4 02:06:00 00:31:30 X 
3 1 00:06:00 00:06:00 X 
4 3 00:45:00 00:15:00   
5 2 00:17:00 00:08:30 X 
6 1 00:02:00 00:02:00 X 
7 2 00:22:00 00:11:00   

 
Code explanation (error type): 
Code 1: Broken pallet 
Code 2: Faulty package quality - broken packages/bottles 
Code 3: Faulty stacking (for example from production) 
Code 4: No visible faults 
Code 5: Collapsed goods (restriction - cannot be sold anymore, due to quality risks of beverage) 
Code 6: Faulty package quality - moisture damage 
Code 7: Error in business system 
 
According to the result of the measurement did it came most errors with faulty wood pallets and faulty 
goods with broken packages/bottles, they both happened four times each during the observation. It was 
noticed that most of these errors came directly from the loading platform. Probably causes to the broken 
packages/bottles are that they had been subject to extra pressure during their truck ride and/or that the 
goods were not sufficient packaged. Probably causes to broken pallets could be when the goods were 
driven out from the trucks or when the FLT driver were about to pick up the goods. Both these 
transportations happens quickly, especially the FLT drivers that have high pressure to quickly transport 
the goods to and from the loading platform. The transportations out from the trucks however have an 
disadvantage regarding faulty quality hence the truck drivers most often are the ones that drive out the 
goods from their trucks. The level of professionalism and knowledge to transport good therefore varies at 
this location. One thing to mention regarding these two types of occurrences is that Carlsberg Sverige has 
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a lot of transportation back and forth to external warehouse, which is an factor that increase the risk of 
damages of the goods. 
 
Prioritized focus area to continue with 
The area considered to have quality issues with most negative effect on the system where were the FRS 
operators work. There were 96 errors in total detected during the measuring, resulting in that 69,42% of 
the measurement time had an error in the system. The BEMA operators had 36 errors in comparison, 
which stood for 43,29% of the measured time. Another aspects is that the processes that the BEMA 
operators handles are before the palletizing process and are over dimensioned, which means that it is 
located before the systems constraint and should have the capacity to meet the constraints demand with a 
great margin. Some of the operations in the processes performed in the FRS area are after the palletizing 
robot and are thereby more critical to cause delays in the system than the BEMA area. The FRS area also 
handles incoming goods from the inbound delivery platform, and is thereby also highly affecting another 
system’s constraint, it is important that the FRS operators work proactive to prevent stops in that flow. 
Another important flow is also the goods coming directly from production to the FRS area, if there is a 
stop in that flows can it stop a whole production line. However, even if the area of the BEMA operators 
is not considered as critical to affect the throughput of the system are there still a lot of wastes to 
eliminate/decrease and have great potential of improvements as well. 
 
The Waste Department had less errors that were handled than the BEMA operators and there where 
never a queue of errors too long that new errors could not be left there by FLT drivers. It thereby never 
caused any waiting times for the FLT drivers to leave detected faulty quality. However, this area is 
important due to find root-causes of why goods comes to the Waste department. Some goods comes from 
the inbound and outbound delivery platform that is an system constraint and it is thereby an important 
waste to decrease since the time of the checkers and FLTs are extra valuable. A prioritized focus area 
could therefore be the inbound and outbound delivery platform. However, after deliberation was the area 
with the FRS operators determined to be continued with since there were more errors happening and 
there were more struggles to achieve the goals to deliver to customer on time in that area. The throughput 
time in the automation part is still longer than projected and need to be decreased. In accordance to the 
Lean philosophy is it an important cornerstone to always see everything out of a customer’s perspective.  
 

4.5  Future state mapping 
There were three areas where the future state mapping differentiated from the current state mapping in 
the focus area, where the FRS operators operates. 
 
Organizational changes 
Some organizational changes were planned in the near future at the case and one aspect affecting the 
focus area was an implementation of a new position (Petersson, 2015). The automation area has been 
lacking an leading position and recruitment of Head of automation started during the study. The case also 
continuously implement more Lean tools into the organization and has as intention to eventually 
implement a more thorough Lean philosophy. 
 
Control area 
There were plans to build a new control area for the FRS operators functioning more as an monitor 
station (Petersson, 2015). The plan is to implement cameras out in the FRS and around the automatic 
lanes to make it possible for the FRS operators to monitor occurring errors and events from the control 
area. Instead of being forced to physically move to all error locations will the operators be able to take 
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decisions of how to solve the errors in the control area by looking at the cameras. Some errors do not 
need physical actions and they can then be solved more quickly at the control area by the operator 
(Petersson, 2015).  

KPIs 
There are goals to develop individually KPI’s for each area in the warehouse in 2015 and thereby 
develop own KPI’s for the FRS operators (Petersson, 2015). Amongst other things to motivate the 
employees and create awareness of the situations, to see if the area becomes improved or not. 

4.6 Results from the deeper investigation of chosen focus area 
In order to investigate the chosen focus area further was a cause-effect analysis made of three chosen 
errors detected in previous measurements and more information of the focus area seen suitable for the 
purpose of the research also presented, such as information of routines, communication channels and 
current work of continuous improvements. 

Cause-effect analysis 
The observation made at chosen focus area, at the FRS, had ten different types of errors occurring. All 
errors were registered during the observation and six of them were within the research scope. A
prioritization of the errors resulted in three errors to proceed with to do a cause-effect analysis on. The 
prioritization was based on highest probability of occurrence and highest effect on the system, see figures  
16 and 17 that the prioritization is based upon. The measurement of the highest effect on the system was 
based on the total and average duration for each error, since when an error occur in the automation will it
stop the flow of that lane and likely to also hinder other lanes to move material forward. Depending on 
the location where an error occur and the current environment for that location, it will affect the system 
differently and in different degree. If an error occur close to an bottleneck or constraint will it give an 
high negative effect, in accordance to what Goldratt (1993) claims in the Theory of constraints. Also in 
accordance to the Lean philosophy according to Carreira (2004). This factor is not included in the 
prioritization of the errors below; the lack of this factor was detected under the analysis of the 
measurements and could thereby be included in the final model as an further development and 
improvement. 

Figure 16. Graph of all occurring errors with the measurements of how many times an error type 
occurred. 
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Figure 17. Graph of all occurring errors with the measurements average duration for each error code. 
 
It was detected that problems reading labels (Code 1) exclusively had the highest amount of occurrences, 
even though the low average duration resulted it in highest total duration due to the amount of times it 
happened. Detected plastic wrapping (Code 7) had a significance regarding amount of occurrences, it 
occurred 12 times during seven hours of measuring that entails that might happen almost twice every 
hour. Another negative aspect was that it often happened outside the control area and had potential to 
occur everywhere in the FRS system, causing extra energy consumption for the FRS operators to quickly 
move to the different locations. Detected wood (Code 6)  can for example derive from broken wood 
pallets. Code 6 had significance regarding both total and average duration; the total time of stops in the 
system was 50 minutes during seven hours of measuring, considered too long to be acceptable. Code 2 
had a high level of average duration and was a potential error type to also continue with, but it happened 
only twice during the measurement, had not significance regarding total stop time and can only be 
detected in the control area Therefore was Code 2 not prioritized for further investigated. 
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Figure 18. Cause-effect analysis of the error type with barcode reading (Code 1) in a fishbone-diagram.

The three errors individually run through fishbone-diagram were: errors with barcode reading, sensor 
errors due to detected plastic and sensor errors due to detected wood. Error with barcode reading can be 
seen in figure 24 and the two others in Appendix 3. Discovery of a wide diversity of causes highlighted a 
need for deeper analysis for some errors in order to fully be solved. Critical long-term causes is marked 
in red in figure 18. 

The fishbone diagrams had some commonalities brought up regarding lacking methods, measurements 
and manpower. Lacking tools to measure emerging quality errors at the FRS area was identified. There
was only one KPI that measured the amount of time with no errors in the FRS system and an Excel-file 
with errors written when perceived as creating too much hassle from the FRS operators point of view. It
was found that the errors could have been prevented to cause as much pressure on the system as they 
had, if there would have been measurements that highlights the negative effects that they causes the 
system.  

Inadequate methods of continuous improvements were identified, current method was to extinguish fires. 
There were no sufficient methods to prioritize quality errors and all errors were treated the same even if 
some required deeper analyses to be solved on a root-cause level. The management team highlighted that 
priorities were first health and security, then based feeling of what felt most critical and cost. It was 
identified during the observations on whiteboard-meetings with the aim to solve problems, were some 
errors recurred again. Lacking communication and understanding between areas in the system was 
identified. For example it was registered during the observation at the Waste Department that the lifting 
method of goods by FLT drivers might cause that wood pallets were damaged. If the pallet damage is not 
noticed might it come in to the FRS area and cause sensor errors that will stop transportation lanes. 
Increased understanding and communication between areas in the system was needed. The inadequate 
way of working with continuous improvements may be the absence of leader in the automation section. 
A major shortage regarding manpower. The Technical coordinator has taken some of the duties 
belonging to the leading position, in favor of undermine some of the Technical operator duties. The 
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duties undertaken were critical and handed over as short-term solution – therefore will not either the 
duties be done with an long-term perspective. The absence of a leading position has created a lacking 
strategic work of continuous improvements. There are one employee responsible to create working 
schedules, working clothes, etc. Therefore are the main lacking duties of the head of automation daily 
raised problems and to strategically work for continuous improvements. 

Routines 
Routines for when an error occur in the FRS area is that responsible site operator has 5 minutes to solve 
occurred error. If not solved in determined time frame is the routine to call a Technical operator (TO) if it 
is a technical issue. A TO have in turn 10 minutes to solve error, if that cannot be met is the routine to 
call an operator from the supplying company of the machines (a System logistics operator) that in turn 
has 10 minutes to solve the problem. If IT problem is the routine to call an IT helpdesk that will create a 
ticket for the error and contact the Supply chain system Department to solve the problem. However, if 
the error is critical for the system is that routine not followed, but direct contact is made with the Supply 
chain system Department, to go directly to a solving source. There are two employees in Falkenberg that 
have deep knowledge of the warehouse management systems (WMS). Updated routines for problems 
that cannot be solved by technicians or IT employees, for example when it happens an error regarding 
electricity, was identified.

New routines for the FRS operators are commonly communicated by either mail, workplace meetings or 
daily whiteboard-meetings depending on character. When new routines have come from managers they 
commonly been communicated by mail according to interviewed FRS operators. Dissatisfaction was 
raised that it is communicated by mail as a one-way communication, new routines without feedback from 
the employees that it affect, before decisions are made. 

Recently however daily whiteboard meetings were been implemented in the automation area, in line with 
implementing a Lean way of working in the organization. Observations in these meetings have several 
times identified lacking execution of routines. The direct analysis by the employees in the meetings was 
in all registered cases that  there were no routines printed and stationed at the locations. As well have it 
been pointed out that there need to be a list check to off when educating new staff, to not neglect any 
important routine. In some cases was it detected that routines or lists to check off existed, but only in the 
computers and not physically at right location. 

Decision taking and communication 
There have been a common hierarchy where employees working on the floor, FRS operators in this case 
can take small decision, but medium decisions need to be taken by the warehouse supervisors. If there 
are larger decisions the warehouse supervisors bring it to either the manager for the automated order 
picking or Technical operator. But hence the manager for the automated order picking is a vacant post is 
currently the manager for manual order picking stand in. Those in turn goes to the warehouse manager 
that have the highest responsibility for the warehouse.  

Recently there have been organizational changes and implementation of new communication channels –
a structured daily meeting routine. The employees working ‘on the floor’ have a fist level whiteboard 
meeting. Larger questions that are out of their hands are decided to be raised in a second level 
whiteboard meeting, communicated by one employee representing that area. The second level 
whiteboard meeting is executed in the office of the warehouse. Questions raised in the second meeting 
that cannot be handled there have two different meetings to be sent to; either a production meeting or 
delivery planning meeting. Depending on which area it belongs to. Those third level meetings are the 
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highest meetings, where large decisions are made. The three meeting aimed for a natural vertical 
communication. 
 
