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Abstract  
The objective of this thesis is to investigate the environmental properties and potential 
impacts of the roller cleaning machine, TAT 35A, at SKF. This is to be done in a life 
cycle perspective. The purpose is furthermore to carry out cleaning tests as a first step in 
analysing the performance of the roller cleaning machine. 
 
The first selected characterisation category, acidification and eutrophication, identifies 
the production phase of the roller cleaning machine to contribute most to the 
environmental impact. For the second characterisation category, global warming 
potential, the use-phase of the roller cleaning machine have the largest environmental 
impact. Results from the two different methods of impact assessment, ECO indicator 
and EPS are in agreement. They identify the production phase of the roller cleaning 
machine as contributing the most to the over all environmental impact. 

 It is positive from an environmental aspect to minimize the use of chemicals 
and  detergents in the production. The roller cleaning machine using only air as 
detergent is exemplary. 

 To reduce the environmental impact of the roller cleaning machine and the 
production as whole at SKF, a transition from Swedish average energy to 
renewable energy is necessary.  

 To establish the performance of the cleaning machine it is necessary to carry out 
further cleaning test. A comparison of measurements on dirty rollers before the 
internal loading station and cleaned rollers should be made to gain knowledge 
about the cleaning performance.  

 A natural continuing on this LCA is to carry out an comparative study on other 
cleaning techniques used at SKF.   
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1. Introduction 
The increasing environmental concern in today’s society puts pressure on the industry to 
produce and use less environmentally damaging products. SKF [1], as a global supplier 
of products, customer solutions and services in the rolling bearing, seals and related 
business, has a genuine interest in assessing environmental aspects of its products. Life 
cycle assessment (LCA) is one of many useful tools addressing the environmental 
aspects and potential impacts associated with a product.  

1.1  Background 
The SKF corporation is organised in five divisions; Industrial Automotive, Electrical, 
Service, and Aero and Steel. Each division serves a global market, focusing on its 
specific customer segment. The production takes place in over 80 locations around the 
world and SKF is represented in 130 countries. The head office is located in 
Gothenburg, Sweden. 

A general problem in all SKF production is the cleaning of the products. Different 
techniques have been used over the years, in various divisions of the company. One of 
the latest techniques developed in the Quality Technology Centre of SKF in Austria is 
the Roller Cleaning Machine, TAT 35A. It is based on a method using only air to clean 
the bearings from dirt and oil. The benefit is not having to use liquids and chemicals for 
the cleaning process.  

The environmental division at SKF Gothenburg has decided to examine the roller 
cleaning machine, TAT 35A, more closely to assess the environmental properties 
associated with the product. This is carried out through an LCA. 

In the LCA, the product is followed from cradle to grave. LCA deals with the social 
system, the technical system, the natural system and their relationships. LCA may be 
used for identification of potential improvements, decision-making, choice of 
environmental performance indicators and market claims.  

1.2 Purpose  
The purpose of the project is to investigate the environmental properties and potential 
impacts of the roller cleaning machine, TAT 35A. This is to be done in a life cycle 
perspective. The purpose is furthermore to carry out cleaning tests as a first step in 
analysing the performance of the roller cleaning machine.  
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1.3 Directives and delimitation  
The chosen product system is very extensive for the time of the study, therefore the 
system has been simplified. Not all components in the roller cleaning machine has been 
traced back to natural resources. Concerning the end of life phase, most materials in this 
study are presumed to be recycled.   

2 LCA methodology  
The International Organisation for Standardisation (ISO) has implemented a standard 
for Life Cycle Assessments [2]. ISO is a non-governmental, world-wide federation of 
standardisation bodies from about 130 countries, established in 1947 [3]. The standards 
on LCA are part of the ISO 14000 series, which are international, voluntary 
environmental standards.  

LCA describes environmental impacts throughout a product’s life, i.e, from raw 
material acquisition, through production, use and waste disposal [4], illustrated in 
Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The life cycle model. The boxes indicate physical processes and arrows flows of energy and 
matter.  
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LCA, however, is more than a description of the products life cycle, it is also a 
procedure for how such studies are done and interpreted. LCA includes four phases [5]; 
goal and scope definition, inventory analysis, impact assessment and interpretation of 
results, see Figure 2.  

 

 

 

 

 

 

 

 

 

Figure 2. The different phases of an LCA. The boxes indicate procedural steps and the arrows the order 
in which the these are performed.  

2.1 Goal and Scope definition  
The goal definition includes stating the intended application of the study, the reason for 
carrying it out and to whom the result are intended to be communicated. The standard 
stresses that that the goal and scope of an LCA study must be clearly defined and 
consistent with the intended applications. According to ISO 14040 [4], the following 
items shall be considered and clearly described in the goal and scope definition: 

 the function of the product system 

 the functional unit 

 the product system to be studied  

 the product system boundaries 

 allocation procedures 

 types of impact and methodology of impact assessment 

 data quality requirements  

 assumptions and limitations 

 type of critical review 

 type and format of the report required for the study 
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2.1.1 Function of the product system 
It is of great importance to define the function of the product system to be investigated. 
The choice of which specific aspect to study is important in stand alone LCA [6] of 
single products as well as making sure that the objects of a comparative study really are 
technically comparable.   

2.1.2 Functional unit  
The functional unit corresponds to a reference flow to which all other modelled flows of 
the system are related. The definition of the functional unit must take the following 
three aspects into consideration [7]: 

 Efficiency 

 Durability 

 Quality 

It is wise to put a lot of effort into the identification and the definition of the functional 
unit since this will have a strong influence on the result.  

2.1.3 System boundaries  
The principle of the system boundary definition and the allocation are decided during 
the goal and scope definition. However, this may have to wait until enough information 
has been collected during inventory analysis. System boundaries need to be specified in 
several dimensions [6]: 

 Boundaries in relation to natural systems 

 Geographic boundaries 

 Time boundaries 

 Boundaries within the technical system, which includes boundaries related to 
production capital, personnel and boundaries in relation to other products life cycle.  

