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Sammanfattning 
Det här examensarbetet består av en livscykelanalys av en styrsystem. Genom den studien har man 
försökt att fokusera och ta reda på hur en styrsystem kan påverka miljön genom sin livs längd. 
Alla faktorer som koldioxid utsläpp, energi-och material använding samt hur mycket detta 
påverkar miljön har studerats.  

Eftersom Livscykelanalysen brukar vara tidskrävande och detaljrat, har en enklare metod för 
snabbare result och analys av styrsystem valts. Den här metoden kallas för fast track LCA, det är 
en mindre komplicerad metod.  

Motivationen bakom denna studie är resurshushållning och energieffektivitet. Resultatet från 
denna analys skall användas för vidareutveckling av hydrualiska styrsystem, vilket skulle kunna 
ge möjlighet till en förbättring i de nya modellen av styrsystemet. Denna utveckling är tänkt att 
ske i miljövänlighets syfte.  

I det avslutande kapitlet tolkas och presenteras resultaten i tabeller och figurer. Baserat på dessa 
tolkningar kommer resultaten och utvecklingsmöjligheter att diskuterass ytterligare.Utifrån dem 
dras slutsatsen samt förbättringar från mijösynpunkten föreslås.  
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Abstract 
This thesis work mainly contains a fast track Life Cycle Assessment (LCA) study of a hydraulic 
steering gear. The study gives a picture of the hydraulic steering gear through its complete 
Lifecycle from an environmental point of view. The main motivations behind this study are 
natural resources conservation and energy efficiency.  

According to ISO 14040 and 14044 LCA is a complex and time consuming method, the chosen 
approach for LCA in this study is the Fast Track LCA. The Fast Track LCA gives results which 
are equally accurate and still could be achieved by taking a shorter way and applying an easier and 
less complicated method.  

The intended application of this study is to use the results for further development of the new 
hydraulic steering gear design, in comparison to the current one. These developments are 
supposed to be more environmentally friendly.  

In the final chapter, the findings are interpreted in tables and figures, based on these interpretations 
the findings are discussed further and the environmentally improvements are suggested and the 
conclusions are drawn. 
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Terminology & Definition 
 
Abbreviations 
LCA Life Cycle Assessment 

LCI Life Cycle Inventory 

LCIA Life Cycle Impact Assessment 

EoL End of life  

CED Cumulative Energy Demand 

FU Functional Unit 

CO2 Carbon dioxide 

CO2-eq Carbon dioxide equivalent  

GWP  Global Warming Potentials 

BOM Bill Of Materials  

Pt Points 

Definitions 

Cumulative Energy Demand: “Cumulative Energy Demand of a product presents the direct and 
indirect energy use throughout the life cycle, including the energy consumed during the extraction, 
manufacturing and disposal of the raw and auxiliary materials”.  

ReCiPe: “Recipe (H/A Europe) indicator in [Pt] is a weighting procedure for multiple impact 
categories. It aggregates impacts from several impact categories (human health, eco-toxicity and 
materials depletion) into a single indicator”  [1]  

Metal depletion: Metal depletion indicator is a part of the ReCiPe which refers to a metric of the 
metal reduction of the total available metal stock. A high metal depletion indicator shows a high 
potential of recycling and reuse. [1] 

Global Warming Pontential: Global Warming Potential (GWP) is as a value to compare the 
abilities of different greenhouse gases to trap heat in the atmosphere, and the absorbing ability in 
comparison to carbon dioxide (CO2) [2] 

Carbon footprint: According to the dictionary it is “a measure of the amount of carbon dioxide 
released into the atmosphere by a single endeavour or by a company, household, or individual 
through day-to-day activities over a given period.” [3]  

 
 



 
 

1. Introduction  
In this chapter the background, the motivation, the problem definition and the objectives of this 
study together with the used methods are introduced. 

1.1. Background  

According to a forecast from the United Nations the world’s population will increase from 7,2 to 
9,6  billion by 2050 [4]. This enormous population also requires a large amount of products to 
fulfill their needs for everyday life. Growth in living standards have definitely its advantages but 
also some disadvantages. Population growth and increased use of products may lead to danger for 
our globe.  

As a result of population growth and increased wealth, which leads to a larger scale of production, 
the consumption of natural resources is increasing rapidly. Despite the fact that natural resources 
have built the world’s economies, their consumption and the related environmental problems cost 
the global economy about $4.7 trillion annually. [5] 

The natural resources, however, seem to face limits. According to the World Resource Institute 
forecasts from 2001, the global economy should grow five times more in the next thirty years to 
be able to meet the goals of developing countries. There is an uncertainty whether the earth will 
have the capacity to meet the continuously increasing resource extraction and disposal. By 2030 
the estimated required material and energy, which in other words is called Ecological Footprint, 
may rise to 130% [5] [6]. 

In an early study [7] within the same field, Asif states that the manufacturing industries are one of 
the main contributors to the economic growth and improvement of living standards. At the same 
time the manufacturing industries are regarded as one of the strongest contributor of resource 
consumption and waste generation. Therefore, the manufacturing industries are caught in a 
dilemma, either to match the pace and fulfill the society with its needs, at the cost of earth’s 
resources, or to hold back from further developments. Neither of them seems to be the practical 
choice, but a good balance between them should be a better solution. [7] 

In order to generate this good balance, it is important for manufacturers to undertake research and 
development so as to optimize the conservation of their resources, while lightening the 
environmental burden. A good starting point for the manufacturing industries is, to use the 
environmental tools such as LCA and other tools to evaluate and estimate the current state of their 
products and services and eventually try to improve the environmental performance of their 
product.   
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1.2. Motivation of Study 

The main motivation of this thesis work is resource conservation. This could be achieved through 
recycling, reusing and remanufacturing of products. An early study through ResCom within the 
same area has taken place, this study was also done for the purpose of resource conservation 
manufacturing. Resource conservative manufacturing (ResCom) is a proposed approach which 
suggests product multiple life cycles. In ResCom it is assumed that if multiple life cycles adopted, 
it will improve the environmental performance of the product. To validate this assumption it is 
important to know what the current environmental impact of the product is. [7] [8] [9] [10] 
[11]The chosen methodology used to study the current state of the hydraulic steering gear is the 
Life Cycle Assessment. The outcome of this can then be used as a baseline to compare with the 
scenario where the product is designed and used for multiple life cycles. 

