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Abstract 
 
The purpose of this report is to compare the environmental impact of two alternative 
ways of manufacturing two different parts of a crane, for HIAB Company.  
To realize the study it is used the LCA. 
 
� The first part of the report is a detailed explanation of what is an LCA. 
 
An LCA is a systematic tool that enables the analysis of environmental loads of a 
product throughout its entire life cycle and the potential impacts of these loads on the 
environment. 
The essence of life cycle assessment is the identification, examination, and evaluation of 
the relevant environmental implications of a material, process, product, or system across 
its life span from creation to waste or, preferably, to re-creation in the same or another 
useful form. 
The LCA will provide the company a new environmental perspective on their 
manufacturing processes, and help it to choose the most effective process, identifying 
key environmental issues associated with both alternatives. 
 
� The second part is the LCA of the two different ways of manufacturing two 
different parts of a crane. 
 
There are several LCA software tools in the market, but the price of an LCA software 
tool can be around several thousand Euros and  this is the reason that prevented us from 
carrying out the analysis with any LCA software, so the calculation are made with 
EXCEL. 
The studied products are the crane member and the supporting member, so actually are 
realized two different assessments, that are divided in assessment 1(crane member) and 
assessment 2 (supporting member). 
The new designs of both pieces are made with new higher strength steels, with better 
mechanical properties, therefore the dimensions and weight of the pieces will be 
reduced, but the company wants to know the environmental impact of them.  
These assessments are based on public available free resource, because it was 
impossible to get all the data from the company, so the results are not exactly, but the 
calculation are made with EXCEL, so is easy to obtain different results only changing 
the input parameters. 
After the assessment we can establish the following conclusions. 
-Crane member 
The new design is less environmentally friendly due to some elements of the new steel. 
-Supporting member 
Every phase analyzed in this study have a less environmental impact in the new design. 

 
� The last part of the report is a summary of different LCA software tools and shows 
an example of what can be done if you have access to an LCA software, the Simapro. 
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Preface 
 
Many companies have a good knowledge of the environmental impacts, which their 
production causes, and they are experienced in preventing and limiting these impacts. 
However, very few have realised a study of the environmental impacts in relation to 
their products through their lifecycle- from the production of raw materials to the 
production for use and, in the end the disposal of the products. 
This report has been developed for the company HIAB, in order to respond to the 
general increasing concern of the environmental impact of its production process. 
The report has been produced with the help of Torbjörn Illar, teacher of the Luleå 
University of Technology. 
Unfortunately, the LCA tools have numerous problems. Data are difficult to assemble, 
complete life cycle assessments take months (even years) of effort. Comprehensive 
analysis was prohibitive, so many facets of environmental impacts were ignored, 
anyway, we consider this is a good approximation that can help the company to make 
decisions. 
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1. INTRODUCTION 
 
Traditionally, products were designed and developed without considering their adverse 
impacts on the environment. Factors considered in product design included function, 
quality, cost, ergonomics and safety, among others. 
No consideration was given specifically to the environmental aspects of a product 
throughout its entire life cycle. Conventional end- of- pipe regulation focused only on 
the emissions from the manufacturing processes of a product. Often times, however, 
adverse impacts on the environment occurred from the other life cycle stages such as 
use, disposal, distribution, and raw material acquisition. 
Without addressing environmental impacts from the entire life cycle of a product, for 
the product design, one cannot resolve the environmental problems accruing from the 
production and consumption of the product. 
Recently, many corporations recognized the importance of the environmental impacts of 
their products and began to incorporate environmental aspects into their product design 
and development processes. This requires identification of key environmental issues 
related to the product throughout its entire life cycle. 
The key issues include problematic activities, processes, and materials associated with 
the product from raw material acquisition, manufacturing, distribution, use, and 
disposal, in other words, the entire life cycle. 
Identification of key environmental issues associated with the product throughout its 
entire life cycle is a complicated process. Thus, it is needed a systematic analytical tool 
for the environmental assessment of a products’ entire life cycle. 
This tool is Life Cycle Assessment (LCA).  
 
 

1.1 Background 
 
The concept of Life Cycle Assessment emerged in the 1970s as a way to assess the 
overall use of energy and materials by products or services, from "cradle to grave" 
(creation of raw materials to final disposal). Later, the method was extended to include 
environmental emissions to air, water, and solid waste (SETAC 1991). In 2000, the 
International Standards Organization (ISO) completed work on a series of standards that 
have become the general benchmark for the technique. 
LCA became popular in the early nineties. Initially many thought that LCA would be a 
very good tool to support environmental claims that could directly be used in marketing. 
Over the years, it has become clear that this is not the best application for LCA, 
although it is clearly important to communicate LCA results in a careful and well-
balanced way. 
In recent years life cycle thinking has become a key focus in environmental policy 
making.  
Many countries develop strategies that promote life cycle thinking as a key concept. 
Another development is the sustainability reporting movement. The majority of the big 
companies now report on the sustainability aspects of their operations. 
LCA provides the more quantitative and scientific basis for all these new concepts [27] 
[30]. 
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Standardization of the LCA methodology 
 
International Organization for Standardization (ISO) Technical Committee TC-207 on 
Environmental Management Systems. 
 
The LCA standards are formalized within the ISO 14040 series: 
 
ISO 14040:2006 - Principles and Framework 
ISO 14041:1998 - Goal and Scope Definition and Inventory Analysis 
ISO 14042:2000 - Life Cycle Impact Assessment 
ISO 14043:2000 - Life Cycle Impact Interpretation 
ISO 14047:2003 - Environmental Management – Life Cycle Impact Assessment 
ISO 14048:2002 - Data documentation format 
ISO 14049:2000 - Examples of application of ISO 14041 to goal and scope definition 
and inventory analysis. 
Currently (early 2006) two draft standards have been published that will replace these 
standards. 
ISO/DIS 14040: Principles and Framework 
ISO/DIS 14044: Requirements and Guidelines 
The new 14044 standard replaces the 14041, 14042 and 14043, but there have been no 
major changes in the contents. 
The ISO standards are defined in a quite vague language, which makes it difficult to see 
if an LCA has been made according to the standard. 
These standards can be obtained from any ISO member and from the web site of the 
ISO Central Secretariat at the following address: www.iso.org. 
 
 

1.2 Motivation 

 
As said before, in recent years life cycle thinking has become a key focus in 
environmental policy making.  
Many countries develop strategies that promote life cycle thinking as a key concept. 
Another development is the sustainability reporting movement. The majority of the big 
companies now report on the sustainability aspects of their operations. 
For this reason and because HIAB wants to develop its products according with the 
environmental policies, trying to reduce the impact of its manufacturing process and 
products on the environment, we are going to realize the LCA, as the best tool to 
analyse the environmental impact of a manufacturing process. 
 
 

1.3 Objectives 
 
The purpose of the study is to compare the environmental impact of two alternative 
ways of manufacturing two different parts of a crane, for HIAB Company.   
The parts are called supporting member and crane member. 
The LCA will provide the company a new environmental perspective on their 
manufacturing processes, and help it to choose the most effective process, identifying 
key environmental issues associated with both alternatives. 
The new designs are made with new higher strength steels, therefore the dimensions and 
weight will be reduced. 
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The main advantage of the new design in both cases is that the crane will support more 
weight or at least the same as the old design, but its own weight will be reduced so it 
will be easier to handle, and it will be possible to achieve greater heights.  
It is supposed that the new design will have less environmental impact, but we have to 
realize the LCA to confirm this.  
 
 

1.4 Method 

 
There is a large variety of specific LCA software tools in the market, but the price of an 
LCA software tool can be around several thousand Euros. 
The high price of the tools can be a big problem for potential users, for example for 
students and investigators from University. This is the reason that prevented us from 
carrying out the analysis with any LCA software. 
Therefore, the software used to realize the calculation was EXCEL. 
 
 

1.5 Limitations 
 
When this assessment was realized, it was not possible to get all the data of the 
manufacturing process from the company, so the data used for the inventory, and the 
parameters used for welding, cutting, transport, etc, were obtained from databases and 
books, and they are not the exactly data used in the company, but is easy to obtain 
different results only changing the input parameters in EXCEL. 
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2. THEORY 

 

2.1 Life cycle assessment 

 
An LCA is a systematic tool that enables the analysis of environmental loads of a 
product throughout its entire life cycle and the potential impacts of these loads on the 
environment. 
 
The essence of life cycle assessment is the identification, examination, and evaluation of 
the relevant environmental implications of a material, process, product, or system across 
its life span from creation to waste or, preferably, to re-creation in the same or another 
useful form. 
 
Standard stages in a product life cycle include: 
 

• Raw material extraction and refinement 

• Product manufacturing and fabrication 

• Transportation and distribution 

• Product installation, use and maintenance 

• Product recycling and disposal 
 

A life cycle assessment is a large and complex effort, and there are many variations. 
However there is a general agreement on the formal structure of LCA, which contains 
four stages: goal and scope definition, life cycle inventory analysis (LCI), life cycle 
impact assessment (LCIA), and life cycle interpretation.  
 
These phases are not simply followed in a single sequence. This is an iterative process, in which 
subsequent iterations (rounds) can achieve increasing levels of detail (from screening LCA to 
full LCA), or lead to changes in the first phase prompted by the results of the last phase. 
 

LCA is a tool for the evaluation of a product only from the point of view of the 
environment. There are other aspects such as economic, social, and technical ones to be 
considered in any product design and development. 
 
 

2.1.1 Advantages and limitations 

Life cycle assessment (LCA) is a tool which offers many advantages: 

• LCA is the only tool that examines the environmental impacts of a product or 
service throughout its life cycle. 

• LCA is an ISO standardized method.  
• LCA provides a comprehensive overview of a product or service and avoids 

simply shifting the source of the pollution from one life cycle stage to another. 
• LCA can, for example, guide a company's decision-making process (micro-

economic level) and help governments define a public policy (macro-economic 
level). 

• LCA challenges preconceived notions by distinguishing between the 
information that is relevant for objective quantification and the issues that 
pertain to policies, priorities, and social choices.  
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LCA has however certain limitations: 

• The results of an LCA are geographically dependent. So, the results of an LCA 
carried out in Europe cannot be applied to other continent without taking into 
account the significant variations related to the geographical context. (for 
example, the different kind of sources such as nuclear, hydroelectricity etc.) 