It was noticed during short-interviews with different operators in the warehouse that there are good 
communication between different areas when critical help is needed. Hence many internal recruitments 
in the warehouse have many employees been in different areas and thereby have knowledge of different 
areas and can see cause-effect in some cases. However, this is not the case of all areas in the warehouse. 
For example the noticed problem in the Waste Department that the other areas did not mark the faulty 
goods properly. A need of cross-functional communication was identified.  
 
Whiteboard-meetings 
The whiteboard meetings in the automation were still under implementation where the routines were not 
yet in total understanding of the employees. It was also under progress how the meetings would be 
designed in order to achieve the purpose as good as possible. Partly the meetings were done in order to 
work with continuous improvements and for the employees at the automation to be informed of what 
recently had happened in the automation. It was also used to increase the cross-functional 
communication.   
 
The different levels of meetings had different layouts and different people that had developed them, but 
the production meeting had been used longest time. Aligned to Lean management and since production 
have an employee working to continuously implement more Lean philosophy and tools can they be seen 
as a role model. All meetings have an action list where current problems are brought up that will be 
solved with the PDCA tool and a project list where larger problems are processes according to PDCA. 
The production meetings are the only ones that have had projects processes on the board during the 
observations.  
 
An intention was to handle larger problems than could be solved or handled in two days as small projects 
in the automation, to put them through a PDCA-process in a group of people and have an illustration of 
the project on the whiteboard (Technical coordinator, 2015). It had however not started. The list of major 
problems were approximately 120 and the prioritization of the problems were that health and safety 
always goes first. The second prioritization was due to ‘feeling’. The feeling was often based on what 
creates most irritation for the employees (Technical coordinator, 2015. The National Warehouse 
Manager had the same information of the prioritization except that instead of feeling, it was an 
economical factor in the prioritization (Petersson, 2015). 
 
The action list with smaller errors detected, were brought up by optional employee followed by a 
discussion around the error to brainstorm around a solution. An employee were assigned the error and 
responsible that the problem would have a planned solution in a determined deadline date. If the solution 
proposal sounds reasonable on the deadline day by other attendees was the problem erased from the 
whiteboard without being registered anywhere. The idea of the action list was to solved errors through a 
PDCA,  but the observations only register the first P- and D-step and then the error was erased from the 
board. No check (C-step) or act (A-step) had been made of the errors during observed meetings, when a 
solution had been found it was erased. Even before it had been implemented, as long as the responsible 
person have explained that something new would be tried. Probably an cause why some problems 
returned on the action list during the time span that observations were made on the meetings. It was an 
issue that errors quickly were removed from the board, that not all employees could participate (only one 
could represent an area to keep the system flow) and that there were a low possibility to learn from 
previous errors since they were not logged anywhere. 
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Several different areas were involved in the automation meetings: LGV operators, FRS operators, BEMA 
operators, VLS operators, APS operators and Technical operators. Critic amongst some employees 
registered were that there are too many different areas involved, that it takes unnecessary long time to 
listen to problems in areas that don’t affect them. There has been overall critic that the meetings take too 
much time, that valuable time is taken from the employees where they need to solve real-time errors. A 
paradox, since the meetings have as purpose to decrease errors with the intention to decrease the time for 
operators to run and solve errors. But in order to solve the errors in a long-term perspective it is needed 
to invest time and resources. However, there is an deliberation that human resources cannot be used at 
the extent that it risks to affect the system flow that it may risk the reliability of delivery to customer. 
Thoughts are that it is important to involve all areas in the automation as the current state, to fulfil the 
need of communication between the areas and to see the problems in a holistic way. However, the level 
of detail that is processed should decrease, not go into too much detail in the meetings but encourage 
affected employees to stay after the meetings if needed instead.  

It was pre-determined which person that should hold the meetings, based on working position; firsthand 
the Technical coordinator, if not attending the supervisor should hold the meeting and third in order is an 
Technical operator. The responsible person facilitate the meeting and have one that writes on the board. 
Critic have been raised in interviews with FRS operators that the employees would want to be more 
involved in the meetings, also aligned to the Lean philosophy that thinks that the working employees 
should be the ones that drives the continuous improvements forwards (Carreira, 2004). I therefore 
recommend that there should not be any policy of which position that should hold the meetings, it should 
be rotated amongst the employees that volunteers, pre-determined. 
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5 Development of the Final model 
The model was developed through investigation of potential data to be accessed, followed by compilation 
of requirements on the model. 

5.1 Which data can be accessed to build a model?
A lot of information of what happens in the warehouse is downloaded by the System Specialists in the 
Supply chain System Department, but the information is actively not used (System Specialist, 2015a). 
Only exceptional cases, for example if someone call and want to know which package that have arrived 
to a customer. There are visions to use the information, for example create further KPI’s for the 
warehouse. But hence overloads with work for the System Specialist has it not been done. The only KPI 
existing for the FRS operators are ‘Availability time’ in the FRS area, how much of the time that the 
system has no errors at all in one day in the FRS system (Technical coordinator, 2015; System Specialist, 
2015a). To measure that the system is flowing as intended and work towards decreasing disruptions. 

Data of all goods movements are downloaded since the summer of 2014, as well as the data of which 
packages that are picked for certain customers (System Specialist, 2015a). All alarms in the FRS and 
APS are downloaded since December 2014. Data of goods movements to the FRS control area is 
however not downloaded. Registered errors at the FRS control area are stored approximately two weeks 
(System Specialist, 2015b). Information of arriving goods to the FRS control area are amongst other 
things; error code, pallet-ID, location where it comes from and transportation duration from that place. 
There is one grey zone of the information that cannot successfully be registered at the control area, when 
goods that could not successfully scan the barcode approach. There only come an error code about faulty 
barcode reading in that case, but a pallet-ID will not be connected with that error, since the system not 
yet know which goods it is (System Specialist, 2015b).

There are a lot of different alarm codes for the errors happening out in the FRS, some of them are written 
in English but most of them in Italian hence the supplying company of the software was from Italy 
(System Specialist, 2015a). A problem with the alarm codes out in the FRS according to a System 
specialist was that they do not say enough of information; it is needed to complement with what the 
operator detects when approaching the error. One of the system technicians has tried to make the 
operators log information about errors without success (System Specialist, 2015a).  
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Figure 19. Illustration of the Lager Monitor (Carlsberg Intranet, 2015). 

The warehouse employees have a ‘Lager monitor’ accessible on the intranet that shows status for 
different operations in the warehouse, see figure 19. Green boxes are a positive sign, but if boxes turn red 
it is an indication that there is a problem. There are different parts for the APS shown in the monitor; 
there is a clock that shows current capacity use, how much packages the different palletizing robots have 
picked and a graph with both automated and manual order picking rates. There is a table showing goods 
expected to be at a BEMA station for replenishment of the APS, but for some reason is late. There is a 
time connected to that goods showing how long time it is delayed. The goods can be delayed for different 
reasons, if due to shortage in the warehouse it is displayed in a special table only for shortages. 
Otherwise may it be because of delays in the system, perhaps due to errors. The table that show delayed 
goods for replenishment of the APS can work as indication for the FRS operators that there is an error in 
their area. If articles turn red in that table, the FRS operators need to start troubleshooting to track the 
problem. There is a status shown in the Lager monitor if there are any queues regarding transportation: 
FLTs, LGVs, FRS or queues in the loading platform.  

5.2 Requirements on the final model 
The measurements of the focus area brought up many different factors needed to be considered in order 
to detect, analyze and prioritize quality errors that may occur to actively work with continuous 
improvements. Needs were extracted that were translated into requirements.

Needs: 
1. The model shall be able to quickly detect errors in the system.
2. The model shall be able to analyze the effect it causes in the system.
3. The model shall be able to prioritize errors out of appropriate criteria.
4. The model shall be able to track root-problem(s) of occurred error.
5. The model shall be available for all employees of whom it concerns.
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Requirements: 

1. The model is able to highlight occurring errors in the FRS area when it either shows significance 
regarding repetition (>X times á 24 h) or average duration (> X minutes/error for that error type á 
24 h). 

2. The model registers location of errors and current state of system. To enable analysis of how 
errors effect on system. 

3. The model is able to prioritize errors regarding effect on system in a both detailed and holistic 
view. 

4. The model has a problem solving process; be able to take action and solve errors in a way that it 
will not reoccur. Measured by recurring problems. 

5. The model is direct visible for all concerned employees at workplace. 
 
Lacking understanding of effects that an error type has on the system was found. Three noticed reasons 
were; several different shifts, the employees got used to the errors and lacking functioning registration of 
occurring errors. Therefore the model contain a function where repetition, duration and location of 
occurring errors are registered, represented in requirements 1 and 2. The model will also be visible for all 
employees in all shifts, requirement 5. 
 
To show the importance of solving the detected errors the management team require hard facts, such as 
costs and impact on customer satisfaction. Requirement 3 will be used to analyze the effect of detected 
errors and prioritize the larger errors. It was detected in the first test of the model that it also was a need 
to include location of errors to estimate the error impact, both for added perspective in the holistic and 
detailed view. 
 
It was noticed during observations on current whiteboard meetings that some errors reoccur, which show 
that the current way to solve detected errors need to be further developed. Therefore requirement 4 exist. 
Requirement 4 also exists hence lacking knowledge of how to proceed with some detected errors by 
employees that was raised by the operators themselves.  
 

5.3 The Final Model 
The final model was customized out of aspects from the studied case; a scenario of a workplace with a 
large amount of employees, with several different shifts working in a quickly changing environment. 
Hence the scenario, the model needed to be quickly and easily understandable by concerned employees 
and be visible to concerned employees. The model was developed to provide a holistic and detailed view 
of the implementation area and to create cross-functional communication. Identified requirements were 
used to create the final solution.  
 
The final solution was built on five cornerstones (seen illustration of the model in figure 20):  
 

1. KPI’s      (measurement) 
2. Flow diagram     (measurement) 
3. Whiteboard meetings    (tool) 
4. Routine implementation process   (tool) 
5. Communication channels    (tool) 
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Figure 20. Illustration of the Final Model. 
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Purpose with model: 
 Short-term: Solve errors identified on observations. Implement model and test features. 
 Middle-term: Quickly identify errors, measure and prioritize to then solve. 
 Long-term: Solution to make organization quickly changeable to external changes, and use model 

for prevention and extended involvement with other departments. 
 

5.3.1 Measurements 
There are two different proposed measurements in the final model, KPI’s and a real time goods flow 
diagram. 
 
KPI’s 
Warehouse KPI’s are often on an overall level, instead of a detailed level to easily be grasped by the 
employees of the organization and be used for orientation (Pehrson, 2015). No KPI for quality of goods 
existed in the studied case and a need was registered. There were needs for KPI’s to be clear, suitable for 
FRS operators, aligned with organizational goals and non-contradicted to other areas in the organization. 
 
Suggested KPI’s: 
 

Control area FRS      Description 
1. Amount of stop/day    Amount of goods coming to control area 
2. Average duration of stops/day   Measure pending goods in control area 
3. Place of origin     To detect significance regarding location 

 
Whole FRS area 

4. Amount of stop/day    Amount of stop anywhere in FRS measured 
5. Average duration of stops/day   Amount of stops/amount of stop time 
6. Stop-time in system/day    All stops anywhere in FRS area measured 
7. Amount of goods movement in area/day  For perspective of measurements above 
8. Amount solved quality issues/week  Measured from whiteboard meetings data 
9. Customer satisfaction regarding quality  Measured with surveys and customer contact 

 
Incoming goods to control area is currently registered in Systore and that information will be used to 
receive data of occurring errors. One exception will be the measurement of customer satisfaction that 
will be provided by the Sales Department. The different error codes registered will be used to find 
significance regarding repetition and duration of stops that will be presented on the whiteboard meetings. 
Place of origin will be used to detect significance where goods comes from.  
 