Another motivation is environmental awareness, due to the increased environmental awareness, 
businesses have started to acknowledge environmental problems caused by their activities and 
initiated to measure and evaluate how their activities impact the environment. Environmental 
degradation and natural resource depletion have become the key issues for the society and the 
manufacturing industries in last few decades. Fortunately, several businesses have responded to 
the above mentioned issues by providing the so called”greener” products and processes. Many 
industries have realized that in addition to compliances to the environmental legislations 
improving environmental performance of their products has positive economic impact. [12] 

An ultimate motivation for keeping the environment and natural resources safe, for every 
responsible human being should be the next generations.  Future generations must have the ability 
to live in peace and harmony. Therefore, it is highly recommended to take action towards the 
improvement of the environment and extensively spread the awareness among others. 
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1.3. Problem statement   

The utilization of different products in a larger scale and the over consumption of resources, 
results from increased population. This situation is comparable with the economic improvement of 
various households and the preferred comfortable life style. Resource consumption as a result of 
over production leads to material depletion, global warming, energy insufficiency and waste 
generation.  

A single product requires usage of different inputs such as materials for instance plastic, metal but 
also in terms of energy and water for the production of each component. The inputs result in some 
outputs, such as carbon dioxide and the generated waste. Some of these products are recyclable at 
End of Life (EoL) but the rest are landfilled. These landfilled wastes will always remain in the 
environment, under the ground, through land filling or on the ground when simply thrown away. 
These outputs will directly affect the environment both in terms of solid waste and in terms of 
remained waste in nature. After a period of time human health, environment and wildlife will be 
affected.  

Nevertheless, this thesis work raises the question; how much the hydraulic automotive steering 
gear contributes to environmental degradation? It also focuses to discover which particular 
component or production process contributes mostly to the environment, including all the stages 
from manufacturing to disposal. 

1.4. Research Objectives  

The main objective of this thesis is to discover some useful facts about the hydraulic steering gear 
for the aim of resource conservation. By carrying out an LCA it is possible to analyze how much 
this product impacts the environment in terms of energy use, material use and carbon emissions to 
the air. It is expected to give a platform for the manufacturing company of the hydraulic steering 
gear to choose better materials as well as production processes in conventional approach or could 
take radical approach of reuse and remanufacturing of their products to improve the environmental 
impact of their products.   

Having said that the main objectives of this study are to: 

1. Investigate the environmental impact of an automotive hydraulic steering gear through its 
life time, from manufacturing, to use and end of life phase. 

2. Compare Fast track LCA method with LCA conducted according to ISO 14040/14044 
standard, using the above case study as the reference. 

3. Provide guidelines on how the information gathered through LCA can be applied in future 
for resource conservation and further development of the new products. 
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1.5. Research Methodology 

The implemented methodology to conduct this thesis work is primarily a pre-study of Life cycle 
assessment, through literature review and data collection from different websites and databases.  
In order to find out the type of materials used as well as the production processes the product was 
dismantled and carefully observed. Each component is weighted and examined further with the 
help of experts. The collected data are entered into databases and are compared with available 
database and tables. By following the available database information the impacts of each 
contributor is calculated.  

The chosen LCA method is the Fast Track LCA. The Fast-Track LCA applies the already 
collected and analyzed data from the available databases and look-up tables for similar products 
and components, which should be in accordance to the general guidelines and requirements of 
LCA. 

However, for the case study of the hydraulic steering gear its bill of material was used in order to 
identify the number of the components. While the database called Idemat in combination with 
weighting were used for identification of the production processes and the materials used for the 
hydraulic steering gear. 
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2. Theory-Life Cycle Assessement 
 This chapter introduces the theory of Life Cycle Assessment, its purposes and applications. 

2.1. What Life Cycle Assessment (LCA) is 

LCA is defined as the "compilation and evaluation of the inputs, outputs and potential 
environmental impacts of a product system throughout its life cycle". [13] It is an important and 
significant method to analyze environmental performance of products and services throughout its 
life cycle. As shown in figure 1 the LCA study considers the entire life cycle of a product from 
material extraction phase, to the end of life.  

Figure 1 the steps of LCA from cradle-to-grave   [14] 

LCA is divided into four major phases. These phases include: 

1. The goal and scope definition.  

2. The life cycle inventory.  

3. Life cycle impact assessment. 

4. The life cycle interpretation phase. [15].  
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2.2.  Common misunderstandings about LCA 

There are some common misunderstandings related to LCA: 

1. LCA is too time consuming and expensive. If a formal LCA is considered then it is true, 
since it is done according to ISO 14040 and 14044. On the contrary if LCA is used just as 
a guide to take decisions and collected data from available data sources and tables are 
used, then it doesn’t take longer than a few days, as it is “the fast track” LCA. [16]  

2. An incorrect assumption is that it is not possible to make an LCA of cradle-to-cradle. Joost 
G. Vogtländer states that this assumption is nonsense. It is just less easy, due to the fact 
that the standard databases have to be selected much carefully and with more 
understanding. [16] 

3. There are also statements which states that LCA cannot be undertaken in the early design 
stage, which is partly true. Because all the data for each phase has not been collected in the 
early stage, but there are look-up tables and databases which helps in material decision 
making and can guide right from the beginning. [16] 

2.3.  Purpose of LCA 

One general purpose of undertaking an LCA is the environmental concerns related to global 
warming, health issues and over consumption of natural resource, these are usually expressed by 
people and or political figures. [10]  

According to (ISO) LCA is a method for identification of improvement possibilities. It helps to 
make decisions, market claims and a choice of environmental performance indicators, in order to 
improve the environmental performance of a product, in terms of optimization of natural resources 
usage and minimization of outputs. Outputs refer to waste and carbon emission. [11]  