• LCA only assesses potential impacts and not real impacts. So, it does not 
provide any information on the consequences of not following regulations or on 
environmental risks. 

• The results of two LCAs on a same subject may differ according to the 
objectives, processes, quality of the data, and the impact assessment methods 
used. 

• A detailed LCA requires inventory data of all of the elementary processes 
included within the parameters of the system. Databases, LCA software, and 
even human resources are required to analyze all the data. 

• Lack of agreement on some elements of Impact Assessment methodology. 
• Differences in LCA problem formulation due to differences in values.  
• LCA uses subjective judgement extensively, and the lack of scientific or 

technical data is sometimes obvious [28]. 
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2.2 LCA Phases 
 
There are four phases in an LCA: 

• goal and scope definition,  

• life cycle inventory analysis ( LCI ),  

• life cycle impact assessment LCIA,  

• life cycle interpretation. 
 
This figure shows the relationship among these four phases. 
 

 
 

Figure 1. Phases of LCA [28]. 
 
 

2.2.1 Goal and Scope definition 
 
Goal and scope definition are the critical parts of a LCA due to the strong influence on 
the result of the LCA. It is the first phase in a life cycle assessment containing the 
following main issues [28] [30] [31]: 
• goal 
• scope 
• functional unit 
• system boundaries 
• data quality 
• critical review process 
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2.2.1.1 Goal 
 
The definition of the purpose of the life cycle assessment is an important part of the 
goal definition. The goal of an LCA study shall unambiguously state the intended 
application, including the reasons for carrying out the study and the intended audience, 
i.e. to whom the results of the study are intended to be communicated. 
The goal definition also has to define the intended use of the results and users of the 
result.  
The goal definition determines the level of sophistication of the study and the 
requirements to reporting. The goal can be redefined as a result of the findings 
throughout the study. Transparency is essential for all kind of LCA studies. 
 
 
2.2.1.2 Scope 
 
The scope sets the borders of the assessment: What is included in the system and what 
detailed assessment methods are to be used. In the LCA scope definition, the following 
items shall be considered and clearly described: 
 
• The functions of the system, or in the case of comparative studies, systems; 
• The functional unit; 
• The system to be studied; 
• The system boundaries; 
• Allocation procedures; 
• Impact types and impact evaluation methodology, as well as the consequent        
interpretation to realizing;  
• Data requirement; 
• Assumptions; 
• Limitations; 
• The initial data quality requirements; 
• The type of critical review, if any; 
• The type and format of final report 
 
The scope should be sufficiently well defined to ensure that the breadth, the depth and 
the detail of the study are compatible and sufficient to address the stated goal. LCA is 
an iterative technique. Therefore, the study scope can need to be modified during the 
accomplishment of study as it obtains of additional information. 
 
 
2.2.1.3 Functional Unit 
 
Definition of the functional unit is the foundation of an LCA because the functional unit 
sets the scale for comparison of two or more products including improvement to one 
product (system).  
All data collected in the inventory phase will be related to the functional unit. When 
comparing different products fulfilling the same function, definition of the functional 
unit is of particular importance. 
Functional unit principal intention is to provide a reference to all inputs and outputs. A 
functional unit of the system shall be clearly defined and measurable. The result of the 
measurement of the performance is the reference flow. 
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A system can have several possible functions and the one that is selected for study will 
depend on the goal and scope of the same one.  
Comparisons between systems shall be done on the basis of the same function, 
measured by the same functional unit in the form of equivalent reference flows. 
 
 
2.2.1.4 System Boundaries 
 
The system boundaries define the processes/operations (e.g. manufacturing, transport, 
and waste management processes), and the inputs and outputs to be taken into account 
in the LCA. The input can be the overall input to a production as well as input to a 
single process - and the same is true for the output. The definition of system boundaries 
is a quite subjective operation.  
Due to the subjectivity of definition of system boundaries, transparency of the defining 
process and the assumptions are extremely important. 
The initial system boundary defines the unit processes which will be included in the 
system to be modelled.  
Ideally, all processes associated with the product should be included. However this is 
neither possible not practical because of the data and cost constraints, and different 
intended application. Thus, less significant processes may be excluded from the product 
system. In this case the decision rule for mass contribution applies. 
The decision rule of mass contribution is a process that excludes processes that make a 
minor contribution to the overall environment load of a product system. 
Decisions must be made regarding which unit processes will be modelled by the study 
and the level of detail to which these unit processes will be studied. 
Decisions must also be made regarding which releases to the environment will be 
evaluated and the level of detail of this evaluation. The decision rules used to assist in 
the choice of inputs and outputs should be clearly understood and described. 
Any omission of life cycle stages, processes or data needs should be clearly stated and 
justified.  

 

 
2.2.1.5 Data quality 
 
The quality of the data used in the life cycle inventory is naturally reflected in the 
quality of the final LCA. The data quality can be described and assessed in different 
ways. It is important that the data quality is described and assessed in a systematic way 
that allows others to understand and control for the actual data quality. 
 
Initial data quality requirements shall be established which define the following 
parameters: 
• Time-related coverage: the desired age (e.g. within last 5 years) and the minimum 
length of time (e.g. annual). 
• Geographical coverage: geographic area from which data for unit processes should be 
collected to satisfy the goal of the study (e.g. local, regional, national, continental, 
global). 
• Technology coverage: nature of the technology mix (e.g. weighted average of the 
actual process mix, best available technology or worst operating unit). 
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In all studies, the following additional data quality indicators shall be taken into 
consideration in a level of detail depending on goal and scope definition: 
• Precision: measure of the variability of the data values for each data category 
expressed (e.g. variance). 
• Completeness: percentage of locations reporting primary data from the potential 
number in existence for each data category in a unit process. 
• Representativeness: qualitative assessment of the degree to which the data set reflects 
the true population of interest (i.e. geographic and time period and technology 
coverage). 
• Consistency: qualitative assessment of how uniformly the study methodology is 
applied to the various components of the analysis. 
• Reproducibility: qualitative assessment of the extent to which information about the 
methodology and data values allows an independent practitioner to reproduce the results 
reported in the study. 
 
 
2.2.1.6 Critical review process 
 
The purpose of the critical review process is to ensure the quality of the life cycle 
assessment. 
The review can be either internal, external or involve interested parties as defined within 
the goal and scoping definition. 
 
The critical review process shall ensure that: 
• the methods used to carry out the LCA are consistent with this international standard;  
• the methods used to carry out the LCA are scientifically and technically valid; 
• the data used are appropriate and reasonable in relation to the goal of the study; 
• the interpretations reflect the limitations identified and the goal of the study; 
• the study report is transparent and consistent. 
 
If an LCA study is to be critically reviewed, the scope of the critical review should be 
defined during the goal and scope definition phase of the study. The scope should 
identify why the critical review is being undertaken, what will be covered and to what 
level of detail, and who needs to be involved in the process. 
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2.3 Life cycle inventory analysis (LCI) 
 
Inventory analysis is the second phase in a life cycle containing the following main 
issues [28] [30] [31]: 
• data collection 
• refining system boundaries 
• calculation 
• validation of data 
• relating data to the specific system 
• allocation 
 
The inventory analysis and the tasks to be fulfilled can obviously be supported by a 
flow sheet for the considered product; an example of a flow sheet can be seen in this 
figure. 
 
 

 
Figure 2.Life cycle inventory analysis, inputs and outputs [32] 

 
 
Each of the different phases can be made up from different single processes e.g. 
production of different kinds of raw material to be combined in the material production 
phase. The different phases are often connected by transport processes. 
The process diagram also has a function in the reporting of the LCA while it improves 
the transparency of the study. 
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2.3.1 Data collection 
 
The inventory analysis includes collection and treatment of data to be used in 
preparation of a material consumption, waste and emission profile for all the phases in 
the life cycle, but also for the whole life cycle. The data can be site specific e.g. from 
specific companies, specific areas and from specific countries but also more general e.g. 
data from more general sources e.g. trade organisations, public surveys etc.  
 
The data have to be collected from all single processes in the life cycle. These data can 
be quantitative or qualitative. The quantitative data are important in comparisons of 
processes or materials, but often the quantitative data are missing or the quality is poor 
(too old or not technologically representative etc.). The more descriptive qualitative data 
can be used for environmental aspects or single steps in the life cycle that cannot be 
quantified, or if the goal and scope definition allow a non quantitative description of the 
conditions. 
 
Inventory analysis involves data collection and calculation procedures to quantify 
relevant inputs and outputs of a product system. These inputs and outputs may include 
the use of resources and releases to air, water and land associated with the system. 
Interpretation may be drawn from these data, depending on the goals and scope of the 
LCA. These data also constitute the input to the life cycle impact assessment. 
 
The process of conducting an inventory analysis is iterative. As data are collected and 
more is learned about the system, new data requirements or limitations may be 
identified that require a change in the data collection procedures so that the goals of the 
study will still be met. Sometimes, issues maybe identified that require revisions to the 
goal or scope of the study. 
 
The qualitative and quantitative data for inclusion in the inventory shall be collected for 
each unit process that is included within the system boundaries.  
Data collection can be a resource intensive process. Practical constraints on data 
collection should be considered in the scope and documented in the report. 
 
Some significant calculation considerations are outlined in the following: 
• allocation procedures are needed when dealing with systems involving multiple 
products (e.g. multiple products from petroleum refining). The materials and energy 
flows as well as associated environmental releases shall be allocated to the different 
products according to clearly stated procedures, which shall be documented and 
justified; 
• the calculation of energy flow should take into account the different fuels and 
electricity sources used, the efficiency of conversion and distribution of energy flow as 
well as the inputs and outputs associated with the generation and use of that energy 
flow. 
 
Data collection is often the most work intensive part of a life cycle assessment. 
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2.3.2 Refining system boundaries 
 
The system boundaries are defined as a part of the scope definition procedure. After the 
initial data collection, the system boundaries can be refined e.g. as a result of decisions 
of exclusion life stages or sub-systems, exclusion of material flows or inclusion of new 
unit processes shown to be significant according to the sensitivity analysis. 
Reflecting the iterative nature of LCA, decisions regarding the data to be included shall 
be based on a sensitivity analysis to determine their significance, thereby verifying the 
initial analysis. The initial product system boundary shall be revised in accordance with 
the cut-off criteria established in the scope definition.  
 