The cornerstone in Lean manufacturing is to measure all activity from a customer’s point of view; the 
highest priority is to give the customer exactly what it wants (Carreira, 2004). Customer satisfaction 
measurement is added as a completely new component to increase the sense of the customer into the 
action of the employees in the automation. To make it more tangible how the employees affect the 
customer’s satisfaction. Measurement of customer satisfaction can for instance be positive feedback from 
a content customer, constructive critic about dissatisfaction from customer, output from customer 
satisfaction study, statistics of how many orders that were delivered to customer with lacking quality. 
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Flow diagram 
The flow diagram is a measurement of hotspots in the system that FRS operators need to take into 
consideration during their work. The identified hotspots can be seen in figure 21. The measurements 
show how many pallets that are incoming or outgoing from the FRS area through different hotspots. The 
flow diagram is for the operators to see how the pressure is in the system. For example if there are a large 
amount of pallets from production coming into the area, then it is needed to prioritize that transportation 
lane.  
 

 
Figure 21. Illustration of flow diagram of the investigated area, with identified hotspots: A, B, C.  
 
The breakdown of the different parts affecting the FRS area is a way to simplify the system, but yet 
emphasize the most important functions. The layout is developed to be easily receivable and understood 
by seniors as well as junior workers; perhaps help as learning tool for training of new employees. By 
initiating this flow diagram it may result in increased consciousness of the employee’s part in the system 
and for broader understanding of other departments. The employees are currently very keen on helping 
each other in the Warehouse Department and reorganize the human resources by own initiatives if there 
is an area with higher pressure for a time. The illustration can thereby also give quick indication for the 
FRS operators and the other automation employees if reorganization is needed.  
 
  



74 

A breakdown of affecting parts can be seen below. 

Incoming goods to FRS: 
Production – LGV
Inventory systems – LGV
APS
BEMA
FLT

Outgoing goods from FRS: 
Dispatch area
BEMA
Waste Department

Three stress points were created for a simplification of the system and customized for the FRS operators. 
The stress points were created to indicate if there is an abnormal pressure on any of the important 
locations. Especially point B is a critical point since that location handles all goods going out from the 
fully automated warehouse part. Point A is important hence it handles goods coming from the production 
and if that transportation is hindered can it stop production. Point C is important since it handles all 
goods incoming outgoing to/from FRS and also handles goods transported directly to BEMA. Affecting 
parts included in the three spots can be seen below. 

Indication on hot spots (high pressure): 
A

o Production – LGV (incoming goods) 
o Inventory systems – LGV (incoming goods) 
o APS (incoming goods) 
o FLT (incoming goods) 
o To Waste Department – LGV (outgoing goods) 

B
o Dispatch area (outgoing goods) 
o FLT (incoming goods) 

C
o BEMA (outgoing goods) 
o FRS (incoming and outgoing goods) 

5.3.2 Tools 
There are three tools included in the model: daily whiteboard meetings, communication channels and a 
routine process.  

Whiteboard meetings 
Both the customized KPI’s and flow diagram will be highlighted in daily meetings to enlighten and 
engage employees. The purpose of the daily meetings is to give employees opportunity to highlight 
problems regarding quality, opportunities and actively push forward quality improvements. The purpose 
is to perform a strategic work with continuous improvements, in accordance to a Lean philosophy. The 
whiteboard meetings will hopefully also increase the communication between employees in several 
different levels: increase communication between employees at same position but different shifts, direct 
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communication between employees in different areas in the automation, communication to other 
departments and to higher authorities.  
 
Many of the parts in the proposed layout already existed in current meetings implemented in the last half 
year. They were still under modification and continuously developed with improvements during the 
observations. However, the proposed arrangement has a slightly differentiated approach from the 
existing meetings. There are some inadequate parts that had potential to give more positive effects, which 
is be notified below. 
 
Proposed process and content of whiteboard meetings: 

1. Responsible employees write updates on whiteboard when arriving. 
2. Facilitator starts meeting; responsible writer writes current date and time. 
3. Responsible parties present measurements 

a. Registration of incidents and accidents 
b. KPI’s 

 Control area 
 Whole FRS area 
 Customer feedback  

c. Status of flow diagram – indication on stress points (such as production output to FRS, 
LGV input to FRS, order picked deliveries out from APS, pallets to BEMA, incoming 
pallets from FLT to FRS, output from FRS to dispatch area etc.) 
 

4. Facilitator goes through action list and projects due at current date: 
a. Plan-Do-Check-Act action list where problems and opportunities are raised – Short term. 

Update current status and description of potential solution.  
b. Plan-Do-Check-Act projects section where problems and opportunities are raised – Long 

term, problems that need a deeper root-cause-analysis in order to fully be solved. Update 
location of project depending on status: the P, D, C or A box. 
 

5. Facilitator ask for new problems or opportunities to add to action list or a project 
a. Short term: Write date when introduced, by who, description, briefly potential solution, 

status, date when it shall have been handled at action list. 
b. Long term: Write date when introduced, by who, description, briefly potential solution, 

determine responsible parties to form a project, date when it shall be presented at project 
section for update.  
 

6. Update the Information panel of whiteboard if needed, that include information about 
communication channels, routine process, policies, etc. 

7. Determine facilitator, secretary on whiteboard, secretary on computer and one to register meeting 
process in next meeting. 

To encourage and motivate the employees running the operations to drive forth improvements it is 
proposed that different people will run the meetings to make everyone involved. There will be one 
responsible to be moderator, one as secretary on the board and one secretary to log the information on a 
computer. The responsibilities is decided in the end of each meeting and written on the whiteboard. 
There is a need for the meetings to have a clear process, which parts that will be brought up and in which 
order. One way of implementing the created process of how the meetings should be performed is to have 
someone responsible each meeting to register if developed process is fulfilled and present the result in 
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the end of each meeting and suggest improvements. Which will discontinue when the meeting process is 
considered followed. 

 

The KPI’s are extracted once a day and the flow diagram is extracted for all meetings during the day. 
There is also a registration of incidents and accidents once a day, to always prioritize prevention of 
health and security accidents. The measurements are used as motivation for the employees and to 
enlighten how the current state in the warehouse and FRS area is. If there is a startling outcome shown in 
the measurements it will be proceeded with in the action list or as a PDCA-project. Changes in the use of 
the PDCA is that all four steps properly will be executed, an explanation of the steps can be seen in 
theory chapter, 2.2.1. A check will be made (C-step) if the solution is effective and if it can be improved, 
to analyze the solution before a fully implementation is made. The measurements will be used for 
prioritization of the larger errors to solve and handle them in the project-part of the whiteboard. A 
fishbone diagram with the 6M will be used in the projects to assure that the root-cause(s) are found. 

 

The Information panel will have different contents, with the purpose to provide basic information of the 
whiteboard meetings and utilities used at the meetings. There will be an agenda that show daily and 
weekly points, for example that the project part will be raised on Wednesdays while the action list 
preferably will be raised every day. There will be a list with which positions intended to participate on 
the meetings, such as FRS operators, Head of automation etc. There will be a list with scheduled time for 
the three daily meetings and purposes of the meetings will be shown to create an understanding for 
participants why to be actively involved and what benefits it can give them. Policies for continuous 
quality improvements and the whiteboard meetings are also exposed on the Information panel to enhance 
a socially sustainable environment amongst the employees. There will be two lists that show developed 
standard for routine process and communication channels. 

It is of importance that there are well-developed routines and channels to transfer information within an 
organization. Sufficient communication channels are needed to enable actions on identified problems and 
opportunities, due to limitations for operators to take own decisions, especially regarding higher costs. 
Lack of communication routines and channels were identified by more than three sources during the 
measurements and also highlighted as a problem in additional interviews. Following section of the model 
‘Communication channels’ is a part with the purpose to enhance communication and whiteboard 
meetings are one cornerstone of that solution. According to management in Lean are there no hierarchy, 
but the employees are the ones making decisions and run improvements. It is common that people rotate 
to run whiteboard meetings when applying to Lean management for everyone to be involved (Carreira, 
2004). This was not the state in the investigated case in the automation meetings, noticed during 
observations. 

 

All registrations on the board is proposed to be registered in a shared folder for employees not able to 
participate in the daily meeting to see what have been done on the meetings since last time. The FRS 
operators are two in each shift and there are only one of them that participate in the meetings, to not risk 
stops that affect customers, thereof increased need for registration of meetings electronically. By a 
registration can also knowledge be gained from previously problems that have been solved in a 
successful way – to learn from how other problems are solved. Registration can also be used to discover 
if a new problem already have been up on the board – the previous not successful solution may then be 
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found to prevent that the same solution will be tried again. A registration can highlight that a problem 
need a deeper investigation, to make a cause-effect-analysis. A problem may have several root-causes or 
that it is not easy to find the root-cause. The registration will also be used for statistical data, it will 
measure how many errors that is fully solved, that will be used as a KPI. 

 
Hence there are three different shifts in one day is it require to have three of these meetings. The 
meetings should preferably be done when there is a change of shift. There was currently not any time for 
employees to hand over to the next shift, perhaps to keep amount of working hours down or because of 
union regulations, which might create an gap of knowledge and enlightenment. To introduce overlaps in 
the shifts and to have the daily meetings during the overlaps would probably increase the communication 
between shifts and create a stronger team spirit between the shift teams. However, it is an extra cost to 
prolong each work shift with 10 minutes. With approximately 30 employees actively working in the 
automation and an estimated gross salary of 30.000 SEK (Unionen, 2014) and payroll tax of 31,42% 
(Skatteverket, 2015) would it approximately cost 300.000 SEK a year to have 10 min overlaps, if 
approved by the union (see calculation in Appendix 4). Even if there will not be any overlaps between 
the shift can suggested whiteboard meetings work as a substitute to pass over information. The proposed 
meetings will have the maximum duration of 10 min and there will be three of these meetings every day, 
one for each work team. 

 

Communication channels 

In the investigation was a need found for two different types of communication channels, one for short 
time notice to quickly solve a problem and one for problems in a long-term perspective. There were time 
critical occurrences in the FRS area that could cause problems to deliver right products in right time to 
customers. Due to the importance of keeping the flow in the FRS area and manage to transport intended 
goods was a need detected to have a sufficient action processes when a problem arise.  

 

It was noticed that there were clear routines for IT and technical errors regarding the automation, but a 
grey areas for errors requiring other help, such as electricians or production supervisors. There was a 
need for clear routines for the FRS operators to know which one to call at which type of occasion in 
order to decrease waste regarding unnecessary steps and error time. To eliminate the step where 
employees first contact someone in order to know which one to contact further. Clear routines and easily 
accessed information were considered needed to improve communication. Development of routines is 
explained in next section and a communication list included in this section. The communication list 
consist of: Names, phone numbers, professions, available hours and which types of errors that person 
handles. 

  

A new communication channel was rather recently been implemented with whiteboard meetings, as 
described in section 4.6, that enhance communication between warehouse operations and management 
teams as well as communication between different departments. The communication channel is involved 
in the model with some modification. One change is to move towards a more Lean philosophy regarding 
leadership in the automation meetings, that the operators will be the ones leading the quality 
improvements. That the operators also will act as moderators in the meetings. This change need to come 
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from the top management, which through interviews with the management team seemed encouraged to 
change in the studied focus area. Hopefully will the communication and engagement be increased if the 
meeting output is registered for everyone to be able to feel updated. The meeting registration may also 
make it possible for employees not included in the meetings look up the FRS operators issues. If there is 
a project made of an issue were a cause-effect analysis is made and a root-cause is found deriving from 
production, then the project leader can easily show all information to responsible employee and create an 
understanding of how it affect other parts in the supply chain. 

 

Figure 22. Illustration of the suggested communication channels. 

 

To summarize it this part of the model built of two things, shown in figure 22: 

1. Communication list 
2. Cross-functional whiteboard meetings 

The first part is for time critical errors that cannot be solved by FRS operators, to provide an updated list 
for the FRS operators to know which people to create direct contact with for further help. The second 
part is for the not as time critical errors and for the actively prevention work of quality errors, consisting 
of whiteboard meetings in different levels. 
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Routine implementation process 

It was detected through the cause-effect-analysis and whiteboard-meetings observations that a process 
for implementing new routines was needed. Routines were implemented with common sense, and done 
differently depending which employee that was responsible. Hence the hectic environment it was 
probably easy to neglect fully implementation of routines in favour for distinguish fires and quickly solve 
arising errors. It was detected that some routines had been created but not printed, not put up in the right 
place and not properly informed to everyone involved. Therefore a process to implement routines was 
suggested as a recommendation for the organization.  