Application areas are within the manufacturing companies and service companies, because LCA 
method provides researchers or companies with quantitative information and data for their 
products. By considering the product’s lifespan from the raw material extraction to disposal, the 
environmental impact of each material and process can be analyzed. LCA also provides help to 
determine and analyze the technical, economic, and social aspects of a product. [7] [11] It also can 
be a helping hand in policy-making for governments to develop regulations regarding use of 
natural resources and the environmental impact of the products and services. [17] 

However, if there are more suitable materials to choose from, which can fulfill the function of a 
product and at the same time is less harmful to the environment in that case those should be 
chosen. This can bring changes in terms of industrial strategies, regulations, actions, and 
environmental adaptation. [15] 
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2.4. Limitations of LCA  

Results and its accuracy level depend on other circumstances during the process of performing 
LCA. Collecting data to perform LCA can be challenging and time consuming. In some cases data 
is simply not available. [18] This obviously can affect the accuracy of the results. Therefore, it is 
necessary to consider these data problems carefully before conducting LCA. 

The formal LCA according to ISO 14040 or 14044 is normally conducted when an LCA process 
needs to be performed in detail, or when carrying out LCA of products consisting of metal, 
plastics or chemicals. In comparison to the fast track LCA the formal LCA considers the process 
of manufacturing each component from material extraction to disposal. Even the process of 
material refinement from impurities or unwanted elements could be included. This way of 
conducting LCA is both time consuming and could be expensive. [16] Anyhow, for the fast track 
LCA material extraction and all the belonging processes could be excluded. 

Although LCA provides a broad scope and gives a comprehensive overview of a product’s 
environmental impact over its complete life cycle. It also encourages those who carry it out, to 
make assumptions and rely on the data available. Moreover, even if many organizations in 
different countries develop standardized LCA databases, availability to the latest updated data 
could be a problem. [13]  
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3. The four phases LCA according to ISO 
The LCA phases are elaborated in this chapter. Figure 2 shows a framework of these four phases.  

 

Figure 2 the framework of the LCA phases [19] 

3.1. Goal and scope definition 

According to ISO 14040:1998 the goal definition should “unambiguously” specify the intended 
application, the reasons for carrying out LCA as well as the intended audience of conducting LCA. 
[15] In other words, in the goal and scope definition phase of LCA, the purpose of conducting 
LCA is defined as well as the scope of the study. Based on the goal and scope definitions, the 
needed information with high accuracy are collected. How the results will be interpreted is also 
specified in this stage.  

The primary goal of conducting an LCA is to bring transparency among products, processes and 
services. This transparency makes it possible to choose the best suited input, for the defined 
purpose, with the least impact on human health and environment. [20] LCA emphasizes to define 
the goals as accurately as possible, since the results are largely dependent on the defined goals. 
Reasons for carrying out an LCA usually differ, no matter what the reason of conduction LCA is, 
it is highly recommended to be unambiguous and clear. [15] 

Even if the initial goal of LCA is normally formulated ambiguously, it is still important to make 
sure the goals can be transformed into measurable and more specified points for further modeling 
of LCA. Similarly to the reasons and goals, even the intended application area, as well as the 
intended audience of conducting an LCA study might be difficult to state clearly. Even here, it is 
necessary to think and try to be as clear and as specific as possible. For example a vague statement 
could be like: “we want to know the environmental strengths and weaknesses of this product” 
instead this can be expressed in a more specific way such as “where are the improvement 
possibilities in the life cycle of this product?” [15] The goal and scope phase also covers 
identifying the function and functional unit of a product. It also specifies the choice of the impact 
categories, system boundaries and assumptions. Furthermore, data quality and the applied 
methodology are also explained in this phase.  

8 
 



 
 

3.2. Life Cycle Inventory (LCI) 

In the Life cycle inventory (LCI) phase all the inputs and outputs of the LCA processes are 
quantified. Inputs are the natural resources in terms of raw material and the energy used to 
produce a product or a service, while the outputs include any kind of emissions released into 
water, air as well as solid waste. [21]   

LCI normally means building a system model according to the system boundaries (cradle-to-
grave), specified in the goal and scope phase. This system model in turn is constructed by a flow 
chart, where all the inputs are inserted. As shown in figure 3 after that the different processes take 
place, the outputs will come out in terms of products, co-products but also in terms of waste and 
emissions. These processes refer to production processes such as milling, drilling or turning. [15]  

 

 

Figure 3 life cycle inventory [22] 
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3.3. Life Cycle Impact Assessment (LCIA) 

Third phase in Life Cycle Assessment is the impact assessment. In this step the focus is to 
translate and interpret the data collected in the inventory into environmental impacts. Particular 
attention is paid to LCIA, in order to be able to see how these data affects human health, 
environment and resource depletion.  According to ISO 14040/14044 LCIA have four other steps, 
classification, characterization, normalization and evaluation. Conducting the first two steps is 
obligatory while the two other steps are optional. Classification according to ISO 14040/14044 is 
that the LCI factors are sorted and assigned to the different impact categories such as GWP. One 
environmental load, for example methane might need to be assigned into more than one category, 
due to the fact that this load could cause emission to the air, as well as to water. [15] 

Characterization on other hand is a quantitative step. By using the characterization factor the 
impact of each contributor is calculated and compared with the environmental impact of CO2.  

[15]Characterization is taking place in the step in which the characterization factors for materials 
are identified, so as to calculate the total environmental, as well as health impacts of materials and 
processes. [21] 

In this phase in accordance to the chosen impact categories, for example the GWP (Global 
Warming Potential), the related characterization factors are found out. Using the characterization 
factor the life cycle impact of each contributor is calculated with respect to the reference unit CO2 
equivalent. For example the characterization factor for CH4 (methane) with respect to the CO2 

Equivalent is 25. It means that CH4  pollutes the air 25 times more than CO2.  Figure 4 is just a 
simplified example of how LCI and LCIA could be calculated in accordance to ISO 14040/14044. 
AP in the this figure refers to Acidification potential. 

