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Abstract  
Volvo Construction Equipment has for a few years worked on improving the work 
environment and ergonomic conditions for its employees. Changes can be seen in their 
process department and the work has now reached the maintenance and tools storage. The 
objectives of this thesis was to map the current state of the storage and see if the workplace 
and tasks can be designed for a safer material handling. The aim was to deliver two sets of 
solutions, a short-term one with acceptable requirement fulfillment and a long-term one 
where the requirements are achieved at a higher level. 
 
The process of this thesis has followed a project circle of seven phases in an iterative 
manner, in order to acquire a reliable and valid foundation for the development of the two 
solutions. Relevant areas for the theoretical framework were identified by looking further 
into the project’s research questions. Which included work environment, risks and safety, 
ergonomics, order-picking performance in relation to ergonomics interventions and 
ergonomic design principles. The mapping and analysis of the current state resulted in a 
requirement specification for the conceptual solutions. 
 
The results showed that the maintenance and tools storage at Volvo CE handles a wide 
range of materials. Materials can be anything from gloves weighing a few grams to spare 
engines of 30-50 kg. Everything is being handled manually. The storage is of two floors, its 
layout and shelving system has the employees work in unnatural and uncomfortable 
postures e.g. twisted and bent torsos, work above the shoulder and work below the knees. 
Other identified problems are the lack of space and the uneven workload in the storage. 
Consequently, the personnel are exposed to risks for physical and mental strain.  
 
The concept development has therefore, focused on minimalizing the manual material 
handling as well as on improving the physical and psychosocial environment of the 
workplace. The company is recommended to, as quick-fix actions, inspect what materials 
are needed and dispose those that are not. A rearrangement of the material on the shelves 
should also be carried through. Other recommendations are installment of lifting 
equipment and the introduction of rotational work stations. The company is however, 
recommended to continue with the mapping and analysis of the psychosocial environment 
to increase the success level of rotational work stations. Lastly, implementation of a 
scanning system has the potential to solve the problems on a long term aspect and 
therefore worth to look further into for an overall improved working environment. 
 
 
 
 
 
KEYWORDS: work environment, ergonomic design, storage, warehouse layout, 
warehouse design,             volvo construction equipment
  



 

Sammanfattning 
Volvo Construction Equipment har sedan några år tillbaka arbetat mot en bättre ergonomi 
och arbetsmiljö för sina medarbetare. Förbättringar har skett i produktionscellerna och 
truckpoolen och arbetet går nu vidare till företagets reserv- och förnödenhetsförråd. Syftet 
med examensarbetet var att kartlägga nuläget och undersöka hur arbetsplatsen och 
arbetssätten kan utformas så att allt material kan hanteras på ett säkert och ergonomiskt 
korrekt sätt. Målet, det som skulle levereras vid projektets slut var två lösningsalternativ, ett 
kortsiktigt alternativ som har en acceptabel kravuppfyllnad och ett långsiktigt alternativ 
med högre kravuppfyllnad. 
 
Examensarbetet har följt en projekt cirkel med sju faser på ett iterativt sätt för att erhålla 
tillförlitlig och valid grund för utvecklingen av de två lösningsalternativen. Den teoretiska 
referensramen har utgått från arbetets frågeställningar och därmed behandlat områden 
såsom arbetsmiljö, risk och säkerhet, ergonomi, flödeseffektivitet i förhållande till 
ergonomi samt ergonomiska design principer. Kartläggningen och analys av nuläget 
utfördes grundligt för att senare sammanställa en kravspecifikation över hur det 
konceptuella systemet skulle bete sig. 
 
Resultatet från kartläggningen och analysen av nuläget visade att förrådet på Volvo CE 
hanterar en stor variation av artiklar. Artiklarna kan vara allt från skyddshandskar på några 
gram till reservmotorer på 30-50 kg och allt hanteras manuellt. Förrådet är på två plan och 
på grund av dess utformning och hyllsystem sker det oergonomiska arbetsställningar såsom 
böjda och vridna kroppar, arbete över axelhöjd och arbete under knähöjd. Andra problem 
är brist på utrymme, på grund av den stora variationen av material och material som 
förvaras där i längre perioder. Ett ojämnt arbetsflödet uppstår i förrådet då material 
anländer till arbetsplatsen under olika tider av arbetsdagen. Resultatet tyder på att 
personalen är utsatt för risk för belastningsskador och mentala påfrestningar såsom stress.  
 
För att lösa de existerande problemen har konceptframtagningen fokuserat på att ta fram 
lösningar på hur den manuella material hantering kan minskas, samt den fysiska och 
psykosociala miljön förbättras. Företaget rekommenderas slutligen att tillfälligt lösa 
problemen genom att undersöka vilka material som kan tas bort ur förrådet och därmed 
skapa plats och placera om materialet. Även installera lyftverktyg för att underlätta de tunga 
lyften samt effektivisera arbetet. Införandet av arbetsrotation skulle innebära varierad form 
av arbetsuppgifter och belastning vilket skulle minska risken för förslitningsskador samt 
gynna kommunikationen och samarbetet mellan personalen. Dock rekommenderas 
företaget att följa upp kartläggningen av den psykosociala miljön innan en sådan 
implementering sker. Vidare rekommenderas företaget att även undersöka möjligheten att 
införa ett skanningssystem då det finns potential för en långsiktig lösning av problemen i 
detta.  
 
NYCKELORD: arbetsmiljö, ergonomisk design, förråd, lager layout, lager utformning, 
volvo construction equipment 
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1 Introduction  
 
This thesis is the final stage of the Master of Science degree in Industrial Design 
Engineering at Luleå University of Technology. The project consists of 30 credits and was 
in corporation with Volvo Construction Equipment (Volvo CE) in Eskilstuna, Sweden. 
The project took place between January and June of 2016 and sought to investigate the 
maintenance and tools storage at Volvo CE, Eskilstuna. The purpose was to identify the 
faults of the storage in terms of work environment and give a proposal of measures that 
would enable the storage to, as a workplace, minimize the identified risks. The expected 
results of the project were therefore to improve the ergonomic working conditions and in 
turn enhance the safety and efficiency of the workplace. 
 
1.1 PROJECT INCENTIVES 
The Volvo Group is one of the leading 
companies in the transport industry and 
their vision is “to become the most desired 
and successful transport solution provider in 
the world” (volvogroup.com). Volvo 
stresses the importance of quality, safety 
and environmental care and these in turn 
stand as the core values of the 
organization. Volvo CE within the Volvo 
Group is a global construction 
equipment provider, one of the leading 
manufacturers of e.g. wheel loaders, 
articulated haulers and equipment for 
road construction. They have production 
plants located in Europe, Asia, North 
and South America (volvoce.com). The 
manufacturing site in Eskilstuna, Sweden 
has about 700 employees and produces 
axels for wheel loaders and articulated 
haulers, Power take Outs (PTO) for 
articulated haulers and transmissions for 
wheel loaders and motor graders.  
 
The company seeks to work with energy, 
passion and respect for the individual, 
thus to preserve its employees by standing 
as an established and secure workplace. 
This includes aspiring to prevent 
musculoskeletal disorders (MSD), stress 

and occupational diseases in general, thus 
the origin of this project. 
 
Volvo CE, Eskilstuna has for some time 
focused on improving the ergonomic 
working conditions and efficiency in the 
processing department and for the 
forklift truck drivers. The maintenance 
and tools storage has therefore not been 
of priority and its problems not pursued 
until today. The storage can be seen as an 
individual part of the company and has 
five employees. Their daily work includes: 
reception of material, material 
registration and storage at the assigned 
place or shelf and to withdraw material 
from stored places when demanded. 
Depending on the type of order and the 
size of the article in question, material 
will either be delivered to the recipient 
stations or picked up personally by the 
workers of the other departments. 
 
The storage holds a large variation of 
articles, e.g. work clothes, tools, spare 
parts for the machines and oil tunnels. 
Therefore, the weight being handled can 
vary from a few grams up to around 50 
kilograms. Despite the heavy loads, all 
articles are, as of today handled and 
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carried manually without any aiding 
equipment. The main focus of this thesis 
was therefore to make certain that the 
material held in the storage can be 
handled safely and in a way that is 
ergonomically correct.  
 
1.2 PROJECT OBJECTIVES AND 
AIMS 
The project objectives were to map and 
to analyze the current state, hence to 
determine the current working 
conditions and how the workplace can be 
improved to fulfill the provisions issued 
by the Swedish Work Environment 
Authority, the SWEA and Volvo’s 
standard for ergonomic working 
conditions. 
 
Moreover, the goal of the project was to 
through the mapping and analysis of the 
current state deliver two proposals of 
measures to improve the safety and 
ergonomic working conditions of the 
storage. Measures that would also ideally 
result in an increase of the overall 
performance of the workplace. The first 
alternative of solutions should be of the 
short-term kind and require minimal 
investments yet meet the requirements 
for a good work environment. The 
second alternative, the long term solution 
will see more investments and should 
fulfill the requirements to the fullest, 
hence compose of the best overall 
solution with respect to the work tasks 
and the stakeholders. 
 
The project has been centered around 
the listed research question to achieve the 
project objectives and aims above. 

• What are the problems regarding 
the work in the storage?  

• What are the potential risks the 
employees of the storage are 
exposed to? 

• Why do the identified problems 
and risks exist? 

• How can the problems and risks 
be reduced or eliminated? 

 
1.3 PROJECT STAKEHOLDERS 
The stakeholders are the client, Volvo 
CE, the company expects concrete 
proposals or recommendations they can 
proceed to examine for an eventual 
implementation of changes. Other 
stakeholders are the employees 
positioned at the storage as they will be 
the ones directly affected by the potential 
changes implemented to reduce the 
identified risks and problems. 
 
Moreover, working conditions and 
environment have become current and 
relevant topics as the competitive market 
between manufacturing companies get 
tougher for each day (Bellgran & Säfsten, 
2005). As the market is constantly 
changing, new demands and needs will in 
turn arise and set different levels of 
requirements on the production 
processes and the employees (Johansson, 
2010). Ergonomics intervention projects 
strive to keep the human resource, their 
capabilities and limitations in mind and 
design products or systems that in the 
long run will help our society to prosper 
(International Ergonomics Association, 
2016). 
 
 
1.4 PROJECT SCOPE  
This thesis will first and foremost regard 
the physical aspects of ergonomics and 
see how it affects the work environment 
of the maintenance and tools storage. 
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Other aspects such as the psychosocial 
environment and the overall 
performance of the workplace was also 
covered in a complementary manner. To 
produce a holistic solution for the 
current situation. The project had a 
resource of 800 hours and due to the 
time restriction, it was decided for the 
project to disregard the implementation 
stage. The focus has instead been on the 
delivery of two proposals for further 
investigation and potential 
implementation to Volvo CE.  
 
The boundaries of the thesis were set on 
the storage itself, i.e. it only regarded the 
material delivery to the storage, material 
registry, material storage, and withdrawal 
of material in preparation for delivery to 
client. In other words, work, movements 
and deliveries outside of the physical 
storage were in this case not taken into 
account or only received brief coverage. 
This was due to the immense character of 
the project. If the work and delivery of 
the material outside of the storage were 
to be taken into account, the project 
would involve greater parts of the 
manufacturing site and therefore not be 
possible to carry out with the available 
resources.  
 
1.5 THESIS OUTLINE 
The thesis begins with an introduction to 
the whole project i.e., Chapter 1 briefly 
presents the context of which the project 
will concern. It outlines who the 
stakeholders are, what the objective, aims 

and research questions are, as well as the 
scope of areas the project will go into.  
 
The following chapter, Chapter 2, 
presents the theoretical framework 
determined as the scientific foundation 
for this thesis. 
 
Moving on to Chapter 3. The methods 
used to describe and analyze the current 
state and to bring forward the conceptual 
solutions are here presented in a 
chronological order. 
 
The mapping and analysis of the current 
state are thereafter shown in Chapter 4. 
Followed by Chapter 5 which introduces 
the ideas and concepts brought forward 
to solve the current problems and to 
reduce the identified risks. 
 
Chapter 6, discusses and reflects on the 
overall project, the achieved results, as of 
how they can relate to acquired theory as 
well as their relevance.  
 
Chapter 7 concludes the work and results 
accumulated throughout the project and 
Chapter 8 makes the final chapter where 
it outlines the measures and conceptual 
solutions the company is recommended 
to move forward with. 
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2 Theoretical framework
The following chapter provides the theoretical study that works as the foundation for this 
project. The study consists of literature reviews on current research and experience in areas 
that will strengthen and support the results attained along the project. The chapter starts 
off with a general description of industrial design engineering as a subject area to in the 
next couple of sections narrow into areas of work environment, ergonomics and 
ergonomics in relation to work performance and design. Furthermore, the system in the 
maintenance and tools storage at Volvo CE, Eskilstuna is one of a manual order-picking 
system and literature in some areas has been collected according to this. 
 
2.1 INDUSTRIAL DESIGN 
ENGINEERING 
The thesis project has its theoretical basis 
in Industrial design engineering. The 
subject area itself is broad, but can be 
concluded to cover the development and 
the design of products, systems and other 
services that holistically consider the 
fundamental parts from both human and 
technical aspects (Karlsson, Osvalder, 
Rose, Eklund & Odenrick, 2010). In 
other words, the integration of industrial 
design and design engineering is to 
provide sustainable solutions that proves 
to facilitate the everyday life of any client. 
 

2.1.1 Production Design 
Production design under industrial 
design engineering is both about 
increasing the performance of existing 
systems and to develop new ones 
(Bellgran & Säfsten, 2005). With the 
global market and the hardened 
competition in mind, systems are 
continuously in need for improvements 
and it is therefore important these are 
developed and designed under a future-
orientated mindset (Bellgran & Säfsten, 
2005). 
 
System improvements are often achieved 
through different tools and structured 

methods and production development is 
in many cases in terms of improving the 
organization, the work methods and 
procedures (Karlsson et al., 2010). Thus, 
as Bellgran and Säfsten (2005) implies, 
companies that aim for production 
development or even create its own 
adjusted way of production development 
can be seen as working towards a 
continuous development. 
 
Bellgran and Säfsten (2005) mentions a 
production system as one involving 
products or services being achieved 
through a combination of material, work 
and capital. The production system in 
this case revolves around a warehouse, 
one of an order-picking system where 
improvements are believed to be 
attainable in several aspects to improve 
its working environment and also its 
performance and service level.  
 
2.2 WORKING CONDITIONS AND 
ENVIRONMENT 
There are many aspects in connection to 
the term work that gives people a sense of 
achievement and status. These can for 
instance be one’s social status, economic 
circumstances or the individual 
development. Due to work playing such a 
major role in people’s lives, it is of great 
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importance for the working conditions 
and environment to be non-threatening 
for the human being in every way 
(Bohgard, Karlsson, Lovén, Mikaelsson 
Mårtensson, Osvalder, Rose, & 
Ulvengren, 2010). In fact, good working 
conditions and environment are stated as 
a solid foundation for both healthy work 
life and optimal work performances 
(Bohgard et al., 2010). 
 
Johansson (2010) mentions that the 
Swedish manufacturing industry has 
changed of lately and the continuous 
changes in the global market will 
eventually come to affect the production 
development and how work environment 
is to be managed. Demands on workplace 
and systematic work environment 
management are to follow the provisions 
issued by the SWEA, however how 
production systems are generally 
developed in Sweden have come to differ 
from how they ideally should be 
developed.  
 

2.2.1 Risk and Safety 
How to minimize risks and preserve 
safety is critical when dealing with 
working conditions and environment. 
Safety of the employees is moreover one 
of the core values of the Volvo Group 
(volvogroup.com). According to 
provisions issued by SWEA, the employer 
has the responsibility to continuously 
strive towards a risk free working 
environment for the employees 
(Arbetsmiljöverket, 2012). 
 
The SWEA (2015) and Karlsson et al, 
(2010) agree that a safe workplace is 

designed through considering human 
behaviors and accordingly make 
adjustments in the technical and physical 
environment around the workers in 
question. How the organization perceives 
safety and safety measures at the 
workplace affects how successful safety 
thinking can be implemented amongst 
the employees. It is therefore important 
for companies to have clear goals and 
visions regarding safety and health to 
increase the effectiveness of activities to 
reduce injuries and losses 
(Arbetsmiljöverket, 2015a). 
 
The risk management process according 
to technical tradition can be seen in 
Figure 1. It is based on Risk management – 
Vocabulary (ISO 73:2009) and Risk 
management – Principles and guidelines (ISO 
31000:2009). The first phase, Establish the 
context is about defining the external and 
internal parameters for managing the 
risks. Also to set the scope and the 
criteria for the rest of the process. Risk 
identification is the process of finding, 
recognizing and describing the risk. Risk 
analysis involves the process of 
understanding the nature of the risk. To 
estimate the level of risk, and determine 
the magnitude of a risk expressed in 
terms of combination of consequences 
and their likelihood. Risk evaluation is 
where the results of the risk analysis gets 
compared with the risk criteria to 
determine if the risk is of an acceptable 
nature. Finally, risk treatment is the 
process to modify risk. This phase can 
involve risk treatment, risk avoidance, 
risk optimization, risk transfer or risk 
retention (ISO, 2009a; ISO, 2009b).
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Figure 1. Risk management process based on ISO, 2009a and ISO, 2009b. 

 
 
2.3 ERGONOMICS 
Ergonomics or human factors is 
according to the International 
Ergonomics Association, IEA (2016): 
 

“…the scientific discipline concerned with the 
understanding of interactions among humans and 
other elements of a system, and the profession that 

applies theory, principles, data and methods to 
design in order to optimize human well-being and 

overall system performance.” 
(http://www.iea.cc/whats/index.html). 

 
The aim of ergonomics is therefore to use 
assembled information on worker’s 
capacities and capabilities in designing 
jobs, workplaces, products and 
equipment. In this case, the term 
ergonomics is used in connotation to 
enhance and optimize the comfort, 
health, safety and efficiency of the 
workers in a workplace (Chengalur, 
Bernard & Rodgers, 2004). Moreover, 
this is to be done by studying the 
interaction between humans and the 
technical elements of a system (see 
Figure 2). The terms ergonomics and 
human factors are therefore used 
synonymously in this thesis. The 

interaction between the operator and the 
task being performed in turn has a major 
influence on factors such as time, quality 
and the worker’s occupational health and 
safety (Neumann and Dul, 2010).  
 

 
Figure 2. Ergonomics and how it harmonizes 
different aspects of human–system 
interaction. Inspired by 
http://www.iea.cc/whats/index.html, (2016) 
 
The IEA further derive ergonomics into 
three domains of specialization: Physical 
ergonomics, Cognitive ergonomics and 
Organizational ergonomics. As seen in 
Figure 3, the three domains are 
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interrelated and should therefore all be 
considered when proceeding with project 
of ergonomics intervention.  
 

 
Figure 3. The domain of specialization of 
ergonomics. Inspired by Ergonomi & Human 
factors Sällskapet Sverige, EHSS (n.d). 
 
Health problems have a complex 
background as they are seldom caused by 
a single factor, instead they are often 
caused by a combination of 
psychological, physical and social factors 
(Thylefors, 2010). Most studies reviewed 
by Westgaard and Winkel (2011) 
describe risk factors for impaired health 
as due to workload, job demands or job 
satisfaction. This further support the 
claim that all domains of specialization of 
ergonomics should be taken into account 
when striving to improve the overall 
working environment of a workplace; as 
both physical and psychosocial work 
demands can cause negative work-related 
health effect. Thereby both physical and 
psychosocial aspects should be 
investigated seeing as there is a 
connection between psychosocial factors 
and MDSs (Westgaard &Winkel, 2011). 
 

2.3.1 Physical Ergonomics 
Physical ergonomics is as heard related to 
physical activities, where the human 
anatomy and physical capabilities or 
limitations affects topics such as working 
postures, work related musculoskeletal 
disorders, safety and health (EHSS, n.d; 
IEA, 2016). In addition to that, it is also 
about evaluating how changes affect the 
individuals and the system as a whole 
(EHSS, n.d).  
 
Work-related physical disorders are either 
caused by occupational accidents or by 
physical strain on the body. According to 
Hägg, Ericsson and Odenrick (2010), 
physical strain is divided in two 
categories, whole-body (global) and 
localized. Whole-body strain is due to 
engagement of the majority of the body. 
Localized strain or pain concerns certain 
parts of the body and the severity of the 
discomfort can vary depending on its 
cause. Localized physical strain is present 
in most occupations that include manual 
labor and it often concerns the upper 
extremities (Hägg et al., 2010)  
 
The load on the body can either be static 
or dynamic. Static refers to continuous 
strain under longer periods of time where 
the muscle activity is low or with little 
variation (Hägg et al., 2010). Exposure to 
repeated transmission of heavy loading 
and sustained static loading can affect the 
human musculature, joints and other 
circulatory tissues and eventually cause 
MSDs in one or more body regions (Hägg 
et al., 2010). The SWEA (2012) stresses 
the importance of preventing this as the 
risk for compromised occupational safety 
and health, such as MSDs increases when 
exposed to ergonomically problematic 
postures and static loading of high 
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intensity for longer periods of time. 
 
Low level of static strain does rarely 
require immediate precautions, however; 
the risk for MSD will eventually increase 
if the worker continues under the same 
conditions (Hägg et al., 2010). The 
authors also mention that physical strain 
is dynamic if the force delivery varies but 
work that includes movements can be 
considered static as the strain on certain 
body parts is more or less constant. 
 
Physical ergonomics problems at the 
workplace are as of today one of the 
major contributing factors for 
occupational safety and health problems  
(Arbetsmiljöverket, 2014). According to 
Morse et al (2005) and Scientific 
Committee for MSDs of the ICOH 
(1996), if such conditions are prolonged, 
the injuries and illness can turn 
permanent (cited by Niu, 2010). 
According to the Swedish National Board 
on Health and Welfare (2001), cited by 
Niu (2010), around 60% of the people 
on retirement or long-term absences from 
work are due to MSDs in Sweden. Work 
related musculoskeletal disorders 
(WRMD) can also be stated as one of the 
major factors for economic losses. 
Disorder such as lower back pain or 
troubles with the upper extremities cause 
relatively long absence from work and 
can therefore become an unfortunate 
situation for both the employers and the 
employees, thus eventually a financial 
burden on the society (Niu, 2010). 
 
The SWEA went out with a survey to 
investigate Work-related disorders in 
2014. The employees participating in the 
survey were aged 16-64. It was from there 
concluded that about one fourth of the 

Swedish working population has some 
kind of disorder related to their work. 
Disorders in this case might be physical 
or other types of disorders caused by e.g. 
stress, the work content or a poor 
working climate. The results showed that 
approximately 12 % of the employees 
had physical disorders, 7 % other 
disorders and 5 % had both physical and 
other kind of disorders. The most 
reported common cause for disorders are 
strenuous working positions, heavy 
manual labor such as heavy lifting and 
mental strain such as stress 
(Arbetsmiljöverket, 2014). Moreover, 
according to statistics gathered by the 
SWEA (2014), from 1998 to 2014 it 
seems that work-related physical and/or 
other disorder could be on an up-going 
trend amongst the work force. Working 
conditions and environment are 
therefore topics of problems that can be 
considered a current concern. 
 

2.3.2 Cognitive Ergonomics 
Cognitive ergonomics on the other hand 
concerns the mental processes i.e. 
perception, memory, response and 
reasoning (EHSS, n.d; IEA, 2016). Thus, 
this domain covers topics such as mental 
workload, work stress and decision-
making processes.  
 