2.1.4 Allocation  
The life cycles of different products are linked in networks. Sometimes several products 
or functions share the same process. Therefore, the materials and energy flows as well 
as environmental releases should be allocated to the different products according to 
clearly stated procedures.   
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2.1.5 Choice of impact categories and method of impact assessment  
In every LCA, it is necessary to consider which environmental impacts to take into 
account. The ISO standard only give headlines for impact categories: resource use, 
ecological consequences and human health [5]. These must be interpreted in terms of 
more operational impact categories such as global warming, acidification and resource 
depletion. How to interpret the results must also be decided. One may choose to stop 
after inventory and interpret inventory results. Such a study is called a life cycle 
inventory (LCI). Another option is to go through characterisation and interpret the result 
from that level. The full impact assessment method goes all the way to weighting.  

2.1.6 Data requirements 
Depending on which data is used, the model will give different views of reality. 
Different ambitions concerning data quality will result in different workloads when 
carrying out the study but will also lead to different reliability in the result. Specifying 
data quality requirements is thus an important activity during the goal and scope 
definition.  

2.1.7 Assumptions and limitations  
According to ISO 14040 [4], major assumptions and limitations should be stated and 
described in the goal and scope definition. Limitations may be the result of choices 
made in the scope definition or results of problems encountered later in the study such 
as failure to collect certain data. 

2.1.8 Critical review 
The LCA standard, ISO 14040 [4] requires that the type and the format of the report 
should be specified on. There should also be a process of critical review. There are 
different types of critical review processes such as review by internal experts or by 
interested parties.  

2.2 Inventory analysis  
To make an LCI requires the construction of a flow model of a technical system [5]. 
The model is an incomplete mass and energy balance of the system, where only the 
environmentally relevant flows are considered. Environmentally indifferent flows, such 
as diffuse heat and emissions of water vapour as a combustion product, are not 
modelled. The inventory is usually static and linear, which means that time is not used 
as a variable and that all relationships are simplified to linear ones. Usually, the model 
is represented as a flow chart. Activities of the life cycle inventory include: 
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 Construction of the flowchart according to the system boundaries decided on in 
the goal and scope definition.  

 Data collection for all the activities in the product system followed by 
documentation of collected data.  

 Calculation of the environmental loads of the system in relation to the functional 
unit.  

2.3  Impact assessment  
Life Cycle Impact Assessment (LCIA) aims to describe the impacts of the 
environmental loads quantified in the inventory analysis. One purpose of the LCIA is to 
turn inventory results into more relevant environmental information, i.e., information on 
environmental impact rather than just information on emissions and resource use. 
Another purpose is to aggregate the information from the LCI in fewer parameters, as 
indicated in Figure 3. There are three steps described: classification and 
characterisation, which are compulsory according to ISO 14042:2000 [8], whereas the 
last part, weighting, is optional.  

In the classification step, the inventory data are sorted and assigned to the various 
impact categories. Use of resources and emissions are gathered to one or several kinds 
of environmental impacts that they contribute too. Global warming, resource depletion, 
acidification and eutrophication are examples of impact categories. Different impact 
categories can be chosen depending on the goal of the study.  

The next step is characterisation, which is a quantitative step where the size of the 
environmental impacts are calculated per category using equivalency factors defined 
while modelling the cause-effect chains. The purpose is to summarize all contributions 
from different emissions and resource use within one impact category.  
For example, all acidifying emissions (SO2, NOx, HCl, etc) in the LCI results are added 
up based on their equivalency factors, resulting in a sum indicating the extent of the 
acidification impact.  

 In the weighting step, the results from the characterisation is interpreted. This can be 
done by formalised and quantitative weighting procedures or by using expert panels.  
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Figure 3.  Illustration of the stepwise aggregation of information in LCA 
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2.4 Interpretation of results  
Life cycle interpretation is defined in the ISO 14040 standard [4] as: 

“The phase of life cycle assessment in which the findings of either the inventory 
analysis or the impact assessment, or both, are combined consistent with the defined 
goal and scope in order to reach conclusions and recommendations”.  

In LCA, there are often a high number of result parameters after the inventory 
calculations. In order to extract something meaningful out of these figures, it is 
necessary to “refine” the results. There are many ways of doing this, one is to present 
only a section of the most important inventory result parameters in a histogram, another 
way is to present weighted impact assessment results.   

3 Centre for environmental assessment of product and 
material systems, CPM 

In 1996 a national centre of excellence for LCA called Centre for Environmental 
Assessment of Product and Materials Systems, CPM [9], was formed in Sweden. The 
centre was jointly founded by industry, the Swedish National Board for Industrial and 
Technical Development (NUTEK) [10] and Chalmers University of Technology [11]. 
The overall goals are: 

 to prevent and decrease environmental impact associated with products 

 to gather and reinforce the Swedish competence within sustainable product 
development at a high international level 

 to provide industry and society with relevant methods and support for 
implementation of environmental aspects in decision regarding products and 
materials 

A major instrument in reaching these goals is the establishment of an LCA database, 
where data is shared between companies. For this purpose the database format SPINE 
has been developed [12]. The SPINE model includes transparent storage, administration 
and retrieval of inventory data.  
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3.1 LCAiT4  
LCAiT 4 is a software [15], used as an instrument to carry out an LCA. The format for 
the documentation of data in the software is the SPINE model. 

LCAiT 4 is developed by CIT Ekologik AB. They have performed environmental 
consulting for the industry since 1989. They have extensive experience in performing 
LCAs of products and services. A large international network and close co-operation 
with the scientific activities at Chalmers University of Technology contribute to the 
competence within the area. The company co-operates with other organisations within 
the framework of the Society of Environmental Toxicology and Chemistry (SETAC), 
the Nordic Council of Ministers and the European network (COMETT). CIT Ekologik 
AB represents Sweden in the International Standardisation Organisation (ISO) on issues 
relating to LCA.  

4 Results  

4.1 Goal and Scope definition 
The purpose of the study is to investigate the environmental properties and potential 
impacts of the roller cleaning machine, TAT 35A. The study is to be done from the 
cradle to the grave. 

The intended application of the study is to increase the knowledge of the potential 
environmental impact that can be associated with the life cycle of the roller cleaning 
machine. The result is mainly going to be communicated to employees at SKF.  

4.1.1 Product definition and functional unit  
TAT 35A [14] is an automatic machine used to clean roller bearings. The equipment 
consists of a mechanical unit for the roller bearings and a second unit; Aero 700 to 
produce vacuum. As detergent, clean air is used. The vacuum equipment creates a low 
pressure, which passes the bearings and at the same time takes away dirt and oil 
residues from the production.  

