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Abstract  
The flooring industry is a market that constantly changing every year 
with new products and improvements. The purpose of this report is to 
uncover which of the floors, linoleum and vinyl with or without PUR 
reinforced surface has the lowest life cycle cost for the customer over a 
30-year period.  
 
The scope of the study is to investigate the three different floors in the 
public sector in Sweden, Norway, and Finland. A similar study was made 
many years ago where remarkable result was uncovered. The way used to 
determining the result in this study is made by two different methods 
within the LCC. The LCC calculations in this study are based on the 
primary data collections; qualitative interviews, time study, and 
observations. Secondary data have also been used in the report.  
 
When a customer invests in a floor there are three major costs 
purchasing, installation, and maintenance. Maintenance will ultimately 
be the biggest cost because it extends over the entire life cycle while the 
others are two fixed costs. The analysis uncover that the amount of water 
and chemical usage to maintain the floors has reduced since the old 
study. The consumption that has increased is the energy, a result from the 
increase usage of cleaning machines in the public sector.  
 
The most profitable floor to invest in is the vinyl with PUR reinforced 
surface. This floor has in Sweden and Norway a higher purchasing price 
than linoleum and vinyl without PUR reinforced surface but in the long 
run (30 years) its total life cycle cost are lesser than the two others. If the 
public sector in Sweden invests in a vinyl floor with reinforced PUR 
surface instead of a vinyl without PUR, the life cycle cost at a hospital or 
municipality will be reduced by 16,3 percent.  
 
Keywords: LCC, Flooring economy, linoleum, PUR, vinyl 
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Sammanfattning  
Golvindustrin är en bransch som är i ständig förändring, nya produkter 
samt uppgradering av existerande produkter sker varje år. Syftet med 
detta arbete är att undersöka vilket av golven linoleum och vinyl med 
eller utan PUR förstärkt yta som har den lägsta livscykelkostnaden för en 
kund över en tidsperiod om 30 år. 
 
Avgränsning för detta arbete är enbart att titta på dessa tre golv i den 
offentliga sektorn i länderna; Sverige, Norge och Finland. En liknande 
studie genomfördes på slutet av 80-talet. I studien har två olika typer av 
LCC använts, nutida och framtida värde analys. LCC är baserad på 
primär data från; intervjuer, tidsstudier och observationer. Även sekundär 
data har använts för att samla in information. 
 
Mängden vatten och kemikalier som används för att underhålla golv har 
minskat sedan den tidigare studien. Däremot har användande av 
elektricitet ökat markant, ett resultat från ett ökat användande av städ 
maskiner i den offentliga sektorn. Vinyl med PUR är det lönsammaste 
golvet att äga. Golvet har i Sverige och Norge ett högre inköpspris än 
både linoleum och vinyl utan PUR, men är det golv som har den lägsta 
livs cykel kostnaden. Detta eftersom den totala livscykelanalysen över en 
30 års period visar att den totala kostnaden är mindre än både linoleum 
och vinyl utan PUR förstärkning. 
 
Om den offentliga sektorn i Sverige skulle investera i vinyl golv med 
PUR förstärkning istället för ett vinyl golv utan PUR förstärkning, så 
skulle sjukhus eller kommun minska sin livscykelkostnad för golv med 
16,3 procent.  
 
Nyckelord:  
Livscykelkostnadsanalys, LCC, golvekonomi, linoleum, vinyl, PUR 



  vi 

Acknowledgement  
The thesis is the mandatory part of the education of Civilingenjör 
Industriell Ekonomi in the mechanical department at Blekinge Institute of 
Technology. The thesis has been going on for 20 weeks, from January to 
June.  
 
The thesis has been an educational and interesting project with many new 
experiences and lessons learned. We have created new experiences and 
knowledge’s that we will be able to hopefully use in our future careers. It 
has been a challenging but motivating project.  

The thesis has been written in cooperation with Tarkett AB, located in 
Ronneby. We would like to thank Tarkett for giving us the opportunity to 
write our thesis in cooperation with them. Especially at Tarkett we want 
to thank, our supervisor Per Sternegård, Mats Ericson, Ulla Norman and 
Annika Holman, for providing us with both feedback and relevant 
information. At the institute we would like to thank Lisiana Nurhadi for 
vital feedback on our report. We also want to thank everyone that 
participated and those we interviewed for providing us with fundamental 
information. 

Martin Miletic 
Andreas Samuelsson 

          Karlskrona, June 2014 
  

 



  vii 

Table of Contents 



  viii



  ix 

 





  1 

 

Notation  
 
Setup time: When maintaining an area of space that is for 

example 50m2 and the time to maintain it 
takes 100 minutes. Setup time is then 50 / 100 
m2/min. 

 
Break-even: When total costs for two or more floors are 

equal to each other and the total amount for 
example X – Y is equal to zero. 

 
Payback time: The period of time to break-even.  
  
Efficiency rate: Efficiency rate is a result of dividing one-hour 

with the set up time, for example; 1 hour = 60 
minutes / 0.40 = 150 m2/ hour efficiency rate.  

 
Linoleum:  The linoleum floor in this report has a PUR 

reinforced surface. 
 
Product V: Is a vinyl floor that does not have a PUR 

reinforced surface. 
 
Product P: Is a vinyl floor that has a PUR reinforced 

surface. The whole thickness of this floor can 
be used. 
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Abbreviations 
 
 LCC Life cycle cost 
 LCA Life cycle analyze  
 PUR Polyurethane 
 PVC Poly vinyl chloride 

VOC Volatile organic compound 
  
Index 
 P Value or amount of money at a present time 
 F Value or amount of money at a future time 
 A Annual amount 
 PW Present worth analysis 

FW Future worth analysis 
RoR Rate of return 
AOC Annual operation cost 
n Number of interest periods (year/month/day)  
t Interest period 
MARR Minimum Attractive Rate of Return  
PT Total present worth 
APR Annual percentage rate  
r Nominal interest rate  
ia  Effective interest rate per year 
DN No nothing 
LCM Least common multiple 
S Salvage value 
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Formulas of LCC calculations 
General 
Interest rate % = ((interest rate accrued per time unit) / (principal)) 
*100% 
 
Single amount factors (F/P and P/F)  
Fi = P + Pi => Fn = P (1+i) n 

Single payment compound factor= F/P factor= (1+i)n 

F= P (F/P, i, n) =P (1+i) n 

If determine the P value for a stated amount F use, P=F (P/F, i, n) = F 
(1+i)-n 
Single payment present worth factor= P/F factor= (1+i)-n 

 
Present worth analysis 
P = First cost – PW of annual operation cost + salvage value (Blank & 
Tarquin, 2012). 
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1. Introduction 
This report is a concluding part of the program at Blekinge Institute of 
Technology (BIT). During this report the students are going to apply all 
the relevant knowledge that has been developed during their five-year 
program at BIT where the theoretical shall be transformed to practical 
knowledge. 
 
In this section the reader are introduced to the chosen company, the area 
of the study, problems that will be solved during the study, and the 
approach to solve these problems. Furthermore are presented; purpose, 
delimitations, hypothesis, and an old study of the subject. 

1.1 Background 
Tarkett is a manufacturing company that produces many kinds of carpets, 
which can both be used on floors and walls. Tarkett has approximately 
9000 employees and are located in more than 100 countries. In Sweden 
Tarkett have two factories, Hanaskog and Ronneby. In Hanaskog wooden 
floors are produced and in Ronneby vinyl (plastic) floors. Tarkett’s 
ambition is to be a leading company in the floor industry, which means to 
develop innovative floors suited for all kinds of environment (Sternegård, 
2014). 
 
The primary investigation is to find the total life cycle cost (LCC) of 
three different floors from the customers’ perspective. To facilitate for 
the reader the authors have chosen to name the vinyl floor with PUR 
reinforced surface to product P, and the vinyl that has not PUR reinforced 
surface to product V. When vinyl is written in the report it is meant both 
PUR and none PUR floors (all vinyl floors).  
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The period that the LCC will be carrying on is the lifetime of 30 years. 
The reason for 30 years is because the quality of the floors is improving 
all the time, which means that the lifetime improves and can hold up to 
30 years and in some examples even more. 
 
A comparison will be conducted to find which floor is the best from the 
customers view, hence which who is the most profitable to invest in the 
mentioned time period. The three floors that will be look at are Product P 
(PUR reinforced surface), Product V that has a surface that is called 
factory finish and it is recommended to apply polish on the first year, and 
a linoleum floor that requires polish after its PUR surface has worn down 
(Ericsson, 2013). 
 
A similar study was done in the late 80’s, but since then, the market and 
the cleaning products have changed. The products have become easier to 
use which has resulted in higher productivity for the cleaners. This has 
done that the market for cleaners has reduced because an employee can 
perform more on their job then in the 80´s. The old study has served as a 
reference material in the industry and is in need of an upgrade. What has 
changed in the industry is that the floors lifetime has increased. Some of 
the cleaning agents that previous were approved to clean floors, are 
banned today. The methods of cleaning have also changed. Since 1989 
systems for recycling of overflow from installation has been developed. 
All this new data may have an impact on the LCC of the floors. A way to 
calculate the cost of the floors over its life cycle is to use methods within 
the LCC. 
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It is interesting to have another look at the LCC of the floors to get an 
understanding of how the market has changed. Has the market become 
more sustainable, has the higher purchase price an impact on the life 
expectancy of the floors and has it increased since the last analyze? By 
concluding this report the authors will act as an external part to Tarkett 
and help the company to uncover how their best selling product has 
evolved compared to the other two products, and also to update their 
reference material for the selling sector. All this vital information will be 
uncovered in the LCC (Sternegård, 2014). 

1.1.1 Problem definition  
The questions that are answered with this study are: 
- Is product P still the floor that requires less consumption of 

water and energy and have a minimal need for cleaning 
fluids than a plain traditional product V? 

- Is the reference material developed in 1989 still accurate for 
the market, or has the market changed, in such case why? 

- Which of the floors linoleum, product P, and product V has 
the lowest life cycle cost for the period of 30 years? 

- How does the public sector work to lower their cleaning 
costs? 

1.2 Purpose  
When the paper is done it shall uncover which of the floors in the public 
sector, linoleum, product P, and product V are the most profitable to 
invest, at a period of 30 years. The different floors will be compared from 
the product P´s perspective, because in the older studies it has used the 
same reference point, and can then easily be compared to see the 
development of the floors. The work will be used as a form of reference 
material for customers and sellers at flooring companies, to give them the 
material to do a fair planning of the cost a floor has during its lifetime 
with the advantages and disadvantages of the three different floor types. 
The main client for this study is Tarkett but also others in the industry. 
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Other stakeholders for this report could for example be purchasing 
managers in the public sector and cleaning unions. Even though Tarkett 
have contracted the authors, the authors aim to be objective. 

1.3 Delimitations 
The reports purpose is to look at the linoleum, product P, and product V 
floors in the public sector, which means that only these floors will be 
analyzed and only from customers view. Focus is only on the costs 
purchasing-, installation-, and maintenance because these are the biggest 
costs for the floor owners. Because of the time limit it will not be 
possible to analyze all kinds of for example vinyl floors, instead focus 
will be to just analyze one type of floor in one specific segment. 
 
The region that the analysis will be carried out in is Sweden and the 
bordering countries to Sweden, except Denmark. The reason to not 
investigate the market in Denmark is since a law is forbidding phthalates 
(in some parts of Denmark) that is needed in the process of poly vinyl 
chloride (PVC) for making the PVC softer (Nohrstedt, 2012). 
 
The different machines/materials cost for the companies in the public 
sector will not be investigated, for example how much a micro mop costs 
to purchase, since the companies can have different contracts with their 
supplier. The salvage cost would not be studied, because this appears 
when the customer substitutes a floor, and none of the interviewers have 
substituted a floor that the report focuses at. 
 
The area covered in this report is a large area that means that the authors 
will not be able to travel to the different countries and due to limited 
resources would not even be able to visit mid-, and north Sweden. For 
receiving information from the different countries and regions another 
approach will be used than live interviews.  
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The floors are also in need of a foundation, but it can differ from floor to 
floor, in this study the authors have chosen to not prioritize this aspect 
because it can depend on many different things. 

1.4 Hypothesis 

The hypothesis that will be tested in this paper is if Tarkett´s product P 
floor is the best floor alternative to invest in compared to linoleum and 
product V in an economic aspect (Tarkett marketing department, 2011)? 

1.5 The old report 
The old report that is the task to update is a book written by Gunnar 
Forslöw in the year 1989. One of the results from that report is that in 
1989, the flooring contractors, suppliers, and architects were mostly 
interested in purchasing, technical and aesthetic requirements. However, 
the stakeholders had little interest in the high operating costs of the 
floors. An explanation why so little focus is on the maintenance cost and 
underdeveloped cleaning care was according to Gunnar Forslöw that 
many refuse to resolve or even discuss about the maintenance, mainly 
due to status of the matter (Forslöw, 1989). 
 
Forslöw says it must be a change in the standards for selection of flooring 
materials with more focus on the high maintenance costs. If customers 
choose the wrong floor, it will result in an extra cost for the cleaning 
staff. According to his calculations, the total costs of the wrong floors 
installed in the public sector cost about two billions SEK / year in high 
operating costs, in the whole Sweden. Making many flooring cheap to 
buy, but more expensive to own and maintain. Tarkett, which during the 
time when the report were done was a Swedish company, with large 
international operations, had for many years encase a high effort to create 
the floors with the market's lowest maintenance costs (Forslöw, 1989). 
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In one of his calculations, Forslöw concluded that the greatest cost for a 
floor over a 20 year period, is the maintenance (65,4%), followed by 
depreciation and interest expenses, and at third place comprehensive 
planning, purchasing and installation cost (6,7%).  
 
Estimated exchange rate for a floor in a store is five to ten years, in a 
school it is 15 years, and for a hospital 20 years. When the study was 
made there were also some calculations that it would be a great shortage 
of manpower in the cleaning industry during the 90's. This is because 
young people are not inclined to work in the cleaning industry, and the 
large number of people retiring. Therefore Forslöw believed that it would 
in the future take place a great technological and organizational change 
within the Swedish cleaning industry. There are also demands to improve 
productivity in cleaning. Of the total cleaning budget, 50-70 percent goes 
to maintenance of floors (Forslöw, 1989). 
 
To summarize what to gain by choosing the right flooring, it can lead to 
low operating costs, reduced workload, maintaining function and 
appearance, and reduce the use of cleaning chemicals. Right floor in 
combination with more developed buildings, furnishing materials, reduce 
dirt intake, new tools and cleaning methods, will lead the company 
towards cheaper and less aware of the floor and result in a lower 
maintenance costs. Hopefully also lead to lower sickness grade of the 
workforce, better physical and psychosocial work environment, higher 
productivity, lower costs, higher motivation and a higher interest from 
stakeholders (Forslöw, 1989). 
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About five percent of a building's surface requires a qualified solution 
due to a more demanding soiling. Therefore, when doing calculations, do 
not blindly look at the five percent instead determine the floor that fit 
best for the other 95 percent when carrying out the calculations. When 
estimating the cost of a janitor, Forslöw have used 100 SEK per hour, it 
will result in a cost around 211 000 SEK in yearly salary. When Forslöw 
perform the study, it resulted in a table (Table 1.1) with setup time, 
efficiency, and cost for every method (Forslöw, 1989). 
 

Table 1.1. Cleaning cost from “Golvets driftsekonomi”  
(Forslöw, 1989 pp. 101). 

Method 
Setup time 
(min/m2/time) 

Efficiency 
rate (m2/hour) 

Cost (SEK/m2/time) 
(Salary 100 SEK) 

Single scrubbing 1 60 1,67 
Wet vacuuming 0,85 71 1.41 
Wet mopping 0,48 125 0,80 
Combined machine 0,25 240 0,42 
Polish (one layer) 0,3 200 0,5 
Dry buffering 0,7 86 1,16 
Damp mopping 0,26 231 0,43 
Vacuuming 0,25 240 0,42 

 
In the year 1989 the cost of cleaning outside home environment had the 
total cost of 15 billion SEK for a year in Sweden.  Of the cleaning cost, 
the wages were 85%, administration cost 8%, chemicals 2, 5 %, and 
machines with included tools 2, 5 % of the total cleaning cost. The 
optimal goal within the cleaning industry is to reach the lowest 
production cost for an hour, at the same time give the cleaning surface as 
few production hours as possible, while the desired quality is reached. 
Stakeholders for Forslöws study were real estate owners, developers, 
architects, janitors, and the buyer for the cleaning service (Forslöw, 
1989). 
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To facilitate the cleaning of the companies the cleaning methods and 
wiping system must be developed. By developing these two factors could 
led that the cleaning personnel’s do not need to maintain the floors as 
much as today (Forslöw, 1989). 
 
Annika Holman has earlier established a LCC calculation of what a floor 
cost on a hospital in Finland. Holman works as a cleaning expert for 
Tarkett, located in Finland. Her calculations are from 2008 and are based 
on a hospital´s maintenance method. The values are converted to SEK 
and 2008 salary for a cleaner was 164 SEK. When Holman calculated the 
total consumption of the product P and product V floors Holman got 
remarkable values between the two floors, for an area of 10 000 m2. 
Below is the total consumption of water, chemicals, and electricity of a 
floor that consists PUR and do not consist PUR (Table 1.2). 
  

Table 1.2. Yearly consumption for a hospital 2008 
Yearly consumption Product V Product P 
Water (Liter) 79869 27852 
Chemicals (Liter) 3562 2754 

Electricity (Kwh) 15864 15789 

  
The break-even between product P and product V (non PUR) floors was 
then only 0, 75 years. The product P floor had a higher purchasing price 
than product V but had total 18 percent lower maintain cost per m2 
(Holman, 2008). 
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2 Theory 

This section is about the theories that are the foundation for the report. 
The theories consist of different LCC approaches, information about the 
public sector economy, and basic information about the different floors.  

2.1 Basic information about LCC 
When investing in a floor two different costs appears, direct and indirect 
costs. The direct cost of the floor stands for a small cost of the entire 
LCC, and when the study was performed 1989 it was approximately 
eight percent. The direct costs are; purchase of the product and the 
installation part. The indirect cost was 1989 around 92 percent of the 
entire LCC and includes maintenance, cleaning, reparation, and renewal. 
The other factors that are taken into account when estimating the total 
cost of ownership over the life cycle of any flooring are purchase, 
transport, installation, waste and recycling, cleaning, repair, renewal, 
administration, and inflation costs (Forslöw, 1989). 
 
The initial cost per square meter is the purchase decision why customers 
buy a specific floor instead of another. Many of the customers do not 
understand that the initial cost of the floor is a very small sum of the total 
cost, and in the end chose the expensive floor, but the customer thought it 
chose the cheaper in the first place. Tarkett uses the LCC concept to 
show the total cost of owning a flooring solution over a certain period of 
time. Then the customer realizes that it should look at the total instead of 
the initial cost. By showing this Tarkett can attract customers because the 
company have a great product, the initial cost is higher than the 
competitors but the total cost are smaller, which means that Tarkett´s 
floor is a better investment (Forslöw, 1989).  



  13 

2.1.1 Basic about analysis tools 

A project in the engineering field is expressed to develop a process, to 
make, buy or provide a product or a service. A way to evaluate the cash 
flow from extents such as revenue, annual cost, or initial cost could be 
done with the tools used in the field of engineering economy analysis. 
The tools give an estimation of the useful life of a product, service, or a 
process. To give an example of different tools and techniques that can be 
used are present worth analysis (PW), future worth analysis (FW), annual 
worth analysis, rate of return, capitalized cost, and life cycle costing 
(Blank & Tarquin, 2012). 

2.1.2 Formulate alternatives 
To be able to select and evaluate an economic proposal it requires a cash 
flow estimate over a time-period, a calculation of measure of worth and 
strategies to select which is the best offer. There is two ways to divide the 
offers, viable and not viable. Viable offers are the ones that can be looked 
from the perspective of economic, technological or legal. The not viable 
offers cannot be evaluated from these perspectives and will as a result be 
eliminated. The viable offers will go to the next step and be evaluated. A 
good way to find the best alternative for implementation is to use an 
economic evaluation as the primary means (Blank & Tarquin, 2012). 

It is possible to divide an economic offer into two types. The first one is 
called mutually exclusive alternative, second is called Independent 
projects. In mutually exclusive alternative only one of the offers can be 
selected, each viable offer is then called an alternative. In the 
independent projects, more than one offer can be selected. The available 
offers are then called projects.  
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There also exists a Do-nothing (DN) offer that is an option after the 
actual evaluation that has been performed. This alternative or project 
means that nothing new is introduced instead the current approach is 
maintained and leads to no new costs, savings or revenues to be 
generated (Blank & Tarquin, 2012). 

When it is required that one alternative must be chosen, the DN 
alternative is not considered. For example when an assigned function for 
safety or legal purpose must be installed, independent projects and 
mutual exclusive alternatives are selected in completely different ways 
(Blank & Tarquin, 2012).  

When engineers are selecting the best diesel engine out of several 
available models, one example at a mutually exclusive selection takes 
place. If none of the alternatives are economically justified, then the DN 
alternative is selected, as a result of that all models were rejected. In 
independent projects if capital is available, one, two or even all projects 
can be accepted if economically justified. In real world companies, there 
are often restrictions such as an upper budget limit, which are eliminating 
many of the alternatives.  The main difference is that mutually exclusive 
alternatives compete with one another, while independent are evaluated 
at the time and is only competing with the DN. PW, FW and other 
similar techniques in this paper can be used to evaluate offers both 
mutually exclusive and independent. 