 

Figure 4 A simplified examples of LCI and LCIA [23] 

Even though a great deal of data is collected in the inventory phase which can be very useful and 
probably will give an answer to many questions, LCIA is still a necessary step for being a 
significant basis for making comparisons. Although many would instantly realize that released of 
both 9,000 tons of carbon and 5,000 tons of methane would be harmful to environment, an LCIA 
would give a more specific answer and find out which one is the most harmful. [24] The results 
from life cycle impact assessment give an overview over different potential environmental 
impacts. At the end of this phase the practitioner should be able to make the decisions whether 
which product or process is better to choose, based on the choice of impact categories, like global 
warming or other impact categories. [25] 
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3.4. Life Cycle Interpretation 

According to ISO 14040 (1997) Life Cycle Interpretation is defined as “ phase of life cycle 
assessment in which 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”. After performing the LCI and the LCIA it might not be the easiest task to 
immediately see what results and numbers should be interpreted and presented. The initial needed 
step is to “refine” the results. However, there are some alternative ways which assists to present 
the results, such as bar diagrams and the weighted impact assessment. [15] Figure 5 is an example 
of how results from the LC is interpreted and presented. For example it presents energy 
consumption for a certain study in different phases.  

 

  

 

 

 

 

 

Figure 5 Result of LCA [26] 

In order to achieve a correct and a comprehensive result interpretation, it is required that in the 
early phases of LCA, such as LCI and LCIA make the essential assumptions. The engineering 
estimations should take place. The decisions should be based on the specifications and values from 
the investors and the practitioner. These thoroughly communicated assumptions and decisions can 
be included in the results. In this way the conclusions can be drawn. [27]  

  



 
 
4. The fast track LCA  
According to Joost G. Vogtländer the fast track LCA implements the single indicator as a starting 
point. Therefore the complexity of the LCA is enormously reduced in comparison to the formal 
LCA. He states that the fast track LCA is conducted in a different situation and aims to compare 
products. Since different materials and production processes are combined, when a designer 
designs a product it is difficult for the designer to collect all the needed data, instead he applies the 
available databases and look-up tables. [16] 

The basic concept of fast track LCA is to multiply the inputs and the outputs of the LCI, by factors 
for the single indicators, this way it does not require to consider the steps such as classification, 
characterization, normalization and evaluation. Where the inputs and the outputs refer to a list of 
emissions, energy and materials, required for a certain product, and single indicators refer to issues 
such as GWP or CED which in turn include consideration of carbon footprint. Despite excluding 
all these steps, the designers and the people who are involved can still manage to see immediately 
what inputs in terms of materials or processes have the most environmental impact. [28]  
 
However, Joost G. Vogtländer also states that the fast track LCA and the formal LCA have the 
same output. It is because the Fast Track applies the same LCI as well as calculation method. In 
contrast, the calculation sequence is different. [16] People might have difficulties to keep the fast 
track LCA separate from the formal LCA, due to the similarities between these two. 

4.1. Steps of the Fast track LCA  

4.1.1. Establish the goal and scope  
When establishing the goal and scope in the fast track LCA it is important to be clear whether it is 
a comparison of two products, or an attempt to find out and improve the environmental aspects of 
a particular design. Environmental improvement refers to: 

 Use of less material as well as harmless material  
 Use of less energy  
 Less transport 
 More recycling  
 Finding “cradle to cradle solutions” 
 More durable material use 
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4.1.2. Establish functional unit and system boundaries  
When establishing the functional unit and system boundaries within fast track LCA, it is very 
important to make sure it is correctly formulated, because the results are very dependent on 
functional unit. System boundaries should show what is excluded and included within the scope of 
the study.  The steps below should be followed:  

 Describe the function of the product or service in focus.  
 If possible, draw a block diagram of the product system (whether it is cradle-to-cradle or a 

cradle to grave). 
 Determine the  system boundaries 
 Determine the  life time of the components  
 Formulate one or more transport scenarios 

 
Figure 6 is an example of a block diagram with different phases from resource extraction 
to disposal, including system boundaries. 

 

Figure 6 Block diagram [29] 

4.1.3. Quantify inputs  
 Collect all the required data, measure and weight them. A recommended starting point for 

data collection is to use bill of materials and build on with other available databases. 
 Ensure relevance and accuracy of the collected data and apply available thumb rules, such 

as cut-off-criteria. A common thumb of rule is to exclude very small parts, and parts which 
is less than 5% of the total product weight. Provided that they do not have significant 
impact on the results. Figure 7 is an example of a bill of material for a steering gear.  



 
 

 

Figure 7 Bill of material for a steering gear[30] 

4.1.4. Enter the data into an Excel sheet 
 Make sure all the needed data are collected with the help of the bill of material, ensure all 

the components are described and their materials and production processes are identified.  
 If missing any data and it doesn’t affect the final results of LCA considerably, then that can 

be neglected, by using the existing rule of thumb which allows the very small and 
insignificant components to be excluded.  

 Replace a missing production process or material with the closest similar one from the 
available databases. There are several of them such as Idemat, Ecoinvent, Semipro and 
Gabi. Figure 8 is an example of data entered into an excel sheet ready for calculation of the 
impacts, using the Idemat database.   

 

Figure 8 Data inserted in an excel sheet 

4.1.5. Interpret the results  
When entering the collected data into the Excel calculation sheet or software, the outputs can be 
added together in terms of eco-cost. However, the main goal of LCA is to compare between two 
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products, or compare an early design with a new design, in order to improve it from environmental 
point of view. The findings are normally presented in tables and in graphical forms. Decisions and 
conclusions are drawn based on these tables and graphs. [28] [16] 

4.1.6. Transport within LCA 
Today countries around the world do a great amount of transportation, both within the countries 
and to and from other countries. An obvious fact is that transportation impacts the environment. 
LCA gives transportation a great deal of attention and importance. Within LCA transportation, 
there are three different ways to find out the relative importance of the transportation, it is through 
the eco-costs of transportation. Eco-costs are defined as the “marginal prevention costs for 
pollution and material depletion” [31] [16] 

For European countries there are three different ways: 