At first, the bearings go into the mechanical unit where they pass an airlock. A fan 
compresses air from the outside creating an overpressure, which prevents unfiltered air 
to enter. The bearings pass a tunnel where air is sucked to the vacuum unit. The tunnel 
is small and a lot of air passes. This causes a very high airflow, which removes loose 
particles from the bearings. The sides of the bearing are cleaned by “air knifes”; air flow 
at high pressure. A standby feature is installed in  the machine which means the 
machine will stop the vacuum pump when no rollers arrive to the internal loading 
station. 
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In the vacuum unit, where the dirt ends up, there are three filters which clean the air and 
separate the oil residues. 

The machine is produced at the Quality Technology Centre at SKF Austria AG. The 
mechanical part has the dimensions: height 2390 mm, width 704 mm and depth 670 mm 
and it weights 580 kg. The Aero 700 has the dimensions: height: 2500 mm, 800 mm and 
depth 800 mm and it weights 545 kg. The functional unit of this study is one roller 
cleaning machine.   

4.1.2 System boundaries  
The cradle and the grave for the studied system are the boundaries to the natural system. 
A few components are followed back to natural resources but there has not been enough 
time to trace all components back to natural resources and outflows to emissions etc. In 
the cases that data has not been found, the inflows and outflows are called non-
elementary. Since no roller cleaning machine of this type has gone to the end of life 
phase, no reliable information concerning SKF´s way of dealing with recycling for this 
machine is available. Looking at recycling in general at SKF and in deliberation with 
people involved of the development of the machine most materials in this study are 
therefore presumed to be recycled.  

The time boundary is the lifetime of the machine, in this LCA. The machine can 
probably be used in the production at SKF during a long time period but considering the 
continuous development of new techniques and methods at different technology centres 
in SKF, the life cycle is set to ten years. The cleaning technique used in the TAT 35A is 
fairly new, and the machine has only been in use at the plant in Göteborg, Sweden for 
about three years. The data is as recent as possible. Some data is collected during the 
time for this study, spring 2005, but other data is provided by CPM and CIT Ekologik 
AB. The data in these databases are collected after the year 2001.  

The Geographical boundaries are connected with the manufacturing of the Roller 
Cleaning Machine. It takes place at SKF in Steyr, Austria. Most components included in 
the machine are produced in Austria, except for the vacuum pump, the Side channel 
blower SC 50 C which is produced by Ventur in Göteborg, Sweden. The pump is 
subsequently transported to Austria for the assembly. During the use phase this 
particular machine is located at the plant in Göteborg, Sweden. The end of life phase for 
this machine is presumed to occur in Göteborg, Sweden. This is because, SKF has an 
agreement with two recycling companies in the area, Renova and Stena Gothard.  

Due to the 1 % cut-off rule, real capital, like tools, buildings, machinery and 
infrastructure are not included in this study [15]. There is no allocation method used in 
this study. 
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4.1.3 Types of impact and methodology of impact assessment  
The collected information has been organised and the inventory results has been 
calculated by the software LCAiT 4. In this LCIA, the characterisation categories used 
are: 

 Acidification and Eutrophication 

 Global warming potential 

The reason for only choosing two impact categories is mostly for the transparency of the 
study. Two weighting methods were chosen for this study:  

 Eco-indicator 

 EPS  

The different methods emphasise different environmental aspects. To increase the 
credibility of the results, several methods should always be used.  

4.1.4 Data quality  
Data from all stages in the life cycle of the Roller Cleaning Machine, TAT 35A have 
been gathered. The data have been documented according to the SPINE data 
documentation criteria [12]. There are no defined classes of quality demands for the 
data. Data has been gathered through measurements or supplied by people within the 
production and the development of the machine. When data have not been available, 
people familiar with the processes studied have made qualified estimates  
 
The data for energy production and transports are taken from the CIT Ekologik database 
on “Energy and transports” [16].  

4.1.5 Assumptions and limitations  
Limitations and assumptions for each activity will effect the final result. The inventory 
of the product system has been very much simplified. Information about limitations and 
assumptions concerning each activity in the studied product system are described in 
greater detail in the inventory section. The truthfulness of the impact calculations is 
limited by the impact categories chosen. Also, weighting methods have a large influence 
on the finial result of the study.  

4.1.6 Critical review 
The LCA is critically reviewed by the supervisors and the examiner at the University of 
Trollhättan/Uddevalla as well as the supervisor at SKF.   
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4.2 Inventory  
To describe the studied system it is useful to construct a flowchart. Figure 4 shows an 
overview of the system for the Roller Cleaning Machine, TAT 35A. Further details on 
steps A - E are given below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Flowchart for the overview lifecycle of the roller cleaning machine, TAT 35A.  
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A. Production of Roller Cleaning Machine, TAT 35A  
The manufacturing of the Roller Cleaning Machine, TAT 35A takes place in Austria. 
There is one exception though, the 155 kg vacuum pump is produced in Göteborg, 
Sweden and then transported to Austria for assembly.  
 
The roller cleaning machine consists of large amounts of components. In this LCA, the 
most relevant parts for the function of the cleaning machine has been chosen to 
represent the system. These parts also constitute the major part of the machine. The 
chosen contributions are: production of steel and stainless steal, filters, electronics, 
cable assembly and production of the vacuum pump. The vacuum pump weighs 155 kg 
and is made from of aluminium. The total weight of the filters are about 11 kg. They 
consist of polyurethane (PUR), styrene, nylon and carton (kraftliner) as well as 
aluminium. The weight of the steel plates is estimated to about 500 kg, electronics and 
stainless steel to about 20 kg each and the weight of the cables to 5 kg.  

 
 
 
Figure 5. Flowchart for the production of the  roller cleaning machine, TAT 35A. 
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B. Transportation   
The transportation of the machine between production and use-phase is calculated from 
Steyr, Austria to Göteborg. The recycling takes place in Göteborg and is there for 
calculated on only 10 km. The data use for transportation is for Heavy truck 40/60 tons 
with 70% load and Euro class 3. 
C. Use-phase   
The use-phase consists of electricity, and is calculated on Swedish average electricity. 
Year 2002 Swedish average electricity consisted of  49.4 % nuclear power, 40 % 
hydroelectric power and 10.1 % other which includes coal and oil, wind power was 0.5 
% of the total energy production [17]. There are no other inflows to take into 
consideration. Very few parts need to be changed during the life cycle and the amount 
of lubricant used is negligible. The machine uses about 14.8 kW of power. For 
measurements made by Reijlers engineers AB, see appendix A. The machine cleans 
about 78 million rollers per year. The efficient working time of the machine is about 
4300 hours per year.  
 