Before starting the calculation of PW etc., it is important to recognize the 
cash flow estimates. A cash-flow estimate determines if the alternative is 
either revenue or cost-based. When an economic study is performed it is 
vital that all the alternative or project is of the same type (Blank & 
Tarquin, 2012).       
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2.1.3 Present worth analysis 

PW is a tool to convert a future amount of money to an equal value in 
today’s money value. The analysis is also referred as discount cash flow, 
present value, and net PW. PW can be used as a tool for computations in 
one project or alternative. It can also be used as a tool to compare two or 
more different alternatives. It can be divided into analysis of equal life 
alternatives and analysis of different life alternatives (Blank & Tarquin, 
2012). 

2.1.3.1 Present worth analysis of equal-life alternatives 

In the industry today the method PW is really popular. It gives all the 
future cost and revenues transformed into equivalent monetary unit 
today. The meaning is that all future cash flows are converted to present 
amounts at specific rate of return. It is called MARR. The industry feels 
that the method makes it very simple to determine which alternative has 
the best economic advantage. The equal-service requirement is met when 
the alternatives have the same capacities for the same time period (life). 
When talking about one alternative it is required that PW≥0, meaning 
that the requested MARR is either met or exceeded to the alternative to 
be economical justified (Blank & Tarquin, 2012). 

When handling two or more alternatives, the one to choose is the 
alternative with the numerically largest PW, more positive or the less 
negative of the alternatives. Meaning of this is that it indicates a lower 
PW of cost for cost alternatives or it is a larger PW of net cash flow for 
revenue alternatives. When choosing between two alternatives for 
example if PW1 = - 500 and PW2 = +1000 it is better to select alternative 
two (Blank & Tarquin, 2012). 
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In independent projects the PW is considered separately and is instead 
compared with the DN which is always PW=0. For one or more 
independent projects select all projects with PW≥0. To obtain a PW 
value that can exceed zero in an independent project it must have positive 
and negative cash flows; it must be revenue projects (Blank & Tarquin, 
2012). 

Required in all PW analyses is a MARR value to be used as the real 
interest value (i) in the PW relation. Depending on the alternative and 
which figures are available the formula will be changed accordingly to 
that specific alternative (Blank & Tarquin, 2012). 

2.1.3.2 Present worth analysis of different-life alternatives 
 
The PW method can also be used to compare mutually exclusive 
alternatives that have different life expectancy, even if the equal service 
requirement must be fulfilled. It is important when calculating the PW of 
the alternatives to compare them over the same number of years, and to 
satisfy the equal service requirement life cycle need to the end at the 
same time (Blank & Tarquin, 2012). 
 
To be able to do a fair comparison it requires that the PW represent the 
cash flow relate with the same service. Failures to compare cost 
alternatives for the same service will economically favor the shorter-lived 
mutually exclusive alternative. This because with fewer periods of cost 
involved (Blank & Tarquin, 2012). 
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There exist two different approaches when handling alternatives with 
different life expectancy. The first is called Least Common Multiple 
(LCM). Here the PW for alternatives are compared over a period of time 
equal to the least common multiple of their expected life. For example 
alternative A with a life of three years and alternative B with four years 
will be compared over a twelve years period (Blank & Tarquin, 2012). 
 
When using the LCM approach it exist a need to use the assumption that; 
“1. The service provided will be needed over the entire LCM years or 
more. 
2. The selected alternative can be repeated over each life cycle of the 
LCM in exactly the same manner. 
3. Cash flow estimates are the same for each life cycle.“ (Blank & 
Tarquin, 2012 pp. 134). 
 
The other approach does not essentially consider the expected life of an 
alternative. Instead it compares PW over a specific time-period of n 
years. This later approach is called study period or the planning horizon. 
A time horizon for the study period is chosen, which an economic 
analysis are conducted upon. The only cash flows that are relevant for the 
analysis are the ones that occur during the time-period. The cash flows 
that occur after the study period will be ignored (Blank & Tarquin, 
2012). 

2.1.4 Future worth analysis 

To determine the future worth of an alternative it can either be determine 
directly from the cash flow or by multiply the PW with the F/P factor. 
The FW is mainly used when taking large capital investment decisions, 
where the goal is to maximize the firms’ stockholders future wealth. For 
example take an entrepreneur that is planning to buy a company and 
wants to know what the company stocks expects to be traded within three 
years (Blank & Tarquin, 2012). 



  18 

To select alternatives from a PW are the same as for FW; if the FW≥0 the 
MARR is met or exceeded. When selecting for two or more mutually 
exclusive alternatives, select the one with the highest FW value (Blank & 
Tarquin, 2012). 

2.2 LCC analysis 

PW are concentrating on the estimation of the first cost (P), annual 
operation cost (AOC), maintenance cost (M&O), salvage cost (S), 
prediction for repair and upgrading cost and an estimation about revenue 
that can be favor of one alternative over another. Additional to these cost 
it exist also other costs involved over the project’s complete life cycle. 
To estimate even these additional costs, a LCC analysis can be used to be 
able to determine these in a reliable way. The analysis will cover the 
projects entire life from the idea phase through operation and finally 
disposal stage (Blank & Tarquin, 2012). 

In the extent of the analysis it is both indirect and direct cost included. A 
direct cost is for example material, equipment, and human labor. An 
indirect cost is legal, insurance, management, and taxes. In a LCC 
analysis, typically includes the costs, and the method used for the 
analysis are the AW method. It is better to use a PW if there are any 
differences in the revenue and other benefits between the alternatives. In 
the public sector projects are often evaluated with the use of benefit/cost 
analysis (Blank & Tarquin, 2012). 

The major phases or stages a LCC analysis can be categorized into are 
acquisition, operation and disposal. The acquisition stage consists of all 
the activities that are requirement stages where the customer’s needs are 
assessed and all system requirements are documented.  
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The next stage in the first phase is the preliminary design phase where 
feasibility study and early conception stage plans are made. The last in 
the acquisition stage is the detailed design stage, where plans are made 
for marketing, human capital, and other assessments to see if it is 
economically justified (Blank & Tarquin, 2012). 

The next phase is the operation; here the first stage is the construction 
and implementation. In this stage buy, implement and construct the 
system is included, but also tests and preparations of the system. The 
next is the usage stage, where the system is used to generate product and 
services. The last phase is the disposal, here the system is phased out, 
removed, disposed, and transitioned to a new system is covered. When 
comparing alternatives with a LCC analysis, it is common that the level 
of output in usage differs. So it is better when for example one alternative 
produce 13 million units per year and another operate at 18 million per 
year. It is better to compare the AW values in currency unit/ unit 
produced, for example euro/unit or dollar/hour operated (Blank & 
Tarquin, 2012).   

2.3 Public sector economy 
When handling projects in the public sector the users and beneficiaries 
are usually citizen in a city or nation. Most of what the population use on 
a daily bases are publicly owned to the service of the citizenry. A public 
sector project is by the citizens financed, used and owned projects to 
provide a service to the citizens for the public good at no profit. It can be 
a service, product or a system that are used. Public sector projects exist in 
areas such as health care, police, transportation, or sports (Blank & 
Tarquin, 2012). 
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Public sector project or also called publicly owned projects, even if the 
project does not make profits, it has costs to pay by the appropriate 
government unit. There exist significant differences between how a 
private and public alternative are characterized. In the public sector the 
size of an investment are usually of a larger scale. In the private sector it 
exist some large investments but mostly it is medium to small 
investments. The life estimation of an alternative in the public sector is 
often between 30-50+ years; in the private sector it is shorter between 2-
25 years (Blank & Tarquin, 2012). 
 
In the public sector there are also differences in the annual cash flow 
estimations, as it are not planned to make a profit. Instead the 
government estimates the benefits and disadvantage with each alternative 
and estimates the costs. The private sector is planning that all the projects 
shall contribute to profit when costs are also estimated.  
 
When talking about cost in the public sector the estimated cost are those 
for the government to construct, operate, and maintain the project. There 
is less focus on the salvage value. The benefits are those that the public 
feels is an advantage for them. The disadvantage is for the public; 
undesired or negative consequences that are resulting from the 
implementation. It can also be indirect economic disadvantage with the 
alternative (Blank & Tarquin, 2012). 
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To establish and verify the benefits that an alternative can have are 
difficult. In the private sector it is possible to estimate the revenue cash 
flow. To estimate the benefits are much harder to do, because benefits are 
broadly around inexact averages. The disadvantage may also be unknown 
at the time when the evaluation is made. There also exist differences in 
how the projects are funded. The public sector funds their projects with 
capital from fees, bonds, taxes and private funds from private donators. 
The taxes are collected from the public, if using a bridge as an example, 
the user needs to pay toll fee to cross the bridge. The private sector is 
using stocks, bonds, and loans and has individual owners (Blank & 
Tarquin, 2012). 
 
There also exist differences in the interest rates as the private sector has 
rates based on the cost of capital, and the public sector has lower rates. 
The lower interest rate in the public sector is a result from that public 
company does not pay state taxes.  
 
Even in public sectors the interest rate is identified as i in the formula, it 
is also refereed as discount rate or social discount rate. The private sector 
is mostly looking at the rate of return to the alternative selection criteria. 
The public sector has a multiple categories, both economic and non-
economic criteria. Making it hard to choose one alternative sole based on 
the ROR or the PW. In the public sector it is often meetings and debates 
as their owners of the project consist of various interest groups. Private 
sectors evaluation is primarily economic (Blank & Tarquin, 2012). 

2.4 General information about the floors.  
These following texts will tell the general information about the floors; 
linoleum, product P, and product V. The advantages and disadvantages 
will be presented to the reader. 
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2.4.1 Background of product P  
The floor product P was introduced to the market in the year 1984. The 
purpose of developing this floor was that it should be installed in the 
public sector. During the years the floor product P has evolved more; 
nowadays the floor can be bought in 64 different shades and in six color 
families.  
 
Because product P has a PUR reinforced surface it performs in many 
situation better than the product V floor, due to the better design. The dry 
procedure activates the additives in the floor of product P. The truly 
homogeneous construction of it allows the products to be dry buffed for 
the true life of the product without any need for harmful chemicals. 
 
Maintain the appearance and properties of the flooring product P with a 
regular schedule of dry buffing as soon as wear become visible. Dry 
buffing is especially effective to gently renovate micro scratches caused 
by foot traffic and wear. The sharp edges from a micro scratch are 
quickly removed and the result is improved for each time the area is 
treated with the pad (Sternegård, 2014). 
 
When the floor was introduced it was remarkable compared to the 
competitors. The main differences between product P and the 
competitor’s floors then was that the product P floor contained 
Polyurethane (PUR), which affected the maintain process of the floor in a 
good way. This was Tarkett´s major uniqueness. PUR with its excellent 
properties is advantageously used to create micro porous hydrophobic 
coatings that are breathable when it is mixed with water and a solvent. 
The solvent and water evaporates before it goes through the floor/cracks, 
then PUR begins to harden, forming cross-links. When the water 
disappears it do not stay on the floor, instead it only vaporize.  
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Tarkett made a LCC analysis in the late 80´s. The study said that the 
actual cost of the investment was only eight percent of the entire LCC. It 
also compared the floors product P and product V and said that after the 
third year the break-even would occur (Forslöw, 1989). The maintaining 
process compared to the competitors is very simple. The user does not 
need to use wax or polish like the competitor does, instead the daily 
cleaning are done with a neutral detergent and combined with scrubber 
cleaners on the weekly basis (Lundberg, 2014).  
 
As proof to the good quality and that the floor is sustainable, there is a 
product P floor in Karlskrona hospital. It was installed in the year of 
1984 and is still functional. When the hospital decides to invest in a new 
floor the current product P floor can be almost entirely recycled.  
 
With Tarkett´s unique formula and production process, it has managed to 
provide the customers with more environmentally friendly and healthier 
products. All the new product P floors have VOC emissions below the 
quantifiable levels (Lundberg, 2014).  
 
The main reasons the customer’s choses to invest in product P floor are 
because that it offers the best choice of colors, design and a specific 
surface that is ideal for particular areas.  If the installer knows how to 
install floors, then the product P would not be a problem to install 
(Tarkett, 2013). 

2.4.2 Background of linoleum 
Linoleum floors have been used in Sweden for a long time. A linoleum 
floor consists of linseed oil, wood flour, resin color pigments and jute. In 
the early days the floors was maintained with wax. To add wax to the 
floors took a lot of time. So the next step for maintaining the floors was 
to on regular basis instead add polish, which made the surface easier to 
clean and dirt repellent.  
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If the linoleum floors protective surface is worn down, the floor starts to 
smell bad if water is added. Linoleum floors have high moisture capacity, 
meaning that the floor has a good capability year-around to take up and 
emit moisture (Adalberth, 1998). 
 
The linoleum floors in this report has PUR reinforced surface from 
factory. This new surface layer protects the floor from the installation to 
the day PUR reinforced are wear down. The time for the surface to worn 
down is depending on the cleaning methods, preventive measures and 
traffic over the floors. The new surface makes that the linoleum floors 
does not longer requires polish as long the PUR reinforced surface is left. 
It only needs a periodic maintaining with a dry buffer (Söderbom, 2014). 
 
The linoleum floors have a long lifetime, a proof of that could be found 
in the Sölvesborgs municipality where there are linoleum floors that are 
more than 50 years old (Persson, 2014). 
 

2.4.3 Background of product V 
It is common that people mix up vinyl and linoleum floors. The 
difference is in the way the different floors are produced. Product V 
floors are cheaper and more water-resistant than linoleum floors; the 
economic aspect (that product V is cheaper than linoleum) is good for 
companies with low budget. 
 
The difference between the product P and the product V floor in this 
report is that the product V floor has instead of a PUR surface, a factory 
applied surface finish. The factory applied finish gives the floor an initial 
protection. It is recommended to apply polish on the product V floor 
when doing the periodic maintaining (Holman, 2014). 



  25 

2.5 Differences of the floors 
The difference between linoleum, product P, and product V floors can be 
summarized into three different subjects. These subjects are purchasing 
price, installing, and maintenance.  

2.5.1 Purchasing price 
The purchasing price varies between the floors. The product P floor is the 
most expensive solution if a company wants to invest in a premium 
segment. The price range for it in the countries Sweden, Norway, and 
Finland varies between 140-200 SEK/m2 (Engström, 2014). 
 
Linoleum is the floor that lies between product P and product V, when 
talking from the perspective of price. The price range for linoleum is 85-
160 SEK/m2 in the focusing countries. The product V prices range is 55- 
90 SEK in Sweden, Norway, and Finland (Holman, 2014).  
 

2.5.2 Installing 
There are very little differences in the installation of the floors. It is so 
small that it can be neglected. The price for the actually installing tends 
to be at the same levels (Lundgren, 2014; Söderbom, 2014). 

2.5.3 Maintenance  
The maintenance cost is a very big cost of the total life cost during its 
lifetime (Forslöw, 1989). The biggest difference between product P and 
the two others is that product P does not need polish and wax. Product P 
floor has a surface that would never break down if the cleaning 
instructions are followed, for example dry buffering on regularly basis. 
Linoleum and product V must use polish and wax; this will in the end 
become a higher cost compared to using the dry buffering machine.  
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Linoleums PUR enhancement surface is in the producing phase treated 
with durable and an easy care surface that produces long sustainability. 
The average time before the surface breaks trough is ten years, and then 
polish and wax are recommended to use for maintaining the floor and to 
keep it in good shape. Product V has instead a surface that is called 
factory finish (Tarkett, 2013). Tarkett suggests using polish and waxing 
from the beginning of the product V floor, for increasing the lifetime 
(Holman, 2014).   

2.5.4 Cleaning methods  

The most ordinary cleaning methods today are; dry-, damp-, and wet 
mopping, vacuum, and using a combined machine (Lundberg, 2014). 

The first method is dry mopping whose main function is to eliminate dust 
and loose dirt. The use of this method depends on the environment; some 
can use it frequently, which means the methods are used once a day and 
others more seldom for example two to three times a week. Today when 
mopping it is common to use a textile mop, microfiber or one time mops 
that is dry or impregnated (Lundberg, 2014). 

Damp mopping is a method carried out with a moisture mop with water 
or with some detergent by either residual moisture by washing or 
spraying. This method is used when it is too dirty for just a simple dry 
mopping. It removes more particles than dry mopping, and between 15-
20 seconds after the cleaning the floor should be dry, if not, it is not dry 
mopping (then wet mopping). Depending on the environment it is usually 
performed one to three days a week (Lundberg, 2014). 

Wet mopping is exemplary to use for when a lot of footprints is on the 
floor. A micro mop is placed on the head and needs to be relatively wet 
to be able to remove the prints. Normally it is no need to “after dry” with 
another mop (Lundberg, 2014). 
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Vacuum cleaning is a good complementary to the dry moping, first the 
employee vacuums to take up the gravel and the loose particles, after the 
employee uses the dry mopping to clean the place. It is recommended to 
use when building cleaning is performed (Lundberg, 2014). 

The use of a combined machine results in the best quality of cleaning. It 
puts out chemicals, scrubs, and vacuums up the detergent. If the 
employee has this machine it practically do not need any other methods 
that were mentioned before. With a combined machine the cleaner can 
also have a Twister disc. A Twister contains small diamonds that gives 
the ability to both clean and polish the floor at the same time. If more 
Twisters were used it would result in a lower chemical use which would 
be of both economic and environmental benefits (Lundberg, 2014). 

2.6 Efficiency rate 
Different cleaning methods have efficiency rate, number of m2/ hour. To 
give an example, a combined cleaning machine can both scrub and 
vacuum the spilled water, and has a higher efficiency rate than a manual 
cleaning method with cleaning cloths (Tillmar, 2011). 
 
A combined machine can by the specifications from the supplier have a 
speed up to five km/h, but trough practical testing the concrete speed for 
a small combined machine is around 2, 8 km/h, when cleaning a floor. 
The bigger combined machines that are drivable can scrub a bigger 
surface and with an average speed at four km/h. The working time is also 
limited by the “lead time”. This can be for example how long time it 
takes to transport the machine from where the machine cleans to the 
place where water is emptied and filled (Tillmar, 2011). 
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3 Methods 
This report is written with a qualitative approach. The section below 
explains the methods and how the authors have used these in the report. 
The methods that have been used during the study are interviews, 
observation, and time studies. All these methods was used to gather 
information of which floor has the lowest LCC.  
 
The way to analyze the problems is to use a LCC analysis. To get valid 
data, it is important to get primary data. To get the primary data the 
authors have chosen to perform interviews with customers in the public 
sector (daily users), an introduction day at the flooring company Tarkett, 
an observation study to see how the floors are cleaned with taking 
numbers of how effective the cleaners are when an employee are 
maintaining the floors. This important information that have been 
received from the different approaches will then be summarized in the 
result part, where the total investment cost from the customers view will 
be calculated by hand.  
 
There are many stakeholders that are interested in the answer from the 
questions in this report. This is because the producing companies are 
looking for new selling material and the customers is searching for 
good up to date references to the numbers that the sellers are presenting 
to them. 

3.1 Inductive 
There is two different ways to understand what is true and false and to 
draw conclusions. The first way is called deduction and is based upon 
logic. Deductive approach is when the research questions can be 
answered with preexisting literature.  
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The second way is induction, and is instead based on empirical evidence.  
This approach is often associated with a qualitative research. In 
induction, conclusions are drawn from the result of the observations and 
interviews (Ghauri & Gronhaug, 2005). An inductive approach was used 
in this study, because it was the most suitable way to perform the study. 
The research problem in this study is of such nature that it makes it hard 
to find existing theory to solve the problem. 

3.2 Qualitative examination 
To define a qualitative method is hard, because it can differ from study to 
study. Therefore it is much easier to talk about qualitative data or 
empirical. Quantitative data are for example numbers and statistic 
materials. Interviews and observations are some examples for what 
qualitative data can be (Ahrne & Svensson, 2011). 
 
In the qualitative studies the researcher is assuming that the topic can be 
interpret in many different ways, and that it is not any absolute and 
objective truth. It is then very hard for the researcher to conduct a survey 
of the topic, which results that the answer becomes hard to uncover 
because of the given quantitative information. In many cases the 
qualitative uses explorative, it means that the researcher do not have 
much competence about the topic in advance. The qualitative tries to 
catch the deep of the information and are then instead of including many 
including less persons in the research (Malterud, 2009). 
 
The research process is not often deductive i.e. it starts from a theory that 
the researcher are deriving, which is tested in the end. Instead it is 
inductive; where the researcher tries to accomplish some kind of 
explanation or model of the topic. In the actual process the researcher is 
an important person when it comes to bring in and interpret the data, the 
method in that case is more subjective. The process is otherwise much 
like the quantitative (Malterud, 2009).  
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The researcher starts with the literature research for being able to explain 
the research topic and to learn about the topic that is already uncovered. 
Easy explained it is; collect data, analyze it, interpret, compiles the data 
and discuss the data (Malterud, 2009). The most usual method in 
qualitative studies is to use semi-structured interviews, with one person at 
the time (Halkier, 2010). 
 
The authors had no previous experience of the cleaning industry when 
started with the study. There was also a need to find information about a 
field that there is little knowledge about, therefore the researchers felt a 
need of using a qualitative approach. Ghauri and Gronhaug (2005) agree 
with the authors that using a qualitative approach to an area were little is 
known, is a typical example where the method fits.  
 
The problems in this report are a complex, and to solve that it requires a 
use of qualitative research methods. The use of qualitative methods will 
give information about how different people in the public sector think 
about cleaning methods, perform it, and purchase the floors. Important is 
to get information about what the responsible personnel think and 
reasons about the problems. With a qualitative approach an 
understanding is obtained and will therefore see the problem from the 
customers’ perspective. To get a lot of answers without any deep 
information would not be helpful for the report at all (Ahrne & Svensson, 
2011). 
 
According to Ghauri and Gronhaug (2005) there exist three major 
components in a qualitative approach. The first step is data collection, 
with observation and interviews. The next step is to analyze the data to 
see if there are some new findings. The last step is writing a report out of 
the findings.  