The sensitivity analysis may result in: 
• the exclusion of life cycle stages or subsystems when lack of significance can be 
shown by the sensitivity analysis 
• the exclusion of material flows which lack significance to the outcome of the results of 
the study 
• the inclusion of new unit processes that are shown to be significant in the sensitivity 
analysis 
The results of this refining process and the sensitivity analysis shall be documented. 
This analysis serves to limit the subsequent data handling to those inputs and outputs 
data which are determined to be significant to the goal of the LCA study. 

 
 
2.3.3 Calculation procedures 

 
No formal demands exist for calculation in life cycle assessment except the described 
demands for allocation procedures. Due to the amount of data it is recommended as a 
minimum to develop a spreadsheet for the specific purpose. A number of general PC 
programs/software for calculation are available applications (EXCEL/Lotus etc.), 
together with many software programs developed specially for life cycle assessment. 
The appropriate program can be chosen depending on the kind and amount of data to be 
handled. 
 

 

2.3.4 Validation of data 
 
The validation of data has to be conducted during the data collection process in order to 
improve the overall data quality. Systematic data validation may point out areas where 
data quality must be improved or data must be found in similar processes or unit 
processes. 
During the process of data collection, a permanent and iterative check on data validity 
should be conducted. Validation may involve establishing, for example, mass balances, 
energy balances and/or comparative analysis of emission factors.  

 

 

2.3.5 Relating data 
 
The fundamental input and output data are often delivered from industry in arbitrary 
units e.g. energy consumption as MJ/machine/week or emissions to the sewage system 
as mg metals/litre wastewater. 
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For each unit process, an appropriate reference flow shall be determined (e.g. one 
kilogram of material or one mega-joule for energy). The quantitative input and output 
data of the unit process shall be calculated in relation to this reference flow. Based on 
the refined flow chart and systems boundary, unit processes are interconnected to allow 
calculations of the complete system. This is accomplished by normalising the inputs and 
outputs of a unit process in the system to the functional unit and then normalising all 
upstream and downstream unit processes accordingly. 
The calculation should result in all system input and output data being referenced to the 
functional unit.  
The level of aggregation of inputs and outputs should be sufficient to satisfy the goal of 
the study. 
If more detailed aggregation rules are required, they should be justified in the goal and 
scope definition phase of the study or this should be left to a subsequent impact      
assessment phase. 

 

 

2.3.6 Allocation 
 
When performing a life cycle assessment of a complex system, it may not be possible to 
handle all the impacts and outputs inside the system boundaries.  
 
This problem can be solved in two ways: 
1. expanding the system boundaries to include all the inputs and outputs. 
2. allocating the relevant environmental impacts to the studied system. 
 
When avoiding allocation by e.g. expanding the system boundaries, there is a risk of 
making the system too complex. The data collection, impact assessment and 
interpretation can then become too expensive and unrealistic in time and money. 
Allocation may be a better alternative, if an appropriate method can be found for 
solving the actual problem. 
Since the inventory is intrinsically based on material balances between inputs and 
outputs, allocation procedures should approximate as much as possible such 
fundamental input-output relationships and characteristics.  
Some principles should be kept in mind when allocating loadings. They are general and 
thorough enough to be applicable to co-products, internal energy allocation, services 
(e.g. transport, waste treatment), and to recycling, either open or closed-loop: 
 
• The product system under consideration seldom exists in isolation; it generally 
includes unit processes which may be shared with other product systems 
• The inputs and outputs of the unallocated system shall equal the sum of the 
corresponding inputs and outputs of the allocated system. Any deviation from mass and 
energy balance shall be reported and explained. 
 
On the basis of the principles presented above, the following descending order of 
allocation procedures is recommended: 
 
1. Wherever possible, allocation should be avoided or minimised. This may be achieved 
by subdividing the unit process into two or more sub-processes, some of which can be 
excluded from the system under study.  
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2. Where allocation cannot be avoided, the system inputs and outputs should be 
partitioned between its different products or functions in a way which reflects the 
underlying physical relationships between them. 
These “causal relationships” between flows into and out of the system may be 
represented by a process model.  
3. Where physical relationship cannot be established or used as the basis for allocation 
the inputs should be allocated between the products and functions in a way which 
reflects economic relationships between them. For example, burdens might be allocated 
between co-products in proportion to the economic value of the products. 
Any deviation from these procedures shall be documented and justified. 
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2.4 Life cycle impact assessment (LCIA) 

 
The significance of potential environmental impacts of a product system based on life 
cycle inventory results is evaluated by using LCIA. 
Impact assessment is the third phase in a life cycle assessment and it consists of several 
elements [28] [30] [31]. 
• category definition 
• classification 
• characterization 
• valuation/weighting 
 
The life cycle impact assessment framework and its procedure should be transparent.  
The distinction into different elements is necessary for several reasons: 
• Each element represents a different specific procedure; 
• All elements are not required for all applications; 
• Methods, assumptions and value-choices can be made more transparent and can be 
documented and reviewed; 
• The effects of methods, assumptions, and value-choices on the results can be 
demonstrated. 
Depending on the goal and scope of the study and on the application of the study all or 
parts of the elements can be used. 
 
 

2.4.1 Category definition 

 
The life cycle impact assessment involves as a first element the definition of the impact 
categories to be considered. This is a follow-up of the decisions made in the goal and 
scoping phase. Based on the type of information collected in the inventory phase the 
boundaries defined in the goal and scoping may be redefined. 
The aim of this section is to provide guidance for selecting and defining the 
environmental categories. 
 
Numerous environmental categories have been proposed for life cycle impact 
assessment. This list is arranged in the order of scale of impact, from global to local. 
 
 

� Abiotic and biotic resource depletion 
� Global warming 
� Ozone depletion 
� Photochemical oxidant formation(Ozone) or smog formation 
� Acidification 
� Eutrophication 
� Human toxicity 
� Ecotoxicity 
� Solid waste, hazardous and radioactive waste 
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2.4.2 Classification 
 
Classification is a qualitative step based on scientific analysis of relevant environmental 
processes. The classification has to assign the inventory input and output data to 
potential environmental impacts i.e. impact categories. 
Some outputs contribute to different impact categories and therefore, they have to be 
mentioned twice. The resulting double counting is acceptable if the effects are 
independent of each other whereas double counting of different effects in the same 
effect chain (e.g. stratospheric ozone depletion and human toxicological effects as e.g. 
skin cancer) is not allowed. 
The impact categories can be placed on a scale dividing the categories into three 
different space groups: global impacts (continental impacts), regional impacts and local 
impacts. The grouping is not unequivocal for all the impact categories exemplified by 
e.g. environmental toxicity which can be global, continental, regional as well as local.  
 
 

2.4.3 Characterization 
 
Once the classification step is completed, quantification of environmental impacts by 
each inventory parameter on the impact category is assessed.   
Characterization is mainly a quantitative step based on scientific analysis of the relevant 
environmental processes. The characterization has to assign the relative contribution of 
each input and output to the selected impact categories. The potential contribution of 
each input and output to the environmental impacts has to be estimated. For some of the 
environmental impact categories there is consensus about equivalency factors to be used 
in the estimation of the total impact (e.g. global warming potentials, ozone depletion 
potentials etc.) whereas equivalence factors for other environmental impacts are not 
available at consensus level (e.g. biotic resources, land use etc.). 
 
 

2.4.5 Valuation/Weighting 
 
The previous element, characterization, results in a quantitative statement on different 
impact categories. Comparison of these categories is not immediately possible. 
Therefore, the life cycle impact assessment includes as a fourth element a valuation/ 
weighting of the impact categories against each other. 
 
Weighting aims to rank, weight, or, possible, aggregate the results of different life cycle 
impact assessment categories in order to arrive at the relative importance of these 
different results. The weighting process is not technical, scientific, or objective as these 
various life cycle impact assessment results e.g., indicators for greenhouse gases or 
resource depletion, are not directly comparable. However, weighting may be assisted by 
applying scientifically-based analytical techniques. 
 
 Weighting may be considered to address three basic aspects: 
• to express the relative preference of an organisation or group of stakeholders based on 
policies, goals or aims, and personal or group opinions or beliefs common to the group; 
• to ensure that process is visible, documentable, and reportable, and 
• to establish the relative importance of the results is based on the state of knowledge 
about these issues. 



24 
 

There are several impact assessment methods to realize the LCA, and here are showed 
some of the most important [29]. 
 
EPS 2000 Method 
 
EPS stands for Environmental Priority Strategies in product design. The method has 
been developed by the Federation of Swedish Industries, the Swedish Environmental 
Research Institute, Volvo and Chalmers University of Technology. 
It attempts to translate environmental impact into a sort of social expenditure The first 
step is to establish the damage caused to a number of “safeguard objects” , objects that a 
community considers valuable and the next step is to identify how much the community 
is prepared to pay for these things, i.e., the social costs of the safeguard objects are 
established. 
Includes:  characterization, damage assessment and evaluation 
 
 
Eco-Points Method 
 
The eco-points method was developed in Switzerland and is based on the use of 
national government policy objectives. 
Environmental impacts are evaluated directly and there is no classification step. 
The evaluation principle is the distance to target principle, or the difference between the 
total impact in a specific area and the target value. 
The target values in the original Ecopunkten method were derived from target values of 
the Swiss government. 
A Dutch variant has been developed on the basis of the Dutch policy objectives. 
The use of policy objectives is controversial given that a policy does not express the 
true seriousness of a problem. 
The lack of a classification step is also regarded as a disadvantage, only a very limited 
number of impacts can be evaluated. 
The Eco-points method was/is widely used in Switzerland and Germany, it is also used 
in Norway, United Kingdom and The Netherlands. And since 1993 it has been included 
in SimaPro software. 
Include: characterization, normalization and evaluation. 
 
 
Eco-indicator 95 
 
The Eco-indicator 95 method was developed under the Dutch NOH programme by PRé 
consultants in a joined project with Philips Consumer Electronics, NedCar 
(Volvo/Mitshubishi), Océ Copiers, Schuurink, CML Leiden, TU-Delft, IVAM-ER 
(Amsterdam) and CE Delft.  
The evaluation method for calculating the Eco-Indicator 95 strongly focuses on the 
effects of emissions on the ecosystem. 
Normalisation is based on 1990 levels for Europe excl. former USSR. Weighting is 
based on distance to target. Criteria for target levels are: 

- one excess death per million per year. 
- 5% ecosystem degradation. 
- Avoidance of smog periods. 