 

 

 

 

 

 

 

 

 

 

Figure 6. Flowchart for the production of the roller cleaning machine, TAT 35A. 
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E. End of life 
The end of life phase consists of aluminium and steel recycling, recycling of electronics 
and incineration of polystyrene. The end of life phase is calculated on 100 % material or 
energy recycling.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Flowchart for the end of life phase of the roller cleaning machine, TAT 35A. 
  

4.3 Inventory analysis  
In this study two characterisation categories are chosen: (i) acidification and 
eutrophication, and (ii) global warming potential (GWP).  

4.3.1 Acidification and Eutrophication  
The inventory results from the characterisation category acidification and eutrophication 
are presented in Table 1. Emissions of the substances are characterised and added as 
sulphur dioxide equivalents. The eutrophication potential, EP, is measured in nitrogen 
oxide equivalents. The characterisation consists of emissions to air. Emissions have 
been characterised and added as PDF*m2*yr, where PDF stands for Potential Damage 
Fraction.   
 
Table 1. Characterisation results of acidification and eutrophication, in [PDF*m2*yr]. 

Substance  
 
A. Production 

 
B. Transport 

  
C. Use 

 
D. Transport 

 
E. End of life  Total   %

NO 2,75E-01     2,75E-01 0
NO2 1,66E-06     1,66E-06 0
NOx 1,46E+02 1,67E+00 2,59E+02 5,14E-02 7,06E-01 4,08E+02 45
SO2 4,67E+02 5,86E-05 3,11E+01 1,99E-06 2,37E-01 4,98E+02 55
SOX 3,38E-02     3,38E-02 0
Total  6,13E+02 1,61E+00 2,90E+02 5,14E-02 9,43E-01 9,06E+02 
 

End of life  

Incineration of 
polystyrene 

Recycling of 
aluminium   

Recycling of 
steel   

Electronics 
recycling   
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The results from the characterisation are presented in Figure 8. The result identifies the 
production phase of the roller cleaning machine as the part that contributes most to 
acidification and eutrophication, it is caused mainly by the emissions of SO2, 55% and 
NOx, 45 %. In the production phase the activity production of aluminium contributes 
most to acidification and eutrophication. The production of aluminium includes bauxite 
mining and electrolysis, extruding and recycling of aluminium. 

 

Characterisation results of Acidification and 
Eutrophication 
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Figure 8. Acidification and eutrophication from the life cycle of Roller cleaning machine, TAT 35A. 
 
 

4.3.2 Global Warming 
The inventory results from the characterisation category GWP are displayed in Table 2. 
The GWP is expressed in kg CO2-equivalents and consists of emissions to air.  
 
Table 2. Characterisation results of global warming potential in [kg] CO2-equivalents. 
 

Substance  
 
A. Production B. Transport 

 
C. Use  

 
D. Transport 

 
E. End of life Total  %

Substance         
CO2 1,06E+04 4,50E+01 2,87E+04 1,46E+00 8,15E+01 3,95E+04 98
HCFC-22 1,50E-02     1,50E-02 0
Methane 1,78E+01  8,70E+02  8,88E+02 2
N20 2,95E-01  1,43E+01 5,30E-02 1,46E+01 0
Total  1,07E+04 4,50E+01 2,96E+04 1,46E+00 8,16E+01 4,04E+04 
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For this impact category, the use-phase of the roller cleaning machine have the largest 
environmental impact, as can be seen in Figure 9. This is due to large emissions of CO2 .  
The CO2 stands for 98 % of the total green house gas emissions. The declared emissions 
to air vary a lot between site specific data. In particular, the production phase of this 
LCA lack information about energy consumption. This means that the characterisation 
would have given a slightly different result if the data had been more complete.  
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Figure 9. Global warming potential results for the life cycle of the Roller cleaning machine, TAT 35A. 

4.4 Impact Assessment  
The weighting methods are based on subjective evaluations. It is very important to 
acknowledge that the outcome of the weighting is strongly dependent of the type of 
method chosen. In this study two methods will be used, The Eco indicator method and 
The Environmental Priority Strategies in product design method, EPS. 

4.4.1 Eco indicator 
The impact categories in Eco indicator 99 are:  

 ecosystem health,  

 human health  

 resource use. 

In the next two steps average European data on exposure and effects are used to 
calculate the extent to which human and ecosystem health are affected. The weighting 
procedure establishes the seriousness of the damages to the ecosystem, human health 
and to the resource base. Cultural values determine the weighting factors, which means 
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that weighting is done according to different attitudes in society to what counts as an 
environmental problem.  

The weighting results of Eco indicator 99 is shown in Table 3. The weighting method 
includes depletion of resources from ground, emissions to air and to water.  
Table 3. Results from the weighting method Eco indicator 99, in [Ecopoints]. 

 

 

 

Substance Production Transp. Use Transp. End of life Total weigting results
Resources ground Bauxit 1,16E+00 1,16E+00 0%

Copper in ore 4,06E+00 4,06E+00 0%
Cr 5,68E-08 5,68E-08 0%
Crude oil 9,87E+00 7,06E+02 5,18E-01 7,16E+02 30%
Crude oil, feed stock 9,62E-01 9,62E-10 0%
Hard coal 2,61E+00 3,36E+01 1,41E-03 3,62E+01 1%
Iron in ore 9,66E-01 2,79E-02 -1,60E-02 9,78E-01 0%
Lead in ore 1,45E-02 1,45E-02 0%
Natural gas 9,37E+00 5,46E+01 3,09E+00 6,70E+01 3%
Ni 4,62E-05 4,62E-05 0%
Pb 7,81E-06 7,81E-06 0%
Zinc in ore 0,00E+00 -1,71E-03 -1,71E-03 0%
Zn 5,79E-03 5,79E-03 0%