  31 

3.3 Implementation 
The report started with formulating which approaches were necessary to 
perform to be able solves the research problems. The next step was to 
clarify and concretize what information was needed to solve these 
problems. Some methods are more suitable to use than others. The 
studies first interview was with a person that had a large competence 
about cleaning methods, which was meant to improve the understanding 
of the cleaning industry. To clarify the understanding a literature study 
were made to get a better grasp of the area. Thereafter, interviews with 
employees in the cleaning and floor industry were performed. The 
interviews helped to get access to good primary data. To access the tacit 
knowledge from the cleaners an observation study was performed. In the 
areas where the primary data was not enough secondary data was used as 
a complement. 

3.3.1 Preparation of interview 
The persons who are going to ask questions must be prepared. To be as 
effective as possible the interviewer must occupy the time in the right 
way, for example performing one, maximum two interviews a day. The 
reason for this is that the interviewer wants to write down the first 
interview on paper and analyze what can be improved for the next one 
(Kvale & Brinkman, 2009).  
 
For interviews the interviewer needs to think on fundamentals things 
like; the venue, the clothes (any signals from them), behavior, time, the 
reason for doing the interview, approach of the interview, materials 
during it etc. (Kvale & Brinkman, 2009).  
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The qualitative method is often using semi-structured interviews, i.e. 
where the interviewer is assuming from areas within the topic instead of 
in exact detail questions. By using this way the interviewer can steer the 
interview more naturally and let the person steer in which direction the 
things are taken into the conversation. The purpose is to get the persons 
view of the reality and therefore the interviewer wants the person to talk 
free without being headed by the interviewer. The questions that are 
asked are open to give the person the chance to develop the answers by 
themselves. During the interview, always try to let the persons speak as 
much as possible. A good sign of an interview that went well is that the 
interviewer spoke more than the questioner (Trost, 2005). 

3.3.2 Analyze of the interview 
To analyze a single interview takes a lot of time. An interview of one 
hour will take more than a couple of hours to work through. Therefore 
the analyzer must give plenty of time to conduct it. Let the interview sink 
in before beginning to analyze the interview, instead of forcing it, which 
will be a negative way to approach it. When summarizing the interviews 
it is important to only write the important things, the irrelevant things are 
skipped (Trost, 2005). 
 
When all the interviews are summarized the analyzer must form a result 
of this. To approach this many methods can be used; it is up to the user to 
find the easiest and effective way to do it. A good way to approach it is to 
first read through the interviews a couple of times, and then look for 
keywords, the keywords could be written on a paper to have it easily at 
hand. Then next step is to find different themes that the keywords can fit 
(Trost, 2005). 
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When all the keywords are in a theme, it is time to highlight every 
citation from every participant. Mark every citation with a “name”, 
example X1, to easily know which citations are from whom. Then collect 
every citation for every theme. Go through all themes and seek if it could 
be in one dimension, and if people are telling different things about the 
same dimension. Be proper when dividing them into different sub 
categories. Do a separate list of themes, name and definition, sub 
categories name and definition and which citations that counts to the 
right answer (Trost, 2005).  
 
Then perform a reliability control either via research triangulating or 
inter assessment verification. The first means to discuss the different 
phases with another researcher to accomplish the consensus. The second 
mentioned is picking up another person to sort the citations and after look 
if it is the same as the first time (Trost, 2005). 
 
The last step to perform is to find patterns and connections, because this 
can be explained easiest when doing the qualitative researches. To 
compile the study could be done in many ways for example computer, 
paper, etc. (Trost, 2005). 
 
It is vital when presenting the result that the reader gets a clear picture of 
what the result is and gets convinced that it is done careful and reliable.  
Therefore it is vital to explain the approaches of the study, validity, and 
reliability. Try also to get the result as transparent as possible (Trost, 
2005). 
 
To increase the reliability, let the interviewers read what the result is. If 
the interviewers read through the text and say that it is not true, the 
author must change it. Complement the interviews if something is 
unclear, not understandable or if anything is missing (Trost, 2005).  
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3.3.3 Interviews  
A need in this study is to interview personnel in the field of installation, 
purchase and maintaining the floors. These people were contacted and 
meetings were arranged with them who worked at hospitals and 
municipality in Blekinge, Skåne, and Småland. 
 
Before contacting people that are working in the field an interview 
schedule was performed. This was a great help when deciding whom, 
why, when and where people should be interviewed.  Important 
stakeholder to interview was hospitals, municipality, installation and 
cleaning companies in the public sector. To get a general understanding 
of the field an interview was first performed with Tarketts own 
personnel.  
 
An interview guide was created, with the questions that needed to be 
answered and who would be able to answer them. The guide worked as a 
structure for the interview and when the questions were prepared. As 
persons were interviewed in different fields and industries, a semi-
structured formalization degree was used.  The guidelines worked as a 
way to focus the respondent on the right things, and at the same time not 
lead them towards the answer that the authors were looking for. The 
respondents were interviewed with the same structure, which made it 
easier to summarize and compare the interviews. Many in the field were 
busy with their own jobs and had little to gain from helping persons at 
their free time.  Creating a need for prioritize the respondents time before 
the authors own (Svensson, 2013).     
 
The first person that was interviewed was Annika Holman (see appendix 
1). The interview gave vital information about the different cleaning 
industries. Holman also showed two old studies performed by her. 
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When the respondent was contacted, the authors started with explaining 
the reason why it exist a need to talk with them and what the study was 
about. To motivate and prepare the respondents for a good interview the 
questions was sent in advance to them. By sending the questions in 
advance (see appendix 2, appendix 3) it helped both respondents and the 
questioner, because if the respondent did not have the competence in 
some questions, it was possible for the person to ask an employee at their 
company for the information.  
 
Before visiting the respondent a preparation was performed by study the 
field and their organization to understand and give relevant follow-up 
questions. The interviews were performed at the hospitals and 
municipalities etc., to make them feel at ease. The interviews were also 
performed in a silent environment to make sure to not be interrupted.  
 
When arriving at the location the interview started with that the authors 
began with introducing themselves, then the project, and last why the 
users were interviewed.  Then the actual interviews started with some 
warm up questions, for example what the employee worked with, how an 
average day is and how long time the person had worked there. Some of 
the interviews needed to be performed per telephone, so when those 
interviews were booked, the respondent was told to find a quiet and 
calming place to be in during the interview.  
 
After the warm-up questions when the respondent felt more at ease, the 
more important questions were asked, the more sensitive questions were 
asked closer to the end of the interview. When conducting the interviews 
the structure from the interview guide was followed, and everyone was 
asked the same questions but often gave different answers to the 
questions.  
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To some persons it was a need to clarify the questions as some may have 
misunderstood it. During every interview one asked the questions, and 
the other one was writing down the answers. The interviews were also 
recorded so it could easily be analyzed (Ghauri & Gronhaug, 2005).   
 
The interviews ended with a short summary of the notes that was took 
during the meetings and the respondents were also asked if there was 
something else the person wanted to add or clarify. After the interviews 
the next steps were explained to the interviewers and the respondent got 
offered to contact the authors if the respondents had any other questions, 
and was thanked for their time.  The next step was to summarize the 
interviews one by one. The interviews were summarized the day after the 
actual interview so as little as possible would be forgotten. When 
summarizing the interviews gaps were found that were resolved by later 
interviews. 
 
The data from the methods were then analyzed so it would be possible to 
interpret the results. All the collected data was then put together into a 
report and presented.  

3.4 Time study 
The practice of calculated unit time (setup time) is a method use in the 
construction field. Unit time is the time it takes for one worker to 
perform one specific task. The task is measured to get a value of the 
specific work task (time), for example to run a machine or saw a plank. 
The numbers can later on be used in different ways, for example, used as 
a way to increase efficiency. To make it easier to calculate unit time it is 
recommended to break down a process, into independent tasks. The unit 
time is depending on the worker. The worker can have different 
competence or experiences of the task, which have an impact on the unit 
time (Lundin & Ålund, 1972). 
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When planning a building project, time data is calculated with the total 
working time per unit or working time per m2. That form of time data is 
called unit time. The unit time is calculated as this; unit time (setup time) 
= working time / unit (Lundin & Ålund, 1972). 
 
The vital part in this LCC analysis is as said before, setup time and 
efficiency rate. The setup time is how long it takes to clean one square 
meter. The efficiency rate is how effective the cleaner is.  
 
To get the cleaning time in the formula setup time, multiply the seconds 
with 0,017, because it exist a need in this study to get the seconds in 
decimals. An example of this is; the cleaning time is 7 minutes and 44 
seconds. Then the calculation is; seven stands as the same, 44 * 0,017 = 
7+ (44*0,017) ≈ 7, 75 minutes.  
 
The area that the time study was performed on contains over 300 m2 of 
floors. The shape of the area is difficult to determine, therefore the area 
was divided into squares or rectangles to facilitate the process of 
counting and measuring. Total squares/rectangles were twelve, first was 
named A1 and the rest followed with A2 etc., all these areas was random 
divided. 
 
To measure the time the different cleaners took for cleaning one area can 
be sensitive, because the person may clean to fast or the opposite, and 
because the industry is constantly reducing staff (Raasum, 2014). Since 
the report should only describe the working process, it were decided that 
the cleaners should not be named in the report. 
 
In the time study four different employees were followed at a company. 
The employees performed all needed cleaning methods that were 
interesting in this report, combined cleaning twelve different areas. The 
time study took seven days, but was spread out on the schedule. 
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To execute the time study in the right manner a stopwatch, foot ruler, 
paper, and pencil was used. One was in charge of taking time, and the 
other one of writing the numbers down. Throughout the time study the 
authors tried to not affect the time and took a distance from the cleaner so 
it would clean as usual. All lead times of the cleaning methods were 
collected in the study, except the method of polish. 

3.5 Observation 
Observations are of a situation or an environment. The observation can 
be structured and semi-structured; mostly used is semi-structured because 
the goal is to learn all that the employee is doing. The observer follows 
the employees and takes notes to remember the things the employee 
performed. If structured observations are chosen, then the observer must 
in advance choose some observations categories that the observer is 
looking at with the help of frequency marks. Semi-structured and 
structured observations can be done in two different ways depending on 
what the goal is with the observation; theory generating or hypothesis 
testing (Einarsson & Chiriac, 2002). 
 
The observation in this report was a semi-structured approach with low 
theory generation. The purpose with these observations was to find new 
patterns of the maintaining process, which have not been explored 
before. To be able to perform an observation study the authors started to 
look for an employee who was responsible for the cleaning areas that 
were interesting. The employee should also allow to be followed for a 
whole day. During the observations notes of details were written down to 
not forget anything. 
 
All the observations were carried out on the direct area, during the 
employee’s actual working day, which gave a chance to collect material 
in real and natural situation (Einarsson & Chiriac, 2002). This also meant 
that there would be no disruptions for the employee if the observation 
were carried out or not. 
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3.6 LCC analysis 
In the LCC analysis as presented earlier it exist many different methods 
to calculate the actual LCC. In this study only PW and FW analysis have 
been used. The reason for only choosing to look at these methods is 
because it gives a good view of the specific problem.  
 
The data that were gathered from the research methods was later used as 
the input data to the LCC analysis. In the LCC analysis the start is to 
calculate the setup time, the setup time is calculated by taking cleaning 
time/ area. The efficiency rate is calculated by taking 60 minutes (one 
hour) / setup time. The average time for each method (how much it is 
used in one week) was calculated to get the average value of the 
interviewed. These values are vital for calculating the yearly cost for 
each method. The efficiency rate for each method was then divided with 
the salary cost for that specific country; it resulted in getting the cost per 
m2/times. All these number was then put into a table to get yearly cost, 
by taking the cost per m2/times * times/year. All values are later 
summarized into different tables. 

3.7 Validity 
Validity is if the investigators measure the things the investigators intend 
to measure; this is the question that needs to be answered in validity. 
Validity can be divided into two categories, internal and external. 
Internal validity can be translated into credibility of the report. External 
validity can be translated into transferability of the report. In a qualitative 
study the author do not define the generalizability, instead the author 
present how and which findings are made (Thunman, 2003). 
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Internal validity is divided into communicative validity, participant 
control, and triangulation. Under communicative validity the author 
communicate how the investigation process affects the validity of 
knowledge collected. The communicative validity can consist of the 
authors preexisting understanding of the problem, description of the data 
collection, the sampling process, and the analysis process (Thunman, 
2003). 
 
Participant control is describes for example how positive the participants 
were to give out information or if the participant got the possibility to 
clarify and correct misunderstood parts. 
 
Triangulation describes how the problem is studied from different angles. 
For example people with different relation to the problem can be 
interviewed, and researchers with different background can participate in 
the data collection.  
 
Different sources from different fields have been used to collect the data. 
It is not possible to prove if the collected data from the interviews is 
right, but by using different sources it reduces the possibilities of wrong 
interpretations. Important to take into consideration is the reliability 
when interpreting the results.  
 
Both authors have some preexisting understanding of the problem but 
will not have an impact on the interpretation. Two persons have 
interpreted the results it has reduced the risk of leaving things out or 
causing errors. The theory used in the report is based on the information 
gathered in the result. 
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The report is a qualitative, which means that the result shall not be 
transferable to other fields. The result cannot be generalized. The study 
has been done before but the project reflects the improvements in the 
cleaning field and therefore it is an updated study. If the study will be 
performed in the future again, the result may have changed. This will not 
impact the validity of the report.  
 
In a research report, the researcher needs to without any prejudice 
observe and record information. With inductive conclusions the authors 
can never be a 100 percent sure about the conclusions. Even if the 
conclusions are based upon hundreds of empirical observations it can be 
wrong (Ghauri & Gronhaug, 2005).  

3.8 Reliability 
According to Ghauri and Gronhaug (2005), reliability is if the 
information and methods are credible that have been used in the project? 
High reliability is gained when actions results in the same conclusions 
the next time a similar study is performed.  
 
Most common threats against the reliability are; participant biases, 
participant errors, biases from researcher, and researcher errors. The 
participant bias is an aspect to be considered. This could happen when 
the participants want to please the researcher instead of giving them the 
right picture of the situation.  
 
Participant error appears as the participant’s attitude and performance can 
vary over time. For instance if the interview is held on a Tuesday, and 
another interview is held on a Friday, these two interviews could be very 
different and the Friday much more positive than the Tuesdays interview, 
because the participant is much more likely to have a happier attitude on 
a Friday. 
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Research error simply means that there could be a fault in the 
interpretation of the data that has been gathered. Research bias happens 
when the researcher correlates the responses (Saunders et al., 2007). 
 
To ensure a high reliability of this study, information has been collected 
from the primary users of the different floors. The participants were 
informed of what area was investigating and the purpose of the study. 
Some questions were sent out to the participants so the person had a 
chance to get deeper into the subject and that full concentration was on 
the questions during the interview. The participants were also told that 
any information could be vital for the research. During the interviews one 
or two recorders was on, this to escape bias and errors from the 
participants and to get a clear picture of the interview. After the interview 
there have been further interactions between the authors and the 
respondents to clarify previous answers and to ask new questions. 
 
The observation and time study is providing primary data because it 
creates the information after visiting the workplaces. All the other 
primary data is reliable since different sources have been used to look up 
the information before using it in the report. Interactions with the 
employees were ongoing during the study, because question arises. 
 
To keep a high reliability of the secondary data that are used for 
collecting information, the data are evaluated where the data is retrieved, 
this include different sites on the Internet/articles and similar information 
(Ghauri & Gronhaug, 2005). 
 
All gathered information were collected by the authors, for example the 
authors performed interviews, observation, and time study, Tarkett has 
not had any impact on the collected information. The study is analyzed 
and interpreted by the authors and therefore the project is based on the 
author’s conclusion, hence the report has a high reliability.  
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3.9 Critique of methods 
All the methods used in this report fits this kind of analyzes very well. 
The observation study was a good way to gain more knowledge and also 
for the experience on how a floor is maintained.  
 
Ghauri and Gronhaug (2005) say that a researcher has a moral 
responsibility to explain to the reader what the strength and weaknesses 
of the chosen methods are. If not the result and conclusions can be 
misleading for the reader, and create more problems than solutions to a 
problem. 
 
The reports primary data that has been used comes from, as mentioned 
interviews and observations. The collection of primary data has been 
done in the fields were it did not existed any trustworthy secondary 
sources of information. Since interviews were performed near and far 
away from Ronneby the approach to collect primary data gave valid 
information to the result. The authors experienced the same as Ghauri 
and Gronhaug (2005) that the primary data collection gave a good 
understanding of reasons behind a customer behavior. Ghauri and 
Gronhaug (2005) were right when saying that collecting good primary 
data takes a lot of time and money. 
 
Secondary sources have also been used to find useful information about 
the research problem and to understand the cleaning industry better. The 
use of secondary sources has helped to save both time and money. The 
use of secondary sources Ghauri and Gronhaug says is a good and cheap 
way to understand a new field, but it is important to remember that the 
information can have been collected in another purpose. 
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3.10 Source criticism 
The information that has been collected for building this report is from 
different sources. These sources are believed to have a high reliability. 
The information that has been received from Tarkett was without a doubt 
highly credible. The reason for that this is credible sources are because 
the participant do not have any reasons to mislead the authors. From the 
interviewers the authors must believe that the person has a high 
capability in the area. The Internet- and literature sources are written to 
explain a specific topic and may meant to highlight some specific 
information in the text, but the authors agreed that these sources are 
reliable because the company tries to market themselves but this has not 
any impact on the report. 

3.11 Ethic aspects 
The ethic topic is important especially when researching in qualitative 
studies. It is vital to be honest, and if the respondent does not want to be 
published then the interviewer must agree to not do it. A nice gesture is 
to share the report to all the participants that has contributed with 
information (Trost, 2005). 
 
Ghauri and Gronhaug (2005) are talking about the same ethical aspect; a 
researcher need to consider the ethical aspects of the report or else the 
report loses credibility and respect. The interviewers and other 
participants that have helped the authors with valid data would be 
provided the report, if there are interests.  
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4 Results  
The result from the study is presented under this section. First it describes 
the findings that were received from the interviews, time study, 
observation, and then a calculation part based on the interviews and time 
study. Findings and results are later on debated in the discussions and 
conclusion sections. 

4.1 Interviews  
Below the outcomes from the interviews are presented; the interviews are 
divided into nine categories, to get a better overlook of the results. 

4.1.1 Preventive measures 

Within the premises, 80 percent of the dirt comes from the outside. Many 
customers have complained about the floors, why does the floor get 
scratched so easy and why does it get dirty so quickly? To reduce the dirt 
inside by approximately 90 percent the users need to have a good wiping 
system (three steps principle).  

Many of the complainers do not have this, and then dirt is collected from 
outside and taken to the inside. A good wiping system consists of three 
steps/ carpets. First outside it requires having a scraper carpet, where the 
deep cleaning of the shoes is done. Here stones and bigger dirt is 
removed. The next carpet is made of artificial grass. This carpet is 
generally placed before the entrance of the building. The last is a carpet 
made of textile, for taking the last dirt off (Lundberg, 2014). 

All of the interviewed personnel’s at the hospitals answered that their 
facilities had a protective barrier to limit the amount of dirt entering the 
building.  
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To take an example; Karlskrona hospital has recently upgraded one of 
their carpets which has furthermore limited the dirt inside their buildings. 
(Hedlund et al, 2014). The municipalities that were interviewed answered 
their facilities had a short carpets in the entrance to their buildings, but 
just to get the worst dirt off (Persson, 2014). 

4.1.2 Chemicals  

The chemicals that are used during the cleaning today should have a pH 
that is closed to the normal point, i.e. pH seven to eight. If the cleaning 
staff considers that it is very soiled and the dirt contains much fat, then 
the cleaner must use a more basic cleaning detergent to dissolve the dirt 
(Lundberg, 2014). 

All of the interviewed people said that the only chemicals used with 
some exceptions are the chemicals in the washing machine, in the 
combined machine and Grovrent or Allrent (cleaning liquid) when doing 
the periodic maintaining (Hedlund et al, 2014).  

The cloths are already prepped within the washing machine, it makes a 
great difference for the environment, and the staffs do not need to self-
add water and chemicals when cleaning. The microfiber cloths are 
prepped in a special washing machine that is controlling the amount of 
water and chemicals (Hedlund et al, 2014).  

The cloths are slightly damp impregnated with Tasol (cleaning liquid) so 
it can absorb dirt. The other chemicals that are used when cleaning can 
be ignored, because it is very small portions that only are used on a 
yearly basis (Hedlund et al, 2014).  
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At the moment Karlskrona municipality, Kristianstad and Karlshamn 
hospital are using Allrent for their regular cleaning but have introduced 
the Twister and will in the future use it for all their regular cleaning 
(Raasum, 2014; Svraka, 2014; Johansson, 2014). Karlshamn hospital is 
adding a little wax in the water when the cloths are washed, as it helps to 
mend/repair the floors (Johansson, 2014). 

4.1.3 Cleaning Method 

All of the interviewed that was working with cleaning told that the 
cleaners tried to use dry methods as much as possible because the more 
water used in an environment the more the bacteria thrives. The 
respondent also said that it is common to use the flowing cleaning 
methods; dry mopping, damp mopping, wet mopping and combined 
machines more often. The employees mentioned that it takes 
approximately the same time to clean linoleum as it does to clean a 
product V and product P floors; the difference is in the periodic 
maintenance (Persson, 2014). 

When the cleaning personnel handle a spot the employee spray it with a 
water/ chemical solution and let it sink in for a few minutes, before 
cleaning the spot. During the winter it is dirtier and then methods like 
damp and wet are used more common than during the summer.  