Include:  characterization, normalization, weighting 
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Eco-indicator 99 

The Eco-indicator 99 method comes in three versions, Egalitarian, Individualist and the 
Hierarchical (default) version. Normalisation and weighting are performed at damage 
category level (endpoint level in ISO terminology). 

There are three damage categories: 

- Human Health 
- Ecosystem Quality 
- Resources 

Includes:  characterization, damage assessment, normalization and evaluation 

 

EDIP/UMIT  

The EDIP method (Environmental Design of Industrial Products, in Danish UMIP) was 
developed in 1996.  
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2.5 Interpretation 
 
Interpretation is the fourth phase in life cycle assessment containing the following main 
issues:  
• identification of significant environmental issues 
• evaluation 
• conclusions and recommendations 
 
The different elements are explained in relation to the ISO standard.  
Life cycle assessment interpretation is a systematic procedure to identify, qualify, 
check, and evaluate information from the conclusions of the inventory analysis and/or 
impact assessment of a system, and present them in order to meet the requirements of 
the application as described in the goal and scope of the study. 
Interpretation is performed in interaction with the three other phases of the life cycle 
assessment.  
The aim of interpretation is to reduce the number of quantified data and/or statements of 
the inventory analysis and/or impact assessment to the key results to facilitate a decision 
making process based on, among other inputs, the LCA study. This reduction should be 
robust to uncertainties in data and methodologies applied and give an acceptable 
coverage and representation of the preceding phases. 
 
 

2.5.1 Identification of significant environmental issues 

 
The first step in the identification is the selection of key results in a prudent and 
justifiable manner. 
The objective of this step is to structure the information from the inventory analysis and 
from the life cycle impact assessment phase in order to determine the significant 
environmental issues in accordance with the goal and scope definition. 
Environmental issues are inputs and outputs i.e. results of the inventory phase and 
environmental indicators i.e. the results of the life cycle impact assessment phase if 
LCIA is conducted. 
Depending on the complexity of the LCA study the significant environmental issues of 
the considered system can be e.g. CO2, NOx, and SO2 or they can be e.g. global 
warming, stratospheric ozone depletion, ecotoxicological and human toxicological 
impacts etc. 
 
 

2.5.2 Evaluation 
 
The second step, involving three elements, is firstly to conduct a qualitative check of the 
selection of data, processes etc. e.g. to discuss the possible consequences of leaving out 
information, secondly to apply a systematic qualitative or quantitative analysis of any 
implications of changes in the input data, and thirdly to discuss the variations identified 
in the frame of the goal and scope. 
The objective of this step is to establish confidence in the result of the study, based on 
the preceding LCA phases, and on the significant environmental issues identified in the 
first step of the interpretation. The results should be presented in such a form as to give 
the commissioner or any interested party a clear and understandable view of the 
outcome of the study. 
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The evaluation shall be undertaken in accordance with the goal and scope, and should 
take into account the final use of the study. 
 
 

2.5.3 Conclusions and recommendations 
 
The final step of the interpretation is more or less similar to the traditional concluding 
and recommending part of a scientific and technical assessment, investigation or alike. 
The aim of this third step of the interpretation is to reach conclusions and 
recommendations for the report of the LCA study or life cycle inventory study. This 
step is important to improve the reporting and the transparency of the study. Both are 
essential for the readers of the LCA report. The results of the critical review of the study 
shall also be included when presenting the conclusions and recommendations. 
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3. CASE STUDIES 

 

3.1 Goal 

 
The goal is to compare the environmental impact of two different ways of 
manufacturing two different parts of a crane. The parts are called, crane member and 
supporting member.  
 
The result is intended for internal use at HIAB. This study will provide the company a 
better understanding of the environmental impacts of their products. 
Intended audience: students and teachers from Luleå Tekniska Universitet, and related 
companies. 
 
The studied products are the crane member and the supporting member, so actually are 
required two different assessment, that are divided in assessment 1(crane member) and 
assessment 2 (supporting member). 
 
These assessments are based on public available free resource, because it was 
impossible to get the data from the company. 
 
 

3.2 Assessment 1 - Crane member  

 

3.2.1 Scope definition 

 
3.2.1.1 Scope 
 
This life cycle assessment has a “cradle to gate” perspective. It begins with the raw 
material at the factory and ends when the products are installed. The cradle to gate 
perspective is often used when a complete live cycle assessment cannot be conducted 
for some reason. 
The reason here is the lack of some data. When a part in a life cycle assessment is not 
included the results become uncertain.  
If a certain part is not included, the life cycle assessment methodology recommends that 
the information available is presented so that the readers can draw their own 
conclusions.  
 

 
3.2.1.2 Functional unit 
 
The functional unit is one crane member of each type, the old design and the new one. 
Both designs are quite similar,(the dimensions are the same), the main difference is that 
the old design is made of a 10 mm thickness Domex 700 sheet steel, and the new one is 
made of a 6 mm thickness Weldox 1100 sheet steel. 
The other difference is that in the old design there is one point of welding and in the 
new one there are two. 
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3.2.1.3 System boundaries 
 
Processes to include (see figure 3) 
Raw materials: sheet steel (800mm*3000 mm) of Weldox 1100 and Domex 700 steel. 
Cutting: every parts of the crane are cut from one or more steel sheets using laser 
cutting. 
Forming: bending.  
Welding: the old design uses MIG welding and new one uses Laser + MIG Hybrid 
welding. 
Transport of the final product: Transport by truck. 
 
 
Processes not included: 
 
The fact that two designs of the same product are compared, means that any phase in 
their life cycles which can reasonably be assumed to have the same environmental 
impact for both designs, doesn’t have to be carried out.  
These processes are listed below: 
 
- Transport of the raw material. 
- Painting: 
The quantity of paint, energy used for painting and emissions from painting processes 
are the same in both designs, therefore their environmental impact is going to be the 
same, so these processes are not included in the assessment. 
- Installation and maintenance of the final product are quite similar in both designs, and 
they don’t have a big impact on the final result, so they are not included in the 
assessment. 
- Final disposal is not included due to the lack of data. 
- The disposal of the wasted metal sheets is not taken into account in the study, due to 
the lack of data. 
- The emissions from welding, cutting and painting are inhaled and filtered. As this 
cleaning process is supposed to be quite effective the air emissions from these processes 
are not taken into account. 
- Another processes excluded: support processes (e.g. Design processes), storage (raw 
material, finished products…), maintenance processes of the machines (maintenance of 
the laser, truck…). 
 
 
3.2.1.4 Allocation 
 
Allocation is necessary when in a manufacturing process, more than one product is 
produced, and therefore the environmental burdens from the process must be split on 
the different output products. 
In our case, only one product is manufactured, so no allocation procedure is needed.  
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3.2.1.5 Method used to carry out the LCA 
 
EPS stands for Environmental Priority Strategies in product design. The method has 
been developed by the Federation of Swedish Industries, the Swedish Environmental 
Research Institute [26], Volvo and Chalmers University of Technology [25]. 
In this method each type of environmental burden is classified in the effect categories 
and the contribution of 1 Kg of the burden is then measured in the equivalents of the 
effect categories. The idea is to construct an environmental load index for every 
environmental burden. The amount, in Kg, of an environmental burden can then be 
multiplied by the environmental load index. 
Values are defined for changes in the environment. These changes are described 
through impacts on one or several of five safeguard subjects. The five safeguard 
subjects are: human health, biological diversity, production, resources and aesthetic 
values. 
The final result is an ELU number for each product. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.2.2 Life cycle inventory analysis

 
3.2.2.1 Process flow chart 
 

 
Figure 3. Phases of the manufacturing process for both designs

 
 
 
 

 

Final disposal and recycling
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ife cycle inventory analysis 

3. Phases of the manufacturing process for both designs 
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3.2.2.2 Raw Material 

 
The Raw materials in this study are the steel sheets, and is not taken into account the 
environmental impact of resource depletion, extraction and production of these sheets. 
The sheets are made of Domex 700 steel for the old design and Weldox 1100 steel for 
the new design.  
Essential data for Domex 700 and Weldox 1100 are presented in table 1 – 6. 
 
Characteristics and dimensions of old design. 
 

 

 

 

 

 

 

 

 

 

 
Table 1. Dimensions of old design 

 
 

Domex 700 

Chemical composition (%)Xi Density (Kg/m
3
) Xi*ρ 

Fe 97,190 7874 7652,7406 

C 0,120 3513 4,2156 

Si 0,100 2329 2,329 

Mn 2,100 7440 156,24 

P 0,025 1820 0,455 

S 0,010 2070 0,207 

Al 0,015 2698 0,4047 

Nb 0,090 8570 7,713 

V 0,200 6110 12,22 

Ti 0,150 4540 6,81 

 
Table 2. Chemical composition of Domex 700 

 

 

Domex 700 Density = 7843,3349 Kg/m
3 

Domex 700 Volume = 0,01447857 m
3 

Domex 700 Mass = 113,56029 Kg 

 

Table 3.  Physical properties of old design 

Domex 700 

Width of sheet = 0,723928606 m 

Length of sheet = 2 m 

 
Area of sheet = 1,447857212 m

2 

Thickness of sheet = 0,01 m 

 
Volume of sheet = 0,014478572 m3 
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Characteristics and dimensions of new design 
 

Weldox 1100 

Width of sheet = 0,723928606 m 

Length of sheet = 2 m 

 
Area of sheet = 1,447857212 m2 

Thickness of sheet = 0,006 m 

 
Volume of sheet = 0,008687143 m3 

 
Table 4. Dimensions of new design 

 
  

 Weldox 1100 

Chemical composition (%)(Xi) Density (Kg/m
3
) Xi*ρ 

Fe 92,880 7874 7313,3712 

C
* 0,210 3513 7,3773 

Si* 0,500 2329 11,6450 

Mn* 1,400 7440 104,1600 

P 0,020 1820 0,3640 

S 0,010 2070 0,2070 

B* 0,005 2340 0,1170 

Nb* 0,040 8570 3,4280 

Cr* 0,800 7190 57,5200 

V* 0,080 6110 4,8880 

Cu
* 0,300 8960 26,8800 

Ti
* 0,020 4540 0,9080 

Al
* 0,020 2698 0,5396 

Mb
* 0,700 10220 71,5400 

Ni
* 3,000 8902 267,0600 

N 0,015 1026 0,1539 

    *Intentional allowing elements.  