Emissions to air 1,2 Dichloroethane 4,16E-13 4,16E-13 0%
Aldehydes 9,09E-09 9,09E-09 0%
As 2,15E-06 2,15E-06 0%
Benzene 9,22E-09 9,22E-09 0%
CO2 3,16E+02 1,34E+00 8,53E+02 4,34E-02 2,42E+00 1,17E+03 48%
Cd 2,70E-06 2,70E-06 0%
Cr 4,10E-09 4,10E-09 0%
Cu 3,01E-05 3,55E-06 0%
HCFC-22 3,04E-05 3,01E-05 0%
Hg 2,21E-03 3,04E-05 0%
Metals 3,96E-02 2,21E-03 0%
Mehtane 6,97E-04 1,94E+00 1,98E+00 0%
N2O 5,76E-08 3,37E-02 1,25E-04 3,45E-02 0%
NMVOC 6,66E-02 5,76E-08 0%
NO 4,04E-07 6,69E-02 0%
NO2 3,57E+01 4,04E-07 0%
NOx 9,47E-05 3,90E-01 6,28E+01 1,25E-02 1,71E-01 9,91E+01 4%
Ni 4,45E-03 9,47E-05 0%
PAH 5,40E-06 4,05E-07 4,45E-03 0%
Pb 2,96E+02 5,40E-06 0%
SO2 7,14E-02 3,71E-05 1,97E+01 1,26E-06 1,50E-01 3,16E+02 13%
Sox 8,13E-05 7,14E-02 0%
VOC 1,92E-15 6,18E-02 6,19E-02 0%
Vinyl chlorid 1,25E-05 1,92E-15 0%
Zn 8,72E-15 1,25E-05 0%

Emsionss to water 1,2 Dichloroethane 1,91E-06 8,21E-16 0%
As 2,21E-08 1,91E-06 0%
Cd 1,28E-04 2,21E-08 0%
Cr 1,25E-04 -1,86E-06 1,26E-04 0%
Cu 3,30E-07 1,25E-04 0%
Hg 2,33E-04 3,30E-07 0%
Ni 9,36E-03 4,34E-06 2,29E-04 0%
PAH 1,28E-05 9,36E-03 0%
Pb 1,03E-32 -1,47E-07 1,27E-05 0%
Vinyl chlorid 9,79E-04 1,03E-32 0%
Cn 7,64E+02 -1,47E-05 9,64E-04 0%
Total 6,72E+02 1,73E+00 1,74E+03 5,59E-02 6,34E+00 2,42E+03
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In this weighting method the use phase is the parameter with the largest environmental 
impact (see Figure 10). Resources from ground and, specifically, extraction of crude oil 
is a large contribution which stands for about 30 % of the total environmental impact. 
From the listed emissions to air, CO2 , SO2 and NOx contributes the most to the to the 
total impact. CO2 stands for 48 % while SO2 stands for 13 % and NOx for 4 % of the 
total environmental impact. There are no considerable emissions to water.  

As mentioned in the previous characterisation of, global warming potential, the declared 
emissions to air  vary a lot between sites, which means that the weighting result would 
be slightly different if the information about energy consumption had been more 
complete. An important aspect of this LCA is the lack of detailed information about the 
energy in the production and end of life phase. The energy aspect is connected with 
global warming potential which is a major part in the characterisations steps and in the 
weighting methods.  

 

Results from the weighting method Eco Indicator 99
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Figure 10. ECO-indicator 99 weighting results for the life cycle of the Roller cleaning machine, TAT 35A. 
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4.4.2 The environmental priority strategies in product design method, 
EPS 

The method is based on the definition of five safeguard objects and the willingness to 
pay for protection of this objects. The objects are: 

 Human health 

 Biological  diversity 

 Ecosystem production capacity  

 Abiotic resources  

 Cultural and recreational values.  

Each safeguard subject has several sub-categories, called unit effects. Each unit effect 
has an economic value described the willingness to pay to avoid the negative effects 
defined by the unit effects. The price of a unit effect is the equivalent of a weighting 
factor. To calculate the index, the environmental load unit, ELU is it necessary to go 
through characterisation where the extent of the impact of a pollutant is described. The 
index is obtained by multiplying the size of the impact per unit effects for each 
safeguard subject by respective price and then summing them.   

The weighting results of EPS is shown in Table 4. The weighting method, EPS, includes 
depletion of resources from ground and water as well as emissions to air and water. In 
this method the resource depletion weighs “heavier” than the others.  
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Table 4. Results from the weighting method EPS, in ELU. 
 
 

Substance Production Transp. Use Transp. End of life Total weigting results
Resources ground Barytes 2,45E-05 2,45E-05 0%

Bauxit 1,07E+01 1,07E+01 0%
Biomass 4,11E-03 2,34E+02 2,34E+02 0%
Calcium sulphate 1,92E-06 1,92E-06 0%
Copper in ore 9,67E+02 6,97E+02 3%
Crude oil 3,56E+01 2,54E+03 1,87E+00 2,58E+03 12%
Crude oil,feed stock 3,47E-09 3,47E-09 0%
Fluorite 5,96E-05 5,96E-05 0%
Ground water 5,49E-12 5,49E-12 0%
Hard coal 2,17E+01 2,79E+02 1,17E-02 3,01E+02 1%
Iron in ore 7,65E+02 2,21E+01 -1,26E+01 7,74E+02 3%
Lead in ore 1,45E+01 1,45E+01 0%
Lignie 1,05E+00 7,41E-01 1,00E-01 1,89E+00 0%
Natural gas 9,51E+01 5,54E+02 3,14E+01 6,81E+02 3%
Nitrogen 0,00E+00 0,00E+00 0%
Nuclear energy 1,00E-03 1,00E-03 0%
Olivine 1,87E-05 1,87E-05 0%
Oxygen 0,00E+00 0,00E+00 0%
Pb 1,36E-03 1,36E-03 0%
Phosphate 6,54E-07 6,54E-07 0%
Potassium chloride 1,03E-05 1,03E-05 0%
Sulphure 1,47E-03 1,47E-03 0%
Sulphure in ore 2,82E-04 2,82E-04 0%
Uranium in ore 3,69E+00 1,03E+04 3,95E-01 1,03E+04 46%
Water 7,26E-03 7,26E-03 0%
Zink in ore 0,00E+00 -2,18E+00 -2,18E+00 0%

Resources water Water 4,87E+00 4,87E+00 0%
Emissions to air As 6,68E-07 6,68E-07 0%