During winter the entrance cumulates more water and dirt and therefore 
wet mopping is the most used cleaning method. On the linoleum the 
damp mopping method is more used than it is on product P and product 
V floors (Raasum, 2014). 
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All of the interviewed had a washing machine where the reusable cloths 
are washed. The cloths are washed in a big washing machine and during 
the program the heat must stay over 70 degrees for ten minutes in order 
to kill bacteria. All the interviewed has their own guidelines from their 
cleaning manager to approach a floor, but chose method after how dirty 
the floor is (Persson, 2014). 

Most of the cleaning methods are the same for linoleum and product p 
floors, but after about ten years the customers need to start applying 
polish to the linoleum floors. The reason for that is that the PUR 
enhancement surface is partly worn down. The time estimate depends on 
what kind of environment the floor is installed in (Holman, 2014). 

Karlshamn municipality feels that a big disadvantage with linoleum 
floors is that it requires a treatment that makes them more expensive to 
own. One of the linoleum floors installed at Karlshamn municipality is 
over 70 years old so one advantage is the long lifetime. If the cleaner 
uses hot water and for example Ajax at a linoleum floor it will ruin the 
floor, the linoleic oil is dissolved and it start to smells like butyric acid 
(Persson, 2014).  

When a linoleum floor gets too much water on them it starts to smell and 
gets ruffled. The floors are getting dirtier as the ruffled floor collects the 
dirt. Product V and product P on the other side can handle the water 
better. Linoleum floors have a longer life expectancy than product V and 
product P floors, and are according to the manufacturers more 
environmentally friendly. What the sellers do not say is that the floors are 
not so environmentally friendly after adding wax and polish. If a 
linoleum floor is really worn down a sanding net can be used and it will 
look as good as new again (Persson, 2014). 
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The personnel working in Sölvesborg are complaining that the linoleum 
floors are much harder to clean. The biggest differences between a 
linoleum floor and vinyl floor is that linoleum are harder to work with, 
needs more maintaining, and linoleum smells a bit bad when too much 
water has been applied (Johansson, 2014). 

At Karlskrona hospital it is common to clean the floors in corridors, 
office and storage areas five time a week. The big combined machine is 
used to clean the hallways and central hall. It is common at the hospital 
to use a so-called “mop moped” that is a small combined machine, that 
can be used where the big combined machines cannot access. 

Even if the personnel mostly want to use dry mopping mainly damp 
mopping is used at Karlskrona Hospital, and wet mopping is only used in 
special occasions. In the surgery at the hospital a cloth, Allrent and 
disinfection are used at the blood and urine spots; the cloths are not 
reused, but are instead thrown away due to hygiene (Hedlund et al, 
2014). 

The daily cleaning of an operation hall is done once a day. There is also 
time scheduled between surgeries to remove the blood and to let the 
nurses clean their instruments (Hedlund et al, 2014). There is no real 
difference between cleaning a floor in Sweden and cleaning floors in the 
rest of Scandinavia, the only difference is in salary (Holman, 2014). 

In the daily cleaning at Kristianstad Hospital mostly dry mopping is used. 
The employees use damp mopping in areas where it requires a wetter 
method. In the patients rooms it is not using combined machines, but 
combined machines are used in the corridors. Throughout the day it 
cleans the floors in the surgery room quickly between the operations, and 
removes bloodstains. A final cleaning is done at the end of the day where 
the floors are carefully cleaned (Raasum, 2014). 
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Dry mopping is a common cleaning method at daycares in Karlshamn 
Municipality. Damp mopping is frequently used in dinner halls and in the 
elderly care. Wet mopping is typically used in locker rooms (Persson, 
2014). 

In the daily cleaning them frequently use dry mopping and the occasional 
damp mopping. It is more common to use dry mopping at the ear 
department because patients are not too ill and would not make a big 
mess. The different floors and producers do not have an impact on the 
cleaning time, but the linoleum floor needs be cleaned with wetter 
methods than the vinyl floors (Svensson, 2014). 

The method Karlshamn Hospital uses everyday on the floors is damp 
mopping. Dry mopping is used only in areas where the floors are not 
getting to dirty, for example corridors were only the personnel at the 
hospital are walking with indoor shoes. At the hospital once a week, a 
combined machine with a Twister disc is used to clean some of their 
departments. In the patient rooms, dining rooms and corridors smaller 
machines are used. At the ward if something is spilled a damp mop is 
used to clean it up directly. (Johansson, 2014) 

If it is a big area without many obstacles Svraka recommends using a 
combined machine. To mop or drive a combined machine over an area 
takes approximately the same time, because many small moments are 
performed with the machine. The big difference is according to Svraka 
the quality of cleaning (Svraka, 2014). 
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4.1.4 Program 

There are different tools to calculate an approximate cleaning time. 
Holman uses the program to get accurate estimations of the maintenance 
cost for a floor compared to another. The way Holman uses the program 
is to persuade customers that the customer would save money in 
maintaining the floor and justify the higher selling price (Holman, 2014).  

All managers in all hospitals and municipality uses some form of 
program to get estimation of how long time it would take to clean an 
area. For example a program is used in the Karlskrona hospital to 
calculate the cleaning parts (Hedlund et al, 2014). In Karlshamn hospital 
another program is used, but still the programs used in the same way 
(Persson, 2014). 

4.1.5 Installation 

The working cost to install a product P floor in Sweden is about 100-120 
SEK/hour. During a whole working day an installer can approximately 
install 50 m2, which means that during one hour an installer can install 
6,25 m2 (Söderbom, 2014).  

In the Finnish market the price is lower. All vinyl floors have the same 
installation cost (Holman, 2014). For linoleum floors the price varied for 
installing between 100-135 SEK/m2 in Sweden. Martinsson (2014) and 
Lindvall (2014) are also agreeing with Holman, the difference in time 
and money it cost to install is so little that it can be neglect. 
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Svraka states that the cleaning area is not a primary aspect within their 
municipality, which means that her department cannot get the needed 
capital to install a premium floor. Instead often the cheapest floor types 
are installed in Karlskrona. To minimize the capital when it comes to 
choosing floors is a quick solution that can get big consequences when it 
comes to maintenance (Svraka, 2014). 

4.1.6 Selling price 

Ronneby municipality buys the product P floor for around 190 SEK/m2. 
Ronneby Golv and the municipality of Ronneby have an agreement, 
which involves that Ronneby Golv can purchase these floors cheaper 
than the actual buying price. Without the agreement, the product P floor 
would be more expensive than the competitors (Martinsson, 2014). The 
product P is more expensive than the linoleum floor but linoleum has a 
higher maintenance cost, which can affect the LCC (Persson, 2014). 

4.1.7 Maintaining  

All the interviewed are doing periodic maintaining of their floors, but the 
differences is in how often and how to perform the maintaining. When 
doing the periodic maintaining often the whole room is cleaned from roof 
to floor. During the regular cleaning the floors are washed and restored.  

When reset a product P floor it is not required to empty the whole room, 
only to move the furniture from one side to the other and after the area 
has been dry buffed on that side, only move the furniture to the other side 
and do that side also. This is possible because the floor does not need to 
dry after using the dry buffering.  
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When the furniture is moved the cleaner start with damp mopping of the 
floors, after a single scrubbing machine and regular “Allrent” or 
“Grovrent” is used, to get the surface clean from dirt that the damp mop 
missed. The next step is to use a wet vacuum to pick up the dirty water 
on the floor. The goal is to get a clean surface with no dirt on it. Then a 
dry buffering high-speed machine is used to polish the floor (Persson, 
2014). 

When reset a linoleum floor (after ten years) the entire floor needs to be 
cleared, the process with watering, single scrubbing machine, and then 
vacuuming are the same. The difference is that the vinyl floor dries much 
quicker. With linoleum floors the employee must let it dry for a day or 
else the moisture will be encapsulated.  The next step is to add a polish.  

The amount of polish layers are depending on how worn the floor is, but 
usually first a base polish is used, next clean and last a top polish. After 
each layer of polish the floor needs to dry, then the surface is scraped and 
rinsed and a new layer is applied. The total time will be around two days, 
depending on how much layers needed to be placed, some polish brands 
needs up to six layers. After the layers are added a test is performed to 
make sure the pH of the floors is back to neutral, because the polish has a 
pH around twelve. If not, the floors are flushed so the floor gets a pH 
around seven (Persson, 2014). 

Karlskrona hospital are not using polish anymore, because it required 
them to close a whole department to let the polish dry for two days and it 
was not possible in a hospital (Hedlund et al, 2014). Once a year periodic 
maintaining is done at Kristianstad hospital. Dry buffering is used on all 
the floors even the linoleum floors, because it is no time to do a 
restoration of the floor with layers of polish. The periodic maintaining of 
the operation rooms is done during the summer, and is planned so there is 
not operation during the time (Raasum, 2014). 
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Some of the floors in Karlshamn municipality require a restoring once a 
year, other every tenth years. The floors that are restored every tenth year 
are seldom used and that is the reason for not restoring them more 
frequently. The producer that sells the wax is saying that there is no need 
to use polish when using wax, but it is not true. The wax is most used 
when doing small restorations of the floor (small spots) (Persson, 2014).  

So if an owner wants to restore a floor, polish is the best alternative. The 
wax was popular before, but these days the polish is mostly 
used. Linoleum floors are getting dirtier faster and require more often 
periodic maintaining than vinyl floors. Persson also have noticed that 
some of the competitor’s floors compared to Tarkett does not last a long 
time after dry buffering, and requires more often a periodic maintaining 
(Persson, 2014). 

Vinyl floors are often installed in the patients’ rooms and linoleum floors 
in the corridor at Växjö hospital. On the linoleum floors polish are 
applied but never wax as the patient has a tendency to trip on a waxed 
floor. Every year a periodic maintaining is done according to 
instructions. When someone is moving out from his/her office the 
cleaners try to do polish or buffer the floor, depending on the need 
(Svensson, 2014) 

Växjö hospital has an old linoleum floors in the corridors and a problem 
is when polish them. The corridor cannot be closed to the patients’ room, 
so the cleaners need to let the patients out during the two days the polish 
need time to dry. So to fix the problem one side of the corridor is treated 
with polish and then the personnel let it dry. During the time the floor is 
drying, a small problem occurs. The personnel’s and patient cannot go on 
the polish because it will leave footsteps visible after them; instead 
people must jump over it. After it dries the other side will be taken and 
people living at that side needs to jump instead (Svensson, 2014). 
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In Karlskrona municipality the periodic maintaining need to be done at 
least three times a year, to not lose the design of the floor and the quality, 
but the periodic maintaining is every third year in the municipality. The 
cleaning manager of Karlskrona municipality dislikes using polish and 
waxing on the floors, but some of her colleagues are still treating the 
floors with polish and wax. Even the new floors have been treated with 
polish, because the personnel’s did not know how to treat the floors. On 
the Product V floor the cleaners use Twister, which Svraka is very 
positive about (Svraka, 2014). 
 
Customer journey map of restoring with a dry buffer  
This is a customer journey map of a cleaner who shall restore a product P 
floor. The day begins with arriving at the company. Here the employee 
shall first collect all the necessary products for the restoration. This can 
include anything from machines to small cloths. When the employee has 
collected all that is needed the cleaner shall empty the space for easier 
restoring of the floor (Hedlund et al, 2014).  

The first method in the process is to dry mop the area, this is to collect 
and transfer all the dirt on the surface, which is the easiest dirt to remove. 
After this, it is time to pour liquid on the floor; the liquid contains a basis 
from ten to eleven on the pH- scale. The liquid contains detergent that 
dissolves the tougher dirt. To get the best result the employee shall wait 
for at least ten minutes to get the detergent to act.  

After the ten minutes the employer takes a scrubber and scrubs the 
corners, because the scrubbing machine cannot reach into the corners. 
When the employee thinks that the corners are well done, it is time for 
the scrubbing machine. The single scrubbing machine runs in every 
direction and gives a very good result. Now the detergent is mixed with 
water and dirt. To collect the dirty water the employee first uses a wet 
scraper and then follows up with a wet vacuum (Hedlund et al, 2014). 
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Now the employee has finished scrubbing the floor and hopefully 
removed all the dirt. The next step is to fill a jug with clean water; the 
water should preferably be tepid. The water is then poured onto the floor. 
The easiest way to clean up the remaining detergent particles from the 
floor is by using the wet mopping method.  

The wet mopping do not take up the water, it only scrubs the floor. To 
get up the water the employee uses the wet vacuuming machine. The last 
method is the dry buffering, but before the employee can start with that it 
must wait around ten minutes for the floor to dry. The dry buffering 
machine has a speed approximately 1000 lap per minute, which makes 
the frequency fast and means that the employee must always keep the 
machine in movement. If the employee does not keep it in movement the 
machine will make small burn marks on the floor. The roundel on the 
machine depends of how worn down the floor is. The colors of the 
roundel goes from white to black, white is the gentlest and black is the 
hardest material, and between it is other colors (Hedlund et al, 2014). 
 
Customer journey map of restoring with polish 
This customer journey map is based on linoleum and product V floors 
when the floors are restored. In fact, the first step on how to restore 
linoleum and product V is not so different to the restoration of product P. 
It start with the employee arriving at the company, it prepares all things 
that are needed for the process and empty out the area. The first step is to 
dry mop the entire area and in some cases use wet mopping if the floor is 
really dirty (Persson, 2014). 

When this method is done, the floor should be cleaned from all dirt and 
then chemical detergent (polish removal) is poured on the floor. It is 
essential to wait ten minutes for the chemicals to activate. When the ten 
minutes has passed the employee hand scrubs the corners, as the single 
scrubbing machine will not be able to reach into the corners.  
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When the employee has scrubbed the floor with the single machine it 
collects all the dirty water in a wet vacuum machine. This step may be 
repeated if there is a surface with polish that is hard to remove. To really 
remove all the chemicals that were poured on the floor the employee 
washes the floor two times with water and then uses the wet vacuuming 
machine to collect it.  

Because linoleum floor contains wood, it needs approximately eight 
hours to dry, so the process continues the next day. The product V is a 
vinyl floor and do not need eight hours to dry and the employee can 
therefore start immediately (Persson, 2014). 

Before beginning with the polishing/wax the employee need to mark the 
floor that shall not be polished, unless the whole floor is going to be 
restored, then this is unnecessary. The polishing process consists of two 
steps. First the employee spreads out one to two layers of “ground 
polish” and waits for one hour to let it dry (Persson, 2014).  
 
The next polish that is spread out is top polish; here it is also one to two 
layers, and it needs one hour to dry. The last step is to dry buffer the area, 
but this depends on what type of brand of polish/wax that has been used, 
some brands require no dry buffering in which case the employee is now 
finished (Persson, 2014). 

4.1.8 Development 

The big changes in the cleaning industry are that private companies have 
begun to take over more from the public operators. The reason that 
private companies have taken over is because their higher efficiency. A 
reason for more efficient cleaning is that previously a cleaner used to 
have more tasks other than cleaning the floors, for example switching 
light bulbs.  
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Today the assignments are more focused, for example one person is 
cleaning the area another switches the light bulbs (Johansson, 2014). 

The personnel at private companies are in generally more educated than 
the employees from the public sector. By being more educated the 
employees has more competences and can therefore chose efficient 
cleaning methods depending on the floors, at the private companies.  

The material has also changed, for example; the modern mops are made 
of microfiber that uses less water and results in lighter and easier mops to 
clean with. The implementation of telescope handle, pre-prepped cloths, 
and the employee seldom needs to swab anymore, has resulted in less 
injuries amongst the cleaners and it is an environmental improvement as 
the new system uses less water and chemicals. This has improved the 
working climate for the cleaners and has also improved the cleaning 
quality, says the interviewed at Karlskrona Hospital (Hedlund et al, 
2014). 

Machines are used regularly now, the more the company can use 
machines the cleaner the floors becomes. By using machines with their 
sophisticated constructions the end result of the cleaning will be better as 
well as getting a financial reward due to less usage of water and 
chemicals. A potential disadvantage for the cleaning companies is that 
the company could become too efficient and perhaps reduced the quality 
of the cleaning (Laurin, 2014). 

All cloths are washed at the same place at Karlskrona hospital, and are 
then driven out to three other areas were the personnel can easily pick 
them up. Then it is no need for heavy lifting and it is done more quickly 
for the cleaners. The hospital has since the 90’s become more efficient, in 
1995 two cleaners would clean 22 corridors. Today it requires only one 
cleaner and it will even have time over to help in other areas. (Hedlund et 
al, 2014) 
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When possible the employees are also using distilled water, which has a 
better cleaning ability to clean, for example at the dialysis department. 
The amount of personnel it requires to clean the hospital when Raasum 
started in the 80’s was 120 people. Since 2003 the personnel has been 
reduced from 80 cleaners down to 60 (Raasum, 2014). 

The biggest problem that Svraka sees in the industry is right after the 
installation of the floors. The cleaning staff does not get any instructions 
on how to maintain the floors and the buyer does not know how to 
maintain it, this leads to big problems.  

Svraka has also got into difficulties when the municipality and similar 
stakeholders are building new houses or offices without planning a space 
for the cleaning materials. 

Price is usually a factor when people choose a private company to clean 
at their enterprise. This can result in a poor job as the cleaning company 
has promised that their staff will clean the areas much faster than the 
public service would and need to rush the job. When the contract end the 
enterprise chooses to employ another cleaning firm but by then the floors 
has already been damaged due to improper maintenance (Svraka, 2014).  

The users have more demands on the producer of chemicals today. 
Producers need to be an environmental friendly label for example 
Svanen. This has resulted in that Diversity offering approximately 75 
percent of their chemicals labeled with Svanen. Today the user can press 
different buttons on the machines to choose how much chemicals it wants 
to use when using and refilling the combined machines. People has 
become smarter and knows the consequences of using chemicals today, 
this has led to a drop in the last five years by 25-30 percent in chemical 
sales (Laurin, 2014). 
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Linoleum floor are in high demand in Sweden, it is very popular amongst 
Danish people who owns cottages in Sweden. The reason for wanting to 
buy linoleum instead of vinyl floors is that in some parts in Denmark it is 
forbidden to use PVC floors (Martinsson, 2014). 

4.1.9 Recycling 

After the installation there will always be an overflow. The overflow 
from installation companies in Norway and Finland are collected in a 
garbage bag and sent to Tarkett, where Tarkett recycles the material and 
makes other products out of it. It does not matter what kind of floor it is, 
all is collected in a bag. Tarkett are not paying for the overflow/ extra 
material, their only cost is to store and transport it from customer to 
plant.  

The customer does not have any cost in this procedure. The installers 
have bags and recycle containers/pallets and the pallets are collected 
from the installers when the bags are filled. The bags are pre marked to 
make it easier for the installer to put similar product V floors into the 
same bag (Moilanen, 2014). 

The installer or the customer does not have to pay for leaving the bags at 
Tarkett (Martinsson, 2014). 

The entire overflow from a floor installation is sent to Tarkett, no matter 
what type of flooring supplier it comes from. The only thing 
Hindrikssons needs to do before sending the bags back to Tarkett is to 
sort the overflow from a specific supplier in a specific bag (Lindvall, 
2014). 
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4.2 Time study  
 
Down below are the calculations of the different areas that the time study 
was performed on. To calculate setup time, time to perform a cleaning 
method is taken in every area. When the setup time is found, the 
efficiency rate is easy to discover. The two formulas of setup time and 
efficiency rate are below; 
“-Area of square and rectangle is the same= length X width.” 