 0.035 Euro/ton.km for a European standard truck+ trailer 
 0.030 Euro/ton.km for a European standard truck+ container 
 0.0052 Euro/ton.km for a long distance sea transport by container 

For instance the first point means that 1kg of bulk materials transported over a distance of 1000 
km within Europe by a truck+ trailer will have an euro-cost of 0.0035 Euro. In LCA most of 
databases for LCIs cradle-to-gate consist of transportation of material as well as transportation of 
material for building the manufacturing facilities. In other words the transports which should be 
taken into account is from manufacturer to user, transport by consumer and even the transport by 
End of life, for recycling or incineration etc. [16] However, how hydraulic steering gear is 
affecting the environment in its transport phase is presented in table further down. 
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4.1.7. The chosen impact categories 
The impact categories which have been taken into account for steering gear are the followings;  

 Global warming potential (Carbon footprint) 
 ReCiPe 
 Metal depletion  
 Cumulative Energy Demand (CED)  

“Global warming potential refers to the total contribution to the global warming resulting from the 
emission of one unit of gas relative to one unit of carbon dioxide”.  [32] It also refers to the effect 
that the greenhouse gases have on global warming over a period of time horizon. Depending on 
the type of gas the time horizon varies from 20 years to 100 and in some cases up to 500 years. 
[2]. The increased greenhouse gases result in increased temperature of the earth’s atmosphere, 
which is a global concern  

“Recipe (H/A Europe) indicator in [Pt] is a weighting procedure for multiple impact categories. It 
aggregates impacts from several impact categories (human health, eco-toxicity and materials 
depletion) into a single indicator. H/A Europe refers to the European normalization values used. 
ReCiPe is as one of the most complete indicators of environmental impact currently available. The 
unit of ReCiPe is points [Pt].” [1] 

Metal depletion indicator is a part of the ReCiPe which refers to a metric of the metal reduction of 
the total available metal stock. A high metal depletion indicator shows a high potential of 
recycling and reuse. It also is a good indication of the metal price, a higher score of the metal 
depletion refers to a relative high price. [1] 

Cumulative Energy Demand (CED) is another impact category which is taken into consideration 
for this case study. CED is the total amount of energy that is required throughout the life cycle for 
the hydraulic steering gear. Cumulative energy demand is used as a proxy (measurement) for 
steering gear’s total environmental impact. It includes both direct and indirect energy use. [33]  
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5. A case study of the hydraulic steering gear  

5.1.  Fast track LCA of Hydraulic steering gear  

This chapter contains the case study for the analysis of the environmental impact of an automotive 
hydraulic steering gear, by using the fast track LCA. Some differences between the formal LCA 
which is according to ISO 14040/14044 and Fast Track LCA are also generally discussed. Figure 
5 shows a picture of a steering gear similar to the product being studied. 

 

Figure 9 A steering gear [34] 

5.1.1. Goal and scope definition 
In addition to the research objectives mentioned in section 1.4 this analysis also focuses on 
conducting an LCA of an automotive hydraulic steering gear with the objective to: 

 Identify EOL potentials of the steering gear at End of life.  
 Identify valuable or critical material. 

 

Identification of EOL potentials is an important phase in an LCA study. This study also evaluates 
current recyclability potential of this product, to analyze if it is possible to totally recycle metals. 
Furthermore, to observe how many percentages of the plastic parts, as well as the polymers are 
recyclable or incinerated.  

Through identification of the critical materials, provides the company the possibility to revisit 
their choice of materials and eventually replace it. The substituted material should be harmless to 
the environment.  

5.1.1.1. Product Description 
The basic function of an automotive hydraulic steering gear is to provide steering function 
(turning) and assistance.  

5.1.1.2. Functional Unit  
Functional Unit of the automotive steering gear is based on the function of the automotive steering 
gear, per unit, which should have been turning. However, it this case, due to fact that turning is 
based on other use conditions, which makes it difficult to trace the number of turns, it was decided 
to base the Functional Unit on the amount of kilometers that the vehicle is designed for. 

The considered scenario is the lifetime of the vehicle and the unit is in kilometers and. A car is 
driven in average 350,000 km through its entire life cycle. Taking that into consideration, its 
hydraulic steering gear is designed to last as long as the vehicle [35]. Therefore, the Functional 
Unit (FU) of the automotive steering gear is defined as follows: 
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FU= (system function) per (unit) for (scenario) 

FU= (turn) per (km) for (a lifetime of 350.000km)  

5.1.1.3. System boundaries  
Life cycle assessment of automotive hydraulic steering gear includes; manufacturing, 
transportation and End Of life phases.  In LCA it is called gate-to-grave. Since this study applies 
the fast track LCA, for the purpose of simplicity the method of raw material extraction is 
excluded. Figure 6 shows the system boundary of the hydraulic steering gear. The red lines show 
boundaries of the analysis, everything outside these red lines are excluded. 

 

Figure 10 the system boundary of automotive hydrualic steering gear. 

The reason for exclusion of a few stages is that they are outside the scope of this study. Even 
though, the use phase is a fundamental part of a product’s life cycle, it is still excluded from the 
system boundary. It is due to the difficulties to estimate how the steering gear is used during its 
entire use phase and not to be able to collect all the data with respect to that. 

5.1.1.4. Assumptions  
There are some assumptions related to the hydraulic steering gear’s system boundary. By end of 
life (EOL) of the hydraulic steering gear: 
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 It is assumed that the metal parts are hundred percent recycled.  
 The plastic and the polymer parts are entirely incinerated 
 The materials, in terms of different steels, which are used for production of hydraulic 

steering gear, have been supplied from Düsseldorf.  
 The aluminum bars are assumed to be supplied from Hannover. [36] 
 The received steering gear is sent from the place of the study to Huddinge for recycling. 