Mental strain in terms of anxiety and 
stress are as previously mentioned 
becoming the common cause for 
reported illness and absence at work 
(Arbetsmiljöverket, 2014). Stress in 
relation to work is defined as being 
overburdened. The individual is given a 
workload too great to handle and the 
effects are shown physically, 
psychologically and socially (Thylefors, 
2010). 
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Stress is according to Danielsson (2001), 
initiated by different outer factors from 
the surroundings of the person in 
question. However, the effects of these 
outer factors are perceived differently 
depending on the individual. Therefore, 
stress and its effects on an individual 
level is rather hard to define. It can only 
be concluded that negative stress is when 
an individual thinks the demands are 
higher than his or her own capabilities 
(Thylefors, 2010). The emergence of 
stress in a workplace can therefore be 
interpreted as an imbalance between the 
individual and the work environment. 
 
The frequently identified outer factors 
that initiates negative stress are excessive 
workload, work under time pressure, 
unreasonable deadlines, contradictory or 
vague demands and even the relationship 
between co-workers, to manager and to 
clients (Danielsson, 2001; Thyleors, 
2010). A way to reduce stress and the 
mental demands can therefore be by 
improving the way in which information 
is transferred between people, or between 
products and people. Chengalur et al. 
(2004) mentions that enhancement of 
the communication between the people 
involved for a greater understanding 
allows for greater productivity at the 
workplace. It is also assumed that it will 
eventually result in higher profitability or 
the organization (Chengalur et al., 2004). 
 

2.3.3 Organizational Ergonomics 
Organizational ergonomics concerns 
the psychological work environment which 
in turn deals with interaction between 
the individuals and between the 
individuals and the environment 

(EHSS, n.d; IEA, 2016). Thylefors 
(2010) states that the employees are 
affected by the work environment as 
they are a part of it, this in turn also 
means that they can initiate and 
influence changes in the environment. 
According to Lohela et al. 2009 and 
statistics provided by the SWEA, 
workers that are highly exposed to 
ergonomic and psychosocial risk factors 
are more likely to report symptoms of 
health issues. As these factors have 
significant effects on worker’s health, 
they will also have eventual effects on 
organizational outcomes (cited by Niu, 
2010).  
 
Work productivity in turn has a clear 
connection to job satisfaction and a 
company’s profit is in general 
influenced by the teamwork, the overall 
competence, innovation and 
commitment of the personnel 
(Thylefors, 2010). There are according 
to Sigvard Rubenowitz, (2004), cited by 
(Thylefors, 2010) five main factors that 
influence the workers’ perception of the 
psychosocial work environment. 
 
The five factors are as follow: 

1. Control – to have the opportunity 
to influence one’s work, for 
instance the work task or pace. 
To be able to control and not be 
entirely controlled by technical 
systems. 

2. Good management – a good 
relationship with the manager or 
supervisor. This enables reliability 
and a clear and open 
communication between the 
employees and the management. 

3. Stimulation – work should give 
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room for personal development 
and encourage the individual to 
take in new things to broaden 
one’s competence. 

4. The work community – the 
organization should promote 
cooperation and social contact 
between the workers. This will 
give way for an enhanced comfort 
level at the workplace and will 
likely lessen the occurrence of 
stress and general conflicts. 

5. Moderate level of work load – the 
work load should be reasonable 
for the employee in both physical 
and psychological aspects.  

 
Demand-control support model 
Another way to determine a worker’s 
attitude towards his or her work is by the 
demand-control-support model 
constructed by Robert Karaseks (1979). 
Thylefors (2010) describes that the first 
two dimensions identified were work 
demand and control. Demand in this 
case refers to the worker’s effort in terms 
of the amount of work and the level of 
difficulty of said work. Control concerns 
the span of which the employee can 
freely move within i.e. to what extent the 
employee is free to make decisions 
regarding his or her own work. A third 
dimension, social support was later on 
introduced to the model with the 
intention to cover the mental and 
practical support from work colleges and 
superiors at the workplace (Thylefors, 
2010). The model, as seen in Figure 4 
shows how the three factors demand, 
control and support interact with each 
other. 

 
Figure 4. The Demand-Control-Support 
model. Inspired by Thylefors et al. (2010), 
p.32. 
 
Thylefors (2010) writes further that the 
demand-control-support model assumes 
that high demands along with low degree 
of control and social support gives way to 
increased risk for occupational disorder 
or decreased wellbeing at the workplace. 
A combination of high demands, control 
and support however, is assumed to to be 
a great tool for personal development. 
On the other hand, high demands along 
with low degree of control can be 
connected to negative effects on job 
satisfaction and the psychological 
wellbeing of the employees (Thylefors, 
2010). This corresponds with Maslow 
theory of motivation as for human beings to 
feel a sense of satisfaction, they have to 
feel a certain level of control, safety and 
appreciation. Maslow theory of 
motivation stresses that human needs 
follow a hierarchical structure 
(Danielsson, 2001). The levels are, 
starting from the bottom: physiological 
needs, safety needs, social needs, esteem needs 
and self-actualization (Danielsson, 2001). 
The author describes further about the 
theory that the needs of the lower level 
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have to be fulfilled before the needs of a 
higher level can be achieved.  
 

2.3.4 Order-picking and Ergonomic 
Intervention 
The system in the maintenance and tools 
storage at Volvo CE at Eskilstuna is one 
of a manual order-picking system. There 
are current order-picking systems that are 
automatically operated as Schlick (2009) 
sees mechanization in manufacturing in 
on a continuing trend (cited by Dul, 
Bruder, Buckle, Carayon, Falzon, Marras, 
Wilson & van der Doelen, 2012). 
However, according to Napolitano 
(2012), cited by Grosse, Glock, Jaber & 
Neumann (2015) the manually operated 
system is preferable in many companies. 
It is stated further that the reasons for 
this are due to the fact that humans are 
more flexible and can react to unexpected 
changes in the picking process. Humans 
can apply logical reasoning when dealing 
with the process and the same cannot be 
said about machines. It has been 
confirmed that more than 80 % of all 
orders processed by warehouses are 
picked manually (Grosse et al., 2015) 
 
Manual order-picking is a repetitive task 
thus there is a risk for e.g. 
musculoskeletal disorders or any other 
ergonomic associated problems (Grosse 
et al., 2015). Repetitive work tasks cause 
constant and continuous strain. By 
completing the same movements over 
and over again, the weight of the object 
does not have to be much for the task to 
be considered unfavorable work for an 
employee (Arbetsmiljöverket, 2012; Hägg 
et al. 2010). Grosse et al. (2015) argues 
that human-system interactions in order-
picking have been ignored and there is a 
need for integrating human factors into 

the planning models of order-picking. 
This can for instance be in the form of 
defining a maximum acceptable pick 
height and depth in storage assignment, 
limiting the maximum weight the worker 
is allowed to carry. 
 
Planning and optimization of order-
picking models without the human 
factors taken into account may according 
to Neumann (2004) lead to low 
performance, poor quality and the 
employees might be put at higher risk for 
injuries and diseases (cited by Neumann 
& Dul, 2010). Thereafter, if workplaces 
and work methods were designed with 
the human needs, abilities and 
limitations in mind it will not only 
reduce the risks for occupational health 
problems for the staff but also have a 
positive effect on the productivity and 
quality of the company (Neumann & 
Dul, 2010). Thus optimal performance 
can be achieved while securing the well-
being of the employees.  
 
In order to achieve both good working 
conditions and sustainable cost–efficient 
manufacturing solutions, more attention 
has to be paid to the relationship 
between ergonomics and productivity 
(Falck & Rosenqvist, 2012). Ergonomics 
must therefore be considered in the early 
stages of the design phase of a production 
system or give way for ergonomic 
interventions (Falck & Rosenqvist, 2012; 
Johansson, 2010). 
 
Hendrick (2003) claims that projects of 
ergonomic characteristics are focused on 
improving the engineering design, health 
and safety and the quality of the work 
environment and therefore presented 
accordingly. However, funds and 
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investments are harder or failed to be 
acquired if they are not justifiable, unless 
the projects bear clear economic benefits 
for the company. Hendrick (2003) 
further states that for ergonomics projects 
to gain approval and financial support 
they must be presented on business 
terms. 
 
According to Hendrick (2003), here are 
four major classes of costs to consider 
when dealing with ergonomics projects 
on business terms: personnel, equipment 
and materials, reduced productivity or 
sales and overhead. The benefits of 
ergonomic intervention then fall into 
three general classes: benefit associated 
with personnel, benefits associated with 
materials and equipment and those 
associated with increased sales. Personnel 
benefit include: increased output per 
worker, reduced errors, reduced 
accidents, injuries and illness, reduced 
training time, reduced skill requirements 
to perform some jobs, reduced 
maintenance time, reduced absenteeism 
and reduced turnover. Material and 
equipment savings comes from reduced 
waste or reduce number of equipment 
required. Reduction in production parts 
and materials, stocking and storage of 
parts, maintenance tools and materials 
and damaged equipment are also 
considered to be benefits associated with 
this category. 
 
Other benefits, the ones harder to 
quantify from ergonomics intervention 
projects would be for instance increased 
employee commitment and an improved 
corporate image (Hendrick, 2003). If the 
company puts effort into improving 
employee safety, health and quality work 
life there is a possibility of an increase 

commitment. Which in turn benefits the 
company in the employees realizing the 
general picture of the company and thus 
become engaged to achieve the pictured 
vision. Moreover, it would lead to better 
communication and corporation between 
every member of the company even from 
different departments. In other words, 
ergonomic interventions can lead to 
positive impact for the organization 
(Hendrick, 2003). 
 
2.4 DESIGN WITH ERGONOMIC 
PRINCIPLES 
Standards within ergonomics for 
workplaces can, according to the SWEA 
(2015b), be categorized in harmonized and 
non-harmonized standards. Harmonized 
indicates standards for products to fulfill 
according to a certain instruction. For 
instance, instruction for dimensions on 
workstations. Non-harmonized standards 
refer to ergonomic standards in the 
aspect of human and system interaction 
and therefore points out the design 
requirements for i.e. control room, 
manual handling, processes and mental 
workload (Arbetsmiljöverket, 2015b). 
 
According to the provisions issued by the 
SWEA, a workplace should be adequately 
designed and allow natural and 
comfortable working positions. The 
design of the workplace and the character 
of the work methods can help to prevent 
problems and work related health issues. 
This means to take the layout, working 
space and working levels and positions 
into account (Arbetsmiljöverket, 2012). 
 
The design of the layout should not allow 
the employees to adopt awkward and 
non-natural body postures that may lead 
to eventual discomfort and injuries 
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(Arbetsmiljöverket, 2012). The size, 
weight, volume, location and position, 
depth and height of an item or an article 
can affect the wellbeing of the worker. To 
retrieve something, the employee might 
have to stretch or bend the body into 
uncomfortable positions. The most 
important design aspects in order-picking 
systems are: the warehouse layout, the 
storage assignment, routing and batching 
and the work organization. These design 
characteristics can either help the 
personnel with their tasks or hinder the 
human work (Arbetsmiljöverket, 2012; 
Grosse et al. 2015). 
 

2.4.1 Type of Workplace 
Applying ergonomics principles to the 
workplace depends on understanding the 
limitations of available data. Chengalur 
et al. (2004) states that the guidelines 
must be interpreted before being used to 
evaluate injury risk in existing conditions. 
According to Chengalur et al. 2004, 
there are three major categories of 
workplace when it comes to layout, which 
are sitting, standing and sit/stand. The 
choice of which type of workplace 
depends on the tasks and the duration of 
each task. Those that make out the 
majority of the work time should take 
precedence in establishing the type of 
workplace used. 
 
According to the Chengalur et al. (2004) 
seated workplace is preferable when: 

• The tasks are in short-time cycles 
and all items needed can be easily 
supplied and handled with the 
workspace. 

• The items being handled are at at a 
level no more than 15 cm above 
the work surface. 

• No large forces are required, such 

as handling weight greater than 
4,5 kg. Other large forces may be 
eliminated by using technical 
aids. 

• Fine assembly or writing tasks are 
done for the majority of the shift. 

 
And standing workplaces are of best 
choice when: 

• Objects weigh more than 4,5 kg are 
handled. 

• High, low or extended reaches, 
such as those in front of the body 
are required. 

• Operations require frequent 
movement between workstations. 

• Downward forces must be exerted, 
as in wrapping and packaging 
operations. 

 

2.4.2 Working Height 
The height of the working station 
depends on the height of the operator, 
the task and the height of the workpiece 
(Chengalur et al., 2004; Hägg et al., 
2010). Operators can include both men 
and women which means that there can 
be a great variation of values in body 
heights, see Figure 5. This in turn has to 
be taken into account when constructing 
a workstation as the workplace should fit 
and be ergonomically correct for all and 
not just one individual (Hägg et al., 
2010). Therefore, design for all, where 
the body height representing 95% of men 
and women in Sweden, Table 1 should 
be strived for. Volvo has set the 
requirement for the design of new 
systems within their organization to be 
suitable for 90%, ranging from 154 to 
191 cm for men and women in Sweden 
(Volvo Standard, STD 8003:2, 2009). 
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Table 1. Standard anthropometric measurements for men and women, data is given for the 5th 
percentile, 50th percentile, 95th percentile and also the standard deviation. From Hägg et al. (2010), p 
174. 
Dimension Men Women 
 5 % 50 % 95 % s 5 % 50 % 95 % s 

Body length [mm] 1669 1779 1902 70 1562 1673 1789 68 

Shoulder length [mm] 1333 1459 1548 66 1252 1357 1468 63 

Elbow length [mm] 1020 1108 1181 56 957 1044 1130 52 

Hip length [mm] 920 999 1086 53 843 934 1018 52 

Knee length [mm] 505 556 603 31 468 521 568 31 

Maximum body width [mm] 480 530 580 30 355 420 485 40 

Maximum body depth [mm] 255 290 325 22 225 275 325 30 

 

 
Figure 5. The recommended height for 
standing work stations, in cm. From the Volvo 
Standard, STD 8003:2 (2009) 
 

2.4.3 Working Distance 
The working distance is important 
considering the load is transferred by 
being applied to the body. A distance 
that is as short as possible should be 
strived to reduce the strain on the body 
and the work distance should also allow 
harmonious patterns of movements of 
the joints in and around the natural 
positions (Volvo Standard, STD8003:2, 
2009). 
 
The worker should be free to move about 
and all items and controls should be 
positioned in a way to eliminate excessive  

 
reaches, stooping, bending or twisting of 
the body. The acceptable forward reach is 
displayed in Figure 6. The figure 
describes the forward reach for both arms 
from the front of the body at different 
heights (Chengalur et al. 2004). 
 

 
Figure 6. The standing reach area, with two 
arms. Inspired by Chengalur et al. (2004), p 
200, adapted from Muller-Borer 1981. 
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The forward reach within the workspace 
at different width is shown in Figure 7. 
The best grip and work area, according to 
Volvo Standard, STD 8003:2 (2009) and 
Mathiassen, Munck-Ulfsfält, Nilsson & 
Thornblad (2007), is within the inner 
workspace (green zone). The yellow to the 
red zone make out the outer workspace 
thus it is not recommended for the 
employee to work outside of this reach. 
 

 
Figure 7. Recommended grip and work 
distance - width wise, in cm. From the Volvo 
Standard, STD 8003:2 (2009). 
 

2.4.4 Work Postures and Movements 
According to the Volvo Standard for 
ergonomic requirements (2009), at least 
80% of the working time should be in 
comfortable and ergonomically correct 
working positions. When in movements, 
the joints and the muscles of the body are 
allowed to move freely with the 
opportunity for variety and for recovery 
breaks. It is important that the different 
muscles groups are used alternately for 
the strain on the body not to be constant 
and thereby lead to harm. 
 
The risk level, according to the Volvo 
Standard (2009), for work postures with 
lengthy moderate bending or twisting of 
the back or neck are when: 

• back >20° bent forward, >15° 

rotated back >60°  
• bent forward, bent sideways, 

rotated or >5° bent backwards 
• neck >15° bent forward, bent 

sideways, rotated or >0° bent 
backwards 

• neck >30° bent forward, bent 
sideways, rotated or >5° bent 
backwards 
 

Other postures that are considered at risk 
level are: 

• the angle between upper arm and 
body is >60° for long periods of 
time or on a frequent basis 

• work include squatting or kneeling 
positions for long periods of time 
or on a frequent basis. 

• The work postures are fixed for 
long periods of time or on a 
frequent basis. 

 
It is stressed in the Volvo Standard 
(2009) that when lifting a load, the load 
should be close to the body and be 
carried within the strike zone (within the 
green zone and in some cases also the 
yellow Figure 8). 
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Non-injurious impact 

  
Possibly injurious impact depending on 
number of movements of the duration 
of the posture 
 

  
Injurious impact when appearing for 
longer periods of time, lengthy (a total 
of >2h/day) or often (>100 times/day) 

Figure 8. The lifting area and their impact on 
a man/woman of average height, 172 cm. 
From the Volvo Standard, STD 8003:2 (2009). 
 
The acceptable lifting frequency per hour 
varies depending on the weight of the 
load and in which lifting area the load is 
being handled. Table 2 shows the 
relation between the mentioned factors, 
taken from the Volvo Standard, STD 
8003:2 (2009). 
 
Table 2. Relation between load weight, lifting 
area and lifting frequency per hour.  

Lifting 
area 

Lifting frequency times/hour 
1-10 10-30  30-60 60- 

 
12,0  7 3 2 

 
7,0 5 2 1 

 
2,5 2 - - 

 

The Volvo Standard, STD 8003:2 (2009) 
further states that when several objects 
are being handled at the same time, the 
frequency values shall be added. 
Moreover, if the employee is sitting 
down, the mass values in Table 2 shall be 
halved. It is a requirement that the load 
being handled when sitting does not 
exceed 7 kg. According to the SWEA, 
manual lifting should not involve loads 
over 25 kg.  Occasional lifting of 25 kg is 
acceptable, however under the condition 
that the working posture is good and the 
load is handled close to the body. If the 
load cannot be handled close to the body 
than the weight of it should not exceed 
15 kg (Arbetsmiljöverket, 2015c).  
 

2.4.5 Push and Pull Work 
When work consist of pushing or pulling 
a load, the assessment of such work task 
is done according to Table 3. 
 
Table 3. Model for assessing push and pull 
work, non-repeated work. From the Volvo 
Standard, STD 8003:2 (2009). 
Force [N] 

   

Start >300 300-
150 

<150 

Continuously >200 200-
100 

<100 

 
The numbers in the table above assumes 
for work to be under good ergonomic 
conditions, e.g., two hand grip on load, 
there are well designed handles or grips 
and work is done at a suitable height. 
 
The model applied for push and pull 
work in a repeated work cycle and in 
otherwise good ergonomic conditions 
differs from the previous mentioned 
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(Table 3). The acceptable applied force 
on load is less forgiving and the numbers 
can be seen in Table 4.  
 
Table 4. Model for assessing push and pull 
work, repeated work. From the Volvo 
Standard, STD 8003:2 (2009). 
Force [N] 

   

Start >50 50-40 <40 
Continuously >40 40-30 <30 
 

2.4.6 Movement Area 
The movement area of a worker is 
important for one to be able to move 
freely and carry out the work tasks in a 
comfortable manner. Workspace should 
according to the SWEA (2009) not go 
lower than that of 0,6*0,9*2,1 m for it to 
be acceptable to carry out the work tasks. 
Furthermore, work needing special 
equipment and such might have a higher 
minimum value (Arbetsmiljöverket, 
2009). Accumulation of equipment, 
supplies and products in workplace aisle 
should be designed to meet minimum 
clearance guidelines. This when the 
system is running at its full capacity 
(Chengalur et al., 2004). The minimum 
of space required for main and feeder 
aisles, is shown in Figure 9. Where it is 
stated that the minimum space for 
normal one-way traffic is 92 cm and 152 
for two way traffic (see Figure 10 for two 
people abreast).  

 
Figure 9. Space requirement, main and feeder 
aisles. Inspired by Chengalur et al. (2004), p 
236. 
 
 

 
Figure 10. Space requirement, two-way traffic. 
Inspired by Chengalur et al. (2004), p 236. 
 
Space requirements are not determined 
by just the size of the material being 
handled but also by the needs for 
maneuvering handling equipment or 
other aiding tools. In this case, as much 
as 25% more to the aisle width in Figure 
9 and Figure 10 can be added to give 
enough maneuvering space for some 
operations (Chengalur et al., 2004). 
Ergonomic Checkpoints, issued by the 
ILO in collaboration with the IEA (2010) 
says that to help prevent accidents and to 
achieve a smooth workflow, a two-way 
transport would be the minimal 
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requirement. Two-way transport aisles 
and corridors therefore saves both time 
and energy (ILO & IEA, 2010). 
 
For operations where forklift trucks are 
being used, the space requirements are 
according to those in Figure 11. 
 

 
Figure 11. Space requirement, truck with 
clearance for operator. Inspired by Chengalur 
et al. (2004), p 236. 
 
In warehouses or other storage areas 
where the high-stacking forklift truck are 
used, 5-10% aisle width should be added 
to ones shown in Figure 11 (Chengalur et 
al. 2004). In addition to that, the general 
height for workplaces is 2,7 m and 
should not be lower than 2,1 m for areas 
where it requires work in standing 
positions (Arbetsmiljöverket, 2009). 
 

2.4.7 Material Handling 
Reception of goods should be placed and 
arranged in a way that allows the worker 
to handle the goods in a comfortable 
working position (Arbetsmiljöverket, 
2009). 
 
Transportation of loads between different 
planes or floors should be carried out by 
elevators or other suitable lift aiding 
equipment. This is especially important if 
the work includes handling of heavy and 

bulky objects (Arbetsmiljöverket, 2009). 
If the weight of the object handled is 
considered light then other factors such 
as such as size, frequency and the amount 
should be taken into account when 
designing the workplace 
(Arbetsmiljöverket, 2009). Clear and 
marked transport routes can ensure safe 
and quick transport and thus also create 
a better workflow (ILO & IEA, 2010).  
There is a risk for material to pile up if 
the transport routes are not marked. 
Consequently, accidents can occur if the 
routes are unclear and obstructed. 
Moreover, the risk for accidents through 
lifting and transportation increases when 
moving up on staircases the installment 
of such should there be considered 
thoroughly before making any decisions 
(Arbetsmiljöverket, 2009).  
  

2.4.8 Lighting 
The physical environment, such as 
lighting of a workplace can according to 
the SWEA (2009) increase injury rates 
if not planned and adjusted to the 
faced working conditions. A faulty 
visual environment can moreover cause 
symptoms such as eye strain and 
excessive fatigue (Arbetsmiljöverket, 
2009; Månsson, Svensson & Jeis, 
2010). Lighting can therefore affect the 
worker’s judgement on safe and unsafe 
work, hence it is a relevant factor to 
cover in terms of risks for occupational 
accidents. 
 
Table 5 shows the required illuminance 
levels for several kind of work or work 
tasks. The values are taken from 
Månsson et al. (2010) which in turn are 
based on the SS-EN 12464-1 issued by 
the Swedish Standards Institute. 
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Table 5. Required illuminance for different 
type of work or work tasks. 

Type of work Required 
illuminance [lux] 

Control stations 150 
Manned aisles 150 
Manned facilities 200 
Packaging areas 300 
Precision work 500 
 
Correct or adjusted lightning enhances 
a good visual environment and 
ergonomic working conditions and thus 
lead to increase safety at the workplace 
(Arbetsmiljöverket, 2009). 
 
The ILO and the IEA (2010) stresses 
the importance of lighting up corridors, 
staircases and other areas where 

employees are continuously visiting. 
They add further along with Månsson 
et al. (2010) that it is good to combine 
daylight and artificial light for a 
sufficient lighting level to work in. 
Lighting should also be evenly 
distributed to minimize the contrast in 
brightness. Changing views from bright 
to dark area demands adaptation of the 
eye, which takes time and increases the 
risk for eye strain (ILO &IEA, 2010). It 
can therefore be considered more 
efficient and comfortable to work in a 
room that does not have large contrasts 
in lighting.  
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3 Method and Implementation 
 
This chapter describes the methods adopted during the progress of this project. The 
process and methods as of how, when and why they were used are briefly described in a 
chronological order, starting from the project planning stage into its execution. The 
reliability and validity of the methods are discussed in the last section of the chapter. 
 