-Setup time; cleaning time/area. 
-Efficiency rate; 60 minutes (1h) /setup time” (Forslöw, 1989, pp5) 
 

Table 4.1. Calculations of the time study at an organization part one 
A1: 
Area: 8, 48 X 2, 18=18 m2. 
Method: Dry buffering 
Setup time: 3,816/18≈ 0, 21. 
Efficiency rate: 60/0,21≈286 m2/h 
A2: 
Area: (24,82+7,05)*1,28≈ 41 m2 
Method: Combined machine. 
Setup time: Time/area = 4,90min. 4,9/41=0,12 
Efficiency rate: 60/0,12=500 m2/h 
A3: 
Area: 7,05*1,51≈11 m2 
Method: Combined machine. 
Setup time: Time/area = 1,6/11=0,15 
Efficiency rate: 60/0,15=400 m2/h 

 
 
 
 



  62 

Table 4.2. Calculations of the time study at an organization part two 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A4: 
Area: 8, 3*1, 28≈11 m2. 
Method: Dry mopping. 
Setup time: 2/11≈ 0, 18. 
Efficiency rate: 60/0,18≈333 m2/h 
Method: Combined machine. 
Setup time: 2,04/11≈0,19 
Efficiency rate: 60/0,19≈316 m2/h 
Method: Dry buffering machine. 
Setup time: Time/area = 2,76/11≈0,25 
Efficiency rate: 60/0,25≈240 m2/h 
A5: 
Area: (8,4*5)+(0,76*4,6)+(1,5*2,64)≈50 m2 
Method: Dry mopping 
Setup time: 5,5/50≈0,11 
Efficiency rate: 60/0,11≈545 m2/h 
Method: Combined machine 
Setup time: 5,04/50≈0,10 
Efficiency rate: 60/0,10≈600 m2/h 
A6: 
Area: 27,9*1,28≈36 m2 
Method: Dry mopping. 
Setup time: Time / area = 5,84/36≈0,16 
Efficiency rate: 60/0,16≈375 m2/h 
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Table 4.3. Calculations of the time study at an organization part three 
 
 
 
 
 
 

A8: 
Area: (4,53*2,85)+(9,7*10,4)=114 m2 
Method: Dry mopping 
Setup time: 11/114≈0,1 
Efficiency rate: 60/0,1≈600 m2/h 
Method: Combined machine. 
Setup time: 13,5/114≈0,12 
Efficiency rate: 60/0,12≈500 m2/h 
Method: Dry buffering 
Setup time: 27,144/114≈0,24 
Efficiency rate: 60/0,24≈250 m2/h 
Method: Wet mopping 
Setup time: 19,36 /114≈0,17 
Efficiency rate: 60/0,17≈353 m2/h 

 
 
 
 
 

A7: 
Area: 21,9*1,28≈28 m2 
Method: Dry mopping 
Setup time: 4/28≈0,14 
Efficiency rate: 60/0,14≈429 m2/h 
 Method: Combined machine 
Setup time: 4,13/28≈0,15 
Efficiency rate: 60/0,15≈400 m2/h 
Method: dry buffering 
Setup time: 7,752/28≈0,28 
Efficiency rate: 60/0,28≈214 m2/h 
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Table 4.4. Calculations of the time study at an organization part four 
 
 

 

A9: 
Area: (1,89*3,36)+(4,47*1,66)+(5,46*6,43)≈49m2 
Method: Dry buffering 
Setup time: 4,58 /48,8≈0,09 
Efficiency rate: 60/0,09 ≈667 m2/h 
Method: Combined machine 
Setup time: 5.41 /49≈0,11 
Efficiency rate: 60/0,11≈545 m2/h 
A10: 
Area: (4,55*10)+(2,1*1,82)+(4,98*2,26)≈ 61 m2 
Method: Dry mopping 
Setup time: 9,2/61≈0,15 
Efficiency rate: 60/0,15 ≈400 m2/h 
Method: Combined machine 
Setup time: 4,884 /61≈0,08 
Efficiency rate: 60/0,08≈750 m2/h 
A11: 
Area: 8,22*11,3≈ 93 m2 
Method: Dry mopping 
Setup time: 7,323/93≈0,07 
Efficiency rate: 60/0,079≈857m2/h 
Method: Damp mopping 
Setup time: 9,527 /93≈0,10 
Efficiency rate: 60/0,10≈600 m2/h 

A12: 
Area: 125 m2 
Method: Damp mopping 
Setup time: 14,884/125≈0,12 
Efficiency rate: 60/0,12=500 



  65 

Table 4.5. Calculations of the time study at Karlshamn municipality 
Karlshamn municipality 
Area:20 m2 
Method: Dry mopping 
Setup time: 4,48/20= 0,224 
Efficiency rate: 60/0,224≈268 m2/h 
Method: Damp mopping 
Setup time: 4,67/20= 0,234 
Efficiency rate: 60/0,234≈256 m2/h 
Method: Wet mopping 
Setup time: 4,81/20= 0,241 
Efficiency rate: 60/0,241≈249 m2/h 

 
Table 4.6. Calculations of the time study at Karlskrona municipality 

Karlskrona municipality 
Area: 10 m2 

Method: Dry mopping 
Setup time: 0,85/10= 0,085 
Efficiency rate: 60/0,085≈706 m2/h 
Method: Wet mopping 
Setup time: 1,17/10= 0,117 
Efficiency rate: 60/0,117≈513 m2/h 
Method: Vacuuming 
Setup time: 0,901/10= 0,0901 
Efficiency rate: 60/0,0901≈666 m2/h 
Method: Dry buffering machine Roundel 17 
Setup time: 4/10= 0,4 
Efficiency rate: 60/0,4≈150 m2/h 
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Table 4.7. Calculations of the time study at Karlskrona Hospital 
Method: Small dry combined machine (burst width 380 mm) 
Efficiency rate: 900 m2/h 
Method: Medium combined machine (burst width 430 mm) 
Efficiency rate: 1200 m2/h 
Method: Big combined machine (burst width700 mm) 
Efficiency rate: 1800 m2/h 
Area: 10 m2 

Method: Dry mopping 
Setup time: 1,7/10=0,17 
Efficiency rate: 60 / 0,17 ≈ 353 m2/h 
Method: Damp mopping 
Setup time: 1,7/10= 0,17 
Efficiency rate: 60 / 0,17 ≈ 353 m2/h 
Method: Wet mopping 
Setup time: 2,6 / 10 = 0,26 
Efficiency rate: 60 / 0,26 ≈ 231 m2/h 
Method: Vacuuming textile carpet (52 times a year) 
Setup time: 2,4 / 10 = 0,24 
Efficiency rate: 60 / 0,24= 250 m2/h 
Method: Vacuuming 
Setup time: 1,9 / 10 = 0,19 
Efficiency rate: 60 / 0,19 ≈ 316 m2/h 
Method: Wet vacuuming 
Setup time: 5,5 / 10 = 0,55 
Efficiency rate: 60 / 0,55  = 109 m2/h 
Method: Small dry buffering machine 
Setup time: 7,2 / 10 = 0,72 
Efficiency rate: 60 / 0,72 = 83 m2/h 
Method: Big dry buffering machine 
Setup time: 4,7 / 10 = 0,47 
Efficiency rate: 60 / 0,47 ≈ 128 m2/h 
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To be able to calculate the actual cost it is vital to have the average 
efficiency rate of the cleaning methods. The average efficiency rate is 
calculated by taking all the for example efficiency rate of dry mopping 
divide with the number of times it was performed. Below is the 
calculating part for the average efficiency rate of the different methods 
on the time study.  
 
Dry mopping 
 

 
Damp mopping 
 

 

Wet mopping 
 

 

 
Dry buffering 
 

 
Combined machine 
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Vacuuming 
 

 

 
Wet vacuuming 
 

 
 
Polish 

20 seconds for each layer of polish. 
 

 
 
Single scrubbing 
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4.3 Observation  
In the beginning of the observation study it were some problems to get 
access to the cleaners. Those that were spoken to was a bit terrified to 
hear that someone wanted to follow them for a whole day and take notes. 
After some tries two persons allowed to be observed. During the first 
observation the cleaner informed that almost all cleaners are today 
terrified to be investigated and clocked. The cleaners’ task is to clean, 
and when someone calculates how efficient the employees are it could 
lead to that it could be replaced or fired from the company because of the 
low efficiency.  
 
In the second observation study it was made clear that the observation 
were not performed to reduce employees or similar. With the help of the 
observation study it was possible to observe which methods were used in 
which rooms depending on the floors. The employees told which floors 
were more priorities to clean than others. During the observation it 
showed that even though the managers talk about reducing the heavy 
lifting there still exist some.  
 
In the interviews the managers only mentioned the ordinary cleaning 
methods but during the observation the cleaning staff showed that the 
cleaners had a lot of tricks that the managers did not know about for 
example how to clean a really difficult stain. 
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4.4 Present worth analysis 
The section below is the PW for first Sweden, followed by Norway, and 
Finland. 

4.4.1 Sweden 
Product: Linoleum, product P and product V floors. 
Area: 10 000 m2 

Space: Corridor+ department  
Salary: 125 SEK/hour 
 
The total maintenance cost for one m2 / time can be found in table 4.8.  
The total cost for 10 000 m2 for each floor is also summarized (including 
the administration cost) in table 4.9. When looking at the first one to ten 
years for linoleum it has approximately one SEK more in maintenance 
cost then product P, but after that the range grows. The linoleum floor 
after ten years gets the highest maintenance cost. 



  71 

 
Table 4.8. Maintenance cost (SEK) per m2/ times in Sweden. 

 

 
Table 4.9. Summary of total maintenance cost (SEK) in Sweden. 

 

Method  Cost per m2 
/times 

 

Times/year 
(see appendix 4) 

Yearly cost/ m2 

(cost per m2/times*times/year) 

Sweden See app. 5 Prod. P Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
V 

Prod. 
 P 

Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
 V 

Dry 0,26 156 104 104 156 40,56 27,04 27,04 40,56 

Damp 0, 29 
 

52 104 104 52 15,08 30,16 30,16 15,08 

Wet 0, 37 26 26 26 26 9,62 9,62 9,62 9,62 

Combi. 
M 

0,17 87 87 87 87 14,79 14,79 14,79 14,79 

Dry. B 0,50 1 1 0 0 0,50 0,50 0 0 

Polish 2,84 0 0 1 1 0 0 2,84 2,84 

S. Scrub 1,60 1 1 1 1 1,60 1,60 1,60 1,60 

Wet. 
Vacuum 

1,15 1 1 2 2 1,15 1,15 2,30 2,30 

Sweden Product P Linoleum Product V 
Sum of direct 
costs per m2/year 
 
Administrative 
cost m2/year  
 
Total cost m2/year 
(Administration 
cost* sum of direct 
costs) 

83,3SEK/m2 
 
 
3% 
 
 
 
85,80SEK/m2 

Year: 1-10= 84,86 SEK/m2 
Year:10-30= 88,35SEK/m2 
 
3% 
 
 
 
Year:1-10= 87,41 SEK/m2 
Year:10-30=91,00 SEK/m2 

86,79 SEK 
 
 
3% 
 
 
 
89,40 SEK/m2 

Total cost 
 (10 000 m2) 

858 000SEK 874 100 respective  
910 000 SEK  

894 000 SEK 
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Summary of total LCC in Sweden 
The table below explains the total cleaning costs (table 4.10), additional 
cost for the floors that must have polish (table 4.11), and investment cost 
(table 4.12). 
 

Table 4.10.  Summary of proposed cleaning costs in Sweden  
for 10000 m2. 

 
Table 4.11. Additional costs (SEK) in Sweden  

(See appendix 6.2. chemical consumption) for 10 000 m2. 
                                                

Additional costs :  
 

Yearly cost of Polish and Polish removal:  
142 550 SEK 

 
Table 4.12. Investment cost (SEK) in Sweden for 10000 m2.  

 
Product Installation cost 

m2 

(Söderbom,2014) 

Purchasing price 
m2 

(Engström,2014) 

Total 
fixed 
cost m2 

Total cost 
(installation+ 
purchasing) 

Product P 19,2 170 189,2 1892000 
Linoleum  19,2 110 129,2 1292000 
Product V 19,2 70 89,2 892000 

 

Product Yearly cost 
(SEK) 

Total cost 
(SEK) 30 years 

Working time 
(Hours/year) 

Product P 858 000 25 740 000 6 864 
Linoleum year 1-10 874 100 8 741 000 7 025 
Linoleum year 11-30 910 000 18 200 000 7 280 
Product V 894 000 26 820 000 7 152 
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Break-even for Sweden 
It is calculated from the product P´s point of view; example product 
P linoleum is when the product P floor is profitable from the linoleum 
floor. For the linoleum floor it is calculated the first ten-years and then 
the other 20 years separately. Below are the formulas for both linoleum 
and product V for calculating the break-even method and it works for all 
countries.  
 
Formula linoleum 
Break-even product P  Linoleum  
Product P´s total investment cost – linoleums total investment cost= X 
Linoleum´s yearly cost (maintenance) for the tens first years- product P´s 
yearly cost (maintenance) =Y 
X - (Y* 10) = Z (Y is multiplied with ten because calculating the first ten 
years). 
Z / (polish+ stripper+ difference in yearly cleaning cost) = Break-even 
 
Formula product V 
Break-even product P  product V 
Product P´s total investment cost – product V ´s total investment cost= X 
X / (polish+ polish removal+ difference in yearly cleaning cost) = Break-
even 
 
Calculation 
The calculation of break-even in Sweden can be seen down below. 
 
Break-even product P Linoleum (Sweden)  
 
The difference in investment cost between linoleum and product P would 
be; 1892000-1292000= 600 000 SEK. 
 
The total differences in yearly cleaning cost over the first ten year period 
of time would be; 16100 SEK * 10 years = 161 000 SEK. 
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The differences in investment – difference in cleaning cost the first ten 
years are; 600000 – 161 000 = 439 000 SEK. 
 
The difference in yearly cleaning cost between linoleum year 11-30 and 
product P would be; 910 000- 858 000 = 52000 SEK/year. 
 
The break-even is after ten years and to maintain the floor, it exist a need 
to add a cost of polish removal and polish also into the calculation. 
439 000 / (57750+84800+ 52 000) ≈ 2, 26 years 
Break-even will occur after = 10 + 2, 26 = 12, 26 years. 
 
Break-even product P  product V 
The difference in investment cost between product V and product P 
would be; 1892000 – 892000 = 1 000.000 SEK 
 
The total differences in yearly cleaning cost for one year would be; 
894000-858000= 36 000 SEK/year 
 
Break-even will occur after; 1 000 000 / (57750+84800+ 36 000) = 5, 6 
years. 
 
Break-even appears between product P compared to the other floors is 
explained in table 4.13.  

 
Table 4.13. Break-even in Sweden. 

  
 
 
 

Break-even product P-Linoleum ≈ 12,26 years 
Break-even product P-product V ≈ 5,6 years 
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4.4.2 Norway 
Product: Linoleum, product P and product V floors. 
Area: 10 000 m2 

Space: Corridor+ department  
Salary: 145 NOK/h≈ 158 SEK/h 
 
To get the yearly cost for Norway the floor depends on how much it is 
used multiplied with the cost per m2/time, this can be read off in table 
4.14. In the summary of total maintenance cost (table 4.15) the product P 
is the least expensive and linoleum, after ten years, is the most expensive. 
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Table 4.14. Cost (SEK) per m2/ times in Norway. 

 
Table 4.15. Summary of total maintenance cost (SEK) Norway.

Method 
(Norway) 

Cost per 
m2 /times 

Times/year 
(See appendix 4) 

Yearly cost/ m2 
(cost per m2/times*times/year) 

 (See appx. 
5) 

Prod. 
P 

Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
 V 

Prod. 
P 

Linoleum 
 1-10 

Linoleum 
11-30 

Prod. 
V 

Dry 0,32 156 104 104 156 49,92 33,28 33,28 49,92 

Damp 0, 37 52 104 104 52 19,24 38,48 38,48 19,24 

Wet 0, 47 26 26 26 26 12,22 12,22 12,22 12,22 

Combi. M 0,22 87 87 87 87 19,14 19,14 19,14 19,14 

Dry. B 0,63 1 1 0 0 0,63 0,63 0 0 

Polish 3,59 0 0 1 1 0 0 3,59 3,59 

S. Scrub 2,03 1 1 1 1 2,03 2,03 2,03 2,03 

Wet. 
Vacuum 

1,45 1 1 2 2 1,45 1,45 2,90 2,90 

Norway Product P Linoleum Product V 

Sum of direct costs 
per m2/year 
 
Administrative cost 
m2/year  
 
Total cost m2/year 
(Administration 
costs *Sum of 
direct costs) 

104,63 
SEK/m2 
 
 
3% 
 
107,77 
SEK/m2 

Year: 1-10= 107,23 
SEK/m2 
Year10-30= 111,64 
SEK/m2 
 
 
3% 
 
Year:1-10= 110,45 SEK/m2 

Year 10-30=114,99 
SEK/m2 

109,04 
SEK/m2 
 
 
3% 
 
112,31 
SEK/m2 

Total cost per year 
(10000 m2) 

1 077 700 
SEK 

1 104 500 respective  
1 149 900 SEK 

1 123 100 
SEK 
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Summary of total LCC in Norway 
The summary of Norway represents the summary of proposed cleaning 
costs total (table 4.16), additional cost for the floor that must have polish 
(table 4.17), investment cost in Norway (table 4.18). 
 

Table 4.16. Summary of proposed cleaning costs in Norway for 10000 
m2. 

Product Yearly cost 
(SEK) 

Total cost 
(SEK) 
30 years 

Working time 
(Hours/year) 

Product P 1 077 700 32 331 000 6 821 
Linoleum year 0-10 1 104 500 11 045 000 6 991 
Linoleum year 11-30 1 149 900 22 998  000 7 278 
Product V 1 123 100 33 693 000 7 108 
 

Table 4.17. Additional costs (SEK) in Norway  
(See appendix 6.2. chemical consumption). 

                                                    
Additional cost Yearly cost of Polish and Polish removal:  

142550 SEK 
 
 

Table 4.18. Investment cost (SEK) in Norway for 10000 m2.  
 
Product Installation cost 

m2 
(Söderbom, 2014) 

Purchasing 
price m2 

(SØrmo, 2014) 

Total 
fixed 
cost m2 

Total cost 
(installation+ 
purchasing) 

Product P 24 141,9 165,9 1 659 000 
Linoleum  24 86,9 110,9 1 109 000 
Product V 24 60,5 84,5 845 000 
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Break even in Norway 
When the Break-even appears between product P to linoleum and 
product P to product V can be seen in table 4.19. When analyzing this 
country the break-evens are minor (table 4.19), 11, 31 and 4, 33 years 
than in Sweden  
 
Break-even product P Linoleum (Norway)  
The difference in investment cost between linoleum and product P would 
be; 
1 659 000 – 1 109 000= 550 000 SEK 
 
The total differences in the cleaning cost over the first ten years period of 
time would be; 
26 800* 10 = 268 000 SEK 
 
The differences in investment – difference in cleaning cost the first ten 
years are; 
550 000 – 268 000 = 282 000 SEK 
 
The difference in yearly cleaning cost between linoleum year 11-30 and 
product P would be; 
1149900-1077700 = 72200 SEK /year 
 
The break-even is after ten years and to maintain the floor, it exist a need 
to add a cost of polish removal and polish also into the calculation. 
 
282 000 / (142 550+ 72 200) = 1, 31 year 
Break-even will occur after; 10 + 1, 31 = 11, 31 years. 
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Break-even product P  Product V (SØrmo, 2014) 
The difference in investment cost between product V and product P 
would be; 
1 659 000– 845 000= 814 000 SEK 
 
The total differences in yearly cleaning cost for one year would be; 
1123100-1077700 = 45 400 SEK/year 
 
Break-even will occur after; 814 000/ (142 550 + 45 400) = 4, 33 years  
 

Table 4.19. Break-even in Norway. 
  
 
 
 
 
 

Break-even product P-Linoleum ≈ 11,31 years 
Break-even product P-product V ≈4,33 years 
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4.4.3 Finland 
Product: Linoleum, product P and product V floor  
Area: 10 000 m2 

Space: Corridor+ department  
Salary: 14, 20 Euro/h ≈ 127 SEK/h 
 
The results for Finland for the yearly maintenance cost can be found in 
table 4.20, and the entire total cost is summarized below with 
administration costs included in table 4.21. 
 

Table 4.20. Cost (SEK) per m2/ times in Finland. 

 
 

Method 
(Finland) 

Cost per 
m2 /times 

Times/year 
(See appendix 4) 

Yearly cost/ m2 
(cost per m2/times*times/year) 

 (See  
appx. 5) 

Prod. 
P 

Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
V 

Prod. 
 P 

Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
V 

Dry 0,26 156 104 104 156 40,56 27,04 27,04 40,56 

Damp 0, 30 52 104 104 52 15,60 31,20 31,20 15,60 

Wet 0, 38 26 26 26 26 9,88 9,88 9,88 9,88 

Combi. 
M 

0,18 87 87 87 87 15,66 15,66 15,66 15,66 

Dry. B 0,50 1 1 0 0 0,50 0,50 0 0 

Polish 2,89 
 

0 0 1 1 0 0 2,89 2,89 

S. Scrub 1,63 1 1 1 1 1,63 1,63 1,63 1,63 

Wet. 
Vacuum 

1,17 1 1 2 2 1,17 1,17 2,34 2,34 
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Table 4.21. Summary of total maintenance cost (SEK) in Finland. 

 
Summary of total LCC in Finland 
 
All the summary of proposed cleaning costs in Finland (table 4.22), 
additional cost (table 4.23), and investment cost for Finland (table 4.24), 
and break-even (table 4.25) for Finland can be found on this section. In 
Finland’s case, the break-even comes even sooner than Norway, which is 
the best break-even from the perspective of product P. 
 

Table 4.22. Summary of proposed cleaning costs in Finland. 
Product Yearly cost 

(SEK) 
Total cost 
(SEK) 30 years 

Working time 
(Hours/year) 

Product P 875 500 26 265 000 6 894 
Linoleum year 0-10 896 900 8 969 000 7 062 
Linoleum year 11-30 933 600 18 672 000 7 351 

Product V 912 200 27 366 000 7 183 
 
 
 
 

Finland Product P Linoleum Product V 
Sum of direct costs 
per m2/year 
 
Administrative cost 
m2/year  
 
Total cost m2/year 
(Administration 
cost* sum of direct 
costs) 

85,00 
SEK/m2 
 
 
3% 
 
 
 
87,55 
SEK/m2 

Year:1-10= 87,08 SEK/m2 

Year:10-30=90,64 SEK/m2 

 
3% 
 
 
 
Year:1-10= 89,69 SEK/m2 

Year: 10-30=93,36 SEK/m2 

88,56SEK/m2 
 
 
3% 
 
 
 
91,22 
SEK/m2 

Total cost per year 
(10000 m2) 

875 500 SEK 896 900 respective  
933 600 SEK 

912 200 SEK 



  82 

 
Table 4.23. Additional costs in Finland 

 (See appendix 6.2 chemical consumption). 

                                                     
Table 4.24. Investment cost in Finland for 10000 m2 (SEK). 

 
Break-even product P Linoleum Finland  
1 491 900- 1 581 900 = - 90 000 SEK 
Break-even will not occur as linoleum has a higher investment cost than 
product P. 
 
Break-even product P  product V Finland 
The difference in investment cost between product V and product P 
would be; 
1 491 900 – 947 900= 544 000 SEK 
The total differences in the cleaning cost for one year would be; 
912200-875500 = 36700 SEK/year 
Break-even will occur after; 
544 000 / (36 700+ 142550) = 3, 03 years 
 

The break-even in Finland is summarized in the table below (Table 4.25) 
 

Table 4.25. Break-even in Finland. 
  

Additional cost Yearly cost of Polish and Polish removal:  
142550 

Product Installation 
cost m2 
(Holman,2014) 

Purchasing 
price m2 
(Holman,2014) 

Total 
fixed 
cost m2 

Total cost 
(installation 
+purchasing) 

Product P 13,19 136 149,19 1 491 900 
Linoleum  13,19 145 158,19 1 581 900 
Product V 13,19 81,6 94,79 947 900 

Break-even product P-Linoleum ≈ 0 years 
Break-even product P-product V ≈3,03 years 
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4.4.4 Water Consumption 
The yearly consumption of water for all the methods is found in the table 
below (table 4.26). This result stands for all the countries because it does 
not differ in the usage of water. The summary represents only the total 
consumption during a year (table 4.27). 
 