 

Proposed routine process: 

1. Designate responsible employee to implement determined routine. 
2. Investigate what is important with the operations/activities that the routine will be made for, 

collect data. 
3. Write routine step-by-step. 
4. Show draft for at least two employees affected by the routine for feedback and evaluation. 
5. Make proposed changes. 
6. Save the routine in shared folder for warehouse routines. 
7. Print out routine-document. 
8. Laminate document. 
9. Show laminated document at next whiteboard meeting and enlighten affected employees. 
10. Send document with routine by e-mail to affected employees and remind employees to pass on 

the routine when training new employees. 
11. Attach document where the intended operation/activity is performed – directly visible. 

It was highlighted by automation employees that some important routines are missed out during training 
of new employees at the automation. Therefore this phenomenon is stressed when implementing a new 
routine, seen in no. 10. Quality of trainings will be increased by attaching routines directly at affected 
operation; employees will be reminded to not miss to enlighten the routine for new training and that it 
will be included as mandatory knowledge for new employees. Employees under training will also be able 
to easily practice to remember important information if the routines are directly visible at the workplace. 
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5.3.3 Compilation of Final model 

Here is a summary of main parts needed for the model to be implemented (organizational matters 
excluded): 

1. Test and finalize KPI’s
2. Test and finalize flow diagram
3. Create documents for incidents and accidents, policies, purpose and other content on whiteboard

meetings
4. Process map of meeting execution
5. Test and finalize layout of whiteboard and details of content
6. Update communication list
7. Test and finalize modification of meeting culture – communication channels
8. Finalized routine process
9. Education and training of employees with the new model, its tools and measurements
10. Plan needed human resources and schedule time for implementation of model
11. Buy in needed material

Proposed responsibilities for the implementation and target user for different parts can be seen in table 5.
Since the model was aimed to the FRS area was the Head of automation for the warehouse considered 
responsible for the implementation of the majority of the model. Target users are in all parts FRS 
operators, but other employees are also included since the FRS operators operations function as cohesion 
of other areas in the system. 

Table 5. Proposed target users and responsibilities for different parts of the model. 
The model

Part Responsible for implementation Target user
KPI’s Head of automation. Head of automation and FRS operators.
Flow Diagram Head of automation. Head of automation and FRS operators.
Whiteboard meetings Head of automation. All employees at warehouse automation.
Communication 
channels

Head of automation and Head of 
logistics. All employees at warehouse automation.

Routine process Warehouse supervisor. Head of automation and FRS operators.
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5.4 Evaluation of final model 

Assumptions of how much time and money the model requires to be implemented were made, to 
highlight needed resources for the model. An evaluation was made if prospected benefits outweigh the 
cost of resources. Figure 23 shows a logic model, used to evaluate the developed model. The input-
section was used to show needed resources and the outcome-section was used to show prospected 
benefits and drawbacks the model can create. 

Figure 29. Illustration of a logic model with evaluation areas marked. 

Calculated cost for inputs to implement the model was approximately 50.000 SEK, a detailed calculation 
can be seen in Appendix 6. Benefits could not be estimated in money or indicators but beneficial factors 
were raised. Some of the raised benefits were increased customer satisfaction, decreased scrapping of 
goods, decreased time and effort to solve errors, increased throughput time, decreased stress for 
employees and increased motivation for employees. Prospected benefits represent increased 
sustainability within social, environmental and economic aspects. The full list of prospected benefits can 
be seen in Appendix 6.  
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6 Discussion 
This chapter connect theory and result in order to analyze the output and sources of error were brought 
up. 

6.1 Methods   
A specific research question was not determined before the research started, but was developed during 
the study as new information was gathered. The process to find a problem area was part of the research. 
The flow chart was made to identify critical activities or situations in the system and out of them 
determine which focus area to continue with in this specific research. This process gave an understanding 
of the warehouse processes that acted as support through the whole research. However the choice of area 
was not only determined regarding which problem that caused most negative effects. It was not the 
intention, but the choice also relayed on the investigators area of interests and that was one reason why 
quality errors were chosen to be further investigated. Emphasize should therefore not be on the selection 
process. 
 
A stated disadvantage of using mostly primary data was the large amount of data extracted (Lekvall & 
Wahlbin, 1993). A challenge has been to extract related data and cut of the rest, to reduce data outside 
the set boundaries. There is a high level of detail in  the report from start to end, which can be perceived 
as heavy reading. However, an advantage is that the research involves many factors and the explanation 
of situations have become vivid. The width of the study can be considered as positive as well that the 
final model involves many different factors, both soft facts and hard facts. But by using primary data it 
increased the validity, since the data was collected for only this purpose. 
 
A qualitative research has a flexibility to change structure while conducting the research, which both can 
be seen as strengths and weaknesses (Creswell, 2003, p. 80). It was seen as a strength since it enabled the 
study to constantly improve the understanding of the research question. A weakness Creswell (2003, p. 
80) highlights is difficulty to compare information from different units and therefore were the three 
samples investigated with an quantitative approach. Hence the majority of the research was based on a 
qualitative approach were more experience and knowledge gained of that approach. It was detected 
during the first measurement that a trial round should have been done. It was detected during the 
measurement which description information that were important to collect. Therefore could not the 
measurements be analyzed and compared with all factors found important, such as article number of 
detected goods. However, the main purpose was not to analyze the errors in this study, but to find which 
factors important when investigating errors. Therefore it was seen successful that additional factors were 
detected during the observations. 
 
Source of errors with interviews and observation as chosen methods, were that the employees involved in 
many cases were stressed, which could have resulted in overreacted answers said in frustration. 
However, the study only measured hard facts derived from sample observations and no information from 
employees were used to weight outcomes of registered outcomes. Another error could be that wrong 
information was given to not show faults, however a tendency for this was not noticed in any case and all 
employees included were considered to be open-minded to share knowledge and saw it as positive to 
have someone examine detected problems. Triangulation was also used to eliminate the risk of unreliable 
data. Initiating questions were almost always the same, open questions such as: “What problem do you 
have in your working area?” “What solution do you have for that problem?”. To create an open 
environment with the respondent. It was considered as appreciated and working well to make the 
employees feel comfortable. After that could more specific questions be asked, or follow-up questions. 
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6.2 Literature Review 
It was revealed from the literature review that challenges affecting Carlsberg Sverige can be represented 
in the overall industry. The quick increase of SKUs and transition towards a fully automated warehouse 
is a trend in the beverage industry according to Strzelecki (2008), Jacobsen (2012a) and Maras (2014). 
Research by both Strzelecki (2008) and Jacobsen (2012a) argue that the trend of SKUs haven’t any signs 
of changing. Thereof it is important that the case is in forefront and approach the challenges that the 
changes can entail in a successful manner. Quality errors were seemingly not considered when 
implementing the automation or with the increased pressure that growing SKUs implies. No researches 
were found of same phenomenon as this research and thereby can it been seen as unique at this time. The 
research provided knowledge of occurrences of lacking quality within the company and how it affected 
the organization in a holistic way, yet in a general perspective to supply knowledge on a scientific level. 
 
What risks and drawbacks that can come with implementing automation in the warehouses were lacking 
in the literature, only benefits were raised. One reason could be that all sources came from magazine 
articles and perhaps not unbiased from sponsors. Another reason could be that interviewed people not 
wanted to highlight detected challenges with a large investment, but focused on the benefits it had given 
to point out how good decision it had been. Nevertheless no literature could be found of warehouse 
automation and quality issues affecting the systems – no findings of similar issues to what this study 
involves. The reason for having a lack of information might be due to that the search method was 
insufficient or there exists little research about it. If it was the previous mentioned was it positive for this 
research that it brings up research within an missed area – which likely was the case after several of 
different searches on different databases with different and testing of keywords. Quality in the beverage 
industry were found to referring more to the quality of the beverage itself and in retrospect should the 
search have been extended to industrial changes from manual to automation as well. 
 
The literature review only involved a trends happening in the beverage industry. It would have been even 
more successful to also find information of quality in the beverage industry to see examples of how it 
looked in similar environments or find input of how to solve same challenges as found in this case. Due 
to the lack of data found regarding quality of goods and beverage industry was solely general data 
regarding quality work and continuous improvements used. Positively was the data for the literature 
review found fruitful and matched the transitions and challenges that the case have gone through. 
   

6.3 Current State Mapping 
In work with Pewe (2011), he highlighted the importance that a holistic view first is obtained in logistics 
before improving a process, to understand the outcome of different changes and how they will affect the 
system. Lean management also starts to view the system in a holistic view and evaluate it by the value stream 
(Carreira, 2004, p. 16). To start with mapping the current state was seen as successful, since it facilitated all 
coming work. It created an understanding of how different processes interact and factors that affect the focus area 
could easily be seen. It could be seen how factors outside the focus area created negative effects in the focus area. 
For example because of inadequate quality check of inbound deliveries and lacking understanding of which quality 
that not will pass through the quality check in the automation, made that simple errors stopped the flow of goods. 
An understanding of why found factors created negative effects in other parts of the warehouse were also acquired 
through the flow chart. Such as the controllers in the inbound deliveries were under pressure with a high critical 
frequency of goods flow. The importance to both see the system in a detailed and holistic view were experienced. 
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A flow chart is often used to create an understanding of current state (Oskarsson et al., 2013). The flow 
chart was used throughout the whole data collection, when interviewing people to get input on targeted 
areas for a deeper understanding. It was seen as an successful tool in many aspects, both as 
communication help but also for analyzing data. It could be used to perform the cause-effect analysis and 
investigate which areas that could affect an specific error. 

 

6.4 Identification of Critical Processes 
There were several different challenges in the system detected when developing the flow chart and four 
systems constraints were identified. The constraints were identified through the gained knowledge of The 
theory of constraints (TOC). Two of the constraints were directly connected with the fully automated 
warehouse section: the automated palletizing process and accessibility on automated lanes. The other two 
constraints were considered to direct be affected by the two constraints in the automated section. Thereof 
the choice to further focus on the automated section. This choice was considered more right along the 
way, as it was detected to have many errors that gave negative effects on the system. Also negative 
effects that directly could affect customer. For example create delays that could affect customer and 
deliver goods with broken packaging. The constraints were observed after been designated, to reassure 
that they were constraints, therefore they were considered chosen with an high validity and reliability. 
 
A system is considered not to be able to be better than its weakest link according to Goldratt (1993) and 
therefore are an organization organized around identified constraints in TOC. Quality errors in the 
automation were considered as critical for the found constraints and therefore chosen to be the research 
focus. Quality errors were considered to hinder identified constraints to use their full capacity. For 
example that a stop with an quality error in the FRS area could stop the flow of the palletizing robot, the 
automated trails and the inbound deliveries. 
 
The automation was a clear location where issues regarding quality errors were detected, probably as a 
side effect of recent implementation. A large change for the organization to transition itself from 
manually handling to mainly be run by automation. The Waste Department however was chosen with the 
motivation that it handled all goods with quality errors that could not be corrected by detected employee. 
It would have been easy to only chose the two areas in the automation directly affecting the constraints, 
but the Waste Department was chosen as a complement to create a deeper understanding of the quality 
issues in the warehouse. It was a successful decision and the measurements and data from that 
observation could be used to understand relationships of occurrences regarding quality issues. Both on a 
detailed level, but also on a general level as inadequate communication between the departments. For 
example that the controllers of incoming goods had lacking understanding of how different 
characteristics of a goods could give negative effects in the automation. 
 