Table 5. Chemical composition of Weldox 1100 

 
  

 

 

 
Table 6. Physical properties of new design 

Weldox 1100 Density = 7870,159 Kg/m3 

Weldox 1100 Volume = 0,00868714 m
3 

Weldox 1100 Mass = 68,3691988 Kg 
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3.2.2.3 Laser cutting  

 
The steel sheets are cut in an appropriate shape before being formed. 
 
Old design 

 
The old design is made of one sheet of Domex 700 steel, the dimensions of the sheet 
are: 
Length= 3 m                      Width= 0,8 m                       Thickness= 0,010 m 
 
Length of cutting to get the necessary shape= 2,7239 m 
 
These data were taken from a database because it was impossible to get the data from 
the company [9]. 
 
 

Old Design Domex 700 

CO2 laser power = 4 KW 

Maximum thickness cutting capability = 25 mm 

Thickness of sheet = 0,01 m 

Speed = 0,8 m/min 

P/(v*t) = 10 J/mm2 

Assist-gas = O2 

 
Table 7. Parameters of CO2 cutting in old design 

 
 

 

 
Table 8. Cutting energy consumption in old design 

 
 
 
New design 

 
The new design is made of two sheets of Weldox 1100 steel, that have to be welded 
after forming. 
The dimensions of the sheets are: 
Length= 3 m                     Width= 0,8m                        Thickness= 0,006 m 
Length of cutting to get the necessary shape= 4, 7239 

Domex 700 

Cutting length = 2,72392861 m 

 
Time of cutting = 3,40491076 min 

 
Energy consumption = 817,178582 KJ 
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These data were taken from a database because it was impossible to get the data from 
the company [9]. 
 

New Design Weldox 1100 

CO2 laser power = 4 KW 

Maximum thickness cutting capability = 15 mm 

Thickness of sheet = 0,006 m 

Speed = 2,5 m/min 

P/(v*t) = 10 J/mm2 

Assist-gas = O2 

 
Table 9. Parameters of CO2 cutting in new design 

 
 

Weldox 1100 

Cutting length = 4,72392861 m 

 
Time of cutting = 1,88957144 min 

 
Energy consumption = 453,497146 KJ 

 
Table 10. Cutting energy consumption in new design 

 
 
The length of cutting of the crane member holes is not taken into account because they 
are the same in both designs, and they will have the same environmental impact. 
As previously said, the emissions are inhaled and filtered, as this cleaning process is 
quite effective the emissions are neglected, and the wasted metal sheets are not taken 
into account in this study.  
 
 

3.2.2.4 Forming 

 
The process used is bending and we have two situations: 
 
Old Design 

 

It is necessary   bend the sheet at five different points. 
 

New design 

 

There are two sheets and it is necessary bend each one at three different points. 
 
So in the new design it is necessary  bend one more time than in the old one, but due to 
the lack of data, and due the small difference between both process is consider in this 
study that   not take into account this process is a valid assumption .   
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3.2.2.5 Welding 
 
Old Design 

 
The old design is welded all along its length in one joint point. 
It is used MIG welding, the parameters were taken from a database because it was 
impossible to get the data from the company [18].  
 
Length of welding = 2 m 
 
Type of joint: the two sheets form an angle of 30º that result in a wide V- shaped gap 
 

Old design Domex 700 

Thickness of sheet = 0,01 m 

Wire feed speed = 76 mm/s 

Voltage = 25 V 

AMPS DCRP = 300 A 

Travel speed = 4,6 mm/s 

 
Table 11. Parameters of MIG welding 

 
 

Power of welding = Voltage * Amperes = (V)* (A) 
 

Time of welding = Lenght of welding (m)
Travel speed ( mm s)⁄  

 

Energy of welding = Power of welding (W) * Time of welding (s) 
 
 

Power of welding = 7,5 KW 

Time of welding = 434,782609 s 

Energy of welding = 3260,86957 KJ 

 
Table 12. Energy of welding in old design 

 

 

 

 

New Design 

 

The new design is welded all along its length in two joint points. 
It is used Laser + MIG Hybrid welding,  
Length of welding = 4 m 
The parameters were taken from a database as well [1]. 
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Type of joint: butt joint weld without gap 
 

New Design Weldox 1100 

Power of laser welding = 5 KW 

Power of MIG welding = 3,21 KW 

Welding speed = 40 mm/s 

MIG voltage = 35 V 

Wire speed = 83,3333333 mm/s 

 
Table 13. Parameters of MIG + Laser Hybrid welding. 

 
 

Time of welding = Lenght of welding (m)
Welding speed  mm

s ! ∗ 1(m)
1000(mm)

 

 

Energy of laser welding = Time of welding(s) * PLASER(W) 
 

Energy of MIG welding = Time of welding(s) * PMIG(W) 
 

Total Energy = Energy of laser welding (KJ)+ Energy of MIG welding(KJ) 
 
 
 

Time of welding = 100 s 

Energy of laser welding = 500 KJ 

Energy of MIG welding = 321 KJ 

Total energy = 821 KJ 

 
Table 14. Energy of welding in new design 

 
 

3.2.2.6 Electrode consumption in welding 
 
The old design uses an ER70S-3 electrode and in the new design it is used Autrod 12.5. 
The data were taken from a database and they are the appropriate to the established 
welding parameters [1], [20]. 
 
 

  OLD DESIGN NEW DESIGN 

Diameter (mm) 1,6 0,8 

Deposition rate (Kg/h) 4,1 3 

 
Table 15. Parameters of welding electrode 
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With these parameters and with the time of welding is possible to calculate the 
consumption of each electrode. The results are expressed in Kg. The mass in the old 
design is 0, 4952 Kg and in the new design is 0, 1429 Kg. 
 

Mass of electrode(Kg) = Deposition rate /Kg
h 0 ∗ Time of welding (h)  

 
 
As said previously, the gas emissions are not taken into account in this study. 

 

 
3.2.2.7 Painting 
 
As stated previously, the quantity of paint, energy used for painting and emissions from 
painting process are the same in both designs, so it is not include in the assessment. 
 
 

3.2.2.8 Transport 

 
The transport is made with a 40 tons truck. 
Estimated distance from the factory to installation site= 100 Km 
The return (from installation site to the factory) is not taken into account because the 
environmental impact of the truck without load is exactly the same for both. 
 
Old design 

 
Weight of each crane member = 113, 334 Kg. 
 
New design 

 
Weight of each crane member = 68, 3691988 Kg. 
 

 
3.2.2.9 Installation 

 
The installation is quite similar in both designs so it is consider that there is not an 
appreciable environmental impact difference, so it is not taken into account. 
 
 

3.2.2.10 Maintenance 

 
The maintenance is the same in both designs so it is not included. 
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3.2.2.11 Use and final disposal 

 
The life time of the crane is unknown but it’s possible to estimate the average drive 
distance over its life time and the length of the crane. 
So we are going to suppose: 
-  average crane length is 20 meters 
-  average drive distance over its life time is 200000 Km 
So with these assumptions and the different weights of the crane member in both 
designs we can calculate the reduction of the environmental impact (based on table 23-
24): 
-  weight in old design is 0,11356029 ton 
-  weight in new design is 0,0683692 ton  
-  weight reduction is 0,04519109 ton 
 
So the reduction of ELU is: 
 

Reduction ELU=Coefficient( ELU ton-Km)*⁄ Weight reduction(ton)*Drive distance(Km) 
 

Reduction ELU=0,4519109*200000*0,016 
 

Reduction ELU=1446,1149  
 
 
Final disposal is not included, but a short discussion may be of interest. The reason for 
this is that disposal can be different depending on the local conditions. 
The crane members are sold worldwide, so it is impossible to predict which method will 
be used for final disposal.  
It is supposed that the steel is going to be recycled, but is not sure. It can be deposited, 
or recast, and each method has its problems. If they are deposited the problem of 
leaching arises, and if they are recast the purification level of smoke gases has to be 
established among others.  
Fragmentation is possible as well, and the energy consumption has to be established.  
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3.2.3 Impact assessment 

 

3.2.3.1 Raw material indices and calculations 

 

The raw materials indices given below consist of the index for resource depletion and 
the index for the environmental loads stemming from extraction and production. The 
environmental loads from the extraction and production are the energy consumption, the 
emissions and so forth. 
 

 
Table 16. Calculation the environmental loads index for Domex 700 

 

Chemical 

elements 

Raw material index 

(ELU/Kg) 
Xi Mi(Kg) 

Environmental load 

(ELU) 

Fe 0,96 92,880 6350,13118 6096,125937 

C* - 0,210 14,3575317 0 

Si
* - 0,500 34,1845994 0 

Mn
* 5,6 1,400 95,7168783 536,0145186 

P 4,47 0,020 1,36738398 6,112206373 

S 0,1 0,010 0,68369199 0,068369199 

B
* 0,05 0,005 0,34184599 0,0170923 

Nb* 114 0,040 2,73476795 311,7635465 

Cr
* 84,9 0,800 54,695359 4643,635983 

V
* 56 0,080 5,4695359 306,2940106 

Cu* 208 0,300 20,5107596 4266,238005 

Ti* 0,953 0,020 1,36738398 1,303116929 

Al
* 0,44 0,020 1,36738398 0,601648949 

Mo* 2120 0,700 47,8584392 101459,891 

Ni* 160 3,000 205,107596 32817,21542 

N - 0,015 1,02553798 0 

Total ELU 150445,2809 
    *Intentional allowing elements.  

 
Table 17. Calculation the environmental loads index for Weldox 1100 

Chemical 

elements 

Raw materials index 

(ELU/Kg) 
Xi Mi (Kg) 

Environmental load 

(ELU) 

Fe 0,96 97,19 11036,9246 10595,4476 

C  - 0,12 13,6272348 0 

Si  - 0,1 11,356029 0 

Mn 5,6 2,1 238,476609 1335,46901 

P 4,47 0,025 2,83900725 12,69036241 

S 0,1 0,01 1,1356029 0,11356029 

Al 0,44 0,015 1,70340435 0,749497914 

Nb  114 0,09 10,2204261 1165,128575 

V 56 0,2 22,712058 1271,875248 

Ti 0,953 0,15 17,0340435 16,23344346 

Total ELU  14397,7073 
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3.2.3.2 Electrode consumption in welding. Indices and calculation 
  
 

Elements Index(ELU/Kg) Xi(%) Mi (Kg) 
Environmental load 

(ELU) 

Fe 0,96 98,036 48,54439614 46,60262029 

C -  0,08 0,039613527 0 

Mn 5,6 1,2 0,594202899 3,327536232 

Si  - 0,6 0,297101449 0 

P 4,47 0,007 0,003466184 0,015493841 

Si 0,1 0,007 0,003466184 0,000346618 

Cu 208 0,07 0,034661836 7,209661836 

Total ELU 57,15565882 

 

 Table 18. Calculation the environmental loads index for the old electrode. 
 