Table 4.26. Yearly consumption of water  
(See appendix 6.1 water of consumption). 

 

 
Table 4.27. Total yearly water consumption for 10000 m2. 

Method Consumption 
per m2 /times 
(liter) 

Times/year(see appendix 4) Yearly consumptions for  
10000 m2 (liter) 

  Prod. P Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
V 

Prod. 
P 

Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
V 

Dry 0,0001 156 104 104 156 156 104 104 156 

Damp 0,0001  52 104 104 52 52 104 104 52 

Wet 0,0001  26 26 26 26 26 26 26 26 

Combi. M 0,02 87 87 87 87 17400 17400 17400 17400 

Dry. B 0 1 1 0 0 0 0 0 0 
Polish 0 0 0 1 1 0 0 0 0 
S. Scrub 0,5 1 1 1 1 5000 5000 5000 5000 

Wet. 
Vacuum 

0,2 1 1 2 2 200 200 400 400 

Product P = 22 834 Liter 
Linoleum: Year 1-10=22 834, Year 10-30= 23 034 Liter 
Product V= 23 034 Liter 
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4.4.5 Energy consumption 
The yearly energy consumption for all methods is found in the table 
down below (table 4.28). The energy is the same in all countries because 
the calculations are performed on the same cleaning machines etc. The 
only factor that differs is the agreement that the company has with their 
energy partner. The total energy consumption for all the methods is 
added for one-year can been seen in table 4.29. 
 

Table 4.28. Yearly consumption of energy  
(See appendix 6.3 energy of consumption). 

 

 
Table 4.29. Total yearly energy consumption for 10000 m2. 

 

Method Consumption 
per m2 /times 
(kwh) 

Times/year(see appendix 4) Yearly consumptions for 10000 m2 (kwh) 

  Prod. P Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
V 

Prod. P Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
V 

Dry 0,00686 156 104 104 156 10 701 7134 7134 10 701 

Damp 0,00686 
 

52 104 104 52 3567 7134 7134 3567 

Wet 0,00686 
 

26 26 26 26 1784 1784 1784 1784 

Combi. 
M 

0,014 87 87 87 87 12180 12180 12180 12180 

Dry. B 0,002 1 1 0 0 20 20 0 0 
Polish 0 0 0 1 1 0 0 0 0 
S. Scrub 0,014 1 1 1 1 140 140 140 140 

Wet. 
Vacuum 

0,0183 1 1 2 2 183 183 366 366 

Product P = 28575 Kwh 
Linoleum: Year 1-10 = 28575; Year 10-30 = 28 738Kwh 
Product V= 28 738 Kwh 
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4.4.6 Chemical consumption 
The total chemical consumption for each method is summarized in yearly 
consumption (table 4.30). Each floor has its own total consumption in the 
table 4.31. 
 

Table 4.30. Yearly consumption of chemicals 
 (See appendix 6.2 chemical of consumption). 

 

 
Table 4.31. Total yearly consumption of chemicals for 10000 m2. 

 

 

Method Consumption 
m2 /times(liter) 

Times/year (see appendix 4) Yearly consumptions (liter/ 10000 m2) 

  Prod. P Linoleum  
1-10 

Linoleum 
11-30 

Prod. 
V 

Prod. 
P 

Linoleum 
1-10 

Linoleum 
11-30 

Prod. 
V 

Dry 0,000048 156 104 104 156 74,88 49,92 49,92 74,88 

Damp 0,000048 52 104 104 52 24,96 49,92 49,92 24,96 

Wet 0,000048 26 26 26 26 12,48 12,48 12,48 12,48 

Combi. M 0,00006 87 87 87 87 52,2 52,2 52,2 52,2 

Dry. B 0 1 1 0 0 0 0 0 0 
Polish 0,02 0 0 1 1 0 0 200 200 
S. Scrub 0,005 1 1 1 1 50 50 50 50 

Wet. 
Vacuum 

0 1 1 2 2 0 0 0 0 

Product P = 214,52 liter 
Linoleum: Year 1-10 = 214, 52 Year 11-30 = 414,52 liter 
Product V= 414,52 liter 
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4.4.7 Summary of all consumptions  
Table 4.32. Summary of yearly consumption in all countries. 

 
Product Water 

(Liter) 
Chemicals 
(Liter) 

Energy 
(Kwh) 

Product P 22 834 214,52 28 575 
Linoleum 0-10 22 834 214,52 28 575 
Linoleum 11-30 23 034 414,52 28 738 
Product V 23 034 414,52 28 738 

  
This table (table 4.32) above is summarizing the total consumption of 
water, energy, and chemicals. The product P has the lowest consumption, 
compared to the other floors. The floor that consumes most water, 
chemicals and electricity during one year is product V.  

4.5 Future worth analysis 
The following calculation is only to evaluate the three floors in Sweden 
over a lifetime of 30 years. The calculation of FW was calculated as 
follow down below.  
 
FW = purchasing price + installing cost+ maintenance cost. 
 
Real interest rate have been calculated (see appendix 7) to 0, 
7547%/year, by taking an average interest rate – inflation for ten years 
from 2003-2013. The calculations are only done for one m2, so the 
following cost is for one m2. 
 
This section starts with the calculation of LCC for year one and year ten 
with the FW. This is to give the reader a chance to understand how the 
calculations are done.  
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Product P 
Purchasing + installation cost (m2) = 189, 2 SEK/m2 
Cleaning/maintaining cost = 85, 8 SEK/m2 

FWn = 189, 2 + 85, 8(F/P, i= 0, 7547, n=30) 
F=P (1+i) n =85,8(1+0,007547)n  
FW1 = 189,2 + (85,8*(1+0,007547)1) = 189,2 + 86,45= 275,65 
SEK/m2 year one 
FW10 = 189,2+ (85,8*( 1+0,007547)1)+ … + (85,8*( 1+0,007547)10) 
=1083,63  SEK/m2 year ten 
  
Linoleum 
Purchasing + installation cost (m2) = 129, 2 SEK/m2 
Cleaning/maintaining cost year 1 = 87, 41 SEK/m2 

Cleaning/maintaining cost year 10 = 105, 26 SEK/m2 
  
FWn = 129,2 + 87,41(F/P, i= 0, 7547, n=30) 
F=P(1+i)n =87,41(1+0,007547)n  
FW1 = 129,2 + (87,41*( 1+0,007547)1) = 129,2 + 88,07= 217,27 
SEK/m2 year one 
  
After ten years the cleaners start adding polish removal and apply polish 
resulting in another cost. 
FW10 = 129,2+ (87,41*(1+0,007547)1)+ …+ (105,26*( 1+0,007547)10)=  
1059,66 SEK/m2year ten. 
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Product V 
Purchasing + installation cost (m2) = 89, 2 SEK/m2. 
Cleaning/maintaining cost = 103, 66 SEK/m2. 
FWn = 89, 2 + 103, 66(F/P, i= 0, 7547, n=30). 
F=P (1+i) n =103, 66(1+0, 007547) n.  
FW1 = 89, 2 + (103, 66*(1+0, 007547)1) = 89, 2 + 104, 44= 193, 64 
SEK/m2 year one. 
FW10 = 89, 2+ (103, 66*(1+0, 007547)1) +…+ (103, 66*(1+0, 007547)10) 
= 1169, 82 SEK/m2 year ten. 

4.5.1 Sweden 
The following break-even calculation is for one m2 in Sweden with FW. 
This section is followed by the break-even for Norway and Finland. 
  
Linoleum 
Linoleum has a different cleaning cost depending on if it is before or 
after year ten. From the table the linoleum has eleven years and some 
extra to break-even. 
1176, 8308-1174= 2, 8308 SEK difference in Total LCC 
114, 336-93, 1978 = 21, 1382 SEK difference in cleaning cost/ m2 
2, 8308/21, 1382 = 0, 13 years 
Break-even will occur after 11, 13 years (see appendix 7). 
  
Product V 
From the figure 4.1 it is possible to read out five years but as said before 
in order to compare the numbers it needs to be more precise. Therefore it 
is a need to use the table in appendix 7 to get the precise value. 
628, 01128-619, 354≈8, 66 SEK difference in LCC. 
107, 631-89, 086≈ 18,545 SEK difference in cleaning cost/ m2. 
8, 66/18, 545 ≈ 0, 47 years (see appendix 7). 
5+0, 47= 5, 47 years are the break-even time between product P and 
product V. 
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By looking at the table 4.33 it can easily be seen in the break-even. The 
calculation gets the number in decimals. The differences in Total LCC 
are divided by the difference in cleaning cost. By including real interest 
rate and calculating on the FW the break-evens are improving from the 
product P point on the different countries. In Sweden the linoleum 
reduces to 11, 13 and product V 5, 47 (table 4.33), in Norway 10, 29 and 
4, 25 (table 4.34), and last Finland 0 and 3, 00 years (table 4.35). 

Table 4.33. Break-even from Product P´s perspective, in Sweden when 
using the PW method. 

  

  
  
 
 

 
Figure 4.1. Total cost in SEK/m2 from year one to year 30, in Sweden 

(See appendix 7). 
 

Break-even product P -> Linoleum ≈11,13years 

Break-even product P -> Product V ≈ 5,47 years 
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After the ten years when the surface has wear down, linoleum must add 
polish, which is an expensive cost in the long run. The difference 
between linoleum and product P are not so much at the first ten years, 
after it can see that linoleum costs increases faster than product P (figure 
4.1). 

 
Figure 4.2. Difference in the maintenance cost in SEK/m2 year 30, in 

Sweden (see appendix 7). 

This figure 4.2, represent the total maintenance cost in the year 30. 
Linoleum has the highest maintenance cost, with product V, and product 
P coming after. The maintenance cost for the different floors starting 
from left to right for one m2 are; product P 107, 50 SEK, linoleum 131, 
89 SEK, and product V 129, 88 SEK.  

4.5.2 Norway 
The following calculation is only for evaluating the three floors in 
Norway over a lifetime of 30 years. The calculation of break-even with 
FW was calculated as follow down below. 
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The calculations are only for one m2, so the following cost is for one m2. 
In this section it is not showed how to calculate the future worth of the 
different floors. The way to calculate the future worth is to approach it 
the same way as for Sweden.  
 
Linoleum 
From the table the value can be read that linoleum has a break-even after 
ten years. 
1289, 36-1282, 57 = 6, 79 SEK difference in LCC. 
139, 343-116, 185 = 23,158 SEK difference in cleaning cost/ m2. 
6, 79/23, 158 ≈ 0, 29 years. 
Break-even will occur after 10+0, 29 = 10, 29 years. 
Product V 
From the table the value can be read that linoleum has a break-even after 
four years. 
605, 175 -600, 405 =4, 77 SEK difference in LCC 
130, 434-111, 06 =19, 372 SEK difference in cleaning cost/ m2. 
4, 77 / 19, 372≈ 0, 25 years. 
Break-even will occur after 4+0, 25 =4, 25 years. 
  

Table 4.34. Break-even from product P´s perspective, in Norway when 
using the PW method. 

  Break-even product P -> Linoleum ≈10,29years 
Break-even product P -> product V ≈ 4,25 years 
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Figure 4.3. Total cost in SEK/m2 from year one to year 30, in Norway 
(See appendix 7). In figure 4.3 it is representing the total cost during the 

lifetime (30 years). The different total costs will discussed about in 
discussion.  

 

 
 

Figure 4.4. Difference in the maintenance cost in SEK/m2 year 30, in 
Norway (see appendix 7). 



  93 

 
Norway’s difference in the maintenance cost for the year 30 is in figure 
4.4. The maintenance cost for the different floors starting from left to 
right, for one m2 are; product P 135,03 SEK, linoleum 161,95 SEK, and 
product V is 158,59 SEK. 

4.5.3 Finland  
The following calculation is only for evaluating the three floors in 
Finland over a lifetime of 30 years. The calculation of future worth was 
calculated as follow;  
 
The calculations are done for one m2, so the following cost is for one m2. 
In this section it is not showed how to calculate the future worth of the 
different floors. The way to calculate the future worth is to approach it 
the same way as for Sweden.  
 
Linoleum 
The break-even between linoleum and product P are directly as linoleum 
has a higher purchasing price. 
  
Product V 
326,277 -308,144 = 18, 133 SEK difference in Total LCC/m2 
107,078 -88, 8765= 18, 2015 SEK difference in cleaning cost/ m2 
18,133/18, 2015= 1 year 
Break-even will occur after 1year+2 year =3 years. 
  

Table 4.35. Break-even from Product P´s perspective, in Finland 
  
 
 
 

Break-even product P -> Linoleum ≈0 year 
Break-even product P -> product V ≈ 3 years 
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Figure 4.5. Total cost in SEK/m2 from year one to year 30, Finland  

(See appendix 7). 
 
The total cost for the different floors is found in (figure 4.3). This 
diagram is showing the entire cost for the lifetime of 30 years. The floor 
that has the lowest LCC is product P, but product P had the highest 
investment cost in the first place, this will be discussed further in the 
section of discussion. 
 

 
Figure 4.6. Difference in the maintenance cost in SEK/m2 year 30, in 

Finland (see appendix 7). 
In figure 4.6 Finland´s maintenance cost for year 30 are represented. The 
maintenance cost for the different floor starting from left to right for one 
m2 are; product P 109, 70 SEK, linoleum 134, 85 SEK, and product V 
132, 16 SEK. 
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5 Discussion  
Under this section the result will be discussed, resulting in a conclusion 
and a future research. 
 
General cleaning methods 
The cleaning methods have been developed since Forslöws (1989) 
performed his study. To take some examples the cleaning has become 
dryer. It is not so common to use the swabbing method to clean the floors 
in the public sector today. A result from the less consumption of water is 
that it reduces the amount of bacteria growth. It also makes it easier for 
the cleaner, as the cleaner do not need to drag a heavy cloth around all 
day. The implementation of microfiber and telescope handles has 
improved the working environment for the cleaning staff. It has also 
increased the quality of the cleaning.   
 
Today it is more common to use sophisticated machines, such as a 
combined machine. The combined machines have approximately the 
same setup time as cleaning with cloths. The cleaning quality is much 
better if when using a combined machine. The combined machines are 
used for bigger areas and have problems in small areas where for 
example furniture’s are located tightly. Therefore the combined machines 
are mostly used at unfurnished areas such as hallways. 
 
Preventive measures 
Approximately 80 percent of the dirt comes from outside the building. 
Therefore it is important to use the three step principles to reduce the 
amount of dirt coming inside (Lundberg, 2014). From the interviews it 
can be seen that the amount of protective layers of carpets have increased 
at the hospitals since Forslöw’s study. All interviewed hospitals had good 
protective wiping systems. Some had also recently upgraded the number 
and the length of the protective carpets.     
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Chemicals 
Today in the cleaning industry the users only use a small amount of 
chemicals in the daily cleaning. Cleaners still need to use chemicals 
when doing the periodic maintaining for example to remove and add new 
polish to the floors. The hospitals that have start to use Twisters at their 
combined machines, further reduces the chemicals, a result from limited 
periodic maintaining. 
 
Cleaning methods 
The study shows that it takes in average the same time to clean linoleum, 
product P, and a product V floor, the difference today are in the periodic 
maintaining. The time to clean a floor in different countries (Norway, 
Sweden, and Finland) does not differ so much; the differences are in the 
cleaning cost as a result of different countries salary. Earlier it was more 
common to use wet mopping and swabbing year around as the major 
cleaning method. Today since the hospitals use dry methods as possible 
the staff needs to use a wetter method during the winter, this to remove 
the additional water and dirt that has been caused from for example 
snow. This additional water/snow during the winter is a result from the 
wetter climate in the Nordic region.  
 
In the 80´s the cleaners needed to dose and moisturize the cloths 
(Forslöw, 1989). Today all the interviewed cleaning managers told us 
their cloths are reusable and are washed in a central washing machine. 
The washing machine is adding the exact amount of chemicals, and 
depending on which cleaning method the cloths are going to perform it is 
prepped with different amounts of water. Linoleum is getting dirtier a bit 
faster than product V and product P floors. A result from this is that on a 
linoleum floor damp mopping are more regularly used than on vinyl 
floors. The water also dries much faster on vinyl floors compared with 
the linoleum floor. 
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When cleaning a floor it is important to know what chemicals a floor can 
handle for example if someone add hot water with Ajax on a linoleum 
floor the linoleic oil can dissolve and the floors starts to smell butyric. 
Linoleum floors can become ruffled when too much water has been used 
(Persson, 2014). Linoleum has other benefits over the vinyl floors; it has 
a longer lifetime, has been used for a longer time, and the left over from 
the installation is environmentally friendly. 
 
Program 
All of the interviewed cleaning staff had some form of program that 
could calculate the average time to clean an area. By having these 
sophisticated programs, the hospital and municipality can calculate the 
time needed to clean an area. The managers can therefore calculate the 
needed cleaners to for example clean the hospital. By calculating the 
needed personnel the entire hospital can save money and invest the 
saving money in areas that needs to develop. 
 
Installation 
The installer told that the time to install a product P, product V, and 
linoleum does not differ so much (Lindvall, 2014, Martinsson, 2014). 
There was a difference in the purchasing price; the product P floor had 
the highest price, followed by linoleum and product V with the lowest 
price. The prices of the floor are built on many factors for example brand, 
and quality. Today every company tries to differentiate from each other. 
To differentiate can be very hard, for example companies that produces 
low budget floor often perceives as a bad product by the people because 
of their low cost and premium floors vice versa.  
 
Periodic maintaining 
There exist differences in how often companies do the periodic 
maintaining and how the maintaining is performed depending on the 
floor. Product P floors has the periodic maintaining with dry buffering 
once a year.  
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The periodic maintenance for linoleum is depending on the traffic of the 
floors and the time it takes to wear down the PUR reinforced surface. If 
there is heavy traffic on the floor and the PUR reinforced surface worn 
down, the owner needs to add polish before the recommended time of ten 
years. If the traffic is not heavy the PUR reinforced surface can last for 
ten or even more years and only needs to be dry buffered the same way 
as the product P floor to keep its protective surface. Product V floors are 
recommended to use polish from the beginning (Holman, 2014, 
Söderbom 2014). 
 
A benefit with dry buffering is that the floor does not need to dry after so 
cleaners do not need to empty the whole room. The cleaner only needs to 
move the furniture from one side to the other dry buffer that side and 
then do the same on the other side of the room. Before adding polish on a 
floor it needs to dry after the single scrubbing as to not encapsulate the 
moisture. The product V floor dries quite fast, but linoleum that contains 
compressed wood requires a whole day for the moisture to dry out. 
 
The numbers of polish layers a floor needs depends on how worn down 
the floors is. Before adding a new layer the previous layer needs to dry 
which can take around one hour. Depending on which brand the 
organization uses, it can be up to six polish layers (Persson, 2014). Some 
hospitals have stopped adding polish on their linoleum floors, as the 
hospital cannot close a whole ward. Others only add polish at one side at 
the time and let the patients jump over the polished area while it dries. 
The cleaners get little instructions on how to maintain the different 
floors, which affects the floor negative in the long run. This combined 
with the problem that the cleaners could not see if it is linoleum, product 
V, and product P floor results in problems. This has an impact on the 
periodic maintaining, it leads that a product P floor can be treated with 
polish, and a linoleum floor instead of a polish treatment become 
maintained with dry buffering.  
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When comparing the different periodic maintenance methods, quickly 
realize that it exist some major differences between them. Both methods 
require a single scrubbing before the cleaners can start. The differences 
are that product P and product V dries faster, and linoleum requires 
around eight hours drying.  
 
Before dry buffer a floor only “Grovrent” and water are used to clean the 
surface. With polish it exist need first to remove the previous layer of 
polish by mixing the polish removal with water. Often the floor can need 
two treatments with polish removal to take away all previous polish 
layers. If some polish layer is still left, the new layer will be built on the 
previous layer and the surface will not be even.  
 
When the floor has been dry buffered, the furniture can be moved back 
directly after. With polish the layers need to dry for an hour before a new 
layer is added. If it is a really worn down floor it uses more polish that 
results in more hours to dry. 
 
Development 
In the cleaning industry in Sweden, private companies have started to 
take over. The private cleaning companies are more efficient than the 
public cleaners, the private work faster and require less payment per 
cleaned m2 (Raasum, 2014).  
 
The whole cleaning industry are getting more efficient, before the cleaner 
had more tasks and were in a way a form of a janitor and could besides 
cleaning the floors for example be responsible to switch light bulbs. 
Today the tasks are more focused. Forslöw thought there would be a 
bigger need for people working as cleaners in the future. But from the 
80’s the working staff has decreased to half compared with the 80’s 
values (Raasum, 2014). 
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In today’s cleaning industry the chemicals needs to be marked as 
environmentally friendly, for example with Svanen. For the last five 
years there has been a 25 percent drop in chemicals sales (Laurin, 2014). 
 
The industry is in a technological revolution where new sophisticated 
machines are developed all the time, which leads that the cleaners will in 
the future do even less but still the efficiency rate will become high due 
to the improvements in the technology.  
 
Recycling 
There will always be overflow; it is how the company handles the 
overflow that matters. In the 80’s there was not a good take back system. 
Today Tarkett in Sweden takes back all overflows from all different 
brands. The installer gets a bag to sort and fill with the same brand of 
product, the bag are then sent to Sweden. It is only Tarketts product V 
and product P floors that are reused as material in new products. The 
other products are mostly burned as incineration.  
 