Benzene 1,06E-06 1,06E-06 0%
Benzo(a)pyrene 7,90E-07 7,90E-07 0%
CF4 4,16E+00 4,16E+00 0%
CO 6,37E+00 1,30E-02 2,65E+00 4,28E-04 -8,79E-02 8,95E+00 0%
CO2 1,15E+03 4,86E+00 3,10E+03 1,58E-01 8,81E+00 4,27E+03 19%
Cd 3,66E-08 3,66E-08 0%
Cr 2,54E-10 2,54E-10 0%
Cu 0,00E+00 0,00E+00 0%
H2S 8,79E-02 2,35E-03 9,02E-02 0%
HCFC-22 1,71E-03 1,71E-03 0%
HCI 1,16E-01 1,17E-02 1,28E-01 0%
HF 4,18E-02 1,69E-03 4,35E-02 0%
Hg 2,88E-05 2,88E-05 0%
Methane 2,31E+00 1,13E+02 1,15E+02 1%
N2O 3,65E-02 1,76E+00 6,54E-03 1,81E+00 0%
NH3 1,12E-02 1,10E-03 7,59E-03 1,99E-02 0%
Nox 5,48E+01 5,99E-01 9,66E+01 1,92E-02 2,63E-01 1,52E+02 1%
Ni 0,00E+00 0,00E+00 0%
PAH 1,59E+02 1,44E-02 1,59E+02 1%
Particles 2,87E+01 1,62E-01 2,35E+02 6,08E-03 -7,06E-01 2,64E+02 1%
Pb 7,93E-05 7,93E-05 0%
SO2 1,47E+03 1,84E-04 9,78E+01 6,25E-06 7,45E-01 1,56E+03 7%
Sox 3,54E-01 3,54E-01 0%
VOC 2,54E-02 1,93E+01 1,93E+01 0%
Zn 0,00E+00 0,00E+00 0%

Emissions to water As 2,61E-07 2,61E-07 0%
BOD 1,19E-03 1,19E-03 0%
COD 1,61E-03 8,32E-07 -1,64E-06 1,61E-03 0%
Cd 6,03E-09 6,03E-09 0%
Cr 4,77E-04 -6,93E-06 4,70E-04 0%
Cr3+ 1,70E-07 1,77E-07 0%
Hg 1,32E-06 1,32E-06 0%
N total -3,25E-02 -1,28E-01 2,98E-04 -1,60E-01 0%
P total 5,13E-05 3,86E-05 8,99E-05 0%
PAH 2,18E+01 2,18E+01 0%
Pb 6,47E-02 -7,44E-04 6,40E-02 0%
Total 3,83E+03 5,63E+00 1,86E+04 1,84E-01 2,80E+01 2,24E+04
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In this weighting method the use-phase is the parameter with the largest environmental 
impact (see Figure 11). Among, resources from ground, uranium in ore is the major 
environmental impact, 46 % of the total. Uranium in ore is linked to the production of 
energy in a nuclear power plant. Other resources with high impact are extraction of 
crude oil (12 %), copper in ore and iron in ore (4 %) and (3 %) of the total 
environmental impact. Crude oil is, as mentioned before, connected to the energy 
consumption in the use phase. Among, emissions to air, CO2 and SO2 give the highest 
impact as in the case of Eco indicator method. CO2 and SO2 contributes 19 %, 7 % of 
the total environmental impact. These substances can be linked to the energy 
consumption in the use-phase. Emissions to water are negligible.  
 

Results from the weighting mehod EPS

0

5000

10000

15000

20000

25000

EL
U

Production Use Total Transp. Transp. End of life
 

 
Figure 11. Results from the weighting method EPS, for the life cycle of the Roller cleaning machine, TAT 
35A. 
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5 Cleanliness evaluation, ISO 16232 
A cleanliness evaluation of the spherical roller bearings were made to study the 
performance of the roller cleaning machine. The method used for measurements follows 
the ISO 16232 [3] standard. The extracting machine used for the measurements is 
developed by the Manufacturing Development Centre, MDC, at SKF. The equipment 
consists of a container holding the products to be evaluated and a filter of 5 micrometers 
collecting particles. The washing fluid, Samsola 60, is held in a closed system. The 
filters is looked upon and analysed through a computer program, Piced Cora, developed 
by Jomesa in Germany. The program photographs all the particles which makes it 
possible to look upon and define the origin of them.  

The cleanliness evaluation of the spherical roller bearings were carried out by MDC 
staff. Tests were carried out at three different times. No reliable conclusion can, 
however, be drawn according to the ISO 16232 standard. The tests are not valid because 
there are not enough particles found in each batch of rollers. Each batch is compared 
with a “blank test” which is a measurement on the machine without rollers. This blank 
gives data on the amount of particles that descends from the surrounding.  The value of 
the blank has to be less than 10 % of the particles found in the test made on the rollers to 
be valid. Data from measurements are found in appendix E - N. In future measurements 
on the roller cleaning machine, TAT 35A, it is relevant to find other methods or develop 
the existing techniques used at MDC to receive a reliable result. The gravimetric 
method used at SKF detects very small particles and may therefore be a successful 
technique to evaluate the performance of the cleaning machine.  

6 Discussion  
The characterisation of, acidification and eutrophication, identifies the production phase 
of the roller cleaning machine as having the highest environmental impact. This is due 
to the production of aluminium, where the bauxite mining and the electrolysis 
contributes the most. 

The global warming potential characterisation identifies the use phase as the major 
contributor to the environmental impact. This is not due to “dirty energy”, Swedish 
average electricity is used at SKF, which consist of renewable energy and nuclear 
power. The global warming potential from the studied system is small, in comparison 
with the total impact to global warming from SKF.  

Kristian Karlsson at Rejlers ingenjörer AB, who carried out the energy measurements of 
the roller cleaning machine points out very clearly that the energy consumption of the 
machine is small and is not an object for further investigation. The machine also has an 
standby feature which reduces the energy consumption while no rollers pass.   



 Life Cycle Assessment  
 

24 

An aspect of this LCA is unbalanced inventory information about energy consumption 
in the various phases. Thanks to the possibility to measure the energy consumption of  
the machine during cleaning of rollers, there has been detailed information accessible 
from the use. Depending on lack of measured data, the production phase and the end of 
life phase doesn’t include as detailed information.  