 
3.1 PROCESS 
There are according to Karlsson et al 
(2010) two kinds of projects, 
revolutionary and evolutionary. 
Revolutionary projects aim to construct 
and develop products or systems that are 
entirely new, while evolutionary projects 
seek to improve existing products or 
systems. The project circle, is a process 
more suitable for evolutionary projects as 
shifts the focus of the project slightly 
more towards identification and 
assessment of the different components 
in existing products or system in order to 
improve them. As the purpose of this 
project is to evaluate the current working 
conditions of the maintenance and tools 
storage, it can be classified as a project of 
the evolutionary kind which makes a 
project progress according to the project 
circle a natural choice.   
 
The process followed the project circle 
described by Karlsson et al (2010) and 
progressed in a cyclic or iterative manner. 
Thus the steps in the circle are repeated 
in several rounds, where for each round 
the focus point gradually moved until it 
hit the completion of a final concept 
(Karlsson et al, 2010). The project circle 
is according to Karlsson et al. (2010) 
formed by 8 steps: 
 
 
 

 
Alterations has been made to the project 
circle in order to adapt the process to this 
project. The changes can be seen in 
Figure 12. 

 
Figure 12. The project circle. Inspired by 
Karlsson et al. (2010), p. 590. 

1. Plan for change 
2. Make diagnoses 
3. Formulate goals and 

requirements 
4. Seek for alternatives 
5. Evaluate and choose 

alternative 
6. Develop the chosen 

alternative 
7. Implement gradually 
8. Evaluate the effects 



 22 

Step 2, make diagnoses was divided into 
three parts. The literature review made 
certain the results of the project had a 
solid scientific basis. The mapping of the 
current state and analysis of the current 
state were set to identify the problems 
and risks at the workplace. Moving on to 
the following steps 3, 4, 5 and 6, these 
have changed names but were other than 
that unaltered. Furthermore, step 7 and 8 
were not included in the project scope 
due to the limitation of time. 
 
3.2 PROJECT PLANNING 
The first phase of the project was to do 
the project planning, which included an 
analysis of the project description, 
objectives, goals and scope. It was also 
important to plan how the time and 
resources were to be distributed 
throughout the project. 
 
The project phases and resources were 
included in a Gantt-chart where its 
purpose was to visualize how the available 
time could be distributed and managed 
between them (Wilson, 2003). Deadlines 
were also noted, thus it acted as a 
guideline to ensure goals were met on 
time and that the project progressed 
smoothly and stayed on the right track, 
see Appendix 1. 
 
3.3 LITERATURE REVIEW 
The literature review was meant to 
provide a theoretical study to ensure the 

thesis has a solid basis founded by 
scientific theories and knowledge. 
Relevant areas for this study could be 
identified by looking further into the 
research questions. The identified areas 
of interest can be seen in Figure 13. 
 
Literature was accumulated through 
Scopus and Web of science, as they are 
familiar and well known databases. Both 
have a broad selection of peer-reviewed 
publications and covers a wide range of 
subjects. Moreover, the search engine and 
its filter function is easy to navigate 
about. Some literature reviews have also 
been gathered through Google Scholar. 
Searches were done with different 
combinations of phrases such as: manual, 
order picking, ergonomics, layout, 
musculoskeletal disorder, workplace, human 
factors, limited, small workspace, occupational 
health, work performance. The criteria for 
the searches were for the publications to 
be within manufacturing and that they 
were about or had some relation to 
ergonomics. 
 
Other than peer-reviewed articles, the 
literature review also includes theories 
from printed literature. The provisions 
issued by the SWEA and the Volvo 
Standard i.e. Volvo’s requirements when 
it comes to ergonomic working 
conditions had to be taken into account 
as it was required for the results to be 
founded on them. 
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Figure 13. The thought process and areas identified as relevant for the project. 

 
 
3.4 MAPPING OF THE CURRENT 
STATE 
Several methods have been taken into 
action to map the current state of the 
maintenance and tools storage at Volvo 
CE. The objective was to acquire data of 
its organization and operations in order 
to define the current situation of the 
workplace. The results in turn was to 
serve as a tool to identify the problematic 
areas that can see some improvements 
with this project. The following sections 
describes the methodology to how the 
data was collected. 
 

3.4.1 Observations 
Data collection though observations were 
useful in the sense where the work tasks 
could be defined. Observations are 
suitable as an initial method for 
information gathering as it helps create 
the general visualization of the 
workplace. Osvalder, Rose and Karlsson 
(2010) states that observations can be 
done directly or indirectly. A direct 
observation refers to the observer being 
present in the system and collects data as 
discretely as possible to not cause any 

disturbance and thereby affect the 
workers and their actions. Indirect 
observation means no observer is present 
and that data is collected through 
discrete documentation through e.g., 
video cameras.  
 
The chosen method was direct 
observation as it was deemed more 
suitable for the project. It allowed the 
observer to bring forward questions and 
other inquires whenever they occurred 
(Osvalder et al. 2010). However, this was 
to be done in a subtle manner as of not 
to disturb the workers in their work.  
This furthermore, lowered the risk for 
any misunderstandings during the data 
collection phase. Observations took place 
continuously throughout the project, not 
for every working day, but whenever 
anything specific needed to be looked 
further into. Documentation was in the 
form of notes, pictures and videos of how 
the work tasks were operated.  
 
Another frequently used form of 
observation is participant observation. 
The method includes the observer in the 
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group to participate in their studied 
process. The observer can therefore 
experience the process first handedly and 
acquire a more thorough view of the 
current situation of the workplace 
(Osvalder et al. 2010). It is a method to 
understand the thinking process of the 
employees when facing different kinds of 
situation i.e. why they act as they do. This 
was performed for two working days 
where the author as participating 
observer at the maintenance and tools 
storage took on the work tasks included 
in the material reception station.  
 

3.4.2 Interviews 
Holding interviews with those involved is 
a method that allows collection of 
quantitative or qualitative data of various 
and different situations (Lantz, 2007). 
Interviews can according to Osvalder et 
al. (2010) either be non-structured, semi-
structured or structured, depending on 
the character of the data wished to be 
collected. The main interviews conducted 
for this project has been of the semi-
structured character. A semi-structured 
interview is a hybrid of an open (non-
structured) and controlled interview 
(structured). The interview processes 
according to a pre-determined structure, 
e.g. what topics to be discussed. The 
order of the topics can however vary and 
the interviewer can ask some follow-up 
questions depending on the answers 
(Osvalder et al. 2010).  
 
Interviews were held individually with the 
five workers of the maintenance and 
tools storage. One interview lasted for 
roughly 30 minutes and as it was a semi-
structured interview some questions were 
predetermined and some were asked 
depending on the answers given. This 

gave both parties opportunities for 
clarification when needed and therefore 
minimized the risk for any 
misunderstandings. For further readings 
of the questions asked and the 
compilation of the answers, see Appendix 
2.  
 

3.4.3 Questionnaires 
Two questionnaires for the storage 
employees were constructed to 
complement the observations and the 
interviews. The first one sought to 
understand how the workers perceived 
their daily workload and if it had physical 
effects on their bodies and health. The 
QUESTIONNAIRE – PHYSICAL STRAIN (see 
Appendix 3) was inspired by Kuorinka, 
Jonsson, Kilbom, Vinterberg, Biering-
Sorensen and Jorgensen (1987) with the 
use of a body map as a guide to locate 
concerned body parts. Furthermore, the 
scale to estimate the level, frequency and 
duration of discomfort was inspired by 
Cameron (1996). The questions asked 
were regarding the personnel’s current 
physical capabilities and how their 
capabilities are in relation to the physical 
requirements set at the workplace, and 
thus provided a general picture of the 
employees’ physical well-being and 
health. 
 
The second questionnaire, 
QUESTIONNAIRE – PSYCHOSOCIAL 
ENVIRONMENT (Appendix 4) aimed to 
construct a clearer description of the 
psychosocial environment of the 
workplace. The questionnaire was 
inspired by the Checklist for well-being at 
work and the atmosphere at work (Prevent, 
n.d) and the Psychosocial Work 
Environment – Risk Analysis/Clarification 
(Prevent, n.d). The questions asked 
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revolved around how the personnel 
perceive their workplace, work contents, 
work organization. e.g., how stressful they 
see it, what influence they have on their 
work and what is their level job 
satisfaction.  
 

3.4.4 Article Sorting  
The maintenance and tools storage 
handles a wide range of articles. 
Therefore, in order to gather a holistic 
view of the current state, the articles had 
to be sorted in a way they can be 
interpreted. This was done through 
Avantis, Volvo CE’s system to handle 
stored goods and materials and Microsoft 
Excel. Lists were extracted from Avantis, 
i.e., list of what and where articles are 
currently stored and when the last time 
they were extracted from the system was. 
These lists of article numbers, dates and 
other values were sorted through 
Microsoft Excel where data considered 
irrelevant and outside of the project 
scope were out-filtered. As inventory 
varies from day to day, the sorting and 
categorization has only been based on the 
day the lists were retrieved: 
 

 
 

3.4.5 Lighting Measurements 
Lighting is a physical factor that has an 
influence on how straining the work 
tasks can be. The lighting in the 
maintenance and tools storage was 
measured by a lux meter, the facility was 
into areas of about 1,5x1 m and the 
illuminance was measured at each 
junction and at specific point where the 

work tasks were being carried out. The 
lux meter tells the illuminance of a 
surface and is given in luminous flux per 
unit area (1 lux=1 lm/ m2) (Bohgard, 
Akselsson, Holmér, Johansson, Rassner 
& Swensson, 2010).  Measurements were 
done both on the ground and upper 
floor and for the measured points 
marked in the storage layout, see 
Appendix 5.  
 
3.5 ANALYSIS OF THE CURRENT 
STATE 
The result of the data collection (section 
3.4) was analyzed through the methods 
presented in this section in order to 
identify and define the problematic areas 
of the workplace. 
 

3.5.1 Context Analysis 
Context analysis is a method to draw and 
construct certain conclusions though 
contextualizing the gathered data 
(Cohen, Manion & Morrison, 2007). By 
analyzing what that had been observed, 
the results of the interviews and the 
questionnaires, some problems were seen 
to rise to the surface. The pros of this 
method were that conclusions could be 
drawn quickly and the major, more 
prominent problems of the workplace 
were identified in the early stage of the 
project. Context analysis, however is 
dependent on interpretation skills which 
can vary individually and depend on 
current circumstances (Cohen et al., 
2007). The cons of this method were 
therefore the possibilities of 
misunderstandings. However, since the 
project processed according to the project 
circle in an iterative manner, 
misconceptions were allowed to be 
cleared once discovered. 
 

• Articles in storage, 2016-03-09. 
• Last withdrawal, 2016-03-21. 
• FIFO articles, 2016-03-23 
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3.5.2 Risk Analysis 
A risk analysis seeks to identify and 
evaluate hazards and safety characteristics 
in a given workplace (Harms- Ringdahl, 
2013). The result of such can be used to 
support accident prevention, contribute 
to an understanding of how accidents can 
occur at the workplace under 
examination, increase awareness and 
communication and demonstrate 
systematic safety work. It is a useful 
method, according to Harms-Ringdahl 
(2013), to: 
 

 
 
Risks in turn, are according to Akselsson 
(2010) defined through the answers of 
the following questions: 

• What can happen? The answer, 
hence the occurrence of an 
accident is referred to as, Si.  

• The likelihood that it will happen? 
The answer here is labelled as, Li. 

• What are the consequences if it it 
happens? Xi marks the measure of 
the consequences, e.g. number of 
wounded people or economic 
losses due to the accident. 

 
The risk can then during the risk analysis 
for a scenario, Si be denoted as: 

 
 !" = 	 %"; '"; ("  (1) 
 
The total risk is the noted as  
 

 !" = 	 %"; '"; ("  where i = 1, … , N (2) 
 

The performed risk analysis followed 
Volvo’s risk assessment from work 
environment perspective, Version 1.0 
(Riskbedömning ur arbetsmiljösynpunt, 
Version 1,0). The assessment was done in 
a template on Microsoft Excel labels were 
filled in by: 
 

 
 
The likelihood, L, a potential risk can 
result in an actual hazard was determined 
according to the point and description 
presented in Table 6. The level of severity 
of the consequences, X, after the 
occurrence of said hazard were 
determined through Table 7.  
 
Table 6. Assess the likelihood risk. Based on 
Volvo’s risk assessment from work 
environment perspective, Version 1.0. 

Point Description 
1 Negligible 
2 Unlikely (once every 10 years) 
3 Occur (once a year) 
4 Likely (once a month) 
5 Common (once per day) 

 

• Identify problems and 
hazards in a given situation, 
e.g., in a workplace. 

• Understand how a situation 
can be made safer. 

• Develop safety improvements. 
• Be important tools for safety 

management within the 
organization. 

• Process/activity 
• Description of potential risk 

- what can go wrong? 
• Possible consequences 
• Likelihood, scale 1-5 
• Consequence, scale 1-5 
• Risk Index 
• Countermeasure 
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Table 7. Assess the consequence of risk. Based 
on Volvo’s risk assessment from work 
environment perspective, Version 1.0. 

Point Description 
1 Negligible, small injury, still in 

service 
2 Minimal, small injury, reported 

absence from work 

3 Critical, severe damage, 
permanent injury 

4 Catastrophic, death 
 
The risk index, R, was calculated 
according to an altered version of 
equation (1), 
 
 ! = 	'	×	( (3) 
 
The resulted index was then compared to 
Table 8 or to tell if it was a risk of 
negligible, minor or serious character. 
Followed by what could act as 
countermeasures for the identified risks. 
  
Table 8. Risk Index and description of what 
they entail. Based on Volvo’s risk assessment 
from work environment perspective, Version 
1.0. 

Points           Description 
1-4  Negligible 

risk  
No countermeasures 

5-8  Minor risk 
 

Require 
countermeasures 

9-20  Serious risk 
 

Immediate 
countermeasures 

 

3.5.3 Key Indicator Method Manual 
Handling Operations (KIM 1) 
The method, KIM 1 evaluates the manual 
handling operations of lifting and 
carrying loads (Arbetsmiljöverket, 2008). 
Thus, it gives an assessment on the 
current work tasks at the material 

reception station in the storage. An 
employee was shadowed throughout an 
entire day (7 hours). The parts being 
noted were the weight of the packages 
handled (the load), where it was to be 
stored or delivered to and what tools or 
equipment were used to assist e.g., the 
transportation of the load.  
 
Depending of the weight of the loads and 
how far they were being carried, different 
time points were given as a result. 
Thereafter, the physical load, work or 
load positions and working conditions 
were given different evaluation points 
depending on their character and what 
grading they fell under in the scale, see 
Appendix 6 for a detailed presentation of 
the procedure. The product of the 
evaluation points from physical load, 
work/load positions and working 
conditions were multiplied with the time 
point to finally give the risk score. Certain 
ranges of risk points indicate that the 
manual handling operations fall under a 
certain risk area. There are several 
conditions i.e., the stress situation can 
vary from low to immense followed by 
recommended countermeasures.  
 

3.5.4 Rapid Entire Body Analysis - REBA 
Rapid Entire Body Analysis, REBA is a 
method to systematically evaluate a 
workplace from an ergonomics 
perspective. REBA was developed to 
evaluate the unnatural body positions 
that employees in nurseries could take 
(Osvalder et al., 2010). REBA therefore, 
takes the whole body into account and 
even considers other factors such as the 
worker’s grip on loads and if the 
crouching of the upper body is caused by 
the load’s gravitational force. Also if 
there are any dynamical changes in the 
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body position (Hignett & McAtamney, 
2000). The selection of working positions 
to evaluate were those most frequent and 
those identified to be of potential risk, 
from ergonomics perspective (Osvalder et 
al., 2010). 
 
Pictures were taken of the chosen 
positions and the operations were carried 
out by a female employee and the work 
positions were: 
  

 
 
The load assumed to be 12 kg for all 
positions aside from position 2 which 
was assumed to be less than 5 kg as the 
employee in this case carried a load in 
each hand. The employee in the 
examination estimated packages of 12 kg 
to be the average weight they had to 
handle in their daily work. This setting 
was to go around the fact that the weight 
of the load could vary during the day. 
The evaluation followed the worksheet, 
included in Appendix 7, originally 
developed by Dr. Alan Hedge and based 
on Hignett and McAtamney (2000). The 
REBA score corresponds to different 
level of risk, which can be seen in Table 
9. 

  
Table 9. REBA Scoring and the corresponding 
risk. 

Scoring 
1  Negligible risk 
2-3  Low risk. Change may be 

needed 
4-7  Medium risk. Further 

investigate. Change soon. 
8-10  High risk. Investigate and 

implement change. 
11 +  Very high risk. Implement 

change 
 
 
3.6 REQUIREMENTS 
SPECIFICATION 
It is important to specify the demands in 
a project. Both to guide the design 
process and to evaluate the emerging 
solutions (Chengalur et al., 2004). The 
requirements specification sets the frame 
and tells how the systems or products are 
meant to behave (Karlsson et al., 2010). 
The requirements for this project has its 
foundation in the mapping and analysis 
of the current state. The results, i.e. the 
system layout and the work tasks are to 
be designed and developed to fulfill the 
determined requirements.  
 
The specification of requirements was 
divided into five categories: 
 

 
 
The categories were in turn put against 
one another in a weighing matrix to 

• Position 1 – Pick up material 
from basket. 

• Position 2 – Move material 
from pallet to pallet. 

• Position 3 – Place material 
on shelf (low level). 

• Position 4 – Place material 
on shelf (floor level). 

• Position 5 – Place material 
on shelf (high level). 

• Position 6 – Place material 
on shelf (mid-level). 

 

• Safety 
• Physical load 
• Physical environment 
• Psychosocial environment 
• Workflow 
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determine the requirements of highest to 
lowest priority. The requirements are 
graded accordingly from 0-2 points. If a 
requirement is graded 2, it is deemed 
more important than the other, thus a 0 
means a requirement is determined less 
important than the one its compared to. 
A score of 1, indicates the two 
requirements are equally important. The 
weight in percentage of each requirement 
are acquired by summarizing the grading 
points. 
 
3.7 CONCEPTUAL DESIGN 
This section presents the methods in the 
conceptual design phase. The aim was to 
bring forward ideas and solutions for the 
identified problems and risks. The ideas 
were initially relatively vague and become 
more specific as the project progressed.  
 

3.7.1 Need-finding 
The idea generation phase started with 
need-finding, a qualitative method for 
identifying the need of for instance a new 
product of system (Patnaik & Becker, 
1999). Need-finding is a process of 
determining the boundaries and focus of 
the study, then collects data through e.g., 
observations and interviews to in the 
final step interpret and convert the 
gathered information into requirements 
and needs (Osvalder et al., 2010). 
 
The initial steps of need-finding has 
already been performed in the previous 
phases of the project, section 3.4 – 3.6. 
Consequently, at this stage, the method 
worked more as an iterative process 
where the acquired results of section 3.4 
– 3.6 were further analyzed and 
interpreted to produce the needs and 
requirements sought after. 
 

3.7.2 Hierarchical Task Analysis - HTA  
HTA is a versatile graphical method that 
organizes the work tasks as main and sub 
tasks used to accomplish a goal (Wickens, 
Gordon & Liu, 1997). It starts with a 
main goal, which parts into several sub 
goal which in turn are achieved by 
different operations. It is a type of task 
analysis that illustrate the hierarchical 
organization of the work (Osvalder et al., 
2010; Wickens et al., 1997). HTA is 
complementary to the initial task analysis 
carried out during the mapping of the 
current state as it shows the necessary 
steps to fulfill the job and therefore also 
allows the user to iteratively process and 
identify where and how improvements 
can be made. 
 
The HTA for the work in the 
maintenance and tools storage has 
according to the project scope the station 
of Material reception as the main goal. The 
sub goals are thereafter Reception of 
material, Repackaging, Placement of material 
and Retrieval of material as sub goals, 
followed by the operations to perform 
these.  
 

3.7.3 Link Analysis 
Link analysis seeks to describe how; in 
this case the personnel move to perform 
their tasks. The method can note physical 
movements as well as how the operator’s 
gaze or attention shifts during work 
(Osvalder et al., 2010). A link analysis is 
useful for the process of designing layouts 
as it considers the placement of 
everything within the facility the work 
flow to as efficient as possible (Osvalder 
et al., 2010).  
 
The analysis included the performed 
HTA, where the numbering of the 
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operations was placed on a layout of the 
reception area of the storage. A new 
layout design for sub-goal 3 and 4 of the 
HTA would mean a redesign on the 
whole plant which far exceeded the 
project scope. The purpose with the link 
analysis was therefore to analyze how the 
employees moved as they performed the 
operations under sub-goal 1 and 2. 
Moreover, the was also to identify which 
part that could be improved i.e. to 
optimize the layout of the reception and 
registration section. 
 
A part of the project aims was to produce 
a layout that proves to improve 
ergonomics and safety of the department. 
It should also from production 
perspective lead to preserve or to improve 
the efficiency of the storage. A link 
analysis proved to be effective in this case 
as it showed the relationship between the 
different operations and their current 
destination and thus pushed for suitable 
solutions in this conceptual design phase. 
 

3.7.4 Benchmarking 
Benchmarking allows for companies to 
continuously update and improve its 
performance by learning from other 
companies (Hill & Hill, 2009). 
Benchmarking is therefore about seeking 
for the best practices, to investigate what 
can be done and how things can be done 
better.  
 
The criteria for benchmarking objectives 
were for the studied organizations were 
those with the same characteristics as the 
maintenance and tools storage. For 
instance, as the work in the storage as 
Volvo CE could be considered similar to 
that of a post office, a visit to DHL Fright 
in Eskilstuna, part of the courier 

company, Deutche Post DHL, was 
scheduled to gather inspiration on heavy 
packages could be handled.  
 
A phone interview was held with Maxi 
ICA Stormarknad Eskilstuna. Maxi ICA 
Stormarknad Eskilstuna is a supermarket 
offering a self-service system of which 
includes scanners. The purpose with the 
interview was to gather information on 
how a newly implemented self-service 
systems could be received by the users 
and what the pros and cons are.   
 
In addition to that, research was done on 
the internet to seek for ergonomic 
warehouse equipment i.e. inspiration on 
how to lower the risk for physical strain 
at the workplace.  
 

3.7.5 Brainstorming and Brainwriting 
Brainstorming is a frequently used 
method for idea generation. What 
distinguish the creative method is its 
objective to generate as many ideas as 
possible in groups of people such as 
seminars and workshops (Osvalder et al., 
2010). Osvalder et al. (2010) states 
further that it is important to create a 
creative and positive environment and 
the evaluation of the ideas should be left 
until after the session. Brainwriting has 
the same purpose as brainstorming, but is 
performed in silence on paper compared 
to brainstorming which is more of a 
verbal method (Osvalder et al., 2010). In 
both cases ideas are documented and can 
even be passed around for the 
participants to develop the idea further 
or be inspired to new ones. 
  
Some ideas were developed by individual 
sessions of brainwriting, based on the 
identified needs. These where then 
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presented at of  a workshop with the four 
employees stationed at the maintenance 
and tools storage, Figure 14. The 
workshop lasted for 1,5 hours, it started 
off with a briefing of the project i.e. what 
the project entailed and what the 
objectives, aims, the identified problems 
and needs were. The group then moved 
on to a broader perspective where they 
were supposed to think of the optimal 
warehouse i.e. how would they like their 
work to look like if there were no 
limitations. This was then followed by 
several sessions of brainwriting for each 
and every identified need. The ideas 
developed pre-workshop were presented 
at the end to be discussed and developed 
with the personnel of the workplace. 
 