Time-study  
When compare the time study done in this report with Forslöws 
calculations from 1989, an improvement in the efficiency rate can be 
seen (m2 /h). To take some examples; 

- Single scrubbing has increased from 60 to 78 m2 /h.  
- Wet mopping has increased from 125 to 341 m2 /h. 
- Damp mopping has increased from 231 to 436 m2 /h. 
- Combined machine has increased from 240 to 715 m2 /h. 

A new cleaning method has arisen since Forslöws days, called dry 
mopping. The cleaners’ salary has increased since Forslöws study, from 
100 SEK/h to 125 SEK/h in Sweden. 
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From Annika Holmans study of a hospital in Helsinki built 2008 it can 
also see some improvements in the yearly consumptions. Overall it could 
be seen that the product V water consumption has decreased from 79869 
liters to 23034 liters yearly. Product P has also decreased its amount from 
27852 to 22 834 liters, yearly. The amount of chemicals has also 
decreased since Holmans study. Before during a year, it required 3562 
liters of chemicals on a product V floor, and today on product P it only 
requires 2754 liters. Today the amount is down to 214, 52 liters for 
product P and the same for linoleum during its first ten years. For 
linoleum during year 11-30 and product V floors the amount of 
chemicals are today 414, 52 liters. 
 
The amount of electricity used on a yearly basis to clean a floor has 
increased. In Holmans study the product V used 15864 Kwh and product 
P used 15789 Kwh during a year. Today a product P floor uses 28575 
Kwh, linoleum during its first ten years uses 28575 Kwh, linoleum 
during year 11-30 uses 28 739 Kwh, and product V uses 28738 Kwh. The 
reasons for the higher electricity consumption could be that the cleaning 
machines are used more frequently than it was before. Another 
interesting point for the higher electricity consumption could be that the 
report has included the use of washing machines in the calculations since 
the washing machine are used to wash the reusable microfiber cloths. 
 
Product P had the lowest yearly consumption of water, chemicals, and 
energy in Holmans study. Today the product P and linoleum during the 
first ten years has the exact same consumption. After ten years (for 
linoleum) the usage increase to the same as product V and the usage of 
water and chemical increase to 200 liters, and the energy usage has 
increases with 163 Kwh.  
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Observation 
In the observation it were detected that the cleaners are afraid to be 
observed. There is a fear in the cleaning industry to get fired if the 
employee do something unusual or are not efficient enough. It were also 
observed that even if the managers talked about reducing the heavy 
lifting, new heavy lifts have arisen which has resulted with the cleaners 
developing new methods to handle the cleaning problems. 
 
Present worth 
The interviews gave the information about the time it takes to clean an 
m2 in different countries (Sweden, Finland, and Norway) and do not 
differ so much. The differences are in the salaries, which have an impact 
on the cost/m2, yearly cost/m2, and total cost for 30 years. There are also 
differences in the installation cost and purchasing price for the different 
products, which are also impacting the break-even. 
 
There exist two earlier calculations of the break-even between product P 
and product V. These are the studies that have previously been 
referenced to, Forslöws (1989) and Holmans study (2008). In Forslöws 
the break-even in Sweden are three years, and in Holmans the break-even 
for a hospital in Finland were 0, 75 years. This means that despite the 
higher purchasing price the customers have earned the money back in in 
between 0, 75 to 3 years.  
 
Sweden  
In Sweden the break-even for a product P compared with linoleum are 
12, 26 years. The break-even for a product P compared with a product V 
floor is 5, 6 years in Sweden. An increase in the time it takes to get a 
break-even for a product P floor in Sweden compared with Forslöws and 
Holmans study can be seen. The PUR reinforced surface is protecting the 
linoleum floor in beginning of its usage phase and therefore making the 
break-even with product P floor occurring later than the previous study.  
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Norway 
The break-even between product P to Linoleum is 11, 31 years, and 
between product P to product V is 4, 33 years. In Norway the break-even 
occurred faster than Sweden. A reason for this is the higher cleaning 
salary in Norway, and the lower investment cost.   
 
Finland 
In Finland the investment cost for linoleum floor are lower than the cost 
for product P. Leading to the break-even occurring directly. The break-
even between a product P floor and product V occurs after 3, 03 years. If 
the break-even today is compared with the value from the Helsinki 
hospital, the break-even time has more than tripled. A cause to this can 
be that the authors have calculated the all the cleaning cost for the 
customer, including the washing machine.      
 
Future worth 
As said before two different methods were used, PW and FW. When the 
methods are compared it gives a difference in the time before break-even 
occurs. The real interest is included in the FW thereby it have a sooner 
time of break-even, compared with the PW.   
  
Sweden 
When the PUR reinforcement has worn down it exist a need to start 
adding polish to the linoleum floors. This leads to an increase in the 
maintenance costs from year ten and forward. This can easily be seen 
when looking at the figure 4.2. In year 30 the maintenance cost for the 
product P floor is 107,51SEK/m2 compared with linoleum at 131,89 
SEK/m2, and product V is 129,89 SEK/m2 in Sweden. With the FW 
calculation in Sweden the break-even will occur for product P to 
linoleum after 11, 13 years. The break-even for product P to product V 
will be after 5, 47 years. 
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Norway 
Represented in figure 4.4, year 30 the maintenance cost for a product P 
floor in Norway is 135, 03 SEK/m2 compared with linoleum at 161, 95 
SEK/m2, and Product V 158, 59 SEK/m2. Norway had the highest 
maintenance cost per m2. When the FW was calculated for Norway the 
break-even will occur for product P to linoleum after 10, 29 years. The 
break-even for product P to product V will be after 4, 25 years.   
 
Finland 
Figure 4.6 presents the maintenance cost for year 30 for a product P floor 
at 109, 70 SEK/m2 compared with linoleum at 134, 85 SEK/m2, and 
product V132, 16 SEK/m2 in Finland. In Finland the investment cost as 
said before was higher for investing in linoleum than a Product P. The 
break-even for product P to product V became 3 years.  
 
Summary of Present & Future Worth 
Product P has still the lowest LCC for 30 years in all the countries that 
have been investigated. It can be seen that the linoleum and product V 
floors are lowering their LCC but cannot yet compete with product P in 
the long run. The product V floor has the lowest investment cost so it can 
be attractive for potential buyers to only see the first cost, and forget the 
rest. Product P has the lowest maintenance cost and that cost is in the 
long run the most expensive. Linoleum has a low maintenance cost 
before the PUR reinforced surface is worn down.   
 
By using the FW instead of PW the break-evens in the different countries 
occurs sooner. The reason for this is that the real interest rate is included 
in the method. 
 
The calculations are building on that the linoleum floors PUR reinforced 
surface is wear down after ten years, but if the years change to less the 
break-even between product P and linoleum will occur faster and vice 
versa. 
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Hypothesis 
The hypothesis that has been tested in this study is if product P floor is 
the best floor alternative to invest in compared to linoleum and product V 
in an economic aspect. Because the same machines used in the different 
countries has been calculated on, the only factor that differs is the 
agreement that the company has with their energy and water partner, 
which is very hard to uncover. 
 
The total investment cost between a product P and product V differs 1 
000 000 SEK in Sweden’s case, which is remarkable amount. But the 
people that invest in floors should not only be blindsides by this sum, 
because if looking at the entire life cycle the product P is more profitable 
(compared to product V) and more qualitative to own. After the 5, 6 
years it has paid back the customer in Sweden. The break-even between 
product P and linoleum is 12, 26 (Sweden), which means that the product 
P is the best floor alternative to invest in compared to linoleum and 
product V. 

5.1 Conclusion 
Forslöw and Holmans study are today inaccurate, and the cleaning 
industry has changed a lot from the preciously study. The product P still 
has the lowest life cycle cost compared to linoleum and product V. The 
conducted lifetime over this report is 30 years; if the floor is still 
functional after these 30 years the gap between product P to linoleum and 
product V will only grow. The only increase since 1989 is the 
consumption of electricity as more machines are being used today. In the 
future probably more sophisticated machines will be developed which 
will increase the consumption of electricity. Because of all the changes 
that has occurred in the market the old study cannot give the consumer 
relevant information. This report shows that the sustainability of water 
and chemicals has reduced, which means that the industry is in a positive 
environmentally direction.  
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The consequences with this report could be; if everyone is investing in 
the product P floor then linoleum and product V, the economic- and the 
ecological sustainability (less use of water) will be in favor. If the public 
sector in Sweden is using an product P floor instead of a product V floor 
the LCC at a hospital or municipality will be reduced by 16,3 percent.  If 
the hospital chose to invest in product P instead of a linoleum floor the 
total LCC will be reduced by 13,9 percent. 

5.2 Future research 
A potential future study would be to look at how the introduction of 
Twister will impact the cleaning and floor industry. Will the cleaning 
methods with Twister reduce even more chemicals, and how will this 
affect the floors in the long run? 
 
Another field that would have been interesting to look at in a future study 
is to develop a way to easily identify which type of floor it is. This would 
facilitate the maintaining process for the cleaners. 
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Appendix 1 Questions to Annika 
Holman 
 
 

 Could you give us a general brief about your LCC program? 
 How long was the time study and how was it executed? 
 When you did the study, were there any specific areas that you 

were focusing at?  
 In the study did you only look at the maintenance part?  
 What is the numbers based on, where did you find them? For 

example administrations costs and recycling costs? 
 What are included in the “sum of direct costs”? 
 How did you calculate the labor cost? (Social cost included?) 
 Which price/m^2 did you calculate with? How did you find that 

the price per square meter? 
 All the cost, how have you come up with that, the references on 

the costs? 
 In the cleaning methods, are all methods still used? 
 What is the cost for recycling the waste from installing the floor, 

cost/m^2? 
 Why do you not compare the Tarkett floor with another PUR 

floor, instead Tarkett are comparing Tarkett´s Product P floor 
with another floor that do not contain PUR, but today every floor 
contains it. 

 Why are not the calculations of how to replace the Product P floor 
to the original floor included in the document?  
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Appendix 2 Questions to cleaners   
1. Hur ser en vanlig arbetsdag för en städare på företaget? 
2. Vilka städmetoder använder när ni underhåller ett produkt V, produkt 
P och linoleum golv? 
3. Hur ofta använder ni metoderna per vecka, t ex moppning? 
4. Använder ni olika städmetoder för olika golv? 
5. Hur lång tid tar det för en liten och stor kombimaskin att städa 1 m2? 
6. Hur lång tid tar det ungefär för damm-, fukt-, våt moppning att städa 1 
m2? 
7. Hur lång tid tar det för damm- och våt sugning att rengöra 1 m2? 
8. Hur lång tid tar det för en liten samt stor torrpoleringsmaskin att polera 
1 m2? 
9. Metoderna ovanför är dem metoder vi har hittat, om ni på företaget 
använder några andra så kan ni istället titta på dem, hur lång tid det tar 
för dem att rengöra 1 m2? 
10. Hur många m2klarar man av att städa på en timme med de olika 
metoderna(metoder från fråga 5,6,7,8)? 
11. Vad kostar det att städa en m2 för varje städ metod(samma som 
ovanstående, alla metoder)? 
12. Konsumtionen av vatten, el och kemikalier för alla metoder som är 
nämnda, för t ex 1 m2? 
13. följer ni golvtillverkarnas rekommendationer eller gör ni beräkningar 
på vilka metoder som är effektivast för er? 
14. När ni underhåller sjukhusen så måste operation salarna underhållas, 
har ni beräkningar vad kostar detta driftstoppet för sjukhuset? 
15. Vi har en sista fråga som kan uppfattas som känslig, hur mycket har 
en lokalvårdare(städare) i lön/timme hos er? Om ni inte vill svara så 
förstår vi fullkomligt. 
16. Hur omfattande är återställningen på dem olika plastgolven? 
17. Vet ni hur mycket polish ni använder på plastgolven? 
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Appendix 3 Questions to installers  
1. Hur går man tillväga när man installera ett nytt plastgolv, är det olika 
metoder för olika golvmärken? 

2. Vad är kostnaden för att installera 1 m2 Tarkett produkt P, och 
linoleum och ett vanligt produkt V golv. 

3. Hur lång tid tar det att installera de tidigare nämnda golven? 

4. Är det någon skillnad att installera golven? 

5. Vad gör ni med spillet efter installation av golven? 

6. Vilket av golven är lättast att installera, varför? 
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Appendix 4 Average use of the 
different methods 
All the numbers that are down below are based on the different 
interviews. The interviews will not be in the appendix, but can easily be 
sent to the part that is interested in this subject. 
 
Average use of different methods 
Average for dry (product P, product V) = 18 times / 6 = 3 times/week = 
156 times/year 
Average for dry (linoleum) = 12 times /6= 2 times/week = 104 times/year 
Average for damp (product P, product V) = 12 times / 12 = 1 times/week 
= 52 times/year 
Average for damp (linoleum) =24 times /12=2 times/week = 104 
times/year 
Average for wet= 3 times /6 = ½

 times/week = 26 times/year 
Average for combined machine= 10 times / 6 ≈ 1, 67 times/week= 87 
times/year 
Average dry buffering 7 times /6 =1,167 times ≈ 1 times/year 
Average single scrubbing = 1,167 times ≈ 1times/year 
Average wet vacuuming = 1,167 times ≈1 times/year. 
Average Polish = 1,167 times ≈ 1 times/year.  
 

 
 
 
 

 



  117 

Appendix 5 Different calculations  
 
Calculating the different salaries; 
Here are the different salaries in Finland, Norway, and Sweden. The 
interesting for the study is the salary for one hour this can be done by 
taking the actual salary divided by 22(work approximately 22 days in a 
month). The sum is divided by eight (a cleaner work around eight hours a 
day). All converting from one currency to another is used by (Valuta, 
2014). 
 
Finland: Range between 10, 40- 18Euro (Holman, 2014). Average 14, 
20 Euro *8, 95 (valuta.se, 2014) ≈ 127 SEK/hour   
 
Norway; 145 NOK (Holman, 2014) * 1, 09(valuta.se, 2014) ≈158 
SEK/hour 
 
Sweden; Average 22 000 SEK (Johansson, 2014; Raasum, 2014). 
22 000 SEK / 22 days ≈ 1000 SEK/day, 1000 SEK / 8 Hours ≈ 125 
SEK/hour 
 
Calculating cost per m2 / time  
Salary per hour / efficiency rate 
 
Sweden 
Average salary (Specific country) / average efficiency rate for the 
different methods. 
Dry mopping: 125 / 487 ≈ 0, 26 SEK/time 
Damp mopping: 125 / 427 ≈0, 29 SEK/time 
Wet mopping: 125/ 337 ≈ 0, 37 SEK/time 
Combined machine: 125 / 719 ≈ 0, 17 SEK/time 
Dry buffering: 125 / 252 ≈ 0, 50 SEK/time 
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Polish: 125 / 44 ≈ 2, 84 SEK/time 
Single scrubbing: 125 / 78 ≈ 1, 60 SEK/time 
Wet vacuum: 125 / 109 ≈ 1, 15 SEK/time 
 
Norway 
Dry mopping: 158 / 487 ≈ 0, 32 SEK/time 
Damp mopping: 158 / 427 ≈0, 37 SEK/time  
Wet mopping: 158 / 337 ≈ 0, 47 SEK/time 
Combined machine: 158 / 719 ≈ 0, 22 SEK/time 
Dry buffering: 158 / 252 ≈ 0, 63 SEK/time 
Polish: 158 / 44 ≈ 3, 59 SEK/time 
Single scrubbing: 158 / 78 ≈ 2, 03 SEK/time 
Wet vacuum: 158 / 109 ≈ 1, 45 SEK/time 
 
Finland  
Dry mopping: 127 / 487 ≈ 0, 26 SEK/time 
Damp mopping: 127 / 427 ≈0, 30 SEK/time 
Wet mopping: 127 / 337 ≈ 0, 38 SEK/time 
Combined machine: 127 / 719 ≈ 0, 18 SEK/time 
Dry buffering: 127 / 252 ≈ 0, 50 SEK/time 
Polish: 127 / 44,   ≈ 2, 89 SEK/time 
Single scrubbing: 127 / 78 ≈ 1, 63 SEK/time 
Wet vacuum: 127 / 109 ≈ 1, 17 SEK/time 
 
Calculations of interest rate 
To get the real interest rate it exist a need to calculate the interest rate and 
inflation rate for Sweden. To get more general numbers of these rates the 
average percent of ten years were calculated (2003-2013). The real 
interest rate formula is; real interest rate= interest rate – inflation. 
 
Reference interest rate (Riksbanken, 2013) 36 /19 = 1, 8947 percent   
 
Inflation (Statistiska centralbyrån, 2014) = 11, 4 / 10 = 1, 14 percent 
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Appendix 6  Consumption  

6.1 Water consumption 
Because the users in the public sector did use a clever system, which 
meant that all water for the different mopping’s method got all their 
water from the washing machine. All mops were washed with the same 
water consumption every time, and if the employee wants to use the mop 
as a dry mop, it will let it dry before using it (Persson, 2014). A typical 
washing machine was found and calculation is based on that. 
 
On the market there are many different combined machines, in this study 
the authors have chosen to use two different ones. On the water 
consumption a machine from Kärcher (Kärcher AB, 2014) is calculated 
by.  
 
Washing machine 
Calculations of how much a washing machine consumes. 
The authors have chosen to pick values from a company called ASKO 
(Asko professional, 2014). The reason for basing the calculations on 
energy, chemical and water consumption from this company is because 
in the public sector are using many different washing machines, which 
will be hard to find information about. This machine that has been chosen 
is named WMC84P. Down below there are the model specifications.  
 
Water: 18 hot and 47 cold liters of water= 65 liter 
Washes 25 cloths, every cloth makes 20 m2. 25 cloths * 20 m2 = 500 m2. 
65 / 500 = 0, 13 water/m2 
 
Dry mopping: 0, 0001 liter/time 
Damp mopping: 0, 0001 liter/time 
Wet mopping: 0, 0001 liter/time 
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Dry buffering: No water 
Combined machine 
Amount water: 90 liter 
Efficiency rate: 4500 m2 
90/4500= 0, 02 water/m2 
 
Vacuuming 
No water 
Wet vacuuming 
No water, but must apply water for taking it up. 0, 2 liter/m2 
Polish 

No water 
Single scrubbing 
0, 5 liter / m2 

 

6.2 Chemical consumption 
Energy and chemical is for a combined machine and is collected from 
Diversey B Inc. (2010). The filter that is integrated within the combined 
machine was very hard to find relevant information about, so a filter from 
Orangeclean has been chosen (Orangeclean AB, 2011). 
Chemicals consumption 
According to the interviewed a regular washing machine uses 0, 03 liter 
chemicals during the washing (Persson, 2014). 
Washing machine  
Usage for a washing machine is 0, 03 liter of chemicals per machine.  
Washing machines has the capacity to wash 25 cloths, 0, 03 /25 = 
0,0012liter/per cloth. 
0, 0012/ (efficiency rate per cloth) 25 =0,000048liter/m2 
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Combined machine (filter): 
0, 3% drops of 500 liter is chemicals=1, 5 liter chemicals. 
0,003 *0, 02(water per m2) = 0, 0006 chemicals/m2 
0, 03 / 500 = 0, 00006 liter/m2 

Dry mopping 
Only chemicals in the washing machine, to see the numbers look at 
washing machine (above). 
Damp mopping 
Only chemicals in the washing machine, to see the numbers look at 
washing machine (above). 
Wet mopping 
Only chemicals in the washing machine, to see the numbers look at 
washing machine (above). 
Dry buffering 
No chemicals 
Vacuuming 
No chemicals 
Wet vacuuming 
No chemicals 
Polish 
The authors have chosen to calculate on a Nilfisk polish (Kalmargross, 
2013). 
1 liter last for 50 m2, according the company that is selling this product. 
1 liter/ 50m2= 0, 02 liter/m2. 
Price for five liter=530SEK. 
(0, 02*530)/5 = 2, 12 * 4(layers) = 8,48SEK 
Single scrubbing 
0,005 SEK  
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Calculations of polish removal  
Cost for polish; 330 Zloty (Verde Avis, 2014) = 770 SEK (Valuta, 2014) 
10 liter = 770 SEK 
1 liter = 77 SEK 
Dosage= 4liter water + 1 liter polish= five liter liquid. Liquid lasts to 20 
m2. 
0, 25 = 2, 5:10 liter according to the specifications. 
Water /m2 = 0, 2. 
0, 2 * 0, 25 = 0, 05 * 77SEK = 3, 85 SEK, this is done approximately 1, 5 
times a year. 
3, 85 * 1, 5 = 5,775 SEK (is multiplied with 1, 5 because sometimes 
every old layer is not taken away, the chemicals stays at the floor). 