The results from both methods of impact assessment, ECO indicator and EPS identify 
the use-phase as having  the highest environmental impact. The impact of the use phase 
is small, in comparison with the total energy consumption at SKF 

The ECO indicator method finds the emissions of CO2 and extraction of crude oil  to 
contribute most to the environmental impact, this is due to the energy consumption of 
use phase. 

The EPS method identifies uranium in ore as the major contributor to environmental 
impact. Uranium in ore is linked to the energy production from nuclear power plants. 
Other substances with high impact are: CO2, Copper in ore, hard coal and particles.  

To reduce the environmental impact of the roller cleaning machine a transition from 
Swedish average energy to renewable energy is necessary. 

The main point of this new cleaning technique is, of course, that it is very positive from 
an environmental aspect that the machine only uses air as detergent. No chemicals 
except for a very small amount of lubricant has to be used for the cleaning process. The 
fact that there is no need for handling of chemicals is positive also from an occupational 
safety and economic aspect. However, the cleanliness evaluation in this project didn’t 
give a reliable result according to the ISO 16232 standard therefore further tests should 
be carried out to establish the performance of the roller cleaning machine.   
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7 Conclusions 
 It is positive from an environmental aspect to minimize the use of chemicals 

and  detergents in the production. The roller cleaning machine using only air as 
detergent is exemplary.  

 To reduce the environmental impact of the roller cleaning machine and the 
production as whole at SKF, a transition from Swedish average energy to 
renewable energy is necessary. 

 To establish the performance of the cleaning machine it is necessary to carry out 
further cleaning test. A comparison of measurements on dirty rollers before the 
internal loading station and cleaned rollers should be made to gain knowledge 
about the cleaning performance.  

 A natural continuing on this LCA is to carry out an comparative study on other 
cleaning techniques used at SKF.   
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A Electric Measurements  
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B Electric Measurements  
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C  Electric Measurements 
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D  Electric Measurements 
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Appendix B:1 

E Cleanliness evaluation ISO 16232 
 

Component  SRB background 
Customer/location RK_Factory 
Operator Extraction Petter Hagg - Analyse Iciar Ruiz 
Membrane number srb05 
Date of extraction 2005-05-31  14:06:50 
Date of analysing 2005-05-31  14:06:50 
Amount of solvent used 11,3 litres 
Number of components 1 
Resolution 6.777 µm/Pxl 
 

Sizes Class Number 
particles 15 - 25 µm C 147 
particles 25 - 50 µm D 60 
particles 50 - 100 µm E 18 
particles100 - 150 µm F 8 
particles 150 - 200 µm G 1 
particles 200 - 400 µm H 2 
particles > 400 um I 8 
CCC code (C/D/E/F/G/H/I-J)  8/6/5/3/0/1/3 
Largest particle  2542 
particles > 15 um  244 
particles > 100 um  19 
particles > 200 um  10 
 
 

 
 

 

comment: Background 
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Appendix B:2 

F Cleanliness evaluation ISO 16232 
 

Component  SRB 
Customer/location RK factory 
Operator Extraction Petter Hagg - Analyse Iciar Ruiz 
Membrane number srb06 
Date of extraction 2005-05-31  15:15:46 
Date of analysing 2005-06-01  09:57:46 
Amount of solvent used 10,3 litres 
Number of components 36 
Resolution 6.777 µm/Pxl 
 

Sizes Class Number 
particles 15 - 25 µm C 165.278 
particles 25 - 50 µm D 95 
particles 50 - 100 µm E 41.6667 
particles100 - 150 µm F 13.0556 
particles 150 - 200 µm G 4.16667 
particles 200 - 400 µm H 7.5 
particles > 400 um I 7.5 
CCC code (C/D/E/F/G/H/I-J)  8/7/6/4/3/3/3 
Largest particle  2980 
particles > 15 um  334.167 
particles > 100 um  32.2222 
particles > 200 um  15 
 
 

 
 

 

comment: Results referred to 10 bearings. 
Metallic particles: none bigger than 400 µm, 7% of the ones 
between 200 and 400 µm and none between 150 and 200 µm. 
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G Cleanliness evaluation ISO 16232 
 

Component  31308J2/QCL7C Background 
Customer/location AD Luchow chn. 28 
Operator Extraction Petter Hagg - Analyse Iciar Ruiz 
Membrane number srb08 
Date of extraction 2005-06-13  08:37:42 
Date of analysing 2005-06-03  15:38:28 
Amount of solvent used 11,3 litres 
Number of components 1 
Resolution 6.777 µm/Pxl 
 

Sizes Class Number 
particles 15 - 25 µm C 176 
particles 25 - 50 µm D 104 
particles 50 - 100 µm E 28 
particles100 - 150 µm F 4 
particles 150 - 200 µm G 2 
particles 200 - 400 µm H 7 
particles > 400 um I 9 
CCC code (C/D/E/F/G/H/I-J)  8/7/5/2/1/3/4 
Largest particle  1532 
particles > 15 um  330 
particles > 100 um  22 
particles > 200 um  16 
 
 

 
 

 

comment: Background with blue net 
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Appendix B:4 

H Cleanliness evaluation ISO 16232 
 

Component  srb  
Customer/location RK Factory 
Operator Extraction Petter Hagg - Analyse Iciar Ruiz 
Membrane number srb09 
Date of extraction 2005-06-04  16:10:28 
Date of analysing 2005-06-13  08:48:28 
Amount of solvent used 11,3 litres 
Number of components 36 
Resolution 6.777 µm/Pxl 
 

Sizes Class Number 
particles 15 - 25 µm C 186.111 
particles 25 - 50 µm D 94.7222 
particles 50 - 100 µm E 35.5556 
particles100 - 150 µm F 7.22222 
particles 150 - 200 µm G 5 
particles 200 - 400 µm H 10.5556 
particles > 400 um I 6.94444 
CCC code (C/D/E/F/G/H/I-J)  8/7/6/3/3/4/3 
Largest particle  1507 
particles > 15 um  346.111 
particles > 100 um  29.7222 
particles > 200 um  17.5 
 
 

 
 

 

comment: Results referred to 10 rollers. 
Metallic particles: none bigger than 400 µm, 5% of the ones 
between 200 and 400 µm and 22% of the ones between 150 
and 200 µm. 
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Appendix B:5 

I Cleanliness evaluation ISO 16232 
 

Component  Background 
Customer/location RK_factory 
Operator Iciar Ruiz 
Membrane number srb10 
Date of extraction 2005-06-20  11:00:13 
Date of analysing 2005-06-20  14:38:13 
Amount of solvent used 11,3 litres 
Number of components 1 
Resolution 6.777 µm/Pxl 
 

Sizes Class Number Metallic 
particles 

particles 5 - 15 µm B 547 
particles 15 - 25 µm C 213 
particles 25 - 50 µm D 100 
particles 50 - 100 µm E 30 
particles100 - 150 µm F 7 0 
particles 150 - 200 µm G 2 0 
particles > 200 um H-J 18 0 
CCC code (B/C/D/E/F/G/H-J)  10/8/7/5/3/1/5 
Largest particle  1561 
particles > 15 um  370 
particles > 100 um  27 
  
Comment  Background with blue net. 