 
Figure 14. Workshop to generate ideas with 
the personnel. 
 

3.7.6 Concept development 
In order to achieve the aim of two 
proposals of different time frames, the 
ideas had to be divided into short-term 
and long-term alternatives. The division 
was depending on what assumed to be 
necessary and could be implemented 
relatively quickly in the current layout of 
the storage, (Figure 15). 
 

 
Figure 15. The ideas divided into short-term 
and long-term categories. 
 
The ideas under Proposal A (short-term), 
were adjusted to form one concept. The 
ideas under Proposal B (long-term) 
however, worked as inspiration for three 
concepts of different characteristics.  
 
3.8 EVALUATING AND SELECT 
CONCEPT 
The ideas that potentially could be in the 
short-term solution were not constructed 
into several concepts as the span of what 
could be done in the current 
maintenance and tools storage was 
relatively narrow. Instead the evaluation 
focused on how well the ideas could be 
implemented and how they were to help 
the current situation. The selection of 
which ideas to proceed with were partly 
done during the workshop with the 
personnel of the storage as opinions on 
preferable ideas were voiced. A meeting 
with the project supervisor and the 
storage manager was held to discuss the 
ideas and the results of the workshop. 
The meeting provided a foundation of 
what could possibly be implemented and 
the selected ideas to be included in the 
short-term solution were thereafter 
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formed into one concept with a more 
holistic approach to improve the 
ergonomics of the maintenance and tools 
storage. 
 
The concepts for the optimal solution 
(long-term alternative) were then 
evaluated through a concept evaluation 
matrix. Each concept was put against the 
requirements specification and graded 
from 1-5 points depending on how well it 
fulfilled each requirement. With 1 point 
being minimal fulfillment to 5 points 
indicating complete fulfillment. For each 
concept, the grading was then multiplied 
by the corresponding weight of the 
requirement. The products for each 
concept summed up to form a final 
evaluation score. The higher final score, 
the better the concept met the 
requirement specification. 
 
3.9 DEVELOP CHOSEN CONCEPT 
The chosen ideas for short-term 
conceptual solution were further 
developed in details to become 
executable in the current layout and 
environment of the storage.  
 
The chosen concept that would later 
become the recommended long-term 
alternative was developed through a 
combination of the positive features of 
the three evaluates concepts. The 
combined features were naturally those 
that best fulfilled the requirements 
specification and thus formed the 
optimal solution. 
 
3.10 METHODOLOGY 
DISCUSSION 
This section discusses the reliability and 
validity of the project. Validity is a 
requirement for quantitative and 

qualitative research and validity in 
qualitative data can be seen through 
honesty, depth, richness and scope of the 
acquired data (Cohen et al. 2007). It is 
therefore important to achieve high level 
of participation, not only to ensure the 
validity of the project but also to take 
advantage of the employees’ expertise. 
Reliability, according to Cohen et al. 
(2007), concerns the research situation 
e.g. the context or the conditions for the 
performed methods. 
 
To ensure the reliability and validity of 
the results, the project has followed an 
iterative working process. The data was 
collected through those with direct 
experience of the current problems. 
Observations, interviews and 
questionnaires are frequently used 
methods for data collection and are great 
tools for creating a general visualization 
of the studied matter, in this case, the 
storage (Osvalder et al., 2010). These 
methods have been used in 
complementary manners in order to 
gather data for compilation and clear up 
any misconceptions along the way. 
 
However, some parts are still up for 
reflection. For instance, the interviewer’s 
presence during the interviews could 
have affected the given answers. The 
person interviewed could have been 
affected by other factors or even give 
answers they think would please the 
interviewer or hold back because they 
believe what they say would be 
misinterpreted by a third part. Cohen et 
al. (2007) states that the most practical 
way of achieving validity in interviews is 
to minimize the the amount of bias. Bias 
in this case can be the interviewer, the 
characteristics of the respondent and the 
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content of the questions. 
 
Questionnaires were constructed and 
distributed to the employees of the 
storage seeking to validate the results of 
the interviews as it also aimed to quantify 
current working conditions of the storage 
for a more structured compilation. The 
questionnaires were however in both 
English and Swedish which might have 
made them seem text heavy and caused 
confusion to a certain degree and 
hindered the employees from answering 
the questions in a comfortable manner. 
Besides there was a risk of the workers 
fearing their answers being examined by a 
third part and gain a negative view on 
them and their work moral despite the 
questionnaires being answered 
anonymously. This thesis has put more 
focus on the physical part of ergonomics 
but a follow-up on the questionnaires, 
especially the psychosocial one should be 
considered in further investigations. As a 
more profound and accurate diagnose of 
the psychosocial environment of the 

workplace helps to design solution of the 
long term aspect for the identified 
problems and risks (Westgaard &Winkel, 
2011).  
 
Despite the mentioned risks above. The 
outcome of the different analysis 
methods corresponds well to the gathered 
information during the observations, 
interviews and questionnaires. The 
results can therefore be considered 
reliable. The project has considered the 
workers, as well as involved the manager 
and project supervisor in the both the 
analysis and conceptual design phase.  
The level of participation in analysis tools 
such as risk analysis, REBA and link 
analysis worked to ensure the validity of 
the results of the mapping and analysis of 
the current situation and thus form a 
relevant basis for the constructed 
conceptual solutions.  
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4 Current State 
 
The results acquired during the mapping and analysis of the current state phase are hereby 
presented through a description of the current workplace, followed by the analysis of it. 
The outcome of the analysis then shapes the requirements specification, which is to be 
taken into account throughout the rest of the project. 
 
4.1 DESCRIPTION  
The maintenance and tools storage 
operates individually in relation to the 
rest of the Volvo CE plant. Its purpose is 
to store and to provide the production 
and the employees of spare parts and 
various necessary articles to render a 
smooth operational company. The 
description of the current state, regarding 
the layout, the organization, the work 
tasks and the materials being handled at 
the workplace is presented in the coming 
sections of this chapter.  
 

4.1.1 Physical Environment 
The maintenance and tools storage 
consists of two floor levels. The ground 
floor is determined to be 270 m2 with a 
height of 2,5 m while the upper level is 
115 m2 in area and 2,1 in height. The 
ceiling of the building is significantly 
higher, however, the lightening 
arrangement on the upper level is at 2,1 
meters which has restricted the 
workspace to this height (Figure 16).  
 

 
Figure 16. Lighting arrangement, upper level. 

 
Ground floor 
For the layout of the ground floor, see 
Figure 17. The ground floor holds the 
reception area, office, reception desk, 
tools storage (parts for the machines) and 
other shelves for the rest of the materials 
stored in this department. Moreover, all 
the administrative work is done on the 
first floor. As seen on the layout, the 
facility is 13,5 x 20 m. The area marked 
in red is the front where material gets 
pulled into the storage. The blue part 
then, covers the reception desk, where 
employees of other departments visit for 
withdrawals of articles. There is a gate 
that separates the main to the tool 
storage which each has a material 
registration and waste recycle station 
(marked green in Figure 17).  
 
Upper level 
The upper floor consists of several kinds 
of storing units. Shelves for most articles, 
but also specific shelves for cables and 
tubes. The only way for the employees to 
reach this floor is via the stairs, as seen in 
the layout, Figure 18. 
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Lighting 
The illuminance throughout the storage 
ranges between 300 to 500 lux. The 
recorded measurements are presented in 
Appendix 5. There are some parts of the 
workplace where the lighting is measured 
below 100 lux, these values were due to 
broken and yet to be replaced light rods. 
On the other hand, the points exceeding 
500 lux are directly under a light source, 
the same used as lighting for the rest of 
the Volvo CE plant. The measurements 
for the specific tasks are according to 
Table 10. 
 

Table 10. Task lighting, measured value and 
denotation. 
Task Lux Denotation 
Pick up package 
from basket 

500 

 
Package contents 
control 

510 

 
Material 
registration 

150 

 
Placement of 
material* 

300-500 

 
Withdrawal of 
material* 

300-500 

 
*the values for these operations varies 
depending on where the material is being 
transported to or from, hence the 
estimation of illuminance. 
 

 
Figure 17. Layout of the ground floor. 
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Figure 18. Layout of the upper floor.

4.1.2 Organization 
There are currently five employees 
stationed at the storage and they fall 
under the Store & Purchasing 
department as service personnel. The 
work content is in turn divided into four 
stations as described in Table 11 below. 
Each station is operated individually and 
the fifth employee works as the team 
leader. The work positions at the stations 
are fixed and are only rotated or switched 
when a specific person at a specific 
station is absent. 
 
Furthermore, do note that Table 11 only 
provides a general description of the 
different work stations. Moreover, some 
of them do not fall under the scope of 
this project but are mentioned to create a  
 

 
holistic view of the work in the storage. 
The relevant parts are described in more 
details in the next section.  
 
The employees do according to the 
interview and questionnaires have some 
control over their work. The working 
hours are flexible and there are room for 
the tasks to be adjusted to make them 
easier to carry out. The employees are for 
most part aware of the demands set on 
them and the perception of these 
demands being too high, just enough or 
too low varies between the stations. The 
general opinion on the communication 
and collaboration between the employees 
is that there are room for improvements.  
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Table 11. Work stations and what they entail. 
Station Contents 
Material reception Takes care of the material delivered to the storage. 
Reception desk Workers from the whole plant can come by the desk to check out 

e.g. shoes and clothes amongst other things.   
Operates under fixed opening hours: from 9-11 am and from 13-
15 pm.  
 
Takes care of the emailed order lists and delivers them. 

Tools storage Drives through a specific route to 20 points throughout the plant 
to deliver tools and collect orders from the production cells. The 
route starts at 8:15 am each morning. 

Oil reception and 
maintenance department 

Receive orders (FU-lists) and delivers the orders to maintenance. 
 
Oversee the oil deliveries. 

 
 

 

4.1.3 Work Tasks 
As previously mentioned, the project 
revolved around the station of Material 
reception. The delivery of packages comes 
in a steel basket, Figure 19. Usually two 
baskets a day however, up to four baskets 
can arrive when it is considered busy. 
The basket is pulled into the storage by a 
pallet truck and position at a marked 
area. 
 

 
Figure 19. The packages delivered in a basket 
and pulled into the storage by a pallet truck. 
 
All packages are to be lifted onto the 
work table, opened and then all goods 
controlled to ensure the company of the 

right articles at the right volume (Figure 
20). In the event that the order is correct, 
the contents get registered into the 
system through Avantis. Incorrect order 
results in different countermeasures, 
depending on the order and by whom it 
was ordered. 
 

 
Figure 20. Workstation, with adjustable table 
for package control and registration. 
 
Depending on the material, they either 
get stored on shelves, racks or repackaged 
for further deliveries. See Appendix 8 for 
possible delivery points. Transport of the 
packages to assigned placed inside the 
main storage can either be by a cart or 
carried by hand. The package is then 
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lifted to be placed on assigned shelf or 
rack. In case of withdrawal of material, 
the client comes forward with the desired 
article, article number if the said client 
has it, an employment number and to 
which department the withdrawal should 
be registered to.  
 
Within the storage, the materials are 
either placed on the ground or upper 
floor. Materials to the upper floor has to 
be carried up the stairs as seen in Figure 
21. The storing shelves, stretches from 
floor level to the the ceiling. When 
articles are to be placed on the shelves 
higher than the worker’s reach, there is a 
stool used to extend the worker’s reach 
(Figure 22). There is also a gate on the 
upper floor which enable forklift trucks 
to lift up pallets with material to the 
upper floor and thereby avoid being 
carried manually up the stairs. This is 
however claimed not to be used 
frequently due to the lack of space. 
Different measures has to be taken e.g. to 
move or remove objects for the fork truck 
to fit inside the storage (Figure 23). 
 
 

 
Figure 21. The stairs to the upper floor. 
 
 

 
Figure 22. The storing shelves and the stool 
used for higher placed material. 
 
 

 
Figure 23. The gate for forklift trucks on the 
upper floor. 
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4.1.4 Materials 
There are more than 16 000 articles, 
registered in the Avantis system. The 
maintenance and tools storage takes care 
of all the registration even for the articles 
not handled or physically stored there. 
The 16 000 articles can be delivered and 
stored all over the plant and also in 
external warehouses. Within the project 
scope, the materials handled by the 
storage fall under 8 categories, as listed in 
Table 12. Which can be seen to be mostly 
necessities and spare parts. Necessities 

can be shoes, gloves, detergents and such. 
There are two types of spare parts, those 
for a specific machine and those that can 
be used for several machines. In total, the 
maintenance and tools storage handle 
13635 types of articles, and the project 
scope include roughly 9200 of those. 
Figure 24 complements Table 12 as an 
illustration over where the  materials are 
stored.  All articles outside of the storage 
are stored on pallets except for those in 
the Grenställ area. 

 
Table 12. The categories of material and where they are stored. 
Placement Necessities Hand 

tools 
Chemical Office 

material 
Safety 
gear 

Spare 
parts 

Metal 
bars  

Tools 

A – 100 1381  16 60 7 3819  11 
A – 200 375  4   2171 10 6 
Racks 16  6 1  9   
Grenställ      37 1  
Chemical lockers 1  54      
P01 13  25  136   10 
P02 300 426 2 10 162 14 1 24 
Slussen 26  10   50   
Väggförråd 4     1   
Total: 2116 426 117 71 305 6101 12 51 
 

 
Figure 24. Layout of the maintenance and tools storage (ground floor) and the storing areas outside of 

the building included in the project scope.  
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4.2 ANALYSIS 
This part of chapter 4 presents the result 
of the analysis carried out throughout the 
project to identify the potential problems 
and risks, regarding the physical 
environment, organization, work tasks 
and the stored material. 
 
4.2.1 Physical Environment 
The space limitation was stated as a 
problematic factor. The lack of space also 
limits movements and work postures i.e. 
the tasks cannot be carried out in a 
comfortable manner (see the interviews 
in Appendix 2). 
 
Layout 
The efficiency of the material reception 
layout station was analyzed through a 
HTA and link analysis. The work 
categorized work task are presented in 
Table 13, for visual display of the HTA, 
see Appendix 9. Point 1 and 2 were used 
in the link analysis, point 2 however is 
only carried out if the package is meant 
for further delivery or pick-up.   
 

Table 13. Hierarchical Task Analysis. 

Maintenance and tools storage, 
material delivery 

1 Reception of material 
1.1 Bring in the basket of packages 
1.2 Pick up package from the basket 
1.3 Open package 
1.4 Sort/recycle the waste/packaging 
1.5 Control the contents 
1.6 Note storing place and article 

number of contents 
1.7 Register the article into the system 
2  Repackaging 
2.1 Put contents back into the package 
2.2 Seal the package 
3  Placement of material 
3.1 Pick up the article 
3.2 Place article at given place 
4  Retrieval of material 
4.1 Put in article number (computer) 
4.2 Note storage placement 
4.3 Retrieve article 
4.4 Register the retrieval into the 

system. 
 
According to the link analysis, the reason 
for the paths crossing each other is 
mainly due to the disposal site being 
scattered or divided into three separate 
areas, thus the worker would have to go 
back and forth from the work table where 
the packages are and to the different 
parts to disposal the waste. Moreover, the 
paths are frequently blocked by carts and 
pallets of material, as seen in Figure 25
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Figure 25. On the left: a picture of the current material reception area. On the right: link analysis of 

the station. 

Lighting 
The lighting is according to Appendix 5 
acceptable in the sense that it is strong 
enough. However, the values are all 
resulted from artificial lighting which is, 
according to the employees 
uncomfortable to work in. The lighting is 
also relatively uneven which adds 
contrast and changes in brightness. This 
adds to the discomfort and might lead to 
eyes strain and excessive fatigue 
(Arbetsmiljöverket, 2009; Månsson et al., 
2010). The lack of natural lighting and 
windows further add to the negative 
employees’ negative perception of the 
overall lighting of the workplace (see the 
interviews in Appendix 2).  
 

4.2.2 Organization 
The work tasks are for most part carried 
out individually. The employees have a 
specific station with their own set of 
tasks. Which means that they all become 
experts of their own stations. This could 

pose as a problem when someone is 
absent and the position has to be filled by 
another. The lack of knowledge and 
experience could render errors or other 
difficulties when an employee has to take 
over someone else’s station. This could in 
turn lead to, from organizational 
ergonomics perspective additional stress 
and anxiety (Thylefors, 2010). From 
production perspective, it would require 
time and effort to find a fitting person 
for the station and any errors could 
possibly lead to a delay of production. 
 
The Demand-control-support model 
The employees feel, according to the 
questionnaires, that they can control 
their work to some extents. Some 
example would be flexible working hours 
and breaks. The work tasks can be 
adjusted to suit the employees at each 
station, but are otherwise controlled. The 
employees are aware of the demands set 
on their work has been expressed that 
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there is a problem of feeling stressed and 
the limited time prevents the work to 
performed comfortably. Support is 
according to the interviews, occasionally 
offered between the coworkers. However, 
it is only considered to some extent, 
which is due to the work stations being 
rather excluded.  
 
According the the demand-control-
support model, a combination of high 
demand, low to moderate control and 
support puts the employees at a situation 
that is active and strained (Figure 26). 
The strained situation is described by 
Thylefors (2010) as the most harmful 
situation for decreased wellbeing at the 
workplace as it combines high demands 
and low degree of control.  
 

 
Figure 26. The employees’ situation according 
to the demand-control-support model. 
 

4.2.3 Work Tasks 
The work tasks by the Material reception 
station are according to the interviews 
and questionnaires not perceived as 
excessively difficult, however it is 
occasionally physically straining due to 
heavy packages or barrels in various sizes 
being handled manually. In addition to 
that, the tasks and movements are 
repetitive which can cause physical strain 

of monotonous character (Hägg et al., 
2010). The station is considered highly 
ineffective as it is entirely manually 
operated. Manual order-picking is 
according to Grosse et al. (2015) more 
flexible and precise but incorporated with 
some technical solutions would make it 
more efficient and lessen the workload 
for the workers. Moreover, it would add 
to job satisfaction if the daily work can be 
carried out more smoothly. 
 
The documentation of values from KIM 
1 are presented in Appendix 10. The 
result of the evaluation is in turn 
presented in Table 14 According to the 
table below and Appendix 6, the manual 
lifting operations at the storage causes a 
strong stress situation. Physical strain is 
possible even for employees with normal 
capacities and a new workplace design is 
therefore recommended. The manual 
carry/transport operations cause an 
increased stress situation. Which means 
that the work tasks are deemed to be 
physical straining for people with low 
physical capacity and for this group of 
people, a change in the workplace design 
is not necessary but favorable.  
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Table 14. KIM I, results 
Evaluation 

points 
Lift Carry/ 

Transport 
Physical 

load 
2 4 2 4 

Working/ 
load position 

4 1 

Working 
conditions 

1 1 

Total 
 

7 9 4 6 

Time point 
 

4 2 

Result: 
Total x Time 

28 36 8 12 

 
The Physical load in Table 14 were given 
two load points which in turn resulted in 
two Total scores. This was due to the 
variation of the loads’ weights and how 
frequent they were being handled. The 
weight ranged from less than 1 up to 40 
kg and Table 15 shows how the load 
variation was divided throughout the day 
(7 hours). The load point was in the end 
determined to be 2 and 4 as they best 
represented the day. The two load scores 
eventually resulted into two risk scores 
within the same risk area. 
 
Table 15. Load variation divided throughout a 
specific work day of 7 hours (values rounded 
to nearest integer). 
Weight of load Percentage of the day 
< 5 kg 52 % 
5 to < 10 kg 13 % 
10 to < 15 kg 21 % 
15 to < 25 kg 11 % 
≥ 25 kg 3 % 
 
Furthermore, it could be noted during 
participant observations and KIM 1 that 
unnecessary manual lift operations were 
done as the packages moved from basket 
to table, then eventually moved for 

control and then from control station 
(work table) to destination of storage. 
The lack of space also resulted in 
unnecessary lifts as space had to be made 
by moving the nearby material. Packages 
got shifted around and therefore added 
to the work load and was an operation 
that became time consuming. There was 
an estimation of three lifts per package. 
Consequently, repeated heavy lifting was 
one of the reasons for the high risk score 
in KIM 1. Which imply that the 
ergonomics intervention has to be on the 
manual material handling i.e., to 
minimize it to lower the stress situation 
at the workplace.  
 
In addition to that, the baskets with 
packages arrived at different times of the 
day and these were unpredictable. The 
storage was not of priority as the fork 
truck personnel have to first and 
foremost supply or relieve the production 
flow. Material, therefore got delivered to 
the maintenance and tools storage when 
time was available which caused an 
uneven workflow and workload at the 
storage.  
 
Risks  
The risk analysis showed that the goods 
reception, with a risk index of 6 would 
according to Table 8 require some 
countermeasures. Seeing as the reception 
of material can potentially lead to 
physical strain due to the variation of 
weight and size of the packages. 
Moreover, dangerous material can cause 
accidents and severe injuries if not 
secured probably, though the likelihood 
for this to happen is low and no 
countermeasures are needed according to 
the risk analysis.  
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When it comes to placing and 
withdrawing material within the storage, 
there are several things that can 
potentially go wrong. As the material are 
placed on different levels, not dependent 
on their weight, there is a moderate risk 
for the employee to be physically stressed. 
The risk index is 6 which as previously 
mentioned means improvements are 
required. The risk index is significantly 
higher if the materials are placed or 
retrieved from the upper floor. The risk 
for accident occurring is high as the 
employees have to carry and transport the 
load up and down the staircase. 
Moreover, the consequences once an 
accident happens can be quite severe. 
The operation therefore, according to the 
risk analysis, require immediate 
implementation of countermeasures. See 
Appendix 11 for the full analysis. 
 
Another operation that brings high risks 
for occupational disorder is the handling 
of material stored on racks. The 
identified risks are, physical strain, cuts 
and other injuries and also possibly 
traffic accidents as the racks are on the 
sidelines of the fork truck paths. The 
operation is therefore assessed to require 
immediate changes. 
 
An operation that could increase the 
negative stress level is the registration of 
material. The work in Avantis is manual 
and errors can easily add to mental 
straining. The risk index for this was 5, 
which means the work task requires a 
change to decrease the risk for stress and 
any harmful symptoms associated with 
stress. 
 

Work Postures 
The illustrations and evaluations of the 
the positions frequently used and those 
of potential risks are presented in Figure 
27. The results show that the Position 1, 
2, 3 and 5 have a REBA score of 9 which 
according to Table 9 indicate that the 
positions entail high risk and need to be 
investigated further to implement 
change. Position 6 has a REBA score of 4 
which means it is of medium risk and 
would need to change soon. The position 
itself is fair, however the score was due to 
the weight and size variation of the load. 
The position of highest risk for 
ergonomic problems according to REBA 
is position 4 where the worker places the 
material on shelf (floor level). It is 
recommended for change to be 
implemented immediately. The high 
score was mainly due to the trunk and leg 
position. See Appendix 7 for more 
detailed evaluation. 
 