6.3 Energy consumption 
The vacuum (Diversey Inc. C, 2010), wet vacuuming (Diversey Inc. A, 
2010), and single scrubbing machines (Diversey Inc. D, 2010) are taken 
from a company called Diversey. 
Energy consumption 
Energy: 0, 3 kWh (Asko professional, 2014). 
Washing machine 
70-7=63 degrees to heat up the water for the washing machine. For 
heating up one liter water one degree, it takes 0.00116kWh. 0.00116kWh 
x 47 liter x 63 degree = 3.43 kWh (Alphonce R et al, 1998). 
Dry mopping 
See washing machine (above). 
Damp mopping 
See washing machine (above). 
Wet mopping 
See washing machine (above). 
Dry buffering 
Tarkett’s machine, consumes 1500 watts.  
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Combined machine 
1000w, used one hour = 1kwh. 
Vacuuming 
1kwh. 1000w used in 1hour= 1kwh. 
Wet vacuuming 
 950X2= 1900Watts. Used on hour = 1,9kwh. 
Polish 

No energy consumption 
Single scrubbing 
1100 Watts = used one hour = 1,1kwh. 
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Appendix 7 Future worth analysis 
Table A.7.1. FW product P of Sweden (SEK) 

Purchase 
+install Maintenance i 

year 
n i^n p(1+0,007547)^n Total 

189,2     0     189,2 

  85,8 1,007547 1 1,007547 86,4475326 275,6475326 

  85,8 1,007547 2 1,015150957 87,09995213 362,7474847 

  85,8 1,007547 3 1,022812301 87,75729547 450,5047802 

  85,8 1,007547 4 1,030531466 88,41959978 538,92438 

  85,8 1,007547 5 1,038308887 89,0869025 628,0112825 

  85,8 1,007547 6 1,046145004 89,75924135 717,7705238 

  85,8 1,007547 7 1,05404026 90,43665434 808,2071782 

  85,8 1,007547 8 1,061995102 91,11917977 899,3263579 

  85,8 1,007547 9 1,070009979 91,80685622 991,1332142 

  85,8 1,007547 10 1,078085345 92,49972257 1083,632937 

  85,8 1,007547 11 1,086221655 93,19781797 1176,830755 

  85,8 1,007547 12 1,09441937 93,90118191 1270,731937 

  85,8 1,007547 13 1,102678953 94,60985413 1365,341791 

  85,8 1,007547 14 1,111000871 95,32387469 1460,665665 

  85,8 1,007547 15 1,119385594 96,04328398 1556,708949 

  85,8 1,007547 16 1,127833597 96,76812264 1653,477072 

  85,8 1,007547 17 1,136345357 97,49843166 1750,975504 

  85,8 1,007547 18 1,144921356 98,23425233 1849,209756 

  85,8 1,007547 19 1,153562077 98,97562623 1948,185382 

  85,8 1,007547 20 1,16226801 99,72259528 2047,907978 

  85,8 1,007547 21 1,171039647 100,4752017 2148,383179 

  85,8 1,007547 22 1,179877483 101,2334881 2249,616667 

  85,8 1,007547 23 1,188782019 101,9974972 2351,614164 

  85,8 1,007547 24 1,197753756 102,7672723 2454,381437 

  85,8 1,007547 25 1,206793204 103,5428569 2557,924294 

  85,8 1,007547 26 1,215900872 104,3242948 2662,248589 

  85,8 1,007547 27 1,225077276 105,1116303 2767,360219 

  85,8 1,007547 28 1,234322934 105,9049078 2873,265127 

  85,8 1,007547 29 1,24363837 106,7041721 2979,969299 

  85,8 1,007547 30 1,253024108 107,5094685 3087,478767 
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Table A.7.2. FW linoleum of Sweden (SEK) 
 Purchasing  

+install Maintenance i 
year 
n i^n p(1+0,007547)^n Total 

129,2     0     129,2 

  87,41 1,007547 1 1,007547 88,06968327 217,2696833 

  87,41 1,007547 2 1,015150957 88,73434517 306,0040284 

  87,41 1,007547 3 1,022812301 89,40402327 395,4080517 

  87,41 1,007547 4 1,030531466 90,07875544 485,4868071 

  87,41 1,007547 5 1,038308887 90,7585798 576,245387 

  87,41 1,007547 6 1,046145004 91,44353481 667,6889218 

  87,41 1,007547 7 1,05404026 92,13365916 759,8225809 

  87,41 1,007547 8 1,061995102 92,82899189 852,6515728 

  87,41 1,007547 9 1,070009979 93,52957229 946,1811451 

  105,26 1,007547 10 1,078085345 113,4792634 1059,660408 

  105,26 1,007547 11 1,086221655 114,3356914 1173,9961 

  105,26 1,007547 12 1,09441937 115,1985828 1289,194683 

  105,26 1,007547 13 1,102678953 116,0679865 1405,262669 

  105,26 1,007547 14 1,111000871 116,9439516 1522,206621 

  105,26 1,007547 15 1,119385594 117,8265276 1640,033148 

  105,26 1,007547 16 1,127833597 118,7157644 1758,748913 

  105,26 1,007547 17 1,136345357 119,6117123 1878,360625 

  105,26 1,007547 18 1,144921356 120,5144219 1998,875047 

  105,26 1,007547 19 1,153562077 121,4239443 2120,298991 

  105,26 1,007547 20 1,16226801 122,3403308 2242,639322 

  105,26 1,007547 21 1,171039647 123,2636332 2365,902955 

  105,26 1,007547 22 1,179877483 124,1939039 2490,096859 

  105,26 1,007547 23 1,188782019 125,1311953 2615,228055 

  105,26 1,007547 24 1,197753756 126,0755604 2741,303615 

  105,26 1,007547 25 1,206793204 127,0270527 2868,330668 

  105,26 1,007547 26 1,215900872 127,9857258 2996,316393 

  105,26 1,007547 27 1,225077276 128,9516341 3125,268028 

  105,26 1,007547 28 1,234322934 129,9248321 3255,19286 

  105,26 1,007547 29 1,24363837 130,9053748 3386,098234 

  105,26 1,007547 30 1,253024108 131,8933176 3517,991552 
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Table A.7.3. FW product V of Sweden (SEK) 
Purchasing  
+install Maintenance i 

year 
n i^n p(1+0,007547)^n Total 

89,2     0     89,2 

  103,66 1,007547 1 1,007547 104,442322 193,642322 

  103,66 1,007547 2 1,015150957 105,2305482 298,8728702 

  103,66 1,007547 3 1,022812301 106,0247232 404,8975934 

  103,66 1,007547 4 1,030531466 106,8248918 511,7224852 

  103,66 1,007547 5 1,038308887 107,6310992 619,3535844 

  103,66 1,007547 6 1,046145004 108,4433911 727,7969755 

  103,66 1,007547 7 1,05404026 109,2618134 837,0587889 

  103,66 1,007547 8 1,061995102 110,0864123 947,1452012 

  103,66 1,007547 9 1,070009979 110,9172345 1058,062436 

  103,66 1,007547 10 1,078085345 111,7543268 1169,816762 

  103,66 1,007547 11 1,086221655 112,5977367 1282,414499 

  103,66 1,007547 12 1,09441937 113,4475118 1395,862011 

  103,66 1,007547 13 1,102678953 114,3037002 1510,165711 

  103,66 1,007547 14 1,111000871 115,1663502 1625,332062 

  103,66 1,007547 15 1,119385594 116,0355107 1741,367572 

  103,66 1,007547 16 1,127833597 116,9112307 1858,278803 

  103,66 1,007547 17 1,136345357 117,7935597 1976,072363 

  103,66 1,007547 18 1,144921356 118,6825477 2094,75491 

  103,66 1,007547 19 1,153562077 119,5782449 2214,333155 

  103,66 1,007547 20 1,16226801 120,4807019 2334,813857 

  103,66 1,007547 21 1,171039647 121,3899698 2456,203827 

  103,66 1,007547 22 1,179877483 122,3060999 2578,509927 

  103,66 1,007547 23 1,188782019 123,229144 2701,739071 

  103,66 1,007547 24 1,197753756 124,1591544 2825,898225 

  103,66 1,007547 25 1,206793204 125,0961835 2950,994409 

  103,66 1,007547 26 1,215900872 126,0402844 3077,034693 

  103,66 1,007547 27 1,225077276 126,9915105 3204,026204 

  103,66 1,007547 28 1,234322934 127,9499154 3331,976119 

  103,66 1,007547 29 1,24363837 128,9155534 3460,891673 

  103,66 1,007547 30 1,253024108 129,8884791 3590,780152 
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Table A.7.4. FW product P of Norway (SEK) 
Purchasing 
+ install Maintenance i 

year 
n i^n p(1+0,007547)^n Total 

165,9     0     165,9 

  107,77 1,007547 1 1,007547 108,5833402 274,4833402 

  107,77 1,007547 2 1,015150957 109,4028187 383,8861588 

  107,77 1,007547 3 1,022812301 110,2284817 494,1146406 

  107,77 1,007547 4 1,030531466 111,0603761 605,1750167 

  107,77 1,007547 5 1,038308887 111,8985487 717,0735654 

  107,77 1,007547 6 1,046145004 112,7430471 829,8166125 

  107,77 1,007547 7 1,05404026 113,5939189 943,4105314 

  107,77 1,007547 8 1,061995102 114,4512122 1057,861744 

  107,77 1,007547 9 1,070009979 115,3149755 1173,176719 

  107,77 1,007547 10 1,078085345 116,1852576 1289,361977 

  107,77 1,007547 11 1,086221655 117,0621077 1406,424084 

  107,77 1,007547 12 1,09441937 117,9455755 1524,36966 

  107,77 1,007547 13 1,102678953 118,8357107 1643,20537 

  107,77 1,007547 14 1,111000871 119,7325638 1762,937934 

  107,77 1,007547 15 1,119385594 120,6361855 1883,57412 

  107,77 1,007547 16 1,127833597 121,5466268 2005,120747 

  107,77 1,007547 17 1,136345357 122,4639392 2127,584686 

  107,77 1,007547 18 1,144921356 123,3881745 2250,97286 

  107,77 1,007547 19 1,153562077 124,3193851 2375,292245 

  107,77 1,007547 20 1,16226801 125,2576235 2500,549869 

  107,77 1,007547 21 1,171039647 126,2029427 2626,752812 

  107,77 1,007547 22 1,179877483 127,1553964 2753,908208 

  107,77 1,007547 23 1,188782019 128,1150381 2882,023246 

  107,77 1,007547 24 1,197753756 129,0819223 3011,105168 

  107,77 1,007547 25 1,206793204 130,0561036 3141,161272 

  107,77 1,007547 26 1,215900872 131,037637 3272,198909 

  107,77 1,007547 27 1,225077276 132,0265781 3404,225487 

  107,77 1,007547 28 1,234322934 133,0229826 3537,24847 

  107,77 1,007547 29 1,24363837 134,0269071 3671,275377 

  107,77 1,007547 30 1,253024108 135,0384082 3806,313785 
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Table A.7.5. FW linoleum of Norway (SEK) 
Purchasing 
+ install Maintenance i year n i^n p(1+0,007547)^n Total 

110,9     0     110,9 

  110,45 1,007547 1 1,007547 111,2835662 222,1835662 

  110,45 1,007547 2 1,015150957 112,1234232 334,3069894 

  110,45 1,007547 3 1,022812301 112,9696187 447,2766081 

  110,45 1,007547 4 1,030531466 113,8222004 561,0988085 

  110,45 1,007547 5 1,038308887 114,6812166 675,780025 

  110,45 1,007547 6 1,046145004 115,5467157 791,3267407 

  110,45 1,007547 7 1,05404026 116,4187468 907,7454875 

  110,45 1,007547 8 1,061995102 117,297359 1025,042847 

  110,45 1,007547 9 1,070009979 118,1826022 1143,225449 

  129,25 1,007547 10 1,078085345 139,3425308 1282,56798 

  129,25 1,007547 11 1,086221655 140,3941489 1422,962128 

  129,25 1,007547 12 1,09441937 141,4537035 1564,415832 

  129,25 1,007547 13 1,102678953 142,5212546 1706,937087 

  129,25 1,007547 14 1,111000871 143,5968625 1850,533949 

  129,25 1,007547 15 1,119385594 144,680588 1995,214537 

  129,25 1,007547 16 1,127833597 145,7724924 2140,98703 

  129,25 1,007547 17 1,136345357 146,8726374 2287,859667 

  129,25 1,007547 18 1,144921356 147,9810852 2435,840752 

  129,25 1,007547 19 1,153562077 149,0978985 2584,938651 

  129,25 1,007547 20 1,16226801 150,2231403 2735,161791 

  129,25 1,007547 21 1,171039647 151,3568744 2886,518665 

  129,25 1,007547 22 1,179877483 152,4991647 3039,01783 

  129,25 1,007547 23 1,188782019 153,6500759 3192,667906 

  129,25 1,007547 24 1,197753756 154,809673 3347,477579 

  129,25 1,007547 25 1,206793204 155,9780216 3503,455601 

  129,25 1,007547 26 1,215900872 157,1551877 3660,610788 

  129,25 1,007547 27 1,225077276 158,3412379 3818,952026 

  129,25 1,007547 28 1,234322934 159,5362393 3978,488266 

  129,25 1,007547 29 1,24363837 160,7402593 4139,228525 

  129,25 1,007547 30 1,253024108 161,953366 4301,181891 
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Table A.7.6. FW product V of Norway (SEK) 
Purchasing 
+ install Maintenance i year n i^n p(1+0,007547)^n Total 

84,5     0     84,5 

  126,57 1,007547 1 1,007547 127,5252238 212,0252238 

  126,57 1,007547 2 1,015150957 128,4876567 340,5128804 

  126,57 1,007547 3 1,022812301 129,457353 469,9702334 

  126,57 1,007547 4 1,030531466 130,4343676 600,4046011 

  126,57 1,007547 5 1,038308887 131,4187558 731,8233569 

  126,57 1,007547 6 1,046145004 132,4105732 864,2339301 

  126,57 1,007547 7 1,05404026 133,4098758 997,6438058 

  126,57 1,007547 8 1,061995102 134,4167201 1132,060526 

  126,57 1,007547 9 1,070009979 135,4311631 1267,491689 

  126,57 1,007547 10 1,078085345 136,4532621 1403,944951 

  126,57 1,007547 11 1,086221655 137,4830748 1541,428026 

  126,57 1,007547 12 1,09441937 138,5206596 1679,948685 

  126,57 1,007547 13 1,102678953 139,566075 1819,514761 

  126,57 1,007547 14 1,111000871 140,6193802 1960,134141 

  126,57 1,007547 15 1,119385594 141,6806346 2101,814775 

  126,57 1,007547 16 1,127833597 142,7498984 2244,564674 

  126,57 1,007547 17 1,136345357 143,8272319 2388,391906 

  126,57 1,007547 18 1,144921356 144,912696 2533,304602 

  126,57 1,007547 19 1,153562077 146,0063521 2679,310954 

  126,57 1,007547 20 1,16226801 147,1082621 2826,419216 

  126,57 1,007547 21 1,171039647 148,2184881 2974,637704 

  126,57 1,007547 22 1,179877483 149,337093 3123,974797 

  126,57 1,007547 23 1,188782019 150,4641401 3274,438937 

  126,57 1,007547 24 1,197753756 151,5996929 3426,03863 

  126,57 1,007547 25 1,206793204 152,7438158 3578,782446 

  126,57 1,007547 26 1,215900872 153,8965734 3732,679019 

  126,57 1,007547 27 1,225077276 155,0580308 3887,73705 

  126,57 1,007547 28 1,234322934 156,2282538 4043,965304 

  126,57 1,007547 29 1,24363837 157,4073084 4201,372612 

  126,57 1,007547 30 1,253024108 158,5952614 4359,967874 
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Table A.7.7. FW product P of Finland (SEK) 
Purchasing 
+ install Maintenance i year n i^n p(1+0,007547)^n Total 

149,19     0     149,19 

  87,55 1,007547 1 1,007547 88,21073985 237,4007399 

  87,55 1,007547 2 1,015150957 88,8764663 326,2772062 

  87,55 1,007547 3 1,022812301 89,54721699 415,8244231 

  87,55 1,007547 4 1,030531466 90,22302984 506,047453 

  87,55 1,007547 5 1,038308887 90,90394305 596,951396 

  87,55 1,007547 6 1,046145004 91,58999511 688,5413911 

  87,55 1,007547 7 1,05404026 92,2812248 780,8226159 

  87,55 1,007547 8 1,061995102 92,9776712 873,8002871 

  87,55 1,007547 9 1,070009979 93,67937369 967,4796608 

  87,55 1,007547 10 1,078085345 94,38637192 1061,866033 

  87,55 1,007547 11 1,086221655 95,09870587 1156,964739 

  87,55 1,007547 12 1,09441937 95,8164158 1252,781154 

  87,55 1,007547 13 1,102678953 96,53954229 1349,320697 

  87,55 1,007547 14 1,111000871 97,26812622 1446,588823 

  87,55 1,007547 15 1,119385594 98,00220877 1544,591032 

  87,55 1,007547 16 1,127833597 98,74183144 1643,332863 

  87,55 1,007547 17 1,136345357 99,48703604 1742,819899 

  87,55 1,007547 18 1,144921356 100,2378647 1843,057764 

  87,55 1,007547 19 1,153562077 100,9943599 1944,052124 

  87,55 1,007547 20 1,16226801 101,7565643 2045,808688 

  87,55 1,007547 21 1,171039647 102,5245211 2148,333209 

  87,55 1,007547 22 1,179877483 103,2982736 2251,631483 

  87,55 1,007547 23 1,188782019 104,0778657 2355,709348 

  87,55 1,007547 24 1,197753756 104,8633414 2460,57269 

  87,55 1,007547 25 1,206793204 105,654745 2566,227435 

  87,55 1,007547 26 1,215900872 106,4521214 2672,679556 

  87,55 1,007547 27 1,225077276 107,2555155 2779,935072 

  87,55 1,007547 28 1,234322934 108,0649729 2888,000045 

  87,55 1,007547 29 1,24363837 108,8805393 2996,880584 

  87,55 1,007547 30 1,253024108 109,7022607 3106,582845 
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Table A.7.8. FW linoleum of Finland (SEK) 
Purchasing 
+ install Maintenance i 

year 
n i^n p(1+0,007547)^n Total 

158,19     0     158,19 

  89,69 1,007547 1 1,007547 90,36689043 248,5568904 

  89,69 1,007547 2 1,015150957 91,04888935 339,6057798 

  89,69 1,007547 3 1,022812301 91,73603532 431,3418151 

  89,69 1,007547 4 1,030531466 92,42836718 523,7701823 

  89,69 1,007547 5 1,038308887 93,12592407 616,8961063 

  89,69 1,007547 6 1,046145004 93,82874541 710,7248518 

  89,69 1,007547 7 1,05404026 94,53687096 805,2617227 

  89,69 1,007547 8 1,061995102 95,25034072 900,5120634 

  89,69 1,007547 9 1,070009979 95,96919504 996,4812585 

  107,62 1,007547 10 1,078085345 116,0235448 1112,504803 

  107,62 1,007547 11 1,086221655 116,8991745 1229,403978 

  107,62 1,007547 12 1,09441937 117,7814125 1347,18539 

  107,62 1,007547 13 1,102678953 118,6703089 1465,855699 

  107,62 1,007547 14 1,111000871 119,5659137 1585,421613 

  107,62 1,007547 15 1,119385594 120,4682776 1705,88989 

  107,62 1,007547 16 1,127833597 121,3774517 1827,267342 

  107,62 1,007547 17 1,136345357 122,2934874 1949,56083 

  107,62 1,007547 18 1,144921356 123,2164363 2072,777266 

  107,62 1,007547 19 1,153562077 124,1463508 2196,923617 

  107,62 1,007547 20 1,16226801 125,0832833 2322,0069 

  107,62 1,007547 21 1,171039647 126,0272868 2448,034187 

  107,62 1,007547 22 1,179877483 126,9784147 2575,012601 

  107,62 1,007547 23 1,188782019 127,9367208 2702,949322 

  107,62 1,007547 24 1,197753756 128,9022593 2831,851582 

  107,62 1,007547 25 1,206793204 129,8750846 2961,726666 

  107,62 1,007547 26 1,215900872 130,8552519 3092,581918 

  107,62 1,007547 27 1,225077276 131,8428165 3224,424735 

  107,62 1,007547 28 1,234322934 132,8378342 3357,262569 

  107,62 1,007547 29 1,24363837 133,8403613 3491,10293 

  107,62 1,007547 30 1,253024108 134,8504545 3625,953385 
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Table A.7.9. FW product V of Finland(SEK) 
Purchasing 
+ install Maintenance i year n i^n p(1+0,007547)^n Total 

94,79     0     94,79 

  105,48 1,007547 1 1,007547 106,2760576 201,0660576 

  105,48 1,007547 2 1,015150957 107,078123 308,1441805 

  105,48 1,007547 3 1,022812301 107,8862416 416,0304221 

  105,48 1,007547 4 1,030531466 108,700459 524,7308811 

  105,48 1,007547 5 1,038308887 109,5208214 634,2517025 

  105,48 1,007547 6 1,046145004 110,347375 744,5990775 

  105,48 1,007547 7 1,05404026 111,1801667 855,7792442 

  105,48 1,007547 8 1,061995102 112,0192434 967,7984876 

  105,48 1,007547 9 1,070009979 112,8646526 1080,66314 

  105,48 1,007547 10 1,078085345 113,7164421 1194,379582 

  105,48 1,007547 11 1,086221655 114,5746601 1308,954242 

  105,48 1,007547 12 1,09441937 115,4393551 1424,393598 

  105,48 1,007547 13 1,102678953 116,3105759 1540,704173 

  105,48 1,007547 14 1,111000871 117,1883718 1657,892545 

  105,48 1,007547 15 1,119385594 118,0727925 1775,965338 

  105,48 1,007547 16 1,127833597 118,9638878 1894,929226 

  105,48 1,007547 17 1,136345357 119,8617083 2014,790934 

  105,48 1,007547 18 1,144921356 120,7663046 2135,557239 

  105,48 1,007547 19 1,153562077 121,6777279 2257,234966 

  105,48 1,007547 20 1,16226801 122,5960297 2379,830996 

  105,48 1,007547 21 1,171039647 123,521262 2503,352258 

  105,48 1,007547 22 1,179877483 124,4534769 2627,805735 

  105,48 1,007547 23 1,188782019 125,3927273 2753,198462 

  105,48 1,007547 24 1,197753756 126,3390662 2879,537529 

  105,48 1,007547 25 1,206793204 127,2925472 3006,830076 

  105,48 1,007547 26 1,215900872 128,253224 3135,0833 

  105,48 1,007547 27 1,225077276 129,2211511 3264,304451 

  105,48 1,007547 28 1,234322934 130,1963831 3394,500834 

  105,48 1,007547 29 1,24363837 131,1789752 3525,679809 

  105,48 1,007547 30 1,253024108 132,1689829 3657,848792 

 
 
 