Scanning amplification: 12,5 
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Appendix B:6 

J Cleanliness evaluation ISO 16232 
 

Component  Background 
Customer/location RK_Factory 
Operator Iciar Ruiz 
Membrane number srb10 
Date of extraction 2005-06-20  11:00:52 
Date of analysing 2005-06-20  14:54:52 
Amount of solvent used 11,3 litres 
Number of components 1 
Resolution 5.271 µm/Pxl 
 

Sizes Class Number Metallic 
particles 

particles 5 - 15 µm B 923 
particles 15 - 25 µm C 204 
particles 25 - 50 µm D 106 
particles 50 - 100 µm E 37 
particles100 - 150 µm F 9 0 
particles 150 - 200 µm G 1 0 
particles > 200 um H-J 19 0 
CCC code (B/C/D/E/F/G/H-J)  10/8/7/6/4/0/5 
Largest particle  1549 
particles > 15 um  376 
particles > 100 um  29 
  
Comment  Background with blue net. 

Scanning amplification: 16 
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Appendix B:7 

K Cleanliness evaluation ISO 16232 
 
 

Component  SRB 
Customer/location RK_Factory 
Operator Iciar Ruiz 
Membrane number srb11 
Date of extraction 2005-06-20  11:40:24 
Date of analysing 2005-06-21  10:30:24 
Amount of solvent used 11,3 litres 
Number of components 36 
Resolution 6.777 µm/Pxl 
 

Sizes Class Number Metallic 
particles 

particles 5 - 15 µm B 309.722 
particles 15 - 25 µm C 165.833 
particles 25 - 50 µm D 93.8889 
particles 50 - 100 µm E 34.4444 
particles100 - 150 µm F 12.5 0.6 
particles 150 - 200 µm G 5.27778 0.8 
particles > 200 um H-J 17.5 1.4 
CCC code (B/C/D/E/F/G/H-J)  9/8/7/6/4/3/5 
Largest particle  4390 
particles > 15 um  329.444 
particles > 100 um  35.2778 
Comment  36 rollers before washing 

machine. Results referred to 10 
rollers. 
Scanning magnification: 12,5 
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Appendix B:8 

L Cleanliness evaluation ISO 16232 
 

Component  SRB 
Customer/location RK_Factory 
Operator Iciar Ruiz 
Membrane number srb11 
Date of extraction 2005-06-20  11:40:26 
Date of analysing 2005-06-21  10:55:26 
Amount of solvent used 11,3 litres 
Number of components 36 
Resolution 5.271 µm/Pxl 
 

Sizes Class Number Metallic 
particles 

particles 5 - 15 µm B 521.111 
particles 15 - 25 µm C 169.167 
particles 25 - 50 µm D 109.444 
particles 50 - 100 µm E 37.7778 
particles100 - 150 µm F 11.1111 0.6 
particles 150 - 200 µm G 5.55556 0.8 
particles > 200 um H-J 19.1667 1.4 
CCC code (B/C/D/E/F/G/H-J)  10/8/7/6/4/3/5 
Largest particle  4414 
particles > 15 um  352.222 
particles > 100 um  35.8333 
Comment  36 rollers before the washing 

machine. Results referred to 10 
rollers. 
Scanning magnification: 16 
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Appendix B:9 

Cleanliness evaluation ISO 16232 
 

Component  SRB 
Customer/location RK_Factory 
Operator Iciar Ruiz 
Membrane number srb12 
Date of extraction 2005-06-20  12:00:03 
Date of analysing 2005-06-21  11:17:03 
Amount of solvent used 11,3 litres 
Number of components 36 
Resolution 6.777 µm/Pxl 
 

Sizes Class Number Metallic 
particles 

particles 5 - 15 µm B 305 
particles 15 - 25 µm C 188.611 
particles 25 - 50 µm D 113.611 
particles 50 - 100 µm E 50.5556 
particles100 - 150 µm F 16.1111 1.4 
particles 150 - 200 µm G 5.27778 0.8 
particles > 200 um H-J 14.4444 2.5 
CCC code (B/C/D/E/F/G/H-J)  9/8/7/6/5/3/4 
Largest particle  2983 
particles > 15 um  388.611 
particles > 100 um  35.8333 
  
Comment  36 rollers after the washing 

machine. Results referred to 10 
rollers. 
Scanning magnification:12,5 
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Appendix B:10 

N Cleanliness evaluation ISO 16232 
 

Component  SRB 
Customer/location RK_Factory 
Operator Iciar Ruiz 
Membrane number srb12 
Date of extraction 2005-06-20  12:00:59 
Date of analysing 2005-06-21  12:44:59 
Amount of solvent used 11,3 litres 
Number of components 36 
Resolution 5.271 µm/Pxl 
 

Sizes Class Number Metallic 
particles 

particles 5 - 15 µm B 546.111 
particles 15 - 25 µm C 193.333 
particles 25 - 50 µm D 137.5 
particles 50 - 100 µm E 52.7778 
particles100 - 150 µm F 16.6667 1.7 
particles 150 - 200 µm G 6.38889 0.8 
particles > 200 um H-J 15.5556 2.2 
CCC code (B/C/D/E/F/G/H-J)  10/8/8/6/5/3/4 
Largest particle  3010 
particles > 15 um  422.222 
particles > 100 um  38.6111 
  
Comment  36 rollers after the washing 

machine. Results referred to 10 
rollers. 
Scanning magnification: 16 

 
 
 
 
 

 
 