The REBA results shows medium to high 
risk for physical strain for the six 
positions. However, as the duration of 
each position only last a few seconds each 
time, it can be argued that the actual risk 
for physical strain is not as high as the 
REBA scores indicate. The real problem 
does not lie in the positions but in the 
heavy loads that are being handled in the 
storage, position 4 stresses this point.  If 
work are to be below the knees or above 
the shoulders,  the weight of the load 
should be within acceptable range for a 
safe   execution of the task 
(Arbetsmiljöverket, 2012; Volvo 
Standard, STD 8003:2, 2009).
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Figure 27. Illustrations of the evaluated positions and their REBA score. 
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4.2.4 Materials 
There are many variations of the same 
type of material e.g. gloves and other 
necessities. There are at the same time 
materials that have not been used in long 
periods of time. The employees stated 
further that some articles are currently 
not of use or have not been in years. 
However, they cannot be taken out of the 
system due to the occasion they might be 
of needed in the future. There is a long 
follow up period after the employees of 
the storage put a report on unused 
material and in most cases, nothing 
happens. Table 16 lists withdrawals of 

material from the storage between 2010-
2016 and when the material was 
registered into the system.   As seen in 
the table, most withdrawals done in 2016 
have been on articles stored since 1998. 
In fact, 30% of all withdrawals since 
2010 has been on articles registered in 
1998. About half of all the withdrawals 
in 2016 have been on articles stored for 
more than 10 years. A storage period of 
nearly 20 years doubtfully adds any value 
to the company, while it on the other 
hand takes up space and it is also difficult 
to guarantee the quality of such articles. 

 
 
Table 16. Number of withdrawals from 2010-2016 and which year the retrieved material was 
registered into the system. 

 Withdrawal year  
Registration 

year 
2010 2011 2012 2013 2014 2015 2016 Total 

1998 73 111 102 149 265 539 472 1711 
1999 2 1 3 2 5 6 19 38 
2000 7 4 12 11 16 40 53 143 
2001 3 7 8 10 13 34 30 105 
2002 1 5 6 10 12 21 18 73 
2003 7 4 5 7 18 24 17 82 
2004 10 12 6 20 33 38 30 149 
2005 10 13 14 17 27 41 39 161 
2006 13 16 13 30 24 64 33 193 
2007 14 10 18 17 34 83 37 213 
2008 21 31 36 53 71 137 84 433 
2009 37 39 45 54 97 164 101 537 
2010 28 69 75 81 146 218 135 762 
2011  30 36 48 69 149 113 445 
2012   42 45 75 100 58 320 
2013    31 53 80 57 222 
2014     39 95 74 208 
2015      29 15 44 
2016       3 3 
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4.2.5 Identified Problems 
The identified problems are listed here 
first from the perspective of work 
environment and then from a production 
perspective. The problems have also been 
summarized through a mind map in 
Appendix 12. 
 
Problems – work environment 
perspective 
In terms of work environment, the 
problems are in different areas or caused 
by several factors. These have been 
divided into work tasks, layout, physical 
and additional factors. 
 
The work tasks 
By the material reception, the design of it 
does not allow the employee to work in 
natural and comfortable positions. 
Furthermore, frequent bending and 
turning of the torso occur when placing 
or retrieving a material from the storage, 
as well as kneeling and work above the 
shoulders. Depending on the height of 
the person, one cannot reach the higher 
shelves even when standing on the stool.  
 
The layout 
The space is limited, there is not enough 
room for the worker to move freely and 
proceed with his or her work in a 
comfortable manner (Arbetsmiljöverket, 
2009). Another problem is old material 
or material that has not been used in a 
long time still has a place in the storage. 
This in turn adds to the problem of 
limited space. Besides these materials 
currently do not add value to the 
company and therefore there is no 
significant reason of need to keep them 
in store. 

 
The physical factors 
The lighting in the workplace is strong, 
however, there are no windows and such 
for natural lighting. Which means that 
the only light sources are those of the 
artificial type. Exposure to overly strong 
or underwhelming weak lighting, seen on 
the illuminance measurements causes 
imbalance in brightness and can cause 
discomfort and be mentally straining for 
the employees (Månsson et al., 2010). 
 
Additional factors 
Internal transportations are not well 
communicated. For instance, the 
processing department is of priority 
which can lead to materials intended to 
be delivered to the storage getting stuck 
by the goods reception or delivered 
during unpredictable times of the day. 
This can potentially compose as a risk for 
stress amongst the employees. Especially 
if there are orders or articles that have 
been delayed and immediately required 
by clients (see Appendix 2 for the 
interview results). 
 
Problems - Production perspective 
From a production perspective it can be 
concluded that the current state of the 
maintenance and tools storage bring 
waste in terms of the following: 
 
Transportation 
Some materials are placed according to 
category and client; however, some 
materials are also placed or put into the 
storage in terms of space. This result in 
unnecessary internal transportation time, 
in terms of placement and retrieval. 
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Inventory 
All material passing through the storage 
are manually entered into the system thus 
there are possibilities for unbalanced 
inventory levels due to human errors. In 
other words, inaccurate data and entries 
would impair the stock control which in 
turn would require time and other 
resources for corrections in the system 
(see Appendix 11). 
 
Space 
Not utilizing the space well leads to 
disorganization and an inefficient 
workflow (Hendrick, 2003). Which in 
turn lead to waste of work resources. 
Materials stored for long periods of time, 
that might not even be needed in 
organization, take up space that could be 
utilized for other purposes. 
 
Movement 
There are unnecessary movements due to 
the layout of the stations where the 
employees have to walk back and forth 
for different operations e.g. Figure 25. 
Poor space utilization also results in 
unnecessary motions.  
 
Waiting 
As the delivery of the packages varies 
there are some waiting time bound 
between each delivery. It happens for 
instance that the packages arrive in the 
morning and are not delivered until in 
the afternoon seeing as the storage is 
deprioritized. This in turn creates an 
uneven workload and flow for the 
employees at the storage. 
 
Moreover, waiting materials needed in 
production can disrupt the production 
flow if not registered and delivered to 

said department on time. On the other 
hand, there are risks for waiting material 
i.e., materials stored for a long time to 
either take up space and or become 
expired.   
 
4.3 REQUIREMENTS 
SPECIFICATION 
The design requirements were for the five 
categories as follow: 
 
Safety 

• The work tasks and workplace are 
not to put the employees at risk. 

• Measures to reduce and eliminate 
risks for occupational accidents 
and disorders are to be taken into 
account when planning to 
implement a change. 

 
Physical Load 

• Allow for comfortable working 
positions. 

• Comfortable working levels. 
• The work tasks and workplace 

design to follow ergonomic 
design principles. 

• Handling material without putting 
the worker at risk for any kind of 
harm. 

• Offer variety. Time to rest, recover 
and ensure the workload does 
not put constant strain on 
specific anatomic parts. 

• Work is within good/acceptable 
zones (green/yellow). 

 
Physical Environment 

• Enough space to carry out the work 
tasks in a comfortable and 
satisfactory manner. 

• Allow work to be carried in a calm 
and collected environment 
(lighting, noise level). 



 50 

 
Psychosocial Environment 

• Carry out the work tasks without 
feeling pressure and stress. 

• Good communication between all 
involved. 

• Aims and objective of the company 
and the expectations on the 
workers are all clear. 

• Control over your own work. 
• Social support and social contacts 

at the workplace 
 
Workflow 

• Minimal to non-existent manual 
material handling.  

• Enough time to carry out the work 
tasks. 

• Preserve the quality of the stored 
material. 

 
It is to be noted that the requirements 
are the same for short-term and long-term 
solutions. However, for short-term, these 
are to be met on an acceptable level 
within the existing layout and plant 
position. For long term, the solution is to 
meet these requirements on an optimal 
level and it is not restricted to current 
layout of the maintenance and tools 
storage.  
 

4.3.1 REQUIREMENT WEIGHT 
The weighing matrix, Table 17 below 
shows how the requirements were 
compared against one another to 
determine the ranking of highest to 
lowest priority. 

 
 
Table 17. Requirement weight matrix. 
Requirement Safety Physical 

Load 
Physical 

Environment 
Psychosocial 
environment 

Workflow 

Safety 
 

1 0 0 0 0 

Physical Load 
 

2 1 0 0 0 

Physical 
environment 

2 2 1 0 0 

Psychosocial 
environment 

2 2 2 1 1 

Workflow 
 

2 2 2 1 1 

Results 
 

9 7 5 2 2 

Weight 
 

0,36 0,28 0,20 0,08 0,08 
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5 Concept Development 
 
This chapter presents the ideas and conceptual solutions constructed to improve the the 
current situation of the maintenance and tools warehouse. The results created are then 
evaluated for a selection of concepts that could be improved and further developed into 
appropriate and optimal solutions. 
 
 
5.1 CONCEPTUAL DESIGN 
The needs identified for the conceptual 
design phase were: 
 

 
 
Sufficient space indicates the need for 
enough space to carry out the work tasks 
in a comfortable manner i.e. body 
movements are not restricted due to the 
limitations of space. As for good physical 
ergonomics, the specific need means to 
decrease the handling of heavy load at, 
for instance, above the shoulder or below 
the knees (Arbetsmiljöverket, 2012; Hägg 
et al., 2010). It is important for the work 
task not to harm the employee’s physical 
health. Stress in turn affects every person 
differently and it is therefore too intricate 
to define for each and every one, how 
and why they become stressed 
(Danielsson, 2001; Thylefors, 2010). The 
definition of stress in this project has 
therefore become interrelated with 
disengagement of time. By opening up 
time slots in the daily work, the 
employees will have more time for other 
operations or tasks. The risk for stress is 
believed to decrease if the other aspects 
of the workplace become  
 

 
improved as well. As an overall 
improvement of the storage. 
 

5.1.1 Ideas 
The ideas were brought forward 
according to the identified needs of the 
storage through brainstorming, brain-
writing, workshop with the employees 
and the benchmarking as inspiration (see 
Appendix 13). In the case of sufficient 
space, ideas were focused in releasing 
space for other uses. For the need of good 
physical ergonomics, the ideas centered 
around the relieving the tasks involving 
lifting or handling of physical loads. As 
for reducing the risk for stress, the ideas 
revolved around making the operations 
more efficient and consequently relieve 
resources for other tasks. The result is 
summarized in Appendix 14, which 
include a description, the sorting into 
either the short-term block (A) or long-
term block (B) and the positive and 
negative aspects of each idea. 
 
In order to the avoid crossing paths, seen 
from link analysis (see Figure 25) and 
improve the efficiency of the material 
reception station, there was an idea of 
collecting the disposal bins to the same 
point and to move them closer to the 
work table, e.g., under the table. Such 
change would make the flow look as in 
Figure 28. 

• Sufficient space 
• Good physical ergonomics 
• To minimalize the risk for stress 
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Figure 28. On the left: layout of material reception, idea: collect and move the disposal bins to under 

the work table. On the right: visualization of the flow in the proposed layout.

5.1.2 Conceptual solutions 
The list of ideas (see Appendix 14), 
presents how solutions were sorted into 
the short or long term category, based on 
evaluations of which were possible for 
immediate implementation in the 
current maintenance and tools storage. 
They are in this section adjusted and 
combined to form potential whole 
conceptual solutions, short-term or long-
term alternatives. 
 
Short-term concepts 
The ideas had been formed focusing on 
different problems of the storage and 
were therefore, for the short term 
solution concept combined to form a 
holistic concept that would improve the 
working conditions at the workplace.  
 
Long-term concepts 
This long-term option is seen as a  
 

 
continuation of the short-term ones. If 
the short-term conceptual solution 
reaches the requirements for a safe and 
ergonomic workplace on an acceptable 
level, then the long-term solution is the 
development of those for complete 
fulfillment of the requirements. The 
three different concepts are described 
below, followed by an illustration (see 
Figure 29).  
 
Concept 1 - Mechanize the material flow 

• Used the cashier in supermarkets 
as benchmarking. 

• Material to be transported on 
conveyers, stops at a tilt able 
surface where the employee can 
open the packages. 

• The articles are scanned into the 
system. 

• Conveyors transport the articles 
into different sections depending 
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on where they are to go to. 
• Three stations: 1, for light objects 

(0-7 kg) and can be handled 
manually. 2, heavier object (7-15 
kg), handled by suitable 
equipment e.g. vacuum lifter. 3, 
sturdier conveyors for pallets of 
material over 15 kg, handled by 
forklift trucks. 

 
Concept 2 – Mechanize the personnel flow 

• All materials are handled on pallets 
Aside from necessities as they are 
stored in paternosters. 

• The forklift truck has a vacuum 
lifter and scan system, which 

means the material can go 
directly from the truck to shelf or 
rack. 

• An office for administrative work. 
• A large reception area for the 

pallets to stand/wait. 
 
Concept 3 – Psychosocial environment 

• Circular layout to enhance the 
collaborative nature.  

• Divided into different sections. 
Each section handles one 
category of material. 

• Large roof window for optimal 
utilization of the daylight. 

 

 
Figure 29. Illustrations of the the long-term concepts. 
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5.2 EVALUATE AND SELECT 
CONCEPT 
The concepts are in this stage evaluated 
for a selection of the one most 
appropriate to move on with. First 
presented are those considered for the 
short-term solution, followed by the 
evaluation of the potential long-term 
concepts. 
 

5.2.1 Concept selection, short-term 
alternative 
The selected ideas for the short-term 
alternative, that can face immediate 
implementation were: 
 

 
 
Some ideas could be included in the 
selection for higher fulfillment of the 
requirement specification. However, they 
need to be investigated further or time to 
know if they are achievable or not: 
 

 

 

5.2.2 Concept selection, long-term 
alternative 
The concepts for the long-term solution 
were evaluated through a matrix (Table 
18). As seen in Table 18 the concept 
which received the overall highest score 
was Concept 1, where the focus was on 
the mechanization of the material flow. 
The concept got a score of four for safety 
as it does fulfill the requirements but not 
completely. The concept will add to the 
forklift truck traffic and a separation 
between forklift truck drivers and 
pedestrians has been considered, but zero 
risk for accidents cannot be guaranteed. 
In comparison, Concept 2 and 3 got the 
score of three for this aspect. Concept 2 
is mostly operated by truck drivers, which 
adds to the traffic and there can be 
crossing paths, thus the lower score. As 
for Concept 3, the office is by the middle 
of the circular layout and the system is 
both operated manually and by forklift 
trucks thus there are possibilities of truck 
drivers and pedestrians crossing paths. 
 
Concept 1 and 2 got the highest score for 
physical load. This can be explained by, 
in Concept 1, the packages are divided by 
weight into different stations and 
handled with suitable aiding equipment. 
Work above the shoulders and below the 
knees do however still occur. In Concept 
2, all materials are lifted by equipment. 
But the large variation of material can be 
a problem since there is no equipment 
that can deal with all kinds of material, 
moreover, some unnatural positions 
might occur trying to reach the packages. 
Concept 3 got the lowest score because 
the circular layout would make the 
employee go round in circles when 
placing or withdrawing articles. Which 

• Vacuum lifter 
• Collect and move the waste 

disposal site. 
• Lift table/stocking carts. 
• Rearrangement of the 

material in the storage. 
• Investigate what material is 

needed. 
• Education or instructions 
• Rotation 

 

• Investigate lead time and 
availability. 

• The use of standards. 
• Remove the reception desk 

(both the tasks and the 
physical station) 
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means the physical load is either the same 
or worse than that achieved through the 
short-term solution. 
 
As for physical environment, Concept 1 
got four points since each station has 
enough space to carry out the work tasks. 
This concept however, needs to be near 
the goods reception which is near the 
production and it is difficult to avoid 
high noise levels. Concept 2 has a large 
area for aisles. But, in this concept as 
well, it is hard to prevent a disturbing 
noise level. Furthermore, there will be no 
use of windows since the workers are 
always moving on the forklift trucks, 
hence the lowest score of all the concepts. 
For Concept 3, since the layout is round 
it becomes harder to utilize all the space. 
The office is located by the sides and has 
a large roof window to let through some 
daylight and noises from production is 
kept far away.  
 
Concept 1, do not necessarily need 
communication between the employees, 
which makes work feel very excluded. 
Moreover, they might feel pressured to 
finish the job quickly if the conveyers are 
full. The concept, therefore got 3 points 
for psychosocial environment. Same goes 
for Concept 2 where the employees 

spend the majority of the day on the 
forklift trucks. Concept 3 got a slightly 
higher score due to the employees 
working closer together. However, the 
inefficient workflow might lead them to 
stress about the tasks. 
 
The workflow in Concept 1 is relatively 
efficient. The separation of packages 
allows for three material registration 
stations. But on the other hand, the 
concept is dependent on conveyers, 
which would require maintenance. It 
would still be possible to work if the 
conveyors broke but it would require 
more effort. Concept 2 got the highest 
score in this aspect as the material can go 
from basket to shelf, thus minimal 
material handling. Concept 3, however is 
evaluated to be the least efficient. The 
articles of different categories often arrive 
in the same package, and the concept 
makes it difficult to sort them into the 
different sections.  
 
The concepts had positive and negative 
sides on different aspects. The final 
concept is therefore a combination of the 
three, where the best aspect of each 
concept were chosen for further 
development. 

 
 
Table 18. Evaluation matrix of concepts. Including the current state for comparison. 

 Current Concept 1 Concept 2 Concept 3 Requirement 
weight 

Safety 1 4 3 3 0,36 
Physical load 1 4 4 3 0,28 
Physical environment 2 4 3 4 0,20 
Psychosocial environment 2 3 3 4 0,08 
Workflow 2 4 5 2 0,08 
Score 1,36 3,92 3,44 3,20  
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5.3 DEVELOP CHOSEN CONCEPT 
This section presents the selected 
concepts in their developed form, i.e. a 
description of how they are meant to 
function in the system. The first 
presented solution is for the short-term 
alternative, i.e. solutions restricted to 
the current maintenance and tools 
storage. Finally followed by the long-
term alternative. 
 

5.3.1 Short-term solution 
The selected ideas in section 5.2.1 were 
here developed in more details and 
combined to make one concept or set of 
solutions. 
 
Vacuum lifter 
A vacuum lifter to be installed by the 
work table and relieve the stress when it 
comes to lifting the packages between the 
basket to worktable or cart. There are 
various types of nozzles for vacuum lifters 
that are interchangeable, thus the 
employees will be able to handle different 
kinds of goods with the assisting 
equipment. 
 
Lift table or stocking carts 
A lifting table on wheels or stocking cart, 
less than 0,8 in width to fit between the 
aisles in the storage. The materials are to 
be put on the cart and transported to its 
assigned shelf. Depending of the 
employee’s height and the level of the 
shelf, the cart is to be raised or descended 
so that the material reaches the same 
level as the shelf and can be pushed into 
place by the employee. 
 
Rearrangement of the material 
The guidelines for how the material are 
to be arranged in the storage was based 

on the anatomy of the 5th percentile 
female and the 95th percentile male to 
ensure the design would be for suitable 
for 95% of the Swedish population 
(Table 1). Table 19 and Table 20 make 
the guidelines for how the material can 
be placed on the shelves in the storage 
according to height, weight of load and 
lifting frequency 
 
The guideline for shelves on the ground 
floor (Table 19) shows that material 
placed between 85-100 cm above floor 
level can weigh 5-30 kg, depending on 
how often its being handled. The weight 
can go up to 30 kg, assuming that there is 
a lift table or stocking cart available to lift 
the material to the same level as its 
assigned shelf. The ergonomic condition 
will therefore be improved and it allows 
the employee to push the material into 
place, or pull if it is being withdrawn 
from the storage. 
 
A lifting frequency of once per hour, is in 
this case assumed to be non-repeated 
work and push and pull work involving 
load of 30 kg is within an acceptable 
range for non-repeated work (Table 3). 
The recommended weight of load 
decreases as the lighting frequency 
increases. If the lifting frequency exceeds 
30 times per hour, it would mean the 
operation is repeated at least once every 
other minute and therefore considered 
repeated work. The recommended 
maximal weight being handled here is 
therefore 5 kg based on model for 
repeated push and pull work (Table 4). 
Other values are based on  the relation 
between load weight, lifting area and 
lifting frequency per hour provided by 
the Volvo Standard, STD 8003:2 (2009), 
seen in Table 2. 
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The recommended weight load in the 
guideline for the arrangement of 
materials on the the upper floor, (Table 
20) is significantly less than those of 
Table 19). Material to be stored on the 
upper floor, requires transportation up 
and down the staircase. Assuming that 
the employee has to have one hand on 
the railing, he or she will only have to the 
other hand free to carry the load. No 
guideline for one-handed lifts has been 
found for the project. However according 
to the Volvo Standard, STD 8003:2 
(2009), loads handled during seated work 
should not exceed 7 kg. Seated work and 
one-handed lifts are clearly different type 
of work. However, the value can in this 
case be used as an indication. Assuming 
that the risk for physical disorders is due 
to uneven load and stress on the body for 
seated work is similar to those of one-
handed lifts. 
 
The recommended weight of load for the 
shelf heights of 60-85 cm, 85-100 cm and 
100-125 cm are the same as  the maximal 
weight of 7 kg is within the acceptable 
lifting area and lifting frequency in Table 
2 (yellow). The values in the guideline are 
based on those in Table 2 However, the 
lifting frequency is in relation to 
transportation up and down the staircase 
which in turn is in connotation to risks 
such as falls and other accidents. The 
values have therefore been adjusted by 
being moved down a lifting frequency 
category for the guideline, e.g., 
recommended load weight for 10-30 lifts 
per hour is in the guideline 
recommended load weight for 1-10 lifts 
per hour. 
 

Collect and move the recycling site 
Move the disposal bins under the current 
work table as in Figure 28 for a more 
structured work flow. If possible, after 
further investigations, remove the 
reception desk station and introduce a 
policy of only accepting and delivering 
mail orders. This would consequently 
release the space currently occupied by 
the reception desk, the space can instead 
be used to hold the worktable and the  
disposal bins as seen in Figure 30 for a 
more efficient and smooth workflow. 
 
Investigate what material is needed 
Continuous inspection to ensure stock 
control and release space in the storage. 
To investigate the production cells, i.e. 
map the products in production and 
what tools and spare parts are needed 
and discard the unnecessary parts. Thus 
avoid storing materials for long periods 
of time, for example, parts of the 
materials have been stored for more than 
10 years in the storage.   
 
Education and instructions 
Clear routines and visualization of how 
the work tasks should be carried out. 
Thus, ease the introduction of new 
equipment into the work routine, i.e. 
show the employees how to use the 
assisting tools in a safe and correct way. 
 
Rotation 
The personnel to rotate between stations 
after, for instance, a week. Rotations 
allow a varied form of stress and prevent 
monotonous strain on the body. Specific 
muscle groups and joints are allowed to 
rest between the shifts. Work rotation 
will have the employees develop the same 
set of skills and competence and thus 
even out the work load. 
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Table 19. Guideline, arrangement of material according to shelf height, weight of load and lifting 
frequency. 
 Shelf height, 

from floor level 
and up [cm] 

Occasionally, 
1 time/hour 

2-10 
times/hour 

10-30 
times/hour 

Repeatedly, 
> 30 times/hour 

 <60 5 2 1 - 

 60-85 15 7 5 2 

 85-100 30 15 7 5 

 100-125 15 7 5 2 

 >125 5 2 1 - 
 
 
Table 20. Guideline, arrangement of material according to shelf height, weight of load and lifting 
frequency. 

 Shelf height, 
from floor level 

and up [cm] 

Occasionally, 
 1 time/hour 

2-10 
times/hour 

10-30 
times/hour 

Repeatedly, 
> 30 times/hour 

 <60 2,5 2 - - 

 60-85 7 5 2 - 

 85-100 7 5 2 - 

 100-125 7 5 2 - 

 >125 2,5 2 - - 

 
Figure 30. On the left: layout of material reception, idea: remove the reception desk. On the right: 

visualization of the flow in the proposed layout.
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5.3.2 Long-term solution 
This concept or set of measures can be 
regarded as the development of the short-
term ones. It is a combination of the 
three concepts formed in section 5.1.2. 
The final long-term solution includes an 
office for administrative work, provided 
with windows to utilize daylight for more 
balance in brightness in the storage. A 
simplified layout of the long-term 
solution can be seen in Figure 31 The 
right side of the storage (below the office) 
stores materials that are frequently 
requested, such as necessities, gloves and 
shoes. Also tools and other materials of 
lighter weight. The packages arrive in 
baskets from the goods reception like 
they do today and are lifted into the 
conveyors, noted as gray in the layout, by 
vacuum lifters to lessen the risk for 
physical strain on the worker when 
handling heavy loads. 
 