6.5 Measurements and Analysis 
In retrospect would a trial observation been made before the real ones. The descriptions of the errors 
evolved during the first measurement and thereby differentiated regarding detail level. Article numbers 
were not included in the first description, which then further in the observations were understood to have 
potential for more thorough analysis. The goods could have derived from three different segments: 
Ramlösa production, Falkenberg production or external procurement. The goods could also have been 
middle warehoused in one of the external warehouses that also could have affect the quality due to 
additional handling. However, even if this was not thoroughly included in the first measurement was the 
importance that it was detected to be able to be involved in the final solution.  
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The result of the measurement output could deliver statistics of how many times different types of error 
occurred, the total duration time and the average duration time for the error types. It could also be 
noticed if there were any significance of location for certain errors and from the analysis if the sensitivity 
of the error increases by where it occurs. The identified critical processes were used to analyze the 
location and how the errors might have affected the system. All occurrences that caused a negative effect 
on the system were registered during the observations. Not all detected errors in the measurements were 
inside the scope of faulty quality of goods, for example were some errors due to technical errors of 
automation, those errors were registered but not further investigated. The selection of which errors 
considered being due to inadequate quality could have been done more strategic, with criteria to fulfill to 
be inside the scope. However most errors excluded were due to IT or technical errors of machines and 
easy to evaluate and it was not considered to have affected the result in this study. 

Source of errors with these measurements was that measurement only were performed one day in each 
area, which might result in low reliability. Employees working during the observation were asked 
directly after the observations if it represented an ordinary working day for them regarding detecting 
errors, which everyone said yes to. The result may not represent the occurrences in the areas well since it 
was a fast paced warehouse where the flow could differentiate quickly depending on external factors 
(such as inbound deliveries and incoming goods from production). However, the measurements were 
performed to get an overview of the faulty quality detected in the warehouse, the effects of it and get an 
insight of where it pressures the system most. These purposes were considered being achieved and 
therefore the validity of the measurements was not seen as an problem for the research. The outcome was 
seen as well-represented to gain deeper knowledge of the location and errors, explore which information 
that need to be gained for analysis of errors and which measurements that can be done for the locations. 
The main focus of measurement execution was to find out which factors that was important to identify, 
measure and prioritize different errors.  

The pace was considered highest at the FRS area which also the measurements showed with 96 
registered errors with 70% of the time having errors in the system to solve. None of the two other 
observation locations were close to those numbers. This fast pacing observation environment made it 
hard to register enough of data, which can be one source of error. In order to not influence the area under 
observation was only the time used by the FRS operator to solve a problem used to fill in the form and 
take notes. However, four most important measurements were always registered: start time, error 
description, location and end time. Two drawbacks were the statistical analyze and the input to perform 
the fishbone-diagram. To look at the form and try to find information to make a proper analysis to find 
the root-cause had some lacking aspects: that not all article numbers were registered and not enough 
detailed description of error noted. The lacking details was not considered to hinder to fulfil the purpose 
of the fishbone diagrams, since the study intended to find more general problems to build the model, 
such as causes due to methods. There were an effect on the statistical analyze since it could not be done 
on article numbers in the first measurement, however the importance was to identify the factor and 
include it in the model. 

Current demand should be kept in mind by management team when looking at the observation result –
that the amount of errors probably increase if more goods go through the warehouse, when it also 
becomes more critical to have a throughput time that can meet the demand. As the arising peak season it 
will be even more important to decrease the errors for increased throughput when the demand increases.
It may also be more important to have a clear work for continuous quality improvements during the peak 
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season in summer when inexperienced summer workers arrive, to have clear routines and processes to 
teach out. 
 
No divergence was made between different goods articles hence there was approximately 550 SKUs 
handled in the warehouse. A boundary could have been made to only investigate some articles or article 
groups with common warehouse characteristics, but instead three physical locations in the warehouse 
was determined as clear boundaries. Since the areas handled a lot of different articles it was considered 
to make the investigation less interesting since it would not be full covering for that area and those 
employees. For example would it be strange if the FRS operators only would focus on problems with 
certain articles. As M. Wiggins (2010, p. 501) claimed that employees will only focus on what is 
measured. 
 
According to Crosby (1979) can quality be described as conformance to requirements. In the focus area were the 
requirements on the goods set by the automation system – if the goods not conformed with what the automation 
had set as standard, it resulted in an quality error. The automation either stopped locally where the deviation of 
quality was detected or the goods was transported to the control area. By analyzing the detected quality errors, the 
focus area had following requirements: readable label, barcode conformance with system, goods within set 
dimensions, shape of goods not too oblique, goods not releasing any parts. The usage of 6M in the fishbone 
diagrams were considered successful since it brought up commonalities between the three different 
diagrams. Carreira (2004, p. 138) also mentioned that it is not unusual that common rot-causes can be 
detected for different errors investigated. 

 

Oskarsson et. al. (2013) stated that actions are commonly made to solve acute situations where symptoms 
are mitigated, instead of making sure that the effect will happen again. If the underlying causes are not 
detected cannot either those causes be corrected according to Oskarsson et. al. (2013). Since some 
problems identified on observed whiteboard meetings reoccurred were probably not the underlying 
causes found the first time the problems were brought up on the whiteboard. To find the root-cause of 
detected errors were therefore emphasized in the model,  to make lasting improvements. 

 

Chowdhury (p.6, 2002) highlighted that some considered improving quality as costly and that it is a trade 
off with profit vs. quality. Crosby (1979), Chowdhury (2002, p. 6) and M. Wiggins (2010, p. 501) 
amongst others have however argued that working to improve quality can cut costs and increase profits 
that it is less expensive to make the right thing first time. Occurred quality errors detected in the 
warehouse resulted in extra work needed; and in some cases tools, wrapping, pallets, new labels, hired 
people and discarded goods. No registered occurrences gave any extra value. Above this could the errors 
create critical stops in the systems, affecting bottlenecks and to not mention the impact on the employees. 
Crosby (1979) emphasized that cost of quality is not an absolute performance measure, but an indication 
of which place that will be more profitable with corrective actions. It is important to both determine 
location where a quality improvement will be profitable and the focus area was considered be the best 
choice to start the quality work at the case, since it was considered to create highly negative effects. 
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6.6 The Final Model 
According to Oskarsson et al. (2013) it is fundamental with knowledge of current processes to create an 
understanding if an alternative solution can lead to an improvement. The flow chart, measurements and 
deeper investigation of focus area were three essential parts to build up the final model. In coherence 
with the detailed view of the focus area and the holistic view in the flow chart it was for example noticed 
how important it also is for the employees to see their actions in a holistic view. Lacking understanding 
and communication between departments was identified in the deeper investigation of the focus area, the 
employees did not have sufficient methods or tools to solve errors in a holistic view. Thereof the flow 
diagram and the routine process implementation. Since the case already had some ways to perform 
quality improvements, were parts considered successful used in the model, but with modifications. 
Which was the whiteboard meetings and some of the parts included in it. It was seen as beneficial that 
the case recently had implemented the meetings hence it showed how different changes functioned in the 
reality. Another benefit was that the employees were open for discussion of improvements of the 
meetings since it still was under implementation. 
 
Theory were within logistics, quality improvements and continuous improvements. All areas had 
massive information available and one challenge was to find appropriate theory for this research scope. 
Three main theories were selected: Quality Management, Lean management and Theory of constraints. 
To involve Lean manufacturing was natural hence the organization was already implementing some of 
the concepts and had a vision to continue to implement the whole philosophy. Theory of constraints was 
chosen to have include a theory focused on continuous improvements, not focused on quality. Quality 
management was chosen due to include both continuous improvements and quality.  

 

There are a wide range of different theories within the area and the three theories were chosen because 
considered suitable for the case: employees working on different shifts, a large amount of employees and 
many errors. It was therefore considered that the model needed to be easily and quickly to be understood 
and not too complex to perform. As Sokovic et al. (2010) highlights are there many different 
methodologies to implement quality management programs and that it is important for each organization 
to select the tools and techniques for its needs and demands. How successful the implementation of 
continuous quality improvements depends on the understanding, knowledge and application in the 
processes by the team. Likely there can be more theories suitable for the scope however. Theories used 
were developed more than 20 years ago, therefore some sources used to explain the theories were elder 
than planned. This was not considered affecting the output negatively.  

 
Different functions in an organization are sometimes handled separately and without investigation how 
they affect each other (Pewe, 2011, p. 19). Pewe (2011, p. 19) highlights that it can sometimes be better 
to accept an higher cost in one of the linkages in the supply chain to achieve the best result in the holistic 
view. Many quality errors detected in the focus area derived from other parts in the supply chain, and 
instead of creating stops in a critical process would an detection in earlier stage result in decreased 
impact. Goldratt (1993) highlights the importance to focus on the utilization of bottlenecks and to 
subordinate all other activities around them. Since the focus area have direct impact on bottlenecks 
emphasizes it the importance to decrease those errors, that affect the flow. By performing cause-effect 
analysis with fishbone diagrams and find the root-cause of the errors can the improvement work track 
back where the errors comes from and involve all affected actors. Work together and strive for the same 
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goal to solve occurred errors to not come back. As logistic management, to create a mentality that seeks 
for one integrated plan (Christopher, p.13, 1998). 

KPI’s
Lean philosophy, Quality management and Logistics management emphasizes that everything should be 
based upon customer satisfaction (Carreira, 2004; M. Wiggins, 2010; Christopher, 1998, p. 47). Both soft 
and hard data to see customer needs and expectations need to continuously be evaluated and sent back to 
the quality management process. All KPI’s was developed out of customer satisfaction. Especially the 
measurement where customer satisfaction will be exposed directly to the employees at their workplace. I 
believe that if such information solely is displayed on intranet will the employees not assimilate the 
information regarding customer satisfaction and reflect upon their own actions in relation. Carreira 
(2004) highlights that employees will only focus on the things that they are measured on, which also 
emphasize the choice of having a measurement of direct customer satisfaction. M. Wiggins (2010, p. 
501) highlight that customer requirements should work as input in the system and customer satisfaction 
as the output in Quality management. 

Developed KPIs has the function to illuminate performance and motivate for improvements, but can also 
be used to evaluate over time how the new implemented model for continuous quality improvements has 
worked. The KPIs and registrations on whiteboard meetings may therefore be used to evaluate the impact 
the model has had after some time. 

A foundation of Lean manufacturing is to measure what you do, if it is not measured may it not be 
considered as important (Carreira, 2004, p. 15). Metrics need to be highlighted throughout the whole 
organization according to Carreira (2004, p. 15), otherwise are there a risk that areas have contradictory, 
conflicting or no metrics. It was also mentioned by Pehrson (2015) that there have been problems to 
create non-contradictory KPI’s. According to Lean manufacturing are measurements made in a direct 
way and located as close to the sources as possible (Carreira, 2004, p. 16). That is why Lean 
organizations often have whiteboards out in the production. The model adapted this as well with the 
whiteboard meetings and to have registrations available in the computers. According to Lean 
manufacturing is real-time data used for measurements and shown as simple as possible. Direct rates will 
be displayed on the flow diagram and most KPI’s will be measured daily. 

According to M. Wiggins (2010, p. 512) it is important to determine which people that should receive the 
KPI’s and who have the responsibility to collect the KPI data, therefore a table was made for this. The 
Head of automation was determined as responsible to collect the measurement data for both KPI’s and 
registration of whiteboard meetings. Targeted audience for the data was FRS operators and additional 
employees involved in certain quality improvements.  

Flow diagram 
In order to prioritize occurring errors was it found important at which location an error occurred, in other 
words how critical it was to the system. Crosby (1979) confirms the importance to choose right place to 
perform quality improvements, for the corrective actions to be profitable. The flow diagram was created 
to fulfil the need to quickly see which area for the FRS operator that have highest pressure for the 
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moment. Critic to the flow chart regarding that it only handles real-time data is will not facilitate 
prevention of errors, but only help when an error have happened. However, it may be used for preventive 
work to reorganize the human resources where it is needed. For example send manpower to the dock 
platforms when needed thus decrease lacking quality checks of incoming goods. Hopefully the flow chart 
will be used both for decisions in the area of the FRS operators and understanding for other connecting 
functions 

Goldratt (1993) stated that it is the bottleneck resource that determines the effective capacity of the
system and that the goal is to find more capacity so it conform with the market demand. The study aims 
to find more capacity through quality improvements in the area that takes care of output from 
bottlenecks. To increase the rate of utilization of activities after the bottlenecks, so it will not affect the 
bottlenecks. For example stop in transportation lines. According to TOC is time lost on a bottleneck the 
same as time lost for the whole system (Goldratt, 1993). The flow diagram includes the goods flow
coming from the bottlenecks and has the aim to make it possible to prioritize quality errors to facilitate 
bottleneck operations and flow after passing bottlenecks. 