 

Elements Index (ELU/Kg) Xi(%) Mi( Kg) 
Environmental Load 

(ELU) 

Fe 0,96 97,5 13,92857143 13,37142857 

Si - 0,9 0,128571429 0 

Mn 5,6 1,5 0,214285714 1,2 

C - 0,1 0,014285714 0 

Total ELU 14,57142857 

 

Table 19. Calculation the environmental loads index for the new electrode. 
 

 

 

3.2.3.3 Recycling 
 
It is supposed that most of the steel used is recycled steel. The benefit of recycling is 
that material is saved and that the resource depletion is decreased. The environmental 
load of recycling consists of the reprocessing material and the resource depletion of the 
small part of the material that is lost since nothing can be recycled to 100% today. 
Mathematically this is solved by assigning a negative percentage figure to indicate that 
the recycling has a positive impact on the environment. 
These figures are rudimentary estimates, since little research has been done in this area, 
of how effective the recycling is [2]. 
 

sort of material  % of raw materials indices 

precious metals -99 

metals  -90 

plastics -80 

 
Table 20. Raw materials index 
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Old design Domex 700 

Environmental load 14397,7073 ELU 

Environmental load with recycling -12946,41304 ELU 

Total ELU 1451,29426 ELU 

 
 

New design Weldox 1100 

Environmental load  150445,2809 ELU 

Environmental load with recycling -135779,1363 ELU 

Total environmental load 14666,14457 ELU 

 
Table 21. Result of the environmental load of the raw material. 

 
 
The material used for the electrodes is supposed to be recycled as well, so these are the 
final environmental load for the electrode consumption. 
 

Old design Domex 700 

Environmental load 57,15565882 ELU 

Environmental load with recycling -52,07470609 ELU 

Total ELU 5,080952729 ELU 

 
 

New design Weldox 1100 

Environmental load  14,57142857 ELU 

Environmental load with recycling -13,11428571 ELU 

Total environmental load 1,457142857 ELU 

 
Table 22. Result of the environmental load for the electrode consumption 

 

 

 

3.2.3.4 Transport 
 
Transport indices 
 
The transportation indices consists of the resource depletion of oil use, emissions during 
the actual burning of fuel, and the extraction, transportation and refining of crude oil. 
The emissions, SO2, NOx, CO2 etc. from all the steps mentioned above are then 
multiplied by their emissions indices. These values, given en ELU/MJ of fuel 
consumed, are then multiplied by the energy requirements for transportation, MJ/ tonne- 
km. 
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These values are considered to be a good estimation for transport [2].  
 
Transportation                         ELU/ tonne- km 
Road                                         0.016 
Rail                                           0.006 (electric energy) 
 
 

Old Design Domex 700 

Cargo = 0,11356029 Ton 

Distance = 100 Km 

Coefficient = 0,016 ELU/ton-Km 

ELUs Transport = 0,18169646 ELU 

 
Table 23. ELUs transport values in old design 

 
 

New Design Weldox 1100 

Cargo = 0,0683692 Ton 

Distance = 100 Km 

Coefficient = 0,016 ELU/ton-Km 

ELUs Transport = 0,10939072 ELU 

 
Table 24. ELUs transport values in new design 

 
 

 

3.2.3.5 Energy consumption indices 
 
The energy consumptions indices are based on the environmental impact that arises 
from the energy production. Electricity is complicated, it can be part water power, part 
thermal power, or nuclear power among others. 
Each one has its own impact on the environment, and they can affect on different ways 
on it, for example, the water power damaged the aesthetic values of rivers when 
hydroelectric power stations are built and the power stations affect the biotope, since 
dams change the flow of water. The main impact from nuclear power in the EPS 
method is the resource depletion of uranium fuel.  
 
However there are some values that we can use. 
Environmental load index 0.0659 ELU/ kWh. This value is considered to be a good 
estimation for production of electrical energy throughout the world. 
If we are looking in to the index for electrical energy produced in Sweden we get a 
significantly lower value, 0.0071 ELU/ kWh.  
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In this study the calculations are made for both index to compare the results, but only 
the values of the Sweden index are used in the final analysis. 
 
 
  
 

  
 
 
 
 
 

 
 

 
Table 25. Total energy ELUs in old design 

 
 
 
 
 
 
 
 
 
 
 

 

 
Table 26. Total energy ELUs in new design 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

Old design Domex 700 

Energy of welding = 3260,86957 KJ 

Energy of cutting = 817,178582 KJ 

Energy of bending = 0 KJ 

Total energy  = 4078,04815 KJ 

Total ELU index world = 0,07465094 ELU 

Total ELU index Sweden = 0,00804282 ELU 

New design Weldox 1100 

Energy of welding = 1407,42857 KJ 

Energy of cutting = 453,497146 KJ 

Energy of bending = 0 KJ 

Total energy = 1860,92572 KJ 

Total ELU index world = 0,03406528 ELU 

Total ELU index Sweden = 0,00367016 ELU 
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3.3 Assessment 2 – Supporting member 
 

3.3.1 Scope definition 

 

3.3.1.1 Scope 
 
This life cycle assessment has a “cradle to gate” perspective. It begins with the raw 
material at the factory and ends when the products are installed. The cradle to gate 
perspective is often used when a complete live cycle assessment cannot be conducted 
for some reason. 
The reason here is the lack of some data. When a part in a life cycle assessment is not 
included the results become uncertain.  
If a certain part is not included, the life cycle assessment methodology recommends that 
the information available is presented so that the readers can draw their own 
conclusions.  
 

 
3.3.1.2 Functional unit 
 
The functional unit is one supporting member of each type, the old design and the new 
one. 
The old design is made of one kind of steel, the S600MC steel. 
The new design is made of two different kind of steel as well, the lateral sheets are 
made of Domex 700 steel and the top and bottom sheets are made of S960Q. 
 
 
3.3.1.3 System boundaries 
 
Processes to include (see figure 4 and 6) 
Raw material: sheet steel (600mm*3000 mm) and square bar steel for hot rolling. 
Cutting: some parts of the supporting member are cut from steel sheets using laser 
cutting in both designs. 
Forming: Only in the old design is used hot rolling for one of the pieces.  
Welding: The old design uses MAG welding and new one uses Laser welding. 
Transport of the final product: Transport by truck. 
 
Processes not included: 
 
The fact that two designs of the same product are compared, means that any phase in 
their life cycles which can reasonably be assumed to have the same environmental 
impact for both the designs, doesn’t have to be carried out. 
These processes are listed below: 
 
- Transport of the raw material 
- Painting: the quantity of paint, energy used for painting and emissions from painting 
processes are the same in both designs, therefore their environmental impact is going to 
be the same, so these processes are not included in the assessment. 
- Installation and maintenance of the final product are quite similar in both designs, and 
they don’t have a big impact on the final result, so they are not included in the 
assessment. 
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- Final disposal is not included due to the lack of data. 
- The disposal of the wasted metal sheets is not taken into account in the study, due to 
the lack of data. 
- The emissions from welding, cutting, painting and hot rolling are inhaled and filtered. 
As this cleaning process is supposed to be quite effective the air emissions from these 
processes are not taken into account. 
- Another processes excluded: support processes (e.g. Design processes), storage (raw 
material, finished products…), maintenance processes of the machines (maintenance of 
the laser, truck…). 
 
 
3.3.1.4 Allocation 
 
Allocation is necessary when in a manufacturing process, more than one product is 
produced, and therefore the environmental burdens from the process must be split on 
the different output products. 
In our case, only one product is manufactured, so no allocation procedure is needed.  
 
 
3.3.1.5 Method used to carry out the LCA 
 
EPS stands for Environmental Priority Strategies in product design. The method has 
been developed by the Federation of Swedish Industries, the Swedish Environmental 
Research Institute [26], Volvo and Chalmers University of Technology [25]. 
In this method each type of environmental burden is classified in the effect categories 
and the contribution of 1 Kg of the burden is then measured in the equivalents of the 
effect categories. The idea is to construct an environmental load index for every 
environmental burden. The amount, in Kg, of an environmental burden can then be 
multiplied by the environmental load index. 
Values are defined for changes in the environment. These changes are described 
through impacts on one or several of five safeguard subjects. The five safeguard 
subjects are: human health, biological diversity, production, resources and aesthetic 
values. 
The final result is an ELU number for each product. 
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3.3.2 Life cycle inventory analysis 

 

3.3.2.1 Old design 

 

3.3.2.1.1 Process flow chart 
 

 
 
 

Figure 4. Phases of the manufacturing process in old design 
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3.3.2.1.2 Raw material 
 
The Raw materials in this study are the steel sheets and the square bar of steel for hot 
rolling and is not taken into account the environmental impact of resource depletion, 
extraction and production of these sheets and bar. 
The sheets and the square bar are made of S600MC steel. 
Essential data for S600MC is presented in table 27 – 29. 
 

Top  and Bottom Square bar 

Width of square bar 0,045 m 

Height of the bar 0,045 m 

Length of the top bar 1,920 m 

Length of the bottom bar 2,043 m 

Lateral plate 

Thickness of plate 0,006 m 

Width of plate 0,145 m 

 
Table 27. Dimensions of the old design 

 
 

S600MC 

Chemical composition (%) Xi Density (Kg/m
3
) Xi*ρ 

Fe 96,410 7874 7591,3234 

C 0,120 3513 4,2156 

Si 0,500 2329 11,6450 

Mn 1,900 7440 141,3600 

P 0,025 1820 0,4550 

S 0,015 2070 0,3105 

Al 0,015 2698 0,4047 

Nb 0,090 8570 7,7130 

V 0,200 6110 12,2200 

Ti 0,220 4540 9,9880 

Mb 0,500 10220 51,1000 

B 0,005 2340 0,1170 

 
Table 28. Chemical composition of S600MC 

 
 

S600MC  Density = 7830,8522 Kg/m
3 

S600MC  Volume = 0,01112118 m
3 

S600MC  Mass = 87,0883335 Kg 

 
Table 29. Physical properties of old design 
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3.3.2.1.3 Laser Cutting 

 
The steel sheets are cut in an appropriate shape before being soldered. 
 