During the LCA of hydraulic steering gear, certain common rules have been implemented, which 
are called cut off criteria. These common rules help to simplify the LCA. With the help of these 
rules the study was allowed to neglect the contributors which affect the total LCA for a product 
with less than five percent.  [16] 

5.1.1.5. The chosen impact categories 
 Global warming potential (Carbon footprint) 
 Cumulative Energy Demand (CED)  
 Metal depletion  
 ReCiPe 

5.1.1.6. Data quality 
Whether it is fast track or formal LCA it is very important that right and evaluated data is used as 
an input, in order to obtain an accurate output. Since data quality has a significant influence on the 
results. A common data quality issue is calculation and evaluation of the functional unit (FU), 
which is very important because, if FU is chosen incorrectly and without evaluation than the 
whole result will be affected and unreliable. [13]   

5.1.1.7. Methodology 
Automotive Hydraulic steering gear was dismantled in purpose of collecting information about the 
different production processes, materials and components that constituent the product. As a help 
the bill of materials (BOM) and weighting was combined in order to be able to collect all the 
needed data. The components with a weight of less than 5% of the product’s total weight were 
excluded, for the purpose of simplicity. Figure 7 shows the dismantled components which were 
weighted and analyzed. Due to the difficulties in dismantling some components were not 
dismantled.  

 

Figure 11 the dismantled components   
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5.1.2. Life cycle inventory 
LCI normally means building a system model according to the system boundaries (cradle-to-
grave), specified in the goal and scope phase. However, for LCI of the hydraulic steering gear no 
system model was build, but the already existing ones were used.  In comparison to the formal 
LCI for the steering gear the system boundaries are not extensive and do not cover the (cradle-to-
grave). 

In fast track LCA, however, after establishing the goal and scope of the study and defining the 
functional unit and the system boundaries, it is time to focus on Life Cycle Inventory (LCI). For 
this phase, the input data were collected by dismantling the hydraulic steering gear into 
components or groups of components. Simultaneously, materials of each component were 
identified, together with the production processes. [16] 

Cases where we could not find the exact composition of a component, the closest alike 
composition was chosen from the database. Based on this composition the production process and 
the values for other indicators were selected. 

The collected data has been evaluated with respect to the relevance and accuracy and then 
preceded with the help of available database, available tables and database such as Idemat. In the 
tables 1-3 the outputs in terms of (CED) [MJ], carbon footprint (kg CO2-eq.), the total ReCiPe 
(H/A Europe Pt.) and metal depletion are presented.  
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Table 1 Life cycle inventory in production phase 

Table1. This table presents the production phase and the associated inputs and outputs. This is 
representing a much aggregated picture of the total inputs and outputs used for the production of 
the hydraulic steering gear. It also includes some information about the product’s carbon footprint, 
as well as effect of the metal depletion and ReCiPe. 

  

Inventory 
analysis  

Production phase  

Describtion 
 

Type of material 
 
 
 

Weight 
(kg) 

CED total 
(MJ) 

Carbon 
footprint 
(kg CO2-
eq.) 

Total 
ReCiPe 
(H/A 
Europe 
Point) 

 

Metal 
depletion  
PT 

Bushing-
sting gear 
rack 

Special bearing 
material composition 

0,0636 5,689 0,171 0,021 0,0 

Retainer 
steering gear 
rack 

Aluminum 0,05737 11,5 1,1 0,1 0,0 

Piston-Power 
Steering 
Cylinder 

Steel  0,067 1,745126 0,143696 0,014900842 0,00235416 

Rack 
Steering 
gear 

Carbon steel  3,54 312,3532 26,702215 3,549727329 1,10329717 

Housing & 
Tube 
Asy-Housing 
Finish 

Carbon steel 
composition 

2,88 97,36596 7,5948691 0,683861894 0,03662029 

Ball bearing                High Carbon chromium 
alloy steel 

0,03877 0,272326606 0,018786925 0,002038345 0,000340303 

 Pinion shaft Steel  0,2 17,64707 1,5085997 0,200549567 0,06233317 
 Torsion bar Steel; steel for 

quenching and 
tempering  

0,052 3,427099 0,2792152 0,037341274 0,01207842 

Sleeve Raw Non Alloy quality 
direct hardening 
steel  

0,27 16,12696 1,3573008 0,174709709 0,05157979 

 Input shaft Carbon Steel 0,18 0,46884 
 

0,0386049 0,004003211 
 

0,00063246 
 

Extion 
Steering 
Gear Shaft 

Mild steel  0,149 5,734932 
 

0,4693779 
 

0,05291455 
 

0,01137156 
 

Total in-
/outputs 

 7,49 465,820 38,816 4,77730669 1,270 
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Table 2 The Life Cycle Inventory in transportation phase 

Table.2 presents the three main materials used to make the hydraulic steering gear such as steel, 
aluminum and a mix of polymers (Special bearing material composition). The freighted goods are 
assumed to be transported by different transport equipment, such as trucks and trailers. Based on 
these assumptions and the available data on weight and distances, it was decided to choose this 
calculation way in Idemat database: Truck+trailer 24 tons net (min weight/volume ratio 0,32 
ton/m3)(tkm) 

Table 3 The Life Cycle Inventory of EoL phase  
End of Life (EoL) phase for hydraulic steering gear is the stage, when the steering gear is 
considered to be discarded and unusable. The consisting parts are either recycled for the purpose 
of remanufacturing or reuse or incinerated. However, what is interesting in this phase is to observe 
how much energy is repaid from the incinerated parts. For instance (-71) mega joule in CED stage 
means that 71 mega joule energy is recompensed in the EoL phase.  

Transport Phase  
Transported 
Material 

Tones (t) km Calculations 
(t*km) 

Carbon 
footprint 
(kg CO2-
eq.) 

CED 
(MJ) 

ReCiPe 
(H/A 
Europe Pt) 

Metal 
Depletion, 
Pt 

Steel 0,00737677 35 0,25818695 0,0211869 0,3055418 0,001848002 3,5327E-
06 

Aluminium  0,00005737 260 0,0149162 0,001224 0,017652 0,000106764 2,0409E-
07 

Special 
bearing 
material 
composition 

0,0000636  0 0 0 0 0 0 

Total  mass of 
steering gear 

0,00759235 1372 10,4167042 0,2735349 3,9447245 0,023858791 4,5609E-
05 

Total  mass of 
steering gear 

0,00759235 50 0,3796175 0,0099685 0,1437582 0,000869489 1,6621E-
06 

Total output of transport phase  0,3059142 4,411677 0,026683046 5,1008E-
05 

EoL Phase 

Material Mass 
[kg] 

EoL scenario  Carbon 
footprint 
(kg CO2-
eq.) 