Whiteboard meetings 
A thought of how the board meetings were performed regarding solving problems was that they were not 
solved by the root-causes. Too short time were put to solve them, it was lacking a prioritization in the 
action list and perhaps could lacking knowledge of the tools and methods be one causing factor. Only in 
one of the observed whiteboard meetings were a PCDA-project registered, which was in a production 
meeting and not in the automation meeting. The automation meetings have a section for a PDCA-project 
as well, but have not been used yet. Hence the theory highlight that PDCA is suitable when it is needed 
to be simple, quickly understandable and great for a large amount of people is it considered being a good 
choice for this case.  

Two different types of corrective action may be done with PDCA – temporary and permanent actions. 
The temporary corrective actions are aimed to achieve results by tackling and fixing the problems. The 
permanent actions however consist of investigation and strive to eliminating the root-causes, and thereby 
achieve sustainability of the improved process. The PDCA used will strive for permanent type of actions 
instead of temporary (Sokovic, 2010). During the investigations were temporary actions noticed 
(Sokovic, 2010), detected by already solved errors re-emerged. The action difference need to be 
enlightened to the employees and add training to know how to act with a permanent type. The C-step can 
be carried out by statistics, control charts, inspections etc. and by using the toolbox in the model with the 
measurements it can hopefully in most cases be used to see if improvements has been made. 

In QM it is important that managers empower the employees to make quality improvements since it is 
considered that they are the ones having most knowledge of how to improve their work (M. Wiggins, 
2010, p 501). According to S. Sohal et. al. (1992, p. 291) is a high level of employee involvement 
resulting in a faster solving process, with fewer defects and higher job interest. The model justify this by 
implementing a higher level of decision-making with the employees as driving forces, mediated from the 
whiteboard meetings. The employees will be involved to facilitate the meetings, a higher level of 
engagement will hopefully will empower them more to be driving forces and role models for quality 
improvements. QM also aims to eliminate fear in the workplace and to break down barriers between 
departments for increased teamwork and communication (M. Wiggins, 2010, p. 501), which the 
communication channels and responsibilities on the meetings endeavors to facilitate.  
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Something that need to be taken into account is that all logistical activities of Carlsberg Group has been 
merged and are under the same roof – Carlsberg Supply Chain. Some directives therefore come from the 
group that the Warehouse Department in Falkenberg need to embrace, for example the whiteboard 
meetings. A positive aspect is that if the model is implemented in Falkenberg and turns out successful it 
can perhaps also be implemented in other warehouses of Carlsberg subsidiaries. 
 
Communication channels 
The communication list is proposed to facilitate a way of implement a bug-free way to contact the right 
person at first time, aligned with both Quality management and Lean philosophy. Pewe (2011) argues 
that the information flow is as important as the physical flow and says that the information flow need to 
be effective and flexible. This emphasize the importance of this part in the model. The information flow 
is an enabler for the physical activities to quickly adjust to variations (Pewe, 2011). The communication 
list has exactly that purpose, to quickly solve unpredicted variations in the system. 
 
Routine implementation process 
To implement new ways of working it is important that everyone involved gets informed and have 
information as backup to check how the new way was intended to be done. Therefore is a routine process 
essential in this final model – to enhance the chances for successful implementation of improvements. If 
the suggested solutions on the whiteboard meetings are not properly implemented will they probably 
come back quickly and raised as problem again. QM highlights routines as an content for continuous 
quality improvements as well. 
 
Quality work in general 
Quality management involve customer focus, process focus, measurements of process and commitment 
to top management (M. Wiggins, 2010, p. 501). Leadership is considered as one of the most important 
driving force for quality management, and quality improvements need to start at the top. Interviewed 
managers all agreed as motivated to invest in quality improvements and the development of the model 
was encouraged by the management team. Education and training is also an ground principle within QM  
to understand continuous quality improvements (M. Wiggins, 2010, p. 501; Crosby, 1997). Therefore 
was it added in the calculation of the model implementation in the evaluation. According to M. Wiggins 
(2010, p. 501) is communication essential for a successful implementation of quality work and the 
whiteboard meetings and printed routines are considered as natural communication channels. However, 
there could be needed some extra communication to spread the information of the quality work in 
general, as M. Wiggins (2010, p. 501) suggests on posters, public media and visual media to mention 
some.  

 

There are two interacting sub-systems in QM, a social and a technical (Zu, 2008), and Lean 
manufacturing also highlights the importance culture in addition to techniques and tools. To forget the 
mind-set and culture is a one common failure when implementing Lean manufacturing according to 
Carreira (2004). Therefore are not only tools to identify, measure and prioritize errors included in the 
model, but also factors that will make the model used in a successful way. Such as communication 
channels. 

 

Many of the seven wastes in Lean manufacturing could be found in the focus area, it entails that many 
improvements and benefits can be achieved at the focus area. Especially activity resulting in rejected 
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products and extra transport. When a product was detected with an quality issue was an large amount of 
waste started be accumulated, all belonging to the waste category. A type of process waste is called over-
processing, which was not seen in the case, but according to Carreira (2004, p. 16) it is often performed 
regarding quality. This is important to keep in mind and inform to the employees when implementing 
new solutions of quality improvements, to make sure that a solution is not aligned with over-processing. 
For example to implement an quality check, just to assure that no quality errors will pass through. 

 
The future state mapping highlighted three important aspects of the investigated area. The pressure to 
decrease quality errors will become higher due to the intention to implement a new control area where 
the FRS operators is supposed to solve problems from that control area. It will especially be needed to 
decrease problems that require a physical correction. All errors regarding significance required physical 
corrections; hanging label, plastic hanging out of goods and wood detected on transportation lanes. As 
the organization has planned to and started to continuously implement more Lean philosophy is the 
model considered to be suited for the future at the organization. The model is also aligned with the 
warehouse goals to create individual KPI’s, in this study focused on quality improvements. 
 

 6.7 Evaluation 
It is not until the model has been implemented that a real evaluation can be made and therefore can no statement 
be made regarding to what extent the model will change the system. Only estimations and deliberations could be 
made regarding if the model is worth the resources it will cost. Repeating costs for continuous work already exists 
since the organization already work with improvements and solve arising errors, therefore shall these not be 
seen as fully new costs. The appropriate costs to look at was the initial implementation cost, forecasted 
with approximately 50.000 SEK. The cost is considered low compared to the calculated cost for one fully 
employed in one month regarding salary approximately was 40.000 SEK. The low cost is probably hence 
this feasibility study already has delivered a lot of input and that the organization recently has 
implemented whiteboard meetings that otherwise would stand for a larger investment. 
 
Final consequences of the model can be predicted by connecting to theories. To reduce errors by 
improving how things are done can for instance result in benefits such as: improved efficiency, increased 
customer satisfaction, improved communication, less waste, improved morale by employees, better use 
of resources and enhanced reputation (M. Wiggins, 2010, p. 500). The evaluation result regarding impact 
can also be backed up by S. Sohal et al. (1992, p. 295), that degree of improvements of quality both have 
tangible and intangible benefits. Indicators to see tangible effects of the model can easily be shown to the 
management team after the fully implementation by developed KPI’s. Other measurement can also be the 
yearly employee survey to see how they enjoy their job and if there is anything they are dissatisfied with. 
The employee survey can capture the working environment, motivation and engagement for the 
employees. And the hopes with the model is that it will improve. For example due to increased 
communication, decreased stress along with decreased errors and higher motivation due to increased 
engagement. 
 
According to Pewe (2011) is lead time one of the most important criterion in logistics, which quality 
errors at the focus area can contribute to not fulfil the determined lead time. The criterion of service 
degree measures how many percent of all orders that are delivered within stated lead time (Pewe, 2011) 
and are an main KPI at the case. The third logistics criterion reliability can amongst other things regard 
reliability of delivery and quality control, which was considered highly interesting for this study. All 
quality investigations has shown that the errors can negatively affect all three logistics criterions, which 
emphasizes the importance of detected phenomenon’s. Pewe (2011) also argues that half of the total cost 
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within an organization in many cases is represented by the flow of material and goods, that well 
dimensioned and fast flow can hold down cost and also increase service degree. It is important that errors 
in the focus area is decreased to create a flow with less stops. 
 
Effectivity can for instance give cost reductions and a prerequisite for effectivity is flow quality, 
therefore is flow quality regarded as the primary to look at when developing organizations (Pewe, 2011). 
Increased flow quality can give increased revenues through for example  increased product quality and 
shortened delivery times. Increased flow quality can for instance give decreased costs for decreased 
delays, complaints and administration for deviation (Pewe, 2011). By decreasing the amount of quality 
errors of goods in the focus area and perform cause-effect analyses was the intention to solve problems in 
a way that they will not return and thereby also decrease the overall amount of quality errors on goods in 
the system. With a cause-effect analysis will the root-cause be tracked and therefore will quality 
deviations affecting other parts in the system be decreased as well. For example will it hopefully 
decrease amount of goods with faulty quality arriving to customers. 
 
Is the research question answered? 
To conclude the evaluation of the model it is reconnected with the research question, if the study has 
fulfilled what it was the aimed for. 
 

Q1. How can faulty quality of goods that result in negative effects in a warehouse be 
monitored, measured and prioritized in order to successfully achieve continuous quality 
improvements?  

 
Can the model monitor quality errors? Yes.                          By KPI’s and whiteboard meetings. 
Can the model measure occurring quality errors? Yes.  By KPI’s. 
Can the model prioritize quality errors? Yes.   By KPI’s and flow diagram. 
Can the model enhance and facilitate continuous  By communication channels and a quality 
improvements? Yes.       routine implementation process 
 
It is difficult to express if the model can perform wanted function in a successful way, but what can be 
said is that the model have great potential based on theory and empiric data from the case.  
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7 Conclusion 
This section gives an conclusion of the final result and connect it the research question. 
 
The major trends in the beverage industry are associated with increased SKUs, which have no signs to 
change (Jacobsen, 2012a; Strzelecki, 2008). Increased SKUs can result in more businesses, but also more 
errors according to Strzelecki (2008). The research has provided knowledge of issues emerging when 
implementing automated processes to a before fully manually system - which surely can be 
acknowledged and transferable to industries beyond the beverage industry as well. 
 
No negative effects of implementing automation were raised in the literature review, but was highlighted 
in the empiric result. Detected errors in the focus area was mainly regarding quality errors of goods 
resulting in negative effects in the automation. The automation has strictly put requirements of the goods 
and only handles hard facts, while manually handling include soft values as well. For example if it is a 
stressful situation might the manually handling accelerate activities and compromising some 
requirements. Perhaps if there are plastic hanging outside a load might a FLT driver not stop and correct 
it, but the automation have no way to assess this situation. A thought regarding the errors are that they 
haven’t increased since the automation, but the automation has set higher requirements on the goods. 
That there need to be more strict restrictions on the goods to satisfy set requirements by the automation – 
contracted with stakeholders and own production. Crosby (1979) described quality as conformance to 
requirements, and currently is the case considered in need of quality improvements to conform with the 
changed requirements. 
 
Many wastes were detected regarding the identified quality errors, such as: extra work done, extra 
transportation, extra plastic wrapping, new labels printed, discarded goods and hired people to solve 
errors. Also increased risk for customers to receive goods with lacking outer quality and delayed goods. 
Thus were costs and increased profits found as motivation and reason for the case to implement a new 
model for quality improvements. It is considered to have potential for large savings and benefits, both in 
the short-term and long-term perspective. 
 