The old design is made of S600MC steel, the dimensions of the sheets are (see table 
27): 
 
Length= 3000 mm        Width= 600 mm                      Thickness= 6 mm 
 
Length of cutting to get the necessary shape= 7, 9260 m 
 
These data were taken from a database because it was impossible to get the data from 
the company [9]. 
 
 

S600MC 

CO2 laser power = 4 KW 

Maximum thickness cutting capability = 25 mm 

Thickness of sheet = 0,006 m 

Speed = 2,5 m/min 

P/(v*t) = 10 J/mm
2 

Assist-gas = O2 

 
Table 30. Parameters of CO2 cutting in old design 

 
 

S600MC 

Cutting length = 7,9260 m 

Time of cutting = 3,1704 min 

Energy consumption = 760,8960 KJ 

 
Table 31. Cutting energy consumption in old design 

 
 
The length of cutting of the supporting member holes is not taken into account because 
they are the same in both designs, and they will have the same environmental impact. 
As previously said, the emissions are inhaled and filtered, as this cleaning process is 
quite effective the emissions are neglected, and the wasted metal sheets are not taken 
into account in this study 
 
 

3.3.2.1.4 Hot rolling 

 

It was very difficult to achieve the necessary data for hot rolling, because all the 
database and possible data available for our process are not free of charge, so the data 
used in this assessment are a rudimentary estimation. 
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After interpreting the available data it was assumed that for our process can be assumed 
that the energy consumption is 10 Kwh/t, and is supposed that all is electric energy. 
The data used were taken from a report of hot rolling [12].  
 

Weight of square bar = 0,05893293 ton 

Energy consumption = 10 KWh/t 

Energy of hot rolled = 2121,58563 KJ 

 
Table 32. Hot rolled consumption in old design 

 
The fuel and water consumption and emissions of the process are not taken into account 
due to the lack of data. 
 
 

3.3.2.1.5 MAG Welding  
 
The old design is welded all along its length in four joint points. 
It is used MAG welding. 
Length of welding= 7,926 m 
The parameters were taken from a database as well [21]. 
Kind of joint: corner joint 

 

 
Figure 5. Heat supplied versus Sheet thickness in MAG welding 

 

  
 

Old design S600MC 

Length of welding = 7,926 m 

Plate thickness = 0,006 m 

Total heat energy = 9,500 KJ/cm 

Energy of welding = 7529,700 KJ 

  
Table 33. Energy of MAG welding 
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3.3.2.1.6 Electrode consumption in welding 
 
The old design uses the electrode OK Autrod 13.29 
The data were taken from a database and they are the appropriate to the established 
welding parameters [24]. 
 
 

Electrode Properties 

Diameter (mm) 1,2 

Arc voltage (V) 20-30 

Welding current (A) 120-350 

Deposition rate (Kg /h) 1,5-6,6 

Wire feed (m/min) 2,7-12,4 

 
Table 34. Properties of electrode OK Autrod 13.29 

 
 
With these parameters and with the time of welding is possible to calculate the 
consumption of each electrode. The mass consumption of electrode is 1, 25495 Kg. 
 

Mass of electrode(Kg) = Deposition rate /Kg
h 0 ∗ Time of welding (h)  

 
 
As said previously, the gas emissions are not taken into account in this study. 
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3.3.2.2 New design  

 

3.3.2.2.1 Process flow chart 

 
 

 
 

 
Figure 6. Phases of manufacturing process in new design 

 

Raw material

Cutting

Welding

Painting

Transport

Installation

Maintenance

Final disposal 
and recycling



53 
 

3.3.2.2.2 Raw Material 

 
The Raw materials in this study are the steel sheets, and is not taken into account the 
environmental impact of resource depletion, extraction and production of these sheets. 
The sheets are made of Domex 700 and S960Q steel. 
Essential data for Domex 700 and S960Q is presented in table 35 – 39. 
 
 

Top  and Bottom Plate 

Thickness of plate 0,015 m 

Width of plate 0,033 m 

Length of the top plate 1,92 m 

Length of the bottom plate 2,043 m 

Lateral plate 

Thickness of plate 0,006 m 

Width of plate 0,227 m 

 
Table 35.  Dimensions in new design 

 

 

Domex 700 

Chemical composition (%) 

Xi 
Density (Kg/m

3
) Xi*ρ 

Fe 97,190 7874 7652,7406 

C 0,120 3513 4,2156 

Si 0,100 2329 2,329 

Mn 2,100 7440 156,24 

P 0,025 1820 0,455 

S 0,010 2070 0,207 

Al 0,015 2698 0,4047 

Nb 0,090 8570 7,713 

V 0,200 6110 12,22 

Ti 0,150 4540 6,81 

 
Table 36. Chemical composition of Domex 700 

 
 

Domex 700 Density = 7843,3349 Kg/m3 

Domex 700 Volume = 0,0073925 m
3 

Domex 700 Mass = 57,981861 Kg 

 
Table 37. Physical properties of new design (Domex 700) 
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S960Q 

Chemical composition(%) Xi Density (Kg/m3) Xi*ρ 

Fe 96,5599 7874 7603,1265 

C 0,1680 3513 5,9018 

Si 0,2780 2329 6,4746 

Mn 0,9000 7440 66,9600 

P 0,0170 1820 0,3094 

S 0,0030 2070 0,0621 

Al 0,0510 2698 1,3760 

Mo 0,5100 10220 52,1220 

Ni 0,9800 8902 87,2396 

Cr 0,4800 7190 34,5120 

V 0,0400 6110 2,4440 

Nb 0,0130 8570 1,1141 

B 0,0001 2340 0,0023 

 
Table 38. Chemical composition of S960Q 

 
 

Density of S960Q = 7861,6445 Kg/m
3 

Volume of S960Q = 0,0019617 m3 

Mass of S960Q = 15,42207 Kg 

 
Table 39. Physical properties of new design (S960Q) 

 
 

 

3.3.2.2.3 Laser cutting 

 
The steel sheets are cut in an appropriate shape before being soldered. 
 
The new design is made of Domex 700 and S960Q steels, the dimensions of the sheets 
are (see table 35): 
Domex 700 
Length= 3000 mm        Width= 600 mm                      Thickness= 6 mm 
S960Q   
Length= 3000 mm         Width= 600 mm                     Thickness= 15 mm 
 
Length of cutting to get the necessary shape top and bottom = 4,029 m 
Length of cutting to get the necessary shape lateral = 4, 41104258 m 
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These data were taken from a database because it was impossible to get the data from 
the company [9]. 
 

New Design 

CO2 laser power 4 KW 

Maximum thickness cutting capability 15 mm 

Thickness of the top and bottom plate 0,015 m 

Thickness of the lateral plate 0,006 m 

Speed for the top and bottom plate 0,6 m/min 

Speed for the lateral plate 2,5 m/min 

P/(v*t) 10 J/mm2 

Assist-gas O2 

 
Table 40. Parameters of CO2 cutting in new design 

 
 

New Design 

Cutting length on top and bottom 4,029 m 

Cutting length on lateral 4,41104258 m 

Time of top and bottom cutting 6,715 min 

Time of lateral cutting 1,76441703 min 

Total time 8,47941703 min 

Energy consumption 2035,06009 KJ 

 
Table 41. Cutting energy consumption in new design 

 

 
The length of cutting of the supporting member holes is not taken into account because 
they are the same in both designs, and they will have the same environmental impact. 
As previously said, the emissions are inhaled and filtered, as this cleaning process is 
quite effective the emissions are neglected, and the wasted metal sheets are not taken 
into account in this study. 

 

 

 

3.3.2.2.4 Laser Welding 
 
The new design is welded all along its length in four joint points. 
It is used Laser welding,  
Length of welding= 7,926 m 
The parameters were taken from a database as well [6]. 
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Kind of joint: corner joint 
 

Laser welding 

Power (KW) 6 

Focal length (mm) 275 

Beam focal diameter (µm) 500 

Shielding gas He 

Shielding gas supply Coaxial nozzle 

Nozzle diameter (Ø) 6 

Welding speed (m/min) 1,2 

 
Table 42. Parameters of laser welding in new design 

 
 

Time of welding (1,92) 3,2 min 

Time of welding(2,043) 3,405 min 

Total time of welding 6,605 min 

Energy of welding 2377,8 KJ 

 
Table 43. Energy welding in new design 

 

 

 

3.3.2.3 Old and new design  

 
The next processes are the same in both designs, so the data assessment is realized 
together. 
 
 

3.3.2.3.1 Painting 
 
As said previously, the quantity of paint, energy used for painting and emissions from 
painting process are the same in both designs, so it is not include in the assessment. 
 
 

3.3.2.3.2 Transport 
The transport is made with a 40 tons truck. 
Estimated distance from the factory to installation site= 100 Km 
The return (from installation site to the factory) is not taken into account because the 
environmental impact of the truck without load is exactly the same for both. 
 
Old design 
 
Weight of each supporting member = 87, 0883335 Kg 
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New design 
 
Weight of each supporting member = 57,981861 Kg 
 
 

3.3.2.3.3 Installation 

 
The installation is quite similar in both designs so it is consider that there is not an 
appreciable environmental impact difference, so it is not taken into account. 
 
 

3.3.2.3.4 Maintenance 
 
The maintenance is the same in both designs so it is not included. 
 
 

3.3.2.3.5 Use and Final disposal 

 
The life time of the crane is unknown but it’s possible to estimate the average drive 
distance over its life time. So we are going to suppose 200000 Km. 
 