CED 
(MJ) 

ReCiPe 
(H/A 
Europe Pt) 

Metal 
Depletion, Pt 

Steel 7,37677 Metal 
recycling 

-6,856428 -60,34477 -0,87456599 -0,3007825 

Aluminium  0,05737 Metal 
recycling  

-0,932416 -9,760478 -0,08243038 -9,341E-05 

Special 
bearing 
material 
composition 

0,0636 Incineration 0,0925364 -1,074086 0,007858572 9,3206E-05 

 [kg] 7,59  -7,696308 -71,1793 -0,949137796 -0,3007828 
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5.1.3. Life cycle impact assessment  
Life Cycle Impact Assessment (LCIA) of automotive hydraulic steering gear  in fast-track LCA 
this step is done with the help of the available programs, database and tables. After collecting all 
the required data and sorting them into accuracy, the next step is to enter them in a program. Thus 
most of the needed answers can be found from the earlier stage (LCI), which can be directly 
interpreted and analyzed. 

However, one of the differences in the fast track of this product is that it does not consider the 
impacts specifically which affects the human health. In also has not analyzed whether the impact 
loads from this study impacts water or other natural resources.  

5.1.4. Life cycle interpretation 
The obtained results from the fast track LCA of the hydraulic steering gear will be interpreted with 
respect to the main impact categories. These impact categories are Cumulative Energy Demand 
(CED), Global warming potential (Carbon footprint), metal depletion and ReCiPe. The 
interpretation of these parameters will focus to analyze why the results look like they do and how 
do they affect environment in different phases. 
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6. Results 
Figure 8 shows that the Cumulative Energy demand is the highest in the production phase. In the 
contrary in the transport phase CED is almost negligible. Short distances between the producer 
and material supplier seem to be the reasons for this. During the use phase and for refining of 
initial materials, some transportation is essential, but these are not within the scope of this study. 
Since the use phase is not within the scope of hydraulic steering gear then it is zero. A certain 
amount of energy is repaid during the EoL phase. It is due to the metal recycling and plastic 
incineration.  

 

Figure 12 Cumulative Energy Demand [MJ] in different phases 

Figure 9 shows the carbon footprint, which is defined as the amount of carbon dioxide released 
into the atmosphere by human activities, human refer to an individual or a company. Global 
warming potential as a result of Carbon dioxide in the atmosphere has been measured and 
calculated in (kg CO2) of carbon footprint. Focusing on each phase it is once again obvious that 
the obtained results show that the production phase is the strongest contributor of carbon dioxide. 
Transportation is almost negligible. Concentrating on the EoL phase, the results show that in this 
phase the carbon dioxide is recompensed.  

 

Figure 13 Carbon dioxide in different phases 
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Figure10 shows ReCiPe which simply means that different category indicators are combined and 
matched in one. However, these indicators have also resulted in the same pattern as carbon 
footprint and CED. It means that the production phase is the contributor with most impact to the 
environment. In contrary the transport is insignificant due to the mentioned reasons. Similarly in 
the EoL phase some values are recompensing.   

 

Figure 14 ReCiPe 

Figure 11 shows the metal depletion which is defined as the reduction of metal by a large amount 
from the available stock, the depletion is occurring during 20, 100 up to 500 years. Looking at 
figure the results are having the same pattern as rest of the impact categories. Production phase is 
a huge contributor to metal depletion.  The transport stage has very insignificant influence on the 
environment. Since the steel and the aluminum parts are totally recycled by End of Life this value 
is recompensed in this phase.  

 

Figure 15 Metal depletion 
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7. Discussion and conclusion  
During the case study of the hydraulic steering gear we faced some difficulties to find information 
about a few components and their materials. One example is the Input-shaft which is according to 
the bill of material made of carbon steel (SAE 1146) but this could not be found in the database. In 
this case we have used general carbon steel to measure the environmental impact of the input-
shaft. This may give a different result then we would have got. However, in my opinion this 
replacement does not impact the overall results significantly.  

As long as the results are concerned we can see that all the analyzed results in figures and tables 
indicate in one direction, the production phase. It is obvious that there is room for improvement 
mostly in the production phase. On the other hand the production phase is the greatest contributor, 
because it is a conclusion based on the fact that we have not considered the use phase. By 
experience we know that in most cases the use phase is the dominating environmental contributor. 
Therefore, we think that if the use phase would have been within the scope of this case study, then 
my conclusion would be significantly different.  

For the production phase, we should be aware that this phase is multidimensional. From the choice 
of different production processes such as milling, drilling and turning to the choice of available 
materials, we see all the elements which compose the production phase are an affecting factor for 
the results. Numerous of the production processes for the case of the steering gear might not be a 
choice to make, but they are based on other specifications. 

As far as other phases such as transport, use and EoL are concerned; it is worth mentioning that 
these phases also impact the environment, but not to the same extent as the production phase. 
Because in EoL some energy is repaid from the incinerated parts and the metal parts are totally 
recycled.  This way the environmental burden from this phase is much lighter.  

Since the steering gear is a mature product in terms of design and manufacturing there is not much 
scope for significant improvement in the production phase. Moreover, design and manufacturing 
are optimized to increase manufacturing efficiency and fulfill the requirements of the vehicle 
industry. This also restricts the possibility of changing the production processes used currently and 
the purpose of the study was to understand the environmental impact of the steering gear, which 
later on can be used as a baseline to compare alternatives. 

Due to the fact that steering gear is a mature product from the production point of view, now we 
shift our focus instead to the components with the greatest contribution. After consideration of all 
the chosen indicators, the results show that there are two particular components or group of 
components which deviate considerably in terms of contribution to the environment. The first 
component is named Rack steering gear. It is made of carbon steel with a CED of over 312 [MJ]. 
The second component group is the housing and the tube which have a CED of over 97 [MJ]. The 
used materials are carbon steel and non-alloy quality Steel respectively.  