From the results of the research, knowledge was gained on quality management needed to be customized 
for the specific organization. By theory and empiric data the conclusion is that work with continuous 
quality improvements has to be customized to the needs and demands of the organization. Based on 
information from the organization, the  methods and tools of Lean manufacturing did affect the model 
hence the organization already have and aim for further implementation of Lean manufacturing. The 
developed model aims for organizations with a large amount of employees with large departments, where 
the need is to have tools easy and quick to understand for everyone. The model is also specially intended 
for complex systems that do not have a high level of flexibility, which this case study represent with a 
large amount of different inventory systems and different order picking systems integrated in various 
phases. However, it is also considered to function as good in complex environments as in simple ones. 
The research represent an organization in the beverage industry with approximately 550 different SKUs 
that is constantly increasing, and more particular a warehouse transitioning towards an automated future. 
With these features, the organization was representing the trends happening in the beverage industry and 
considered a well representative sample. 
 
Hence many different costs, wastes and decreased profits can be experienced if having quality issues was 
a need seen in the case to develop a model for continuous quality improvements. As Crosby (1979) 
highlighted the importance to choose right location for corrective actions to assure it to be profitable was 
the focus area determined carefully through different phases. For instance a flow chart was made to 
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identify dependencies of activities/situations and bottlenecks. Measurements were made at three 
locations amongst other things to see which location that had most issues regarding quality and 
negatively affecting the system. The determined focus area have then been further investigated and a 
model was developed to answer the research questions, seen below. 
 

Q1. How can faulty quality of goods that result in negative effects in a warehouse be 
monitored, measured and prioritized in order to successfully achieve continuous quality 
improvements?  
 

The model consists of five parts: KPI’s, a flow diagram, whiteboard meetings, communication  
channels and a routine implementation process. How they are considered to answer the research question 
is discussed below. 
 

 Monitor quality errors 
Along with the automation was also advanced management software installed, which will be used to 
extract KPI’s. According to Maras (2014) will new arising technologies enable managers more accurate 
and appropriate monitoring. The automation software will be used to in an accurate way display 
performance in the focus area regarding errors, hard fact will be used instead of solely soft facts as 
currently. 
 
KPIs and whiteboard meetings are considered to on a continuously basis monitor and display errors that 
result in negative effects in the focus area. Aligned with Lean manufacturing, are the KPI’s and flow 
diagram supposed to handle real-time data for employees to connect it with their actions. It is a danger to 
only measure what can be measured and ignore the other, it may result in employees only doing what 
will be measured (M. Wiggins, 2010, p. 512). Therefore the measurements for the whiteboard meetings 
were developed carefully. Since there were no possibility to use software data of errors happening out in 
the FRS area were another measurement developed to also measure that part. Errors in the FRS area are 
intended to be highlighted verbally by employees in the whiteboard meetings. That will be measure by 
the registrations of problems raised and fully solved in the whiteboard meetings. Since there were 
software data that could be extracted that monitor goods coming in to the FRS control area could those 
errors more easily be developed. As Quality management and Lean manufacturing that everything should 
be seen out of the customer satisfaction – was the KPI with data extracted of customer satisfaction 
specially developed, even though the other KPI’s also was aligned with that philosophy. 
 

 Measure quality errors 
With developed KPI’s will the monitored data be used as measurements. Both hard fact and soft facts are 
included in the measurements. However, the model need further development on a deeper level where 
the KPI’s are tested, determined goals and developed procedure to measure the KPI’s. 
 

 Prioritize quality errors 
The importance of a holistic view was detected both through theoretical and empirical data. The flow 
diagram has the purpose to add a holistic view of the effects of errors in different locations in real-time. 
Through the flow diagram the FRS operators can monitor the current flow and prioritize errors out of the 
ad hoc demand and hot spots. This is regarding direct errors perceived, but when prioritizing errors in 
retrospect are there other factors to consider. It was detected that significance regarding repetition of 
errors, average duration of errors and total duration of errors should be used as factors to analyze and 
prioritize errors. Those three factors should then also be analyzed regarding location, where the errors 
have been detected. The flow diagram is used for analyzing the criticality of location. 
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Enhance and facilitate continuous improvements
As Lean management entails is quality improvements a way of working and the culture and mind-set 
need to be acknowledged within the organization for a successful output. Communication channels and a 
routine implementation process was seen as needed for a successful implementation of the new way of 
working with quality improvements. These two parts of the model was registered in the case as factors
why current quality work had identified lacking execution and for example where solved problems re-
occurred again. The two parts were considered to facilitate the employees to solve occurred errors with 
increased success. It was also noticed how important training and education is when implementing new 
tools and methods, that some already implemented tools at the case were not properly applied due to 
lacking knowledge and understanding. This also brought up the importance to follow up and control the 
usage of the model, to assure that it is used as intended. Training and education of the model is included 
in the cost calculation, however a follow up is not included but is raised as proposed future work. 

The research question was considered answered in the study. However, the parts need further 
development before being implemented, on a deeper level. This is raised and calculated on in the model 
evaluation. However, the purpose of the study was to still have a general view for the model to easily be 
modified and adapted to other cases. Therefore will the work to adapt the model on a deeper level happen 
for all new cases were the model will be implemented. The model is considered to with little resources 
improve an organization and give many resisted benefits, to a wide range of organizations. It is 
considered to be an contribution in improving organizations’ business potential, to be more competitive, 
and practically create an more sustainable environment in the organizations, socially for the employees 
and environmental sustainable by decreased waste. It was perceived through the study that with simple 
means can continuous quality improvements be made in an organization.  
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8 Future work 
During the research a model was developed and customized for the automated section in the warehouse, 
further research is needed for working with the prevention of lacking quality. The model in this research 
is regarding detection of already happened errors. In the future a focus on prevention would be appealing 
where impact from the Innovation Department has on developing new products and the cooperation with 
suppliers. 

Hence the complexity of the system are there still more factors to be considered, than this research had 
the resources to do. The model need to be further developed with a deeper level of detail and 
implemented for some time to be able to be properly evaluated. Not until after implementation will it be 
able to see which effects it can bring. An proper risk analysis has not been made, but risks have 
continuously been mentioned in the report at the parts were considered directly connected. However, a 
systematic risk analysis would preferably be made in forthcoming work. 

Hopefully will the created model be as flexible as intended and easily be modified to suit other processes
in the organization as well. As the logistic processes belongs to the Carlsberg Group can this model be 
adopted to other subsidiaries as well, but as stated in the discussion will it need to be further customized 
to those places as well. However, hopefully not to a greater extent since they are built on the same 
ground pillars. Therefore could a future work be to implement the model around in the Group where it 
could be tested regarding its generalizability. To investigate which factors in the model that need to be 
customized. 

The flow chart brought a holistic view of the system, where other problem areas were found as well. 
Hopefully will the flow chart initiate a strategic work for identified problem areas as well. Additionally 
also that the flow chart will be used as foundation to easily solve problems in a holistic manner that count 
in all affecting aspects. Future work could be to implement the flow chart in all departments to enlighten 
the employees of dependent and independent processes where they are working. 
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Appendix 1 – Output of observations 
 

A. OBSERVATION FORM 

Minimized observation form. 

Compilation of structured 
observations Observer: Emelie Lindahl 

Total 
time (h): 00:00 

Department: Involved employee(s):   
  Time Codes     
Event 
no. 

Start 
time: 

End 
time: Duration (h): Location: Code: Observation: Other 

1               
2               
3               
4               
5               
6               
7               
8               
9               
10               

Code explanation (error 
type):   Location:     

Code 1:   LP =  
Unloading/loading 
platform 

Code 2:   MOP = Manual order picking 

Code 3:   AOP =  
Automated order 
picking 

Code 4:   FRS     
Code 5:   BS     
Code 6:   FRO     
Code 7:   ML      

TL, SL     
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B. COMPILATION OF MEASUREMENT OUTPUT 

 

1. FRS operators 

Code: Duration: Nr error Total duration 
1 00:06 1   
1 00:02 2   
1 00:05 3   
1 00:01 4   
1 00:06 5   
1 00:02 6   
1 00:07 7   
1 00:01 8   
1 00:01 9   
1 00:10 10   
1 00:01 11   
1 00:01 12   
1 00:01 13   
1 00:01 14   
1 00:01 15   
1 00:01 16   
1 00:01 17   
1 00:01 18   
1 00:19 19   
1 00:01 20   
1 00:10 21   
1 00:02 22   
1 00:01 23   
1 00:02 24   
1 00:01 25   
1 00:01 26   
1 00:01 27   
1 00:01 28   
1 00:01 29   
1 00:01 30 01:30 
2 00:22 1   
2 00:09 2 00:31 
3 00:01 1   
3 00:01 2   
3 00:02 3   
3 00:02 4   
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3 00:01 5
3 00:01 6
3 00:01 7 00:09
4 00:01 1
4 00:01 2
4 00:03 3
4 00:10 4
4 00:01 5 00:16
5 00:10 1
5 00:01 2
5 00:02 3
5 00:01 4
5 00:01 5
5 00:01 6
5 00:05 7
5 00:03 8
5 00:02 9
5 00:07 10
5 00:01 11 00:34
6 00:07 1
6 00:11 2
6 00:10 3
6 00:10 4
6 00:01 5
6 00:10 6
6 00:01 7 00:50
7 00:03 1
7 00:03 2
7 00:04 3
7 00:01 4
7 00:01 5
7 00:01 6
7 00:01 7
7 00:01 8
7 00:01 9
7 00:01 10
7 00:05 11
7 00:07 12 00:29
8 00:01 1
8 00:01 2
8 00:01 3
8 00:01 4
8 00:01 5
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8 00:01 6
8 00:01 7
8 00:10 8
8 00:01 9
8 00:01 10
8 00:01 11
8 00:02 12
8 00:01 13 00:23
9 00:01 1
9 00:05 2
9 00:01 3
9 00:01 4 00:08
10 00:01 1
10 00:09 2
10 00:02 3
10 00:01 4
10 00:01 5 00:14

Code
Nr. 
Errors Tot. Duration Average Duration Faulty Quality

1 30 01:30:00 00:03:00 X
2 2 00:31:00 00:15:30 X
3 7 00:09:00 00:01:17 X
4 5 00:16:00 00:03:12 X
5 11 00:34:00 00:03:05
6 7 00:50:00 00:07:09 X
7 12 00:29:00 00:02:25 X
8 13 00:23:00 00:01:46
9 4 00:08:00 00:02:00
10 5 00:13:00 00:02:36 X

Total: 96 05:03:00 18:33:09
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2. BEMA operators 

Duration Code Location Nr errors/code Tot duration 
00:03:00 1 2:a vån R-VLS 1 
00:02:00 1 Rest-VLS 2 
00:02:00 1 Rest-VLS 3 
00:02:00 1 Rest-VLS 4 
00:05:00 1 Rest-VLS 5 
00:01:00 1 R-VLS 6 
00:20:00 1 BEMA 1 7 
00:02:00 1 Rest-VLS 8 
00:02:00 1 Rest-VLS 9 
00:04:00 1 Rest-VLS 10 
00:02:00 1 Rest-VLS 11 00:45:00 
00:06:00 2 BEMA 2 1 
00:01:00 2 BEMA 2 2 00:07:00 
00:08:00 3 BEMA 2 1 00:08:00 
00:07:00 4 BEMA 2 1 
00:10:00 4 BEMA 1 2 00:17:00 
00:06:00 5 BEMA 2 1 
00:03:00 5 BEMA 1 2 00:09:00 
00:09:00 6 BEMA 1 
00:10:00 6 BEMA 2 2 00:19:00 
00:01:00 7 BEMA 3 1 
00:01:00 7 BEMA 3 2 
00:04:00 7 BEMA 3 3 
00:52:00 7 Rest-VLS 4 
00:19:00 7 FRS 5 
00:02:00 7 BEMA 1 6 
00:02:00 7 FRS 7 
00:01:00 7 BEMA 2 8 
00:09:00 7 BEMA 3 9 
00:01:00 7 BEMA 2 10 
00:01:00 7 BEMA 2 11 
00:08:00 7 Conveyor 12 
00:04:00 7 BEMA 2 13 
00:02:00 7 Conveyor 14 
00:01:00 7 Rest-VLS 15 01:48:00 
00:09:00 8 M-dep 1 00:09:00 
00:25:00 9 BREAK 
00:42:00 9 BREAK 
00:15:00 9 BREAK 
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Code Errors Total duration Average duration Faulty quality 
Code 1 11 00:45:00 00:04:05 X 
Code 2 2 00:07:00 00:03:30 X 
Code 3 1 00:08:00 00:08:00   
Code 4 2 00:17:00 00:08:30 X 
Code 5 2 00:09:00 00:04:30 X 
Code 6 2 00:19:00 00:09:30 X 
Code 7 15 01:48:00 00:07:12   
Code 8 1 00:09:00 00:09:00   
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3. Waste department

Code Duration Nr errors/code Total duration:
1 00:20:00 1
1 00:10:00 2
1 00:10:00 3
1 00:01:00 4 00:41:00
2 01:00:00 1
2 00:39:00 2
2 00:08:00 3
2 00:19:00 4 02:06:00
3 00:06:00 1 00:06:00
4 00:21:00 1
4 00:10:00 2
4 00:14:00 3 00:45:00
5 00:10:00 1
5 00:07:00 2 00:17:00
6 00:02:00 1 00:02:00
7 00:19:00 1
7 00:03:00 2 00:22:00
BREAK 01:00:00
BREAK 00:31:00

00:00:00

00:01:26

00:02:53

00:04:19

00:05:46

00:07:12

00:08:38

00:10:05

Code
1
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3

Code
4
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5
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6
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7

Code
8

Av
er

ag
e 

du
ra

tio
n 

(h
) 

Error code 

Average duration per error - BEMA 

Average duration
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Code 
Nr of 
errors 

Average 
duration 

Faulty 
quality? 