Scanning system 
The materials are transported by the 
conveyor to table that can be tilted. This 
way, the employee has easier access to the 
contents of the packages during the 
control and registration. The materials 
are registered through a scanning system 
and are then sorted into marked sections 
on a cart, indicating which paternoster 
they are to be stored in. 
 
Self-service 
The self-service is meant for the 
personnel of other departments. For 
necessities, the clients can come to 

storage, write in the article number, their 
employment number and which 
department the withdrawal shall be made 
under. They can then go between the 
paternosters and pick up the articles 
themselves. Thus, eliminating deliveries 
of light and frequently requested 
material. As for material stored on 
pallets, the orders are done per mail and 
delivered as they are today. 
 
Material on pallet 
Material that weigh more than 20 kg are 
to be transported and arrived on pallets. 
These are in turn stored on a separated 
side of the storage, the left area of Figure 
31. In the concept evaluation (section 
5.2.2), the forklift truck traffic clearly 
undermined the safety of the workplace. 
Therefore, for the long-term solution, 
alternatives to forklift trucks has been 
considered.  As the material on pallets 
are to be lifted on or off racks, pallet 
trucks should be enough for the 
operation. 
 
Investigate lead time and availability of 
material 
A step further from inspections of 
needed material would be to investigate 
the lead time and see if the materials can 
either be made to order or stored at the 
supplier. This will reduce the risk for 
waste in term of space, material, and 
transportation, moreover, the number of 
material handled by the employees in the 
storage would also decrease. 
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Figure 31. Layout of the long-term solution. 
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6 Discussion  
This chapter discusses how the achieved results has achieved the project’s objectives and 
aims.  Moreover, it assesses the results in how they can be founded by the determined 
theoretical framework. The final section then discusses the project’s relevance, hence 
considers its characteristics in a broader perspective.  
 
6.1 THE PROJECT 
The project included both the work 
environment and production perspective. 
The literature review has therefore, to 
cover the work environment perspective 
included how to understand risks and 
how to improve safety and ergonomics at 
a workplace. According to Thylefors 
(2010) and Westgaard and Winkel 
(2011), health problems that eventually 
lead to work absence are commonly 
caused by a combination of 
psychological, physical and social factors. 
In order to achieve results that would 
improve the overall ergonomics of the 
storage the thesis had to cover the three 
domains of physical, cognitive and 
organizational ergonomics. From the 
production perspective the theory 
covered has been on order-picking 
systems and how it can be affected by 
ergonomics interventions. It can 
therefore be said that the thesis has 
enveloped a broad scope, but this has 
been considered relevant in order to 
reach a result that is beneficial for both 
the employees of the storage and the 
employer.  
 
The project execution has followed the 
project circle (Figure 12), in an iterative 
manner. The data collection, regarding 
the current state was performed by 
established and frequently used methods 
for such purpose. The results are reliable 
in terms of stability and consistency and 
valid as the project has involved the 

employees and their expertise to a grand 
extent. It can however, be argued that 
context analysis of the current state of the 
storage had been dependent on 
interpretations and thus also risked for 
misinterpretations. Especially, when the 
problems and risks of the workplace were 
sought after. According to Cohen et al. 
(1997), it is important in this case to 
minimize the amount of bias as much as 
possible in order to achieve greater 
validity. This was done by performed 
methods such as risk analysis, REBA and 
link analysis in order to both diagnose 
the current situation and confirm the 
perceived problems and risks.  
 
6.2 THE RESULTS 
The aim of ergonomics is to use 
assembled information on worker’s 
capacities and capabilities in designing 
jobs, workplaces, products and 
equipment (Chengalur et al., 2004). 
Planning and optimization of processes 
without considering the human factors 
increases the risk for MSDs, low 
performance and even poor quality of 
products (Neumann, 2004). The results 
of the conceptual design have therefore 
followed ergonomics design principles 
recommended or provisions issued by for 
instance the SWEA and more in order to 
improve the maintenance and tools 
storage. 
 
The short-term solutions have focused on 
ergonomics holistically rather than only 
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focusing on the physical part. Health and 
safety are intricate in the way that they 
are rarely caused by specific reasons 
(Thylefors, 2010; Westgaard & Winkel 
2011). Moreover, Hendrick (2003) 
mentions that for ergonomics projects to 
gain approval and financial support they 
must be considered in business terms and 
as cost-efficient actions. For that reason, 
it is not uncommon for solutions to steer 
towards those so called quick-fix actions. 
The short-term solution has under these 
circumstances included assisting 
equipment such as vacuum lifters and 
stocking carts to relieve the physical stress 
the employee risks to endure while 
handling heavy loads. Consequently, 
allow the employee to work in more 
natural and comfortable positions 
(Arbetsmiljöverket, 2012). 
 
The human capabilities and limitations 
are naturally defined, to a certain level, by 
our anatomy. The material stored in the 
warehouse should therefore be adjusted 
and rearranged in a way that allow 90% 
of the Swedish population work safely in 
(Volvo Standard, STD 8003:2, 2009). 
The short-term solution includes a 
guidance for a shelf-system where it 
considers the 5th percentile female and 
the 95th percentile male to make sure the 
task will be suitable for all (Hägg et al. 
2010). A stocking chart that lifts the 
material to the same level of the assigned 
shelf allows it to be handled within the 
strike zone (Volvo Standard, STD 
8003:2, 2009). Moreover, push and pull 
work is more forgiving than manual 
lifting and allows of load around 30 kg. If 
the material can be lifted or retrieved on 
the same level of its assigned shelf 
(Arbetsmiljöverket, 2012). Even if 
guidance is acceptable according to the 

SWEA (2012) and Volvo Standard 
(2009), it should be considered that the 
the load weight and lifting frequency 
affect the individual differently as people 
are, aside from anatomic measurements, 
also different in terms of physical and 
health conditions. Thus, despite being 
implemented and used in correct a 
manner, it does not completely eliminate 
the risk for physical stress on the body. 
 
It was observed during KIM 1 that the 
average number of times a load was being 
lifted was three times, which 
consequently added to the load score and 
thus resulted in a high risk score. 
Repeated and unnecessary lift occur for 
most part by the material reception area 
when the packages were picked up from 
the basket and to the work table for 
control. A vacuum lifter could make the 
process more efficient and lessen the 
stress on the employee 
(Arbetsmiljöverket, 2012). The 
equipment would overlook the average 
number of lifts as they are no longer 
performed manually and therefore has 
significantly less impact on the 
employee’s safety and health (Hägg et al. 
2010; Arbetsmiljöverket, 2012). The 
vacuum lifter will therefore lead to 
personnel benefits in terms of increased 
output per worker, reduced errors and 
reduced accidents, injuries and illness 
(Hendrick, 2003). 
 
The assisting lift equipment make sure 
the work task is within acceptable safety 
levels. For the vacuum lifter to work as an 
aiding tool, it has to be able to lift the 
packaging of the material without it 
breaking. The equipment might be able 
to handle the weight but occupational 
accidents can occur if the packaging 
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breaks during a lift. However, it can be 
argued that the lifting tool improves the 
work and reduces the risk for MSDs for 
those packages it can lift. Thus, reduce 
the overall load on the employee’s body 
(Hägg et al. 2010).  A requirement for 
such results however, would be for the 
employees to be provided with correct 
knowledge on how to use them as well as 
encouraged to make the equipment part 
of their daily work. An ideal solution 
however, would be to eliminate the 
manual material handling, especially on 
everything above 20 kg. The long-term 
solution would therefore be to handle 
this load category (> 20kg) with pallets 
and pallet trucks. 
 
Another part of the short-term solution 
was to introduce work rotation in the 
maintenance and tools storage. Where 
the personnel work and rotate between 
stations after a set period. The risk for 
MSDs increases when exposed to 
ergonomically problematic postures and 
static loading of high intensity for longer 
periods of time (Arbetsmiljöverket, 
2012). Rotation would in this case allow 
a more varied form of stress and thus 
prevent localized form of stress on the 
body (Hägg et al. 2010). Rotation would 
also allow every employee to develop the 
same skills and competence and favor the 
organization in the sense of potentially 
better resource utilization. However, 
according what Westgaard and Winkel 
(2011) reviewed, occupational disorder 
has a connection to job satisfaction and 
rotational stations might affect the 
individual job satisfaction negatively, 
depending on how they perceive the 
work.  Furthermore, Maslow theory of 
motivation claims human needs follow a 
hierarchical structure, including 

physiological needs, safety needs, social 
needs, esteem needs and self-actualization 
(Danielsson, 2001). Work rotation might 
have a negative effect on the higher levels 
of the hierarchical structure i.e. the 
esteem needs and self-actualization but it 
can at the same time have a positive effect 
on communication and collaboration 
between the personnel, thus, fulfill the 
safety and social needs. Moreover, 
according to Maslow theory of 
motivation, described by Danielsson 
(2001), the lower level needs have to be 
fulfilled before those of higher levels can 
be achieved. This indicates that 
rotational work does not necessarily lead 
to negative effects on the workers’ 
motivation and that it depends on how 
the organizational change is introduced, 
encouraged and marketed. 
 
The benefits associated with the stock 
material in the ergonomic intervention 
can be achieved by investigating what is 
and what is not needed in the storage 
and introduce scanners as part of a long-
term solution (Hendrick, 2003). Such 
continuous inspection would allow the 
organization to have a better stock 
control, which in turn will reduce waste 
in terms of time and effort in 
accommodating the errors. An 
investigation of lead time and availability 
of the material would also lead to a 
reduction of waste as articles are ordered 
on demand and therefore very unlikely to 
pass their expiration date. Moreover, the 
space would be better utilized for 
purposes other than storing materials for 
long periods of time (Hendrick, 2003). 
The implementation of scanners replaces 
the manual system registration and 
withdrawals which was considered a 
stressing factor in the risk analysis 
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(Appendix 11), the action will make the 
operation more efficient and less time 
consuming as well as improve the 
company’s stock control. Thus, the 
solutions above will reduce waste in 
terms of inventory, costs in terms of 
material and overall cut down the 
numbers of material being handled in the 
storage. 
 
The conceptual design for the long-term 
solution had supposedly no limitations. 
There were no restrictions in terms of 
volume and how often the materials 
moved. The layout for the long-term 
solution has for that reason focused on 
efficiency in terms of workflow and 
ergonomics in terms of safe material 
handling, i.e. less manual material 
handling. The long-term solution 
includes a self-service desk to lessen the 
workload in the storage, it reduces the 
number of unnecessary lifts and thus aim 
to also improve the efficiency of the 
station. Self-service and scanners are 
currently introduced in more and more 
organizations, especially in supermarkets 
(Appendix 13) and perceived to be 
successful.  
 
As the project covered a broad scope, the 
resulting conceptual designs were in turn 
developed as a holistic approach in 
solving the current problems. Ideas were 
formed based on different needs and 
therefore not suitable to be treated 
individually. A combination of the ideas 
or holistic concepts can according to 
Hendrick (2003), other than the visible 
improvements also bring benefits that are 
more difficult to quantify, benefits like 
increased employee commitment, 
communication and corporation between 
the personnel. Physical and psychosocial 

factors are therefore all important in 
understanding the human-system 
interaction and should be investigated 
and taken into account when forming 
sustainable solutions for identified 
problems at a workplace (IEA, 2016). 
 
6.3 RELEVANCE 
The manufacturing industries and its 
market are constantly changing, which in 
turn set new demands and needs on the 
products, production systems and the 
employees (Bellgran & Säfsten, 2005). 
The competitive market will therefore 
affect the production development and 
work environment in how they should be 
managed (Johansson, 2010). 
 
According to the SWEA (2014), about 
one fourth of the Swedish working 
population has some kind of disorder 
related to their work. Physical and mental 
disorders are the main causes for sick 
leave and work absence and seem to be 
on an up-going trend (Arbetsmiljöverket, 
2014). Which makes the topic of working 
conditions and environment a current 
and relevant area to study. Disorder such 
as lower back pain or troubles with the 
upper extremities can keep employees on 
long sick–leave and rehabilitation and 
can therefore also lead to issues of the 
economical character for the employers 
(Niu, 2010). Ergonomic interventions do 
not only benefit the employees but the 
employers as well. Health and safety of 
the employees have to continuously be 
improved for society to work and 
prosper.  
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7 Conclusions  
 
The final chapter compile the results acquired throughout this project in relation to the 
project objectives and aims. The research questions are here brought up to see how they 
have been answered and solved.  
 
RESEARCH QUESTION 1 
What are the problems regarding the work in 
the storage?  
 
The problems in relation to work in the 
storage include the limitation of space, 
the aisles are too narrow according to the 
SWEA (2009) and disrupt movements 
and transportation within the storage. 
The manual material handling and the 
unstructured placement of the material, 
in terms of their weight and frequency of 
use lead to work tasks being carried out 
in a way that is not considered correct 
from the ergonomics perspective. 
Another problem would be the lack of 
communication between the goods 
reception and the storage. Which often 
lead to waste in terms of waiting and an 
uneven workflow.  
 
RESEARCH QUESTION 2  
What are the potential risks the employees of 
the storage are exposed to? 
 
Due to the current working conditions 
and environment, there are risks for 
physical strain in form of MSDs and 
mental strain in form of stress.  
 
RESEARCH QUESTION 3 
Why do the identified problems and risks exist? 
 
The identified problems and risks exist 
due to all operations being performed 
manually. Moreover, the range of 
material handled by the storage is 

enormous which leads to a wide variation 
of weight and size of the loads. The 
uneven workflow due to disrupted 
communication potentially lead to stress 
as work can pile up during parts of the 
work day. Moreover, the employees sense 
limited control in their work while the 
expectations are high which leave them 
in a strained and active situation 
according to the demand-control-support 
model. Thus, factors such as job 
satisfaction and motivation can be 
affected and add to the risk for mental 
strain at the workplace. 
 
RESEARCH QUESTION 4  
How can the problems and risks be reduced or 
eliminated? 
 
The problems can be countered by 
increased stock and article control, i.e., to 
map what material the production need 
to keep it running and what are no 
longer in use. This would release space 
for a more optimal space utilization, i.e. 
give room for assisting equipment, 
comfortable work movements and reduce 
the number of handled materials. The 
risks, in summary, can be diminished by 
aiming to minimalize the manual 
handling of material and by improving 
the psychosocial environment. 
 
PROJECT OBJECTIVES AND 
AIMS  
The project objectives were to map and 
to analyze the current state of the 



 66 

workplace and see how it can be 
improved to fulfill the provisions issued 
by the SWEA and Volvo’s standard for 
ergonomic working conditions. While 
the goal was to bring forward a short 
term solution that would meet the 
requirements in an acceptable way. In 
addition to that, the company also sought 
a long term solution, an ideal solution 
that would completely fulfill the 
requirements. 
 
The mapping and analysis of the current 
state identified the problems and needs 
of the workplace which in turn resulted 
in a requirement specification. The final 
concepts or proposals have been aimed to 

solve the problems and reach the 
requirements through incorporating the 
three domains of ergonomics and thus 
give them a holistic approach to the 
problems. The project has mainly been 
studied from the work environment 
perspective, however the production 
perspective has also been considered to 
develop a change that will be mutually 
beneficial for the employees and the 
employer. 
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8 Recommendations 
 
The final chapter sums up the project by a compilation of recommended measures for the 
company to proceed with or look further into. The recommendation was based on the 
project results and on what was determined to holistically favor the workplace. 
 
 
8.1 RECOMMENDED MEASURES 
It is confirmed that improvements can be 
made in the maintenance and tools 
storage. The company is recommended to 
take certain actions and continue to 
investigate parts that can potentially solve 
the problems in a long term aspect.  
 
The company is recommended to: 

• Look through their product range 
and production cells for 
organization of what materials are 
needed and what can be 
disposed.  

•  Rearrange the material on the 
shelves, according the the 
guideline or adjustments of it and 
provide the storage with a lifting 
table/cart. The company should 
also investigate if there is enough 
space for current volume of 
material if they were to be placed 
in such a way (Table 19 and 
Table 20). 

• Collect and move the disposal bins 
closer to the work table. 

• Implement work rotation in the 
storage. However, before the 
actual implementation, the 
company should first follow-up 

on the mapping and analysis of 
the psychosocial environment of 
the workplace. 

• Install a vacuum lifter to improve 
the handling of heavy loads and 
reduce the risk for physical strain. 
It will also make improve the 
performance of the station. 

• Have clear instructions and 
visualization on how the work 
tasks are to be carried out and 
ensure the installed equipment 
are used correctly. 

• Investigate on the possibility of 
introducing scanners to the 
system. To improve stock control 
and release space in the storage. 

• Contact the suppliers and 
investigate the lead time and 
availability of the materials. 

• Investigate the possibility of 
removing the reception desk, 
both the physical station and its 
tasks. Then see if all withdrawals 
of material can be done 
according to order or through a 
self-service system. 
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Appendix	2	-	Interviews	
Semi-structured	interviews	were	held	with	the	workers	of	the	Maintenance	and	tools	storage	
at	Volvo	Construction	Equipment	in	Eskilstuna,	Sweden.	The	questions	asked	and	the	results	
are	presented	below.	The	answers	are	translated	from	Swedish	to	English	and	are	presented	
in	context	form	rather	than	in	details.	
	
Physical	and	Mental	Strain	

1. Do	you	 feel	any	physical	pain	while	doing	your	work?	Or	do	you	 feel	you	have	pain	
because	of	your	work?		

	
A:	 I	 feel	 stressed,	which	 sometimes	 causes	 stomach	aches.	B:	My	head	hurts	 from	all	 the	
manual	typing	of	numbers.	I	also	feel	pain	in	my	neck,	back	and	arms	as	there	is	a	lot	of	work	
where	I	have	to	bend	down.	C:	I	don’t	really	feel	anything.	I	have	some	aches	so	I’m	not	really	
allowed	to	lift	heavy	things	to	start	with.	D:	Nothing	really,	maybe	aside	from	the	discomfort	
in	my	wrist	due	to	administrative	work	(mouse-clicking	and	such).	
	

2. Are	you	aware	of	the	risks	you	are	exposed	to	by	carrying	out	your	work	tasks?	Are	you	
aware	of	how	your	body	is	positioned	in	relation	to	the	work	about	to	be	done?	

	
A:	No,	I	think	about	it	sometimes.	But	don’t	really	do	anything	about	it.	B:	Not	really.	I’m	aware	
of	the	risks	but	can’t	seem	to	always	follow	them.	C:	No,	I	don’t	really	think	about	it.	D:	I	try,	
but	it	happens	that	I	forget.	E:	Yes,	but	I’ll	do	the	lifts	anyway	since	there	are	no	equipment	
that	can	help.	
	

3. How	are	the	personnel	motivated	to	consider	ergonomics	more	in	their	daily	work?	(Is	
ergonomics	a	topic	that	advertised	and	pushed	at	the	workplace?)	

	
A:	No,	it	hasn’t	been	paid	that	much	attention.	We	don’t	always	work	to	push	it	either.	B:	By	
performed	risk	analysis	and	such.	Volvo	is	very	aware	of	its	employees.	C:	No,	not	really.	Some	
attention	has	been	paid	to	it	but	not	much	has	been	done.	D:	We	are	offered	to	play	sports	
sometimes,	but	other	than	that,	nothing.	E:	There	is	more	interest	in	the	field	now	than	it	was	
back	in	the	days.	
	

4. What	or	which	parts	would	like	to	gain	more	knowledge	about	to	gain	the	confidence	
to	work	in	more	ergonomic	positive	manner?	

	
B:	I’m	quite	aware	of	it	as	I	have	been	instructed	about	this	before.	C:	I’m	not	very	familiar	
with	 the	area.	You	can	often	by	 instinct	 tell	what	postures	are	bad,	however	 they	are	still	
executed	out	of	routine.	D:	I	don’t	know;	I	think	everything	is	okay	the	way	it	is.	
	

5. How	do	you	perceive	your	current	workload?	Is	it	too	little,	enough	or	too	much?	
	
A:	As	of	currently,	 there	 is	a	 lot.	There	 is	so	much	to	do	but	at	the	same	time	not	enough	
people.	The	workload	depends	on	how	the	production	is	doing.	B:	Borderline	to	too	much.	
The	workload	 is	 too	much	when	people	are	absent.	We	are	now	five	people,	which	 is	 just	
enough.	Though	the	workload	varies	from	day	to	day.	C:	I	think	the	workload	varies	a	lot,	and	
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that’s	okay.	D:	It’s	like	a	roller-coaster,	depends	on	how	well	it’s	going	in	the	production.	E:	
There’s	a	lot	to	do	and	the	work	is	heavy	at	the	same	time.	
	

6. What	works	and	what	does	not	work	well	in	the	storage?	
	
A:	I	think	it’s	okay	the	way	it	is.	B:	The	flow	is	not	that	well;	the	packages	do	not	arrive	evenly	
throughout	the	days.	We	can’t	know	when	a	basket	will	arrive	from	the	goods	reception	as	
they	are	transported	here	if	there’s	time	for	it.	D:	What	doesn’t	work	very	well	in	the	storage	
is	 that	 a	 lot	 of	 the	 operations	 are	 carried	 out	 by	 hand.	 For	 instance,	 the	 paper	work	 and	
registrations	which	are	time	consuming.	
	

7. Do	you	 fell	 stressed	or	anxious	while	doing	your	work?	Or	do	you	 feel	 stressed	and	
anxious	because	of	your	work?	Is	it	continuous	or	does	it	eventually	stop?	

	
A:	Yes.	It	has	to	do	with	the	high	demands	set	by	the	manager.	The	stress	eventually	stops,	
but	it	depends	on	when	it	hits	me	during	the	day.	If	it’s	by	the	end	of	the	day,	then	it	doesn’t	
really	stop	and	I	bring	the	stress	home	with	me.	B:	Yes,	due	to	the	demands	being	put	on	us.	
For	example,	we	have	to	take	inventory	on	certain	amount	of	articles	in	a	week	and	there	are	
people	who	always	drop	by,	asking	for	their	packages.	C:	Yes,	and	quite	frequently.	I	feel	it	
both	at	home	and	at	the	workplace.	It	has	sort	of	become	part	of	the	job	as	the	expectations	
on	us	are	high.	It	happens	that	I	can’t	tune	it	out	and	then	I	will	also	feel	stressed	at	home.	D:	
No,	 I	 think	 it’s	 fine.	 Stress	 comes	and	goes,	 sometimes	 there’s	 a	 lot	 to	do	and	 sometimes	
there’s	less.	E:	Not	anxious.	But	stressed,	yes.	
	
Workplace	and	organization	

8. Do	you	mostly	work	by	yourself	or	with	others	in	groups?	Which	kind	would	you	prefer	
to	have	more	of?	

	
A:	We	work	individually	for	most	parts.	It	just	happens	as	we	all	have	our	stations.	We	help	
each	other	if	someone	is	struggling	or	has	a	lot	to	do.	However,	I	do	think	I	would	prefer	more	
teamwork.	B:	We	need	to	get	better	at	working	as	a	group.	We	work	close	to	each	other	but	
it	is	mostly	individual	work.	D:	We	work	mostly	by	ourselves.	E:	By	myself.		
	

9. How	would	you	describe	the	communication	between	you	and	your	coworkers?	
	
A:	It’s	okay.	We	listen	to	each	other.	Sometimes	things	aren’t	done	the	you	would	have	liked	
to,	but	it	doesn’t	really	matter.	B:	It’s	both	good	and	bad.	Good	in	the	sense	that	we	can	help	
each	other	when	there’s	a	need	for	it.	Bad	when	certain	information	doesn’t	reach	everyone.	
C:	It’s	fine.	D:	I	don’t	really	work	with	the	others	that	often.	E:	It’s	better,	it	has	become	easier	
to	communicate.	
	