This is due to the fact that these components bear most of the mass of the hydraulic steering gear. 
Therefore, these components deserve special attention and our suggestion refers obviously to these 
two components. Room for improvements and environmental benefits may be found in these 
components. If possible the company could look for alternative materials which have less 
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environmental impact to make these components, provided that the quality and properties of the 
hydraulic steering gear are consistent.  

Alternatively, the company could also go the other way round and manufacture these two 
components even more robust and even stronger than the current one. This way they could reuse 
these components again and again which refer to multiple life cycle, instead of recycling.  

The proposed solution of multiple life cycles from ResCom together with the help of the available 
databases such as Idemat and or Ecodesign and softwares such as Gabi-software and or Simapro, 
can bring great changes to the steering gear and improve it for the better and make it more 
environmentally friendly. 

However, if the company decides to adopt product multiple life cycle approach proposed by 
ResCom, they should consider recovering and reusing these components with greatest contributes, 
this in my opinion will improve the environmental performance of multiple life cycle steering 
gears. Since there are components currently used in the steering gear which are not recyclable, if 
the company wants to improve the environmental performance for these they should  either 
replace these components with recyclable materials or reuse them as many times as possible by 
manufacturing them and bringing even more robustness in them. 
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Appendix.1 –Interview 
During the LCA study of the hydraulic steering gear there has been a study visit / an interview at 
Scania, in order to find out how Scania deals with environmental issues and questions related to 
the steering gears used for the vehicles produced at Scania. The obtained answers or comments are 
not in exact words, they are rather based on the comprehension and interpretation of the listener. 
They are presented the way they are understood by the listener.  

Respondent’s Company: Scania 

Respondent’s Name: Henrik Bergström 
 

1. Which methodology do you use to improve the environmental impact of your 
products and processes? If any, briefly describe the method employed. 
 

Comment: The steering gears used for vehicle production in Scania are purchased from other 
suppliers. Although there are standards like ISO 14001 which suppliers should take into 
consideration and follow them in order to fulfill Scania’s requirements.  

There is another standard list which is called REAch, in this list all the chemicals which content 
toxics and are harmful for people and environment will be excluded from the product. REAch is 
continuously updated and even the Scania’s suppliers are expected to update the REAch based on 
the information they use.  

An internal standard within Scania also exists, for materials to be labeled for the purpose of easier 
recycling. Labels on the components or products provide information about the materials used for 
that product and whenever it’s time to recycle it or incinerate it, it should go easy and fast to 
understand how to handle it.   

2. Is there any software model that your company uses for the purpose of 
determining environmental impact? 

 

Comment: Not for the steering gears but there might be software models used for the purpose of a 
whole vehicle’s emission to air.  

3. What are the problems faced when evaluating products and processes to improve 
their environmental impact? Or reason for not conducting it? 

• Lack of data  
• No software model available  
• Time constraints X 
• Cost constraints  
• Others  please specify: 

Comment: There are not many restrictions or obvious problems related to the steering gears, one 
restriction might be time, which means that, there is not enough time to follow each supplier and 
dig deeper to find out what really is missing or if there is anything missing.  
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Regarding the data, there is a list of every single component attached to the product which will 
follow with the product from suppliers to Scania. This is a requirement from Scania and this is 
how Scania knows exactly what is in a product. 

4. Does your company follow any standards for improving environmental impacts of 
your products and processes? 

• Yes X 
• No  

Comment:  As mentioned earlier, from the environmental point of view Scania takes help of 
handful intern standards, simultaneously it requires its suppliers to follow regulation and standards 
and to keep track of them and be updated.   

5. Do you reuse, remanufacture or recycle your waste, how? Ex: What happens to 
the chips build during the production? 
 

Comment: Generally all the steel products are recycled. A great amount of wastes are used to 
produce energy for intern use. Since Scania buys the steering gears as finished products, so there 
is no information about waste chips, but there are some departments within Scania who work for 
improvement of the environment, nonetheless it is not related to the steering gear. 

6. Can you state an actual case in which you improve the environmental impact of a 
certain product or process?  
 

Comment: Science is developing further, new findings, detections and new information is found 
continuously about substances. Anyhow, if a substance is found which is toxic and harmful for 
environment, in any product, in that case a project is started with focus on that substance. All the 
partners are participating in this project in order to discover if the substance is really toxic. If the 
answer is yes, then this substance is eliminated from the product. How this substance affects the 
property of a product and how to substitute it, that is the problem remains to find a solution to.  

 
There is also a so called deposit-system for returning your old steering gear. When a consumer 
chooses to return an old and not fully functioning steering gear, the consumer has the possibility to 
buy a new one with half the price. The old one is send to reparation and if possible, after changing 
the not functioning component, it is then ready to be used as a spare part. 
 

7. Do you have any kind of restrictions/ laws from government, which you 
implement for your company in order to avoid the environmental impact from 
your production/ what is that? 
 

Comment: Yes, as mentioned earlier, it is mostly the suppliers rather than Scania who is affected 
by these standards and regulations as far as the steering gears are concerned. So a direct influence 
of these is on suppliers. 
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Appendix.2- LCA survey  
 

In order to find out how attractive Life Cycle Assessment is and if companies are using LCA as an 
environmental tool to evaluate the environmental performance of their products, a survey was 
made and sent to several companies. The obtained results are presented below the belonging 
question.  

1. Does your company know what Life Cycle Assessment is? 
 

 

2. Does your company apply Life cycle assessment (LCA)? 
 

 

3. If not LCA, which methodology does your company use in order to reduce its 
environmental impact? 
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4. Is your company interested to implement Life Cycle Assessment (LCA) as an 

environmental tool? 

 
 
 

Conclusion of the survey 

The obtained results and the conclusion can be drawn that a reasonable number of companies do 
have knowledge about LCA. Quite a few of them apply LCA as an environmental tool for 
evaluation of their products. Numerous of these companies already apply or is interested in 
applying LCA in the future. Due to lack of knowledge about LCA few of the companies avoid 
applying LCA.  
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