1 4 00:10:15 X 
2 4 00:31:30 X 
3 1 00:06:00 X 
4 3 00:15:00   
5 2 00:08:30 X 
6 1 00:02:00 X 
7 2 00:11:00   
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Appendix 2 – Pictures of quality errors 
 

Observation FRS operators: 

 

Code 1: Unreadable barcode/label. 

Hanging label, wrongly put by the label machine after the palletizing robot. 

 

Code 3: Failed shape control – dimension errors.  

Uneven dimensions on goods. 
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Code 4: Failed shape control – oblique goods. 

 

(OBS. Picture not from observation, but from other occasion) 

 

Code 6: Pallet errors – wood detected by sensors. 

Pieces of wood laying on trails, from broken pallet(s). 

 

  

Detected wood 
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Code 6: Pallet errors – wood detected by sensors. 

Pallet broken. 

 

Code 7: Plastic errors – plastic detected by sensors. 

Error with plastic wrapping, plastic tail. 

 

 

Plastic tail 
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Code 7: Plastic errors – plastic detected by sensors. 

Dimension errors, excess wrapping hanging outside goods. Phenomenon on low pallets, palletized by 
robots. 

 

Code 8: Errors for automation – technical errors/sensor errors. 

Holes in pallet, sensor errors. 

 

Code 8: Errors for automation – technical errors/sensors errors. 

Pallet too much to the right, uneven loading on trails. 
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Effects: 

Queue of incoming goods from robot palletizing, LGVs and manual FLTs. Queue to FRS, BEMA, 
control area and out to dispatch area in left picture. Queue in to FRS from manual FLTs on right picture.  

  

Queue at control area.  

 

Queue in to FRS and to BEMA. 
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Observation BEMA operators: 

 

Code 1: Packages turned over on conveyor. 

Fallen package on conveyor belt, in rest-VLS area. 

 

Code 2: Stacking error/coming wrong – oblique on conveyor. 

Collision on conveyor belt, from T intersection. 
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Code 4: Packages damaged by robots. 

Damaged packages on pallet, detected when being lifted by BEMA robot. Note written and put on goods, 
sent to S100 location to be picked up by FLT and driven to Waste Department. 

 

Code 4: Packages damaged by robots. 

One layer of packages located outside pallet dimensions, one bottle missing in one package. Detected 
when being lifted up by BEMA robot. 
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Code 6: Faulty quality of goods – moisture damage. 

Package detected with moisture damage. Pasted together with another package from the same pallet due 
to the moisture damage. 

 

Observation Waste Department: 

 

Code 1: Broken pallet. 

Damaged pallet, changed to new pallet in a rollover machine. 
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Code 2: Faulty package quality – broken packages/bottles. 

Packages in bottom layer damaged. Courant packages manually picked to a new pallet. 

 

Code 2: Faulty package quality – broken packages/bottles. 

Cans affected by leakage of beverage, sticky cans. Affected cans picked. 

 

Code 3: Faulty stacking. 

Dimension errors, damaged wrapping and damaged packages. Cause not known. 
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Appendix 3 – Fishbone diagrams 
 

Code 6 – Sensor error on transportation lanes due to wood

 
 
Code 7 – Sensor error on transportation lanes due to plastic 
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Appendix 4 – Calculation of meetings 
 
Duration: 10 min 

Time 1 month: 200 min     Calculated five times a week in four weeks 

Time 1 year: 2.400 min (40h) 

Time 1 year á 30 employees: 1200 h 

Estimated gross salary: 30.000 SEK/month  (Unionen, 2014) 

Estimated total payroll tax: 9.426 SEK/month  31,42% (Skatteverket, 2015) 

Estimated month cost 1 employee: 39.426 SEK/month  

Estimated cost á 1h á 1 employee: 246,41 SEK/h Calculated for working hours 40h a week and four weeks 
a month 

Total cost á 1 year á 30 employees: 295.692 SEK 

  



- 21 - 
 

Appendix 5 – Draft of routine layouts 
 

Three different routine drafts is demonstrated, with the same goal – to decrease communication problems 
regarding quality requirements. 

----------------------------------------------------------------------------------------------------------------------------------------- 

Right quality of loads - Checkers 
Routine to check quality of loads: 

1. Ask driver if there are any load with lacking quality. 
2. Inspect all four sides on each load if detecting any faulty quality. 

If faulty quality is detected that need resources not available that your department, send the load to waste 
department. 

Routine to send loads to the Waste Departments: 

A. Fetch two  sticky notes in the labelled box out on the platform or at the checkers office. 
B. Write on both notes:  

1. What is wrong with the goods/pallet. 
2. Where the goods comes from (E.g. Ramlösa plant, Halmstad external warehouse, etc. ). 
3. Your name. 
4. OBS! If the pallet label is not on the pallet, write article number if possible. 

C. Put one sticky note on each short side (for the FLT drive to see the note). 

 

Faulty Quality    vs.   Right Quality 
 

 

 

 

 

 

 

 

 

 

Cause: Problems in APS and FRS. If detected as incoming goods will it burden the control area and increase risk 
to create queue in automation. If detected out in automation by a sensor will it cause queue and effect throughput. 

Oblique goods 
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Picture 2: Pictures for visual understanding. 

Cause: Explanation of what that faulty quality effect in the warehouse to create understanding. 

Etc. 

 

Thank you for helping us to do our best, 

FRS Operators 
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---------------------------------------------------------------------------------------------------------------------------------------- 

Right quality of loads – FRS/APS/BEMA 
Routine to send loads to the Waste Department: 

A. Fetch two  sticky notes in the labelled box out on the platform or at the checkers office. 
B. Write on both notes:  

1. What is wrong with the goods/pallet. 
2. Where the goods comes from (E.g. Ramlösa plant, Halmstad external warehouse, etc. ). 
3. Your name. 
4. OBS! If the pallet label is not on the pallet, write article number if possible. 

C. Put one sticky note on each short side (for the FLT drive to see the note). 

 

Faulty Quality    vs.   Right Quality 
 

 

 

 

 

 

 

 

 

 

Cause: Problems in APS and FRS. If detected as incoming goods will it burden the control area and increase risk 
to create queue in automation. If detected out in automation by a sensor will it cause queue and effect throughput. 

 

Picture 2: Pictures for visual understanding. 

Cause: Explanation of what that faulty quality effect in the warehouse to create understanding. 

Etc. 

 

 

“At Carlsberg, we are united by Thirst for Great - a shared passion to continuously raise the bar and do better” 

Hanging plastic 
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----------------------------------------------------------------------------------------------------------------------------------------- 

Labelling of faulty goods! 
Routine to leave goods at Waste Department: 

A. Take a sticky note below this sign. 
B. Write on the note: 

1. What is wrong with the goods/pallet. 
2. Where the pallet is sent to in the systemet, e.g. REJ, KROSS, KASS, RAS, UA, DUMP 

(If you do not know, write which location in the warehouse the goods come from). 
3. Your name. 
4. OBS! If the pallet label is not on the pallet, write article number if possible. 

C. Fetch the note on one of the short sides. 

 
 

INCORRECT LABELLING      vs.   CORRECT LABELLING 

 

  

Thank you for helping us to do our best, 

The Waste Department (Städ) 

 
 

  

1. Oblique goods 
2. REJ 
3. Anders Anderson 
4. (22206)  
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Appendix 6 – Evaluation calculations 

Resource inputs: 

Human resources IT development - develop flow diagram and KPIs 

Human resources Extract KPIs, log meetings and run statistics of errors and 
improvements – Head of logistics 

Human resources Finalize and implement meeting changes 

Human resources Education and training 

Human resources Create and implement new routines 

Human resources Create communication list 

Human resources Further analysis of detected errors and find solution 

Human resources Projects for larger investments 

Investments for solutions Depending on improvements 

Whiteboard gadgets Pens, plastic folders, paper for projects, print 

Material for communication list Paper, laminate, print 

Material for routines Paper, laminate, print 

 

Some of the inputs are only made initially for the implementation and change work of the model. Some inputs are 
made continuously as it is a model of continuous improvements. The repeated costs however cannot be seen as a 
totally new cost since projects to solve problems already continuously are made in the organization and whiteboard 
meetings implemented. Continuously material resources are also already consumed. It is hard to estimate how 
much material and human resources that continuously will be needed and how much that is used now, therefore 
cannot comparison be made between those two. It can only be mentioned that a large part of the FRS operators and 
other helping employees spend a lot of time to solve problems and improve the system. 

 

Calculated salary for cost were 30.000 SEK /month based on numbers from Unionen, which represent an cost of 
187,5 SEK/h (2014). In 2015 was the total payroll tax 31,42%, calculated of salaries and benefits that the 
organization pay to employees (Skatteverket, 2015). The calculated assumed cost for human resources were 
approximately 246,41 SEK/h. Assumptions for material cost were taken from the website Kontorsgiganten (n.d.). 
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Table. Illustration of costs for model inputs. 

Inputs - one time Time (h) Cost (SEK) 

Human resources 

Finalize and implement measurements 60 14784,6 

Finalize and implement suggested meeting 
approach 40 9856,4 

Implement new routine process 60 14784,6 

Create communication list 4 985,64 

Create registration file for meetings 8 1971,28 

 Education and training  30  7392,30 

Material resources 

Project material for detected errors   600 

Print out model content and laminate   1000 

Total (initial cost): 51374,82 

Inputs - continuous (per month) Time (h) Cost (SEK) 

Human resources 

Extract measurements 5 1232,05 

Run statistics of errors 20 4928,2 

Run improvement projects 80 19712,8 

Participate on meetings (á 3shifts, 10 
employees) 100 24641 

Material resources 

Refill whiteboard gadgets   500 

Material for routines   500 

Investments for solutions of errors    

Varying and 
not included 
in scope 

Total cost   51514,05 
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Outcomes: 

 To make right the first time saves time and resources. 
 Fewer errors in the system 

o Less human resources needed 
o Less transportation waste 
o Less stops in system 
o Less material waste of goods, machines and indirect material 

 Increase capacity of automation 
o Decreased throughput time 
o Can handle higher demand 
o Higher security of deliveries 

 Decreased faulty quality - increase customer satisfaction, less scrapping 
 Less scrapping hence root-causes will be found and eliminated/decreased 
 Increased employee involvement and engagement 
 Improved working environment – decreased stress amongst employees 
 Decreased waste with solutions that not solve problems – human resources and investments 
 Increase customer satisfaction 

o Decreased risk to receive goods with outer quality errors 
o Decreased risk of delayed order 