10. In	which	ways	do	you	feel	like	you	can	influence	the	contents	of	your	work?	
	
A:	It	depends,	sometimes	I	have	a	lot	of	influence	but	there	are	also	times	when	work	is	very	
controlled.	B:	Depends	on	how	fast	I	can	work.	We	mostly	know	what	we	are	supposed	to	do	
and	can	influence	how	it	is	to	be	done.	C:	Very	little.	Work	is	mostly	controlled.	D:	I	have	been	
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able	to	change	my	tasks	to	make	them	easier.	E:	Difficult	to	answer.	I	just	keep	on	working	
and	don’t	think	too	much	of	it.	
	

11. How	do	you	feel	you	are	received	by	your	coworkers	and	managers?	
	
A:	Okay.	B:	Some	days	its	good,	some	days	not	so	good.	C:	Mostly	good.	D:	Good.	E:	Good.	
	

12. Do	you	 feel	 comfortable	 to	bring	up	any	 inquiries	about	work	 to	your	 coworkers	or	
managers?	
	

A:	 Yes,	 I	 have	no	problems	with	 that.	B:	 It	 depends.	We	all	 have	different	opinions	and	 it	
happens	 that	 someone	 likes	 to	 run	 his	 or	 her	 own	 race.	 We	 can’t	 all	 always	 agree	 on	
everything	so	we	have	to	be	diplomatic	about	it.	C:	It’s	more	like	I	don’t	want	to	bring	it	up.	D:	
Yes,	I	feel	comfortable	about	it.	However,	if	I	have	any	problems	I	would	try	to	deal	with	them	
myself.	E:	Yes,	I’m	not	afraid	to	voice	what	I	think.	
	

13. What	are	the	positive	and	negative	points	with	this	workplace?	
	
A:	Positive	–	We	have	it	quite	good.	The	workplace	is	not	as	visible	as	other	departments	and	
is	more	 comfortable	 in	 that	 sense.	Negative	–	There	are	no	windows	 to	 let	 through	 some	
daylight	which	can	at	times	be	unpleasant.	B:	Positive	–	We	can	control	our	work	hours	and	
the	coworkers	are	fun	and	nice.	Negative	–	But	we	are	not	always	in	agreement	about	things.	
C:	Positive	–	There’s	variety,	I	like	my	work	and	think	they	suit	me.	Negative	–	Commitment	is	
not	always	on	point	for	everyone.	I	think	we	can	get	better	at	focusing	on	the	general	picture	
and	strive	to	improve	that.	D:	Negative	–	A	lot	of	noise	from	the	machines	which	gives	me	
headaches.	 It	doesn’t	however	happen	every	day.	E:	Positive	–	 I	get	to	meet	people	as	my	
work	is	very	focused	on	service.		
	

14. What	or	which	parts	do	you	think	is	important	to	change?	
	
A:	It	would	be	better	if	the	whole	storage	was	moved	closer	to	the	goods	reception	for	better	
control	of	the	flow.	B:	Lessen	the	amount	of	heavy	material	and	perhaps	prevent	others	from	
running	 back	 and	 forth	 in	 the	 storage.	 C:	 The	 attitude	 of	 the	 people.	 It’s	 important	 for	
everyone	to	have	a	certain	level	of	understanding	for	others,	to	tackle	the	problems	and	not	
just	pass	the	responsibility	onto	others.	
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Appendix	3.	QUESTIONNAIRE	–	PHYSICAL	STRAIN	
Tack för att du tar dig tid till att svar på denna enkät. Detta kommer användas i syfte av att undersöka den fysiska 
belastningen på dig under ditt arbete. / Thank you for taking your time to answer this questionnaire. The objective of 
this is to determine the physical effects your work has on you. 

1. Hur bedömmer din nuvarande arbetsförmåga jämfört med när den var som bäst? Ringa in ditt svar / How 
would you estimate your current work ability compared to when it was at its best? Circle your answer 

Jag kan inte arbeta 
alls just nu/ I cannot 
work at all right now 

       Jag kan arbeta som bäst 
just nu / I can work at 

my best right now 
0 1 2 3 4 5 6 7 8 9 10 

 

2. Hur skulle du bedöma att din arbetsförmåga är i förhållande till de fysiska krav som arbetet ställer? 
Ringa in ditt svar / How would you estimate your work ability in relation to the physical demands that your work 
requires? Circle your answer. 
 

Mycket dåligt / Very 
bad 

   Mycket god / Very 
good 

1 2 3 4 5 
 

3. Hur ont (fysisk smärta) har du upplevt i kroppen under de senaste arbetsmånaderna/ How much work 
related physical strain or discomfort have you experienced during the last couple of months 

I Tabell 1 visas skalorna och vad graderingspoängen innebär. Dessa fylls in  i Tabell 2, sid 3, för varje kroppsdel. 

Tabell 1: Skalor / Scales 
Smärtnivå/ Severeity scale [S] Frekvens skala/ Frequency scale [F] Långvarighetsskala/ Duration scale [D] 

Hur smärtan påverkar din arbetsförmåga och 
andra dagliga aktiviteter/ How much does the 
discomfort affect your work ability and other 

daily aktivities 

Hur  ofta du upplever arbetsrelaterade 
smärtor i kroppen/ How often you 

experience work related discomfort 

Hur länge den arbetsrelaterade smärtan 
varar efter att den uppkommer/ The 

duration of the work related discomfort 
after it occurs. 

– = Inget besvär/ No discomfort – = Aldrig/ Never – = känner inget besvär/ I feel no 
discomfort 

1 = Minimal/ Minimal 1 = Inte så ofta (några ggr i 
månaden eller mindre/ Not very 
often (a few times a month or less) 

1 = Inte så länge (smärtan försvinner 
strax efter)/ It doesn’t last long (the 
discomfort usually goes away shortly 
after) 

2 = Någorlunda (kan ignoreras)/ Slight 
(can be ignored) 

2 = Ibland (några ggr i veckan)/ 
Sometimes (a few times a week) 

2 = Det varar några timmar/ It lasts 
several hours 

3 = Måttlig (påverkar min arbetsförmåga)/ 
Moderate (affects my ability to work) 

3 = Ganska ofta (nästan varje dag)/ 
Quite often (nearly every day) 

3 = Det varar över natten/ It lasts 
overnight 

4 = Allvarlig (påverkar min arbetsförmåga 
och andra dagliga aktiviteter)/ Severe 
(affects my ability to work and other daily 
aktivities) 

4 = Alltid (går aldrig bort)/ Always 
(it never goes away) 

4 = Det går sällan över/ It rarely 
goes away 

5 = Outhärdlig (arbetet och andra dagliga 
aktiviteter blir nästa omöjliga genomföra)/ 
Intolerable (makes work and other daily 
activities almost impossible to do)  

 5 = Det går inte över/ It doesn’t go 
away 
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Ex, För A, nacke:  
Smärtnivån är måttlig, vilket ger poängen 3 i kolumn [S] 
Frekvensen är inte så ofta, vilket ger poängen 1 i kolumn [F] 
Långvarigheten är i några timmar, vilket ger poängen 2 i kolumn [D] 
 
Dett skulle då se ut som nedan i Tabell 2: 
 Smärtnivå/ 

Severeity scale 
[S] 

Frekvens skala/ 
Frequency scale 
[F] 

Långvarighetsskala/ 
Duration scale  
[D] 

A, Nacke / Neck 3 1 2 
 

Om du inte upplever någon smärta alls i en viss kroppsdel, gör ett streck genom alla tre kolumnerna [S], [F] och 
[D] 

Använd kropsskartan som guide.  

/ 

Table 1 shows the scales and the meaning of the grading points. These are to be put in Table 2, page 3, for each body part. 

Ex, For A, neck:  
Severity level is moderate, this gives the grading point 3 i column [S] 
The frequency is not very often, this gives the grading point 1 i column [F] 
The duration of the discomfort is for several hours, this gives the grading point 2 i column [D] 
 
This will in turn be noted in Table 2 as: 

 Smärtnivå/ 
Severeity scale 
[S] 

Frekvens skala/ 
Frequency scale 
[F] 

Långvarighetsskala/ 
Duration scale  
[D] 

A, Nacke / Neck 3 1 2 
 

If you do not feel any physical strain of discomfort in certain body parts, make a line through all the three columns [S], [F] and 
[D] 

Use the body map as a guide. 
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Tabell 2: Fysisk smärta, fyll i med utgående från skalorna i Tabell 1 / Physical strain, fill in by using the grading scales in Table 1. 
 Smärtnivå/ 

Severeity scale 
[S] 

Frekvens skala/ 
Frequency scale 
[F] 

Långvarighetsskala/ 
Duration scale  
[D] 

A, Nacke / Neck    
B, Axlar / Shoulder    
C, Övre rygg / Upper back    
D, Armbåge / Elbows    
E, Nedre rygg / Lower back    
F, Handled/hand / Wrists/hands    
G, Säte/lår / Hips/thighs    
H, Knä / Knees    
I, Ankel/fot / Ankle/feet    
 

 

 

Tack för ditt medverkande! 

Thank you for your participation! 
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Appendix	4.	QUESTIONNAIRE	–	PSYCHOSOCIAL	ENVIRONMENT	
Tack för att du tar dig tid till att svar på denna enkät. Detta kommer användas i syfte av att undersöka den 
psykosociala miljön på arbetsplatsen. / Thank you for taking your time to answer this questionnaire. The objective of 
this is to determine the psychosocial environment of the workplace. 

A. Generell information/ General information 

Fyll i dina svar / Fill in your answers 

 

1. Kön/ Gender 

Man/ Male
 

Kvinna / Female
 

 

2. Ålder/ Age:  
 
 

3. Anställning/ Employment 

Jag jobbar 40 timmar i veckan / I work 40 hours a week.
 

Jag jobbar mindre än 40 timmar i veckan / I work less than 40 hours a week.
 

Jag jobbar mer än 40 timmar i veckan / I work more than 40 hours a week.
 

 

4. Antal år på företaget / Years of employment at the company:  

 

5. Antal år på nuvarande avdelning / Years positioned at current department:  
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B. Arbetets innehåll/ The work contents  
 

6. Ringa in det svar som stämmer bäst överens med påståenden nedan / Circle the asnwer that best fits the 

statements below. 

 

  

 Stämmer inte alls/ 
Disagree completely 

 Stämmer helt/  

Agree completely 

Jag upplever att arbetsuppgifterna är enformiga / I feel 
that the tasks are monotonous 

1 2 3 4        5 

Jag upplever att arbetsuppgifterna är för svåra att 
genomföra / I feel the tasks are too hard to execute 

1 2 3 4 5 

Jag tycker arbetstakten är rimlig / I think the workpace is 
reasonable 

1 2 3 4 5 

Jag tycker arbetet är omväxlande / I feel that work can be 
varied 

1 2 3 4 5 

Jag tycker att arbetsbelastningen är lagom mycket / I 
think the workload is on a comfortable level 

1 2 3 4 5 

Jag har tillräckligt med tid för att utföra 
arbetsuppgifterna på ett tillfredsställande sätt/ I have 
enough time to satisfyingly complete my tasks 

1 2 3 4 5 

Det händer att flera arbetsuppgifter måste utföras 
samtidigt / It happens that several work tasks have to be 
done simultaneously 

1 2 3 4 5 

Jag är medveten om vad som förväntas av mig och mitt 
arbete / I am aware of the expectations set on the work that 
I do 

1 2 3 4 5 

Kraven (förväntningarna) på mitt arbete är tillräckligt 
höga / The requirements (expectations) are high enough to 
be achievable 

1 2 3 4 5 
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B.1. Mental belastning/ Mental strain 
7.  Ringa in det svar som stämmer bäst överens med påståenden nedan / Circle the asnwer that best fits 

the statements below. 

 

 

8. Hur skulle du bedöma att din arbetsförmåga är i förhållande till de psykiska krav som arbetet ställer? 
Ringa in ditt svar / How would you estimate your work ability in relation to the psychic demands that the work 
requires? Circle your answer. 

Mycket dåligt / Very 
bad 

   Mycket god / Very 
good 

1 2 3 4 5 

 

9. Annan påverkan på ditt dagliga liv / Other effects on your daily life. 

       Kommentar / Comment: 

 

 

 

 

 

 

 Stämmer inte alls/ 
Disagree completely 

 Stämmer helt/  

Agree completely 

Arbetet är mentalt belastande / The work tasks are 
menatlly exhausting 

1 2 3 4 5 

Jag känner mig orolig under arbetet / I feel anxious 
during work 

1 2 3 4 5 

Jag känner mig stressad under arbetet / I feel stressed 
during work 

1 2 3 4 5 

Jag kan koppla bort arbetet när jag kommer hem / I can 
disconnect anything workrelated when I get home 

1 2 3 4 5 

Jag känner mig trött och slut när jag kommer hem från 
arbetet / I feel worn out when I get home from work 

1 2 3 4 5 

Jag har problem med sömnen / I have trouble with my 
sleeping patterns 

1 2 3 4 5 



  Appendix 4 (4/6) 

 
 

C. Arbetsorganisation/ Work Organization  
10.  Ringa in det svar som stämmer bäst överens med påståenden nedan / Circle the asnwer that best fits the 

statements below. 

	

C.1.	Inflytande/	Influence		
        11.  Ringa in det svar som stämmer bäst överens med påståenden nedan / Circle the asnwer that best fits the 

statement below. 

 

 Stämmer inte alls/ 
Disagree completely 

 Stämmer helt/  

Agree completely 

Företagets mål och visioner är klara och tydliga / the 
comapny’s goal and vision are clear 

1 2 3 4 5 

Säkerhet är av högsta prioritet på arbetsplatsen / Safety 
is of hight priority at my workplace 

1 2 3 4 5 

Samarbetet med arbetskamraterna fungerar bra / My 
collegues and I work well together 

1 2 3 4 5 

Kommunikationen inom arbetsgruppen fungerar bra / 
The communication within the group is good 

1 2 3 4 5 

Information till och från områdeschef fungerar bra / 
Information to and from the manager flows well 

1 2 3 4 5 

Min områdeschef har förtroende för mig / My manager 
has confidence in me 

1 2 3 4 5 

Jag har förtroende för min områdeschef / I have 
confidence in my manager 

1 2 3 4 5 

Jag har möjlighet att påverka mitt arbete genom / I have 
oppotunities to influence my work when it comes to: 

Mycket lite/ 

 Very little 

 Väldigt mycket /  

Very much 

mina arbetsuppgifter / my work tasks 1 2 3 4 5 

min arbetsordning / my work  1 2 3 4 5 

mina arbetsmetoder / my work methods 1 2 3 4 5 

min arbetstakt / my workpace 1 2 3 4 5 

raster och pauser/ the breaks and pauses 1 2 3 4 5 

andra beslut vid förändringar på arbetsplatsen / other 
decisions when it comes to changes at the workplace 

1 2 3 4 5 
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      12. Jag skulle vilja kunna påverka mer inom / I would like to have more influence on: 

             Kommentar / Comment 

 

 

 

 

 

 

 

D. Arbetstillfredsställelse / Job satisfaction  
13.  Ringa in det svar som stämmer bäst överens med påståenden nedan / Circle the asnwer that best fits the 

statement below. 

 

 

  

 Stämmer inte alls/ 
Disagree completely 

 Stämmer helt/  

Agree completely 

Jag har chans att utvecklas i arbetet / I have 
opportunities for personal development 

 

1 2 3 4 5 

Jag känner att mitt arbete tillför något till företaget / I 
feel like I my work brings value to the company 

 

1 2 3 4 5 

Jag är stolt över mitt yrke / I am proud of my profession 

 

1 2 3 4 5 

Jag trivs på min arbetsplats / I like it here at my workplace 1 2 3 4 5 
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14. Detta skulle kunna öka min arbetstillfredsställelse / This could increase my job satisfaction: 

     Kommentar / Comment 

 

 

 

 

 

 

E. Övrigt	/	Others	
15.  Övriga delar som du skulle vilja ta upp när det kommer till den psykosociala arbetsmiljön på 
arbetsplatsen,  
/ Other aspects you would like to bring forward when it comes to the psychosocial environment at the workplace. 
 
      Kommentar / Comment: 

 

 

 

 

 

 

 

 

 

 

Tack för ditt medverkande! 

Thank you for your participation! 
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Appendix	5.	Lighting	measurements	
	

The	ground	floor	

	
Disclaimer:	the	grid	in	the	figure	is	not	to	scale,	it	only	serves	as	an	illustration	of	how	the	measurements	were	done	and	what	the	results	are.	
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																																								The	Upper	floor	

																				 	
									Disclaimer:	the	grid	in	the	figure	is	not	to	scale,	only	serves	as	an	illustration		

						of	how	the	measurements	were	done	and	what	the	results	are.	
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Appendix	6.	Key	Indicator	Method	Manual	Handling	Operations	

Inspired	by	and	translated	from	the	SWEA’s	‘Bedömning	av	manuell	hantering	med	stöd	av	
nyckelmoment’,	Version	2008	(KIM	I).	

Step	1.	Determining	the	time	points	
To	lift	or	move	loads	(<	5	s)	 To	carry	and	transport	loads	(>	5	m)	

Total	number	of	

occurrence	per	work	day	

time	point	 Total	distance	during	a	

work	day	

time	point	

<	10	 1	 <	300	m	 1	

10	to	<	40	 2	 300	m	to	<	1	km	 2	

40	to	<	200	 4	 1	to	<	4	km	 4	

200	to	<	500	 6	 4	to	<	8	km	 6	

500	to	<	1000	 8	 8	to		16	km	 8	

≥	1000	 10	 ≥	16	km	 10	

Example:	placing	a	part	in	a	machine,	lifting	

packages	from	a	container	on	to	a	conveyer	

Example:	carrying	parts	from	one	place	to	

another	

	
Step	2.	Evaluation	points	for	physical	load,	work/load	positions	and	working	conditions	
Physical	load	

Weight	of	load	 load	point	
<	5	kg	 1	

5	to	<	10	kg	 2	

10	to	<	15	kg	 4	

15	to	<	25	kg	 7	

≥	25	kg	 25	

	

Work	and/or	load	positions	
The	usual	work	and/or	load	

position	
Working	position,	load	position	 Evaluation	

point	

	

• Upright	torso,	non	bent	or	tweaked	

• The	load	is	close	to	the	body	when	it	is	being	

lifted,	held,	carried	and	lowered	

1	

	

• Somewhat	bent	forward	or	bent	torso	

• The	load	is	close	to	the	middle	region	of	the	

body	when	it	is	being	lifted,	held,	carried	and	

lowered	

2	

	

• Bent	working	position	or	excessively	bent	

forward	

• Somewhat	bent	forward	and	bent	torso	

• The	load	is	far	away	from	the	body	or	over	the	

shoulders	of	the	employee	

4	

	

• excessively	bent	forward	and	the	torso	is	

tweaked	

• The	load	is	far	away	from	the	body	

• Limited	stability	when	the	employee	is	standing	

upright	

• Hunched	or	on	his/her	knees	

8	
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Working	conditions	
Working	conditions	 Evaluation	

point	
Good	working	conditions,	i.e.	there	is	a	lot	of	working	space,	no	physical	obstacles	
within	the	workspace,	even	and	firm	ground,	sufficient	lighting,	low	risk	for	slipping.	

0	

Limited	workspace	thus	results	in	limited	movements.	Unfavorable	and	non	ergonomic	
conditions	do	occur.	
	
e.g.	1)	the	work	space	is	limited	due	to	the	height	of	the	facility	or	the	workspace	is	less	
than	1,5	m2.	2)	the	working	position	is	unstable	due	to	uneven	floor	levels	or	the	
ground	is	not	firm	enough	

1	

The	workspace	is	very	limited	and/or	the	load’s	center	of	gravity	is	unstable	(i.e.	when	
moving	a	patient)	

2	

	

Step	3.	Evaluation	
Insert	the	relevant	points	in	assigned	fields	and	calculate	the	risk	points.	

	

A	rough	evaluation	of	the	workplace,	based	on	the	key	indicators	of	the	manual	handling	operations,	

can	be	attained	from	the	calculated	risk	points	above	and	the	table	below.	

Risk	area	 Risk	point	 Description	
1	
	

	

<	10	 Low	stress	situation,	the	physical	work	is	unlikely	to	on	a	
level	where	is	causes	harm.	

2	
	

10	to	<	25	 Increased	stress	situation,	work	can	cause	be	physical	
straining	for	people	with	low	physical	capacity.	For	this	
group	of	people,	a	change	in	the	workplace	design	is	
favorable.	

3	
	

25	to	<50	 Strong	stress	situation,	physical	strain	is	possible	even	for	
employees	with	normal	capacities.	A	new	workplace	
design	is	recommended.	

4	 ≥	50	 Immense	stress	situation,	physical	strain	is	very	probable.	
The	workplace	design	has	to	change.	
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Appendix	7.	Rapid	Entire	Body	Assessment	-	REBA	
	

	
	
Load	assumed	to	be	12	kg	for	all	positions	aside	from	position	2	which	was	assumed	to	be	less	
than	 5	 kg	 as	 the	 employee	 in	 this	 case	 carries	 a	 load	 in	 each	 hand.	 The	 employee	 in	 the	
examination	estimated	packages	of	12	kg	to	be	the	average	weight	they	have	to	handle	 in	
their	daily	work.	This	setting	was	to	go	around	the	fact	that	the	weight	of	the	load	could	vary	
during	the	day.		
	
Moreover,	the	visualizations	of	the	positions	were	drawn	from	the	original	pictures	and	serve	
only	 to	demonstrate	the	positions.	The	evaluations	themselves	were	based	on	the	original	
pictures	taken	at	the	workplace.	 	
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Position	1	–	Pick	up	material	from	the	basket	
	

Neck	Score	 Upper	Arm	Score	
1	 3	

Truck	Score	 Lower	Arms	Score	
3	 1	

Leg	Score	 Wrist	Score	
2	 1	
	 	

Posture	A	 Posture	B	
5	 3	
+	 +	

Force/Load	Score	 Coupling	Score	
2	 1	
=	 =	

Score	A	 Score	B	
7	 4	

	
	

Table	C	
Score	

	
	
+	
	

Activity	
Score	

	
	
=	

REBA	
Score	

8	 1	 9	
	

Position	2	–	Move	material	from	pallet	to	pallet	
	

	

	
	
	
	

	
	

	

Neck	Score	 Upper	Arm	Score	
2	 2	

Truck	Score	 Lower	Arms	Score	
4	 1	

Leg	Score	 Wrist	Score	
2	 2	
	 	

Posture	A	 Posture	B	
6	 2	
+	 +	

Force/Load	Score	 Coupling	Score	
2	 1	
=	 =	

Score	A	 Score	B	
8	 3	

Table	C	
Score	

	
	
+	
	

Activity	
Score	

	
	
=	

REBA	
Score	

8	 1	 9	
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Position	3	–	Place	material	on	shelf	(low	level)	
	

Neck	Score	 Upper	Arm	Score	
2	 3	

Truck	Score	 Lower	Arms	Score	
3	 1	

Leg	Score	 Wrist	Score	
3	 2	
	 	

Posture	A	 Posture	B	
6	 4	
+	 +	

Force/Load	Score	 Coupling	Score	
0	 1	
=	 =	

Score	A	 Score	B	
6	 5	

	
	
	
	

	
	

Position	4	–	Place	material	on	shelf	(floor	level)	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	

Table	C	
Score	

	
	
+	
	

Activity	
Score	

	
	
=	

REBA	
Score	

8	 1	 9	

Neck	Score	 Upper	Arm	Score	
2	 2	

Truck	Score	 Lower	Arms	Score	
4	 1	

Leg	Score	 Wrist	Score	
4	 2	
	 	

Posture	A	 Posture	B	
8	 2	
+	 +	

Force/Load	Score	 Coupling	Score	
2	 1	
=	 =	

Score	A	 Score	B	
10	 3	

Table	C	
Score	

	
	
+	
	

Activity	
Score	

	
	
=	

REBA	
Score	

10	 1	 11	
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Position	5	–	Place	material	on	shelf	(high	level)	
	

Neck	Score	 Upper	Arm	Score	
2	 4	

Truck	Score	 Lower	Arms	Score	
2	 2	

Leg	Score	 Wrist	Score	
1	 2	
	 	

Posture	A	 Posture	B	
3	 6	
+	 +	

Force/Load	Score	 Coupling	Score	
2	 1	
=	 =	

Score	A	 Score	B	
5	 7	

	
	

	
	
	
	

	
	

	
Position	6	–	Place	material	on	shelf	(mid	level)	

	
	 	

	
	
	
	

	
	
	
	
	
	
	
	
	
	

Table	C	
Score	

	
	
+	
	

Activity	
Score	

	
	
=	

REBA	
Score	

8	 1	 9	

Neck	Score	 Upper	Arm	Score	
2	 2	

Truck	Score	 Lower	Arms	Score	
1	 1	

Leg	Score	 Wrist	Score	
1	 1	
	 	

Posture	A	 Posture	B	
1	 1	
+	 +	

Force/Load	Score	 Coupling	Score	
2	 1	
=	 =	

Score	A	 Score	B	
3	 2	

Table	C	
Score	

	
	
+	
	

Activity	
Score	

	
	
=	

REBA	
Score	

3	 1	 4	
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Appendix	8.	Material	placement	
Placement	in	relation	
to	the	whole	plant	

	

Placement	
categories	

Example	 Comment	

In	the	maintenance	
and	tools	storage	

A-1XX-XX-XXY	 A-107-02-01A	 Shelves,	ground	floor	
A-2XX-XX-XXX	 A-201-03-03B	 Shelves,	upper	floor	
Kemskåp	1,	Kemskåp	2	 	 Specific	for	storing	chemicals	
P1	–	XX,	X	-	Y	 P1-01,2-A	 Paternoster	
P2	–	XXY	 P2-01A	 Paternoster	
P3	–	XXY	 P3-01R	 Paternoster	
Väggförråd	 	 In	the	tools	storage	section	

Outside	of	the	
storage,	within	20	m	

FX-YX	 F2-A1	 Racks	
Grenställ	X-X	 Grenställ	1-2	 Pallet	racks	
P4	–	XXY	 P4-21A	 Elevator	
P5	–	XX,	X	–	Y,	P5	–	XX–	Y		 P5-01,1-A	,		

P5-02-A	
Paternoster,	split	with	the	
Maintenance	department	

Slussen	–	SX	-	XY	 Slussen-S2-1E	 Pallet	racks	
By	the	production	 02-XXXXX	 02-52328	 Specific	machine	

98XXX	–	XX	–	Y		 98312-03-C	 By	the	paint	shop	
Cell	XX,	Cell	XX-Y,	Cell	X-Y,	
Cell	X	

Cell	09,	Cell	
14-L,	Cell	9	
	

	

Gleason	 	 Machine	
HU-XXX	 HU-036	 	
HV	2	Källare	B2	 	 Basement	
Härd	XY	 Härd	3E	 Basement	
Härd	Källare,	Härdverket	
Källare	YXX	

Härdverket	
källare	A03	

Basement	

Härdverket	 	 	
Höglagret	 	 Automatic	storage	
KAPP	 	 Machine	
Liebherr,	LCS	 	 Machine	
Måleriet	 	 Paint	shop	
Provrigg	02	-	10422	 	 	
TMA	XXXXXXX	 TMA	1130002	 	

Outside	of	the	
building	

Gamla	oljeförrådet	 	 Material	stored	on	pallets	
Gårdstank	 	 For	diesel	
LOODS	 	 External	warehouse	
Oljeförråd	 	 	
TUFV	 	 Specific	storage	area	for	oils	

Tältet	 	 Tent,	material	stored	on	
pallets	

	 	 	 	
Others	 PFFXX	 PFF17	 The	tools	department	

K.V.B	 	 Articles	exist	in	the	system	but	
are	ordered	and	delivered	on	
demand.	Never	stored.	
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Appendix	9.	Hierarchical	Task	Analysis		
	
	

	
	
The	process	is	generally	according	to	operation	1	
and	3,	e.g.	the	employee	receive	the	articles,	
control	and	register	them	and	then	puts	them	at	
the	assigned	places.	

Operation	2	is	only	active	if	there	are	any	orders	to	be	delivered	to	
specific	people.	In	that	case,	the	package	and	the	contents	get	
controlled	and	then	sealed	for	pick-up	or	for	transportation	to	
another	general	pick-up	station.	

Operation	4,	for	orders	and	when	
employees	from	other	departments	
drop	in	asking	for	certain	articles.	
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Appendix	10.	Key	Indicator	Method	Manual	Handling	Operations	(KIM	
1)	-	Results	
	
Placement	of	material	and	the	approximate	distance.	
Placement	 Approximate	

distance	[m]	
A,	shelf	 10	
D,	delivery	 12	
M,	maintenance	 25	
P01,	paternoster	 6	
P02,	paternoster	 5	
P03,	paternoster	 14	
T,	tools	department	 30	
R,	racks	 20	

Results	of	KIM	1	
Load	weight	
[kg]	

Weight	
category	[kg]	

Placement	 Equipment	 Number	of	
movements	

Distance	
[m]	

0,24	 <5	 -	 -	 1	 -	
0,5	 <5	 -	 -	 1	 -	
0,5	 <5	 P03	 -	 1	 14	
0,55	 <5	 A	 -	 2	 10	
0,56	 <5	 P03	 -	 2	 14	
0,7	 <5	 M	 -	 2	 25	
1	 <5	 -	 -	 1	 -	
1	 <5	 M	 -	 2	 25	
1	 <5	 M	 -	 2	 25	
1	 <5	 A	 -	 2	 10	
1	 <5	 M	 -	 2	 25	
1	 <5	 M	 -	 2	 25	
1	 <5	 M	 -	 2	 25	
1	 <5	 M	 -	 2	 25	

1,22	 <5	 P03	 -	 2	 14	
1,5	 <5	 P01	 cart	 1	 6	
1,5	 <5	 P01	 cart	 1	 6	
1,5	 <5	 P01	 cart	 1	 6	
1,5	 <5	 P01	 cart	 1	 6	
1,5	 <5	 P01	 cart	 1	 6	
1,5	 <5	 P01	 cart	 1	 6	
1,5	 <5	 P01	 -	 1	 6	
1,5	 <5	 P01	 -	 1	 6	
1,5	 <5	 P01	 -	 1	 6	
1,5	 <5	 P01	 -	 1	 6	
1,5	 <5	 P01	 -	 1	 6	
1,51	 <5	 P03	 -	 2	 14	
2	 <5	 M	 -	 2	 25	
2	 <5	 P01	 -	 1	 6	
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Load	weight	
[kg]	

Weight	
category	[kg]	

Placement	 Equipment	 Number	of	
movements	

Distance	
[m]	

2	 <5	 P01	 -	 1	 6	
2	 <5	 P01	 -	 1	 6	
2	 <5	 P01	 -	 1	 6	
2,5	 <5	 P03	 -	 1	 14	
2,5	 <5	 P01	 -	 1	 6	
2,5	 <5	 P01	 -	 1	 6	
2,63	 <5	 P03	 -	 2	 14	
3	 <5	 -	 -	 1	 -	
4	 <5	 -	 -	 1	 -	
4,5	 <5	 P03	 -	 1	 14	
6,41	 5	till	<10	 P01	 cart	 1	 6	
7,8	 5	till	<10	 A	 -	 2	 10	
8	 5	till	<10	 P01	 -	 2	 6	
8	 5	till	<10	 -	 -	 1	 -	
8	 5	till	<10	 -	 -	 1	 -	
8	 5	till	<10	 P02	 -	 1	 5	
10	 5	till	<10	 T	 -	 2	 30	
10	 5	till	<10	 A	 -	 1	 10	
10	 5	till	<10	 A	 -	 1	 10	
10	 5	till	<10	 D	 cart	 2	 12	
12	 10	till	<15	 Adjust.	 -	 2	 -	
12	 10	till	<15	 Adjust.	 -	 2	 -	
12	 10	till	<15	 Adjust.	 -	 2	 -	
12	 10	till	<15	 Adjust.	 -	 2	 -	
12	 10	till	<15	 Adjust.	 -	 2	 -	
14	 10	till	<15	 P01	 cart	 1	 6	
15	 10	till	<15	 A	 cart	 2	 10	
15	 10	till	<15	 A	 cart	 2	 10	
15	 10	till	<15	 A	 cart	 2	 10	
15	 10	till	<15	 A	 cart	 2	 10	
15	 10	till	<15	 A	 cart	 2	 10	
15	 10	till	<15	 A	 cart	 1	 10	
15	 10	till	<15	 A	 cart	 1	 10	
15	 10	till	<15	 A	 cart	 1	 10	
15	 10	till	<15	 A	 cart	 1	 10	
15	 10	till	<15	 A	 cart	 1	 10	
18	 15	till	<25	 A	 -	 2	 10	
18	 15	till	<25	 B	 -	 1	 12	
21,5	 15	till	<25	 P03	 cart	 2	 14	
25	 15	till	<25	 R	 cart	 1	 20	
25	 15	till	<25	 R	 cart	 1	 20	
25	 15	till	<25	 R	 cart	 1	 20	
25	 15	till	<25	 R	 cart	 1	 20	
25	 15	till	<25	 R	 cart	 1	 20	
38,3	 ≥25	 P03	 -	 2	 14	
38,3	 ≥25	 M	 -	 1	 25	
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Appendix	11.	Risk	Assessment,	work	environment	perspective	(Version	1.0)	 Date:	2016-02-22	

Nr.	 Process/	
Activity	

Description	of	potential	risk	–	
what	can	go	wrong?	

Possible	
consequences	

L,	
1-5	

X,		
1-5	

R,	index	 Countermeasure	

1	 Goods	
reception	
(from	basket)	

• The	packages	vary	in	weight	
and	size.	

• The	design	of	the	means	of	
transport.	

	

Physical	strain	 2	 3	 6	 Discuss	and	agree	on	a	packaging	that	is	
lessen	the	risk	for	physical	strain	(with	the	
supplier).	Set	up	requirements	for	the	
suppliers.	Clarify	the	ergonomic	demands	
with	the	Purchasing	department.	

2	 Goods	
reception	
(from	basket)	

• Packaging	instructions	from	
supplier.	

Accidents.	
Injuries	and	damage	
due	to	heave	packages.	
Dangerous	good	can	
cause	harm	when	not	
packaged	properly	

1	 3	 3	 Visualize	the	weight	of	the	packages	to	
indicate	what	assisting	equipment	is	needed.	
Mark	the	package	with	symbols	e.g.,	if	it	
contains	dangerous	or	sharp	goods.	

3	 Place	material	
in	storage	

• The	packages	vary	in	weight	
and	size.	

• The	design	of	the	storage,	
different	levels.	

• Transport	within	the	
storage.	

• The	unpacking	of	the	
material.	

• Handling	the	material	on	
when	walking	up/down	the	
stairs.	

Physical	strain	
	
Monotonous	
movements,	when	
unpacking	and	
repackaging	the	
material.	

2	 3	 6	 Categorize	the	material	to	know	where	to	
store	it	in	relation	to	its	weight	and	size.	
	
Investigate	the	balance	errors	from	the	
supplier	to	see	if	the	work	task	can	be	
removed.	Produce	statistics.	

4	 Place	material	
in	storage	

• Adjustments	and	
replacement	of	materials.	

Stress	 5	 1	 5	 Investigate	why	there	is	a	need	to	adjust	and	
replace	the	material.	
Max/min	
Set	up	requirements	for	the	packaging.	
Perform	risk	analysis	before	any	adjustments	
are	made.	
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5	 Place	material	
in	storage	

• Handling	the	material	on	
when	walking	up/down	the	
stairs.	

	

Accidents.	
Physical	injuries,	
personal	and/or	on	
others	

4	 4	 16	 Inform	the	employees	to	only	handle	material	
in	a	way	that	allows	you	to	have	a	hand	on	
the	rail.	Use	the	fork	truck	gate	in	the	cases	
material	can	not	be	handled	in	the	way	
mentioned.	See	point	3.	

6	 Retrieve	
material	from	
storage	

• The	packages	vary	in	weight	
and	size.	

• The	design	of	the	storage,	
different	levels.	

• Transport	within	the	
storage.	

Physical	strain	 2	 3	 6	 See	point	3.	

7	 Deliver	
material	to	
client	

• The	frequency	of	orders	is	
unpredictable.	

• The	packages	vary	in	weight	
and	size.	

• Inadequate	delivery	
spots/stations.	

• Handling	of	the	material	for	
delivery.	

• Fork	truck	traffic.	

Physical	strain	
Traffic	accidents	

2	 3	 6	 Set	up	ergonomic	requirements	on	the	
delivery	spots/stations.	
	

8	 Deliver	
material	to	TC	

• The	frequency	of	orders	is	
unpredictable.	

• The	packages	vary	in	weight	
and	size.	

• Inadequate	delivery	
spots/stations.	

• Handling	of	the	material	for	
delivery.	

• Fork	truck	traffic.	

Physical	strain	
Traffic	accidents	

2	 3	 6	 See	point	7.	
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9	 Deliver	
material	to	P5	

• The	frequency	of	orders	is	
unpredictable.	

• The	packages	vary	in	weight	
and	size.	

• Inadequate	delivery	
spots/stations.	

• Handling	of	the	material	for	
delivery.	

• Fork	truck	traffic.	

Physical	strain	
Traffic	accidents	
Cut	injuries,	while	
unpacking	some	goods.	

2	 3	 6	 Investigate	if	Maintenance	can	receive	and	
register	the	material	meant	for	their	
department.	
	
See	point	7.	

10	 Material	
handling	
(racks)	

• Heavy	manual	lifting	of	loads	
from	pallet	to	pallet.	

• Fork	truck	traffic.	
• The	packages	vary	in	weight	

and	size.	

Physical	strain	
Traffic	accidents	
Cut	and/or	crushing	
injuries,	when	packing	
and	unpacking.	

4	 3	 12	 Specific	equipment	for	assistance.	
Change	the	packing	instructions,	i.e.,	one	
barrel	per	pallet.	
	
How	is	tis	being	handled	in	other	
organizations?	

11	 Work	in	
Avantis	

• Easy	to	make	mistakes	
• A	manual	task	

Tired.	
Becomes	harder	to	
concentrate	

5	 1	 5	 Rotation	
Investigate	possibilities	for	automatization.	
Scanning/barcodes	
	

12	 Reception	of	
oil	deliveries	

• Not	included	in	the	daily	
work.	

• Risk	for	slipping	during	the	
winter.	

• Not	in	the	Volvo	area	

Stress		 4	 1	 4	 Organizational	change?	
Have	a	certain	time	set	for	deliveries	to	come.		
Make	use	of	the	resource	team	when	the	
personnel	is	absent.	

13	 Maintenance	
and	storage	
updates	

• Technical	problems/updates	
• Considered	additional	work,	

add	to	the	existing	work	load		
	

Stress	 5	 1	 5	
	

	

Make	use	of	the	resource	team	when	
personnel	are	absent.	
Other	changes	and	improvements	should	
release	some	time	to	distribute	to	other	work	
tasks.	
Investigate	what	information	is	needed	in	the	
labels.	
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Appendix	12.	Identified	Problems	
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Appendix	13	-	Benchmarking	
The	benchmarking	meeting	and	interview	are	summarized	in	the	following	sections.	
	
DHL	Freight	(Sweden)	AB	
The	meeting	was	with	the	manager	at	DHL	Freight	(Sweden)	AB	in	Eskilstuna.	
	
Goods	flow	
The	trucks	arrive	at	the	clients	where	they	are	loaded	with	goods	to	be	transported.	The	trucks	
then	 unload	 the	 goods	 at	 DHL	 in	 Eskilstuna.	 Everything	 gets	 scanned	 and	 transported	 to	
different	 gates,	depending	on	where	 the	 final	destinations	of	 the	goods	are.	 For	 instance,	
Gothenburg	 has	 one	 gate	 and	Malmö	 another.	 The	 goods	 get	 controlled	 by	 the	 gates	 to	
thereafter	be	loaded	on	the	trucks.	Everything	that	weighs	more	than	25	kg	gets	handled	by	
pallets	and	forklift	trucks.	The	rest	are	manually	handled		
	
If	the	packages	are	for	companies	in	Sweden,	the	goods	are	to	be	delivered	the	day	after	they	
arrive	to	DHL.	For	private	deliveries,	the	packages	are	stored	for	a	day	at	the	DHL.	The	clients	
are	contacted	during	this	day	to	ensure	they	are	available	when	the	packages	arrive	at	their	
home.	This	is	to	avoid	waste	in	terms	of	transportation.	The	packages	get	sorted	onto	shelves	
during	the	night	shift	and	get	placed	by	the	designated	gate	in	the	morning.	
	
Ergonomics	
The	manager	claim	that	DHL	has	plans	to	 implement	mechanized	package	sorting	and	that	
such	a	change	will	eliminate	many	of	the	manual	lifting	of	the	packages.	DHL	Freight	(Sweden)	
AB	 see	potential	 for	 improvements	 in	 reducing	 the	middle	 steps	 in	 the	 goods	 flow	 to	 the	
private	orders,	i.e.	the	packages	get	picked	up	by	the	supplier	and	gets	delivered	to	the	client	
without	having	to	be	stored	at	the	DHL	facility	for	a	more	efficient	flow.	
	
MAXI	ICA	Stormarknad	Eskilstuna	
The	supermarket	introduced	a	self-service	and	scanning	system	to	lessen	the	workload	by	the	
checkout	points.	The	respondent	states	that	the	system	is	preferable	to	the	manned	checkout	
points	as	the	client	does	not	have	to	pack	the	goods	more	than	once	and	the	it	is	therefore	
more	efficient	and	less	time	consuming	for	the	client.	The	client	has	greater	control	as	he	or	
she	can	see	the	price	of	the	goods	and	how	much	has	been	spent.	
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Appendix	14	–	Ideas	for	an	ergonomic	storage	
	
In	the	table	below,	the	short-term	ideas	are	noted	as	belonging	in	the	A	block	while	long-term	solutions	are	in	the	B	block.	
	
Need	 Idea	 Description	 Idea	

block		
(A	or	B)	

Positive	features	 Negative	features	

Sufficient	
space	

Use	of	standards	 Example:	Gloves,	instead	of	
offering	various	models	in	all	
sizes,	have	a	standard	model	for	
different	working	condition.	

A	 More	space.	
Reduce	stock	levels.	

Standards	cannot	be	
sufficient	for	every	situation.	

Investigate	what	material	is	
needed		

Continuous	inspection	–	What	is	
needed,	what	is	not?	

A	 More	space.	
Stock	control.	

Time	consuming	process.	
Requires	resource	in	terms	
of	time	and	manpower.	

Investigate	lead	time	and	
availability	

What	are	the	lead	times	for	the	
material?	Do	they	need	to	be	
stored	or	are	they	available	
nearby	and	be	purchased	on	
demand?	

AB	 More	space.	
Reassure	the	quality	of	the	
material	(within	expiration	
date).	
Strengthen	the	relationship	
with	the	suppliers		

Time	consuming	process.	

Good	
physical	
ergonomics	

Package	sorting	 To	sort	the	packages	by	the	
goods	reception	according	to	
weight.		

A	 Prepares	the	employees	on	
how	the	packages	should	be	
handled.	

Makes	an	additional	task	for	
the	goods	reception	
personnel	

One	floor	plane	 Materials	to	be	stored	on	the	
same	plane	(ground	level).	

B	 No	transportation	between	
floor	levels,	eliminate	the	risk	
for	accidents	or	damage	
during	said	transportations.	

Requires	space.	

New	design	of	the	basket	
(Transport	solution)	

Allows	the	basket	to	open	on	
both	sides	.	

A	 Prevents	the	employee	from	
excessive	bending	and	twists	
while	trying	to	reach	the	
packages.	Easy	to	implement.	

More	be	perceived	as	more	
time	consuming	as	the	
employees	have	to	walk	
around	the	basket	
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Vacuum	lifter	 Equipment	replacing	the	

manual	lifting	of	loads.	

A	 Reduce	risk	for	physical	strain	

Efficient.	

Costs	to	implement.	

Requires	space.	

Depends	on	the	packaging	of	

the	material.	

Lift	table/stocking	carts	 Lifts	and	adjust	the	material	to	a	

comfortable	handling	level.	

A	 Adjustable	to	the	employees	

and	stocking	shelves.	

	

Reduce	risk	for	physical	

strain.	

Requires	maneuver	space.	

Pallets	and	half	pallets		 To	handle	heavy	material	by	

fork	trucks.	

B	 Reduce	risk	for	physical	

strain.	

Requires	space.	

The	use	of	fork	trucks	adds	

to	the	truck	traffic,	thus	

might	require	adjustments	

for	safety	reasons.	

	

Conveyors		 Material	to	be	transported	on	

conveyors.	

B	 Reduce	risk	for	physical	

strain.	

Costs	to	implement.	

Requires	space	and	a	

thorough	layout	plan.	

Rearrangement	of	the	

material	

To	sort	how	the	material	should	

be	placed	according	to	

ergonomic	principles	(within	

strike	zones).	

A	 Reduce	risk	for	physical	

strain.	

Time	consuming	process.	

Requires	resource	in	terms	

of	time	and	manpower.	

Pack	instructions	for	

suppliers	

The	packaging	to	have	grip	or	

handles	to	ease	the	pickup	of	

material.	The	packaging	to	

thoroughly	secure	the	material,	

especially	for	dangerous	

materials.	

B	 Reduce	risk	for	physical	

strain,	accidents	and	other	

injuries.	

Difficult	to	achieve	if	the	

suppliers.	

Education	or	instructions.	 Define	and	visualize	how	to	do	

the	work	correctly	in	terms	of	

ergonomics.	

A	 Reduce	risk	for	physical	

strain.	Relatively	easy	to	

implement.	

Dependent	on	the	

employees.	

Rotation	 The	personnel	to	rotate	

between	the	work	stations.	

A	 Offers	variety.	 Might	be	perceived	in	a	

negative	light	by	the	
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Prevents	monotonous	
movements.	
Reduce	risks	for	physical	
strain.	
Encourage	communication	
and	collaboration	between	
the	employees.	
Easy	to	fill	the	station	when	
someone	is	absent.	

employees.	Depending	on	
how	they	see	their	work.	
	
	

Minimalize	
risk	for	
stress	

Scanner	 The	material	registration	or	
withdrawal	goes	into	the	system	
through	a	scanner/scanning	
system.	

B	 Saves	time	and	effort.	
Efficient.	
Stock	control.	

Costs	to	implement.	
Need	to	be	investigated.		

Self-service	 Withdrawals	in	the	storage	to	
be	done	through	a	self-service	
system.	
	
Thus,	remove	the	reception	
desk	(both	the	task	and	the	
physical	station).	

B	 Efficient.	
Reduce	risk	for	stress.	

Risk	for	people	running	back	
and	forth	in	the	storage.	
Risk	for	errors	in	stock	levels.	

Min/Max	inventory	
planning	

Specific	area	set	for	each	article.		 B	 Help	to	avoid	rearrangement	
and	adjustments.	
Reduce	risk	for	stress.	

Requires	space.	

	