So with this assumption and the different weights of the supporting member in both 
designs we can calculate the reduction of the environmental impact (based on table 51-
52): 
-  weight in old design is 0,0870883335 ton  
-  weight in new design is 0,057981861 ton  
-  weight reduction is 0,029106472 ton 
 
So the reduction of ELU is: 
 

Reduction ELU=Coefficient( ELU ton-Km)*⁄ Weight reduction(ton)*Drive distance(Km) 
 

Reduction ELU=0,029106472*200000*0,016 
 

Reduction ELU=93,1407104  
 

 

Final disposal is not included, but a short discussion may be of interest. 
The reason for this is that disposal can be different depending on the local conditions. 
The crane members are sold worldwide, so it is impossible to predict which method will 
be used for final disposal.  
It is supposed that the steel is going to be recycled, but is not sure. 
It can be deposited, or recast, and each method has its problems. 
If they are deposited the problem of leaching arises, and if they are recast the 
purification level of smoke gases has to be established among others. 
Fragmentation is possible as well, and the energy consumption has to be established.  
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3.3.3 Impact assessment 

 

3.3.3.1 Raw material indices and calculations 

 

The raw materials indices given below consist of the index for resource depletion and 
the index for the environmental loads stemming from extraction and production. The 
environmental loads from the extraction and production are the energy consumption, the 
emissions and so forth. 
 
Old design 
 

Chemical 

elements 
Raw materials index 

(ELU/Kg) 
Xi Mi (Kg) 

Environmental load 

(ELU) 

Fe 0,96 96,410 8396,18624 8060,338787 

C - 0,120 10,45060 0 

Si - 0,500 43,54417 0 

Mn 5,60 1,900 165,46783 926,6198688 

P 4,47 0,025 2,17721 9,732121273 

S 0,10 0,015 1,30633 0,1306325 

Al 0,44 0,015 1,30633 0,574783001 

Nb 114,00 0,090 7,83795 893,5263021 

V 56,00 0,200 17,41767 975,3893356 

Ti 0,95 0,220 19,15943 18,25894001 

Mb 2120 0,500 43,54417 92313,63355 

B 0,05 0,005 0,43544 0,021772083 

  
Total ELU 103198,2261 

 
Table 44. Calculation the environmental loads index for S600MC 

 
 
New Design 
 

Chemical 

elements 

Raw materials index 

(ELU/Kg) 
Xi Mi (Kg) 

Environmental load 

(ELU) 

Fe 0,96 97,190 4139,87693 3974,281848 

C - 0,120 5,11148504 0 

Si - 0,100 4,25957087 0 

Mn 5,60 2,100 89,4509882 500,9255339 

P 4,47 0,025 1,06489272 4,760070444 

S 0,10 0,010 0,42595709 0,042595709 

Al 0,44 0,015 0,63893563 0,281131677 

Nb 114,00 0,090 3,83361378 437,0319709 

V 56,00 0,200 8,51914173 477,0719371 

Ti 0,95 0,150 6,3893563 6,089056554 

  
Total ELU 5400,484145 

 
Table 45. Calculation the environmental loads index for Domex 700 
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Chemical 

elements 

Raw materials index 

(ELU/Kg) 
Xi Mi (Kg) 

Environmental load 

(ELU) 

Fe 0,96 96,5599 1489,15355 1429,587405 

C - 0,1680 2,59090778 0 

Si - 0,2780 4,28733549 0 

Mn 5,60 0,9000 13,8798631 77,72723332 

P 4,47 0,0170 0,26217519 1,171923107 

S 0,10 0,0030 0,04626621 0,004626621 

Al 0,44 0,0510 0,78652558 0,346071253 

Mo 2120,00 0,5100 7,86525575 16674,3422 

Ni 160,00 0,9800 15,1136287 2418,180592 

Cr 84,90 0,4800 7,40259365 628,4802008 

V 56 0,0400 0,6168828 34,54543703 

Nb 114 0,0130 0,20048691 22,85550789 

B 0,05 0,0001 0,00154221 7,71104E-05 

Total ELU 21287,24127 

 
Table 46. Calculation the environmental loads index for S960Q 

 
 

 

3.3.3.2 Electrode consumption in welding. Indices and calculation 

 
Only in the old design there is electrode consumption 
 

Electrode OK Autrod 13.29 

Elements Index (ELU/Kg) Xi(%) Mi( Kg) Environmental Load (ELU) 

Fe 0,96 95,3 119,596735 114,8128656 

C - 0,1 0,125495 0 

Si - 0,6 0,75297 0 

Mn 5,60 1,6 2,00792 11,244352 

Cr 84,90 0,3 0,376485 31,9635765 

Ni 160,00 1,4 1,75693 281,1088 

Mo 2120,00 0,3 0,376485 798,1482 

Cu 208,00 0,4 0,50198 104,41184 

   
Subtotal ELU 1341,689634 

 
Table 47. Calculation the environmental loads index for the electrode 
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3.3.3.3 Recycling 
 
It is supposed that most of the steel used is recycled steel. The benefit of recycling is 
that material is saved and that the resource depletion is decreased. The environmental 
load of recycling consists of the reprocessing material and the resource depletion of the 
small part of the material that is lost since nothing can be recycled to 100% today. 
Mathematically this is solved by assigning a negative percentage figure to indicate that 
the recycling has a positive impact on the environment. 
These figures are rudimentary estimates, since little research has been done in this area, 
of how effective the recycling is [2].  
 

sort of material % of raw materials indices 

precious metals -99 

metals -90 

plastics -80 

 
Table 48. Raw materials index 

 
 
 
 

Old design S600MC 

Environmental load 103198,226 ELU 

Environmental load with recycling -92869,5074 ELU 

Total environmental load 10328,7187 ELU 

 
 

New design Domex700 and S960Q 

Environmental load 26687,72541 ELU 

Environmental load with recycling -24013,57151 ELU 

Total ELU 2674,153905 ELU 

 
Table 49. Result of the environmental load of the raw material. 

 
 

The material used for the electrodes is supposed to be recycled as well, so these are the 
final environmental load for the electrode consumption 
 

Electrode OK Autrod 13.29 

Environmental load 1341,689634 ELU 

Environmental load with recycling -1216,917736 ELU 

Total ELU 124,7718978 ELU 

  
Table 50. Result of the environmental load for the electrode consumption 
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3.3.3.4 Transport 
 
Transport indices 
 
The transportation indices consists of the resource depletion of oil use, emissions during 
the actual burning of fuel, and the extraction, transportation and refining of crude oil. 
The emissions, SO2, NOx, CO2 etc. from all the steps mentioned above are then 
multiplied by their emissions indices. These values, given en ELU/MJ of fuel 
consumed, are then multiplied by the energy requirements for transportation, MJ/ tonne- 
km. 
 
 
These values are considered to be a good estimation for transport [2]. 
 
Transportation                         ELU/ tonne- km 
Road                                         0.016 
Rail                                           0.006 (electric energy) 

 

 

Old  design S600MC 

Cargo 0,08708833 Ton 

Distance 100 Km 

Coefficient 0,016 ELU/ton-Km 

ELUs Transport 0,13934133 ELU 

 
Table 51. ELUs transport values in old design 

 
 

New Design Domex 700 and S960Q 

Cargo 0,05801778 Ton 

Distance 100 Km 

Coefficient 0,016 ELU/ton-Km 

ELUs Transport 0,09282845 ELU 

 

Table 52. ELUs transport values in new design 
 

 

3.3.3.5 Energy consumption indices 
 
The energy consumptions indices are based on the environmental impact that arises 
from the energy production. Electricity is complicated, it can be part water power,  part 
thermal power, or nuclear power among others. 
Each one has its own impact on the environment, and they can affect on different ways 
on it, for example, the water power damaged the aesthetic values of rivers when 
hydroelectric power stations are built and the power stations affect the biotope, since 
dams change the flow of water. The main impact from nuclear power in the EPS 
method is the resource depletion of uranium fuel.  
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However there are some values that we can use. 
Environmental load index 0.0659 ELU/ kWh. This value is considered to be a good 
estimation for production of electrical energy throughout the world. 
 If we are looking in to the index for electrical energy produced in Sweden we get a 
significantly lower value, 0.0071 ELU/ kWh.  
 
In this study the calculations are made for both index to compare the results, but only 
the values of the Sweden index are used in the final analysis. 
 

Old design S600MC 

Energy of hot rolled 2121,58563 KJ 

Energy of welding 7529,7 KJ 

Energy of cutting 760,896 KJ 

Total energy 8290,596 KJ 

Total ELU index world 0,15176397 ELU 

Total ELU index Sweden 0,0163509 ELU 

 
Table 53. Total energy ELUs in old design 

 
 

New design Domex 700 and S960Q 

Energy of welding 2377,8 KJ 

Energy of cutting 2035,060088 KJ 

Total energy 4412,860088 KJ 

Total ELU index world 0,080779856 ELU 

Total ELU index Sweden 0,008703141 ELU 

 
Table 54. Total energy ELUs in new design 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4. Results 

 

4.1 Life Cycle Interpretation

 
The result of this comparison shows that the new design has a higher environmental 
impact, but there are two points of view, one of them includes the raw material and the 
other not, this is going to be discussed later
 

Figure 7. Comparison of total environmental impact in both designs

This figure shows how raw material, electrode consumption, energy consumption, and 
transportation contribute to the total environmental impact. It becomes very clear that 
the raw materials contribute to 
consumption and transport are of minor importance in both designs
 
 

Figure 8. Contribution of each manufacturing process to the total environmental impact 
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nterpretation – Crane member 

The result of this comparison shows that the new design has a higher environmental 
impact, but there are two points of view, one of them includes the raw material and the 
other not, this is going to be discussed later (see table 16-26). 

ison of total environmental impact in both designs
 
 

This figure shows how raw material, electrode consumption, energy consumption, and 
transportation contribute to the total environmental impact. It becomes very clear that 
the raw materials contribute to most of the environmental impact. The electrode, energy 
consumption and transport are of minor importance in both designs (see table 

. Contribution of each manufacturing process to the total environmental impact 

Total ELU-values

Total ELU-values old 

design

Total ELU-values new 

design

Electrode 
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Energy 
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Transport 

consumption

The result of this comparison shows that the new design has a higher environmental 
impact, but there are two points of view, one of them includes the raw material and the 

 
ison of total environmental impact in both designs 

This figure shows how raw material, electrode consumption, energy consumption, and 
transportation contribute to the total environmental impact. It becomes very clear that 

most of the environmental impact. The electrode, energy 
(see table 16-26). 

 
. Contribution of each manufacturing process to the total environmental impact  

values old 

values new 

Old design

New design
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These figures show how the different chemical elements of the steels contributed to the 
total environmental impact. The environmental impact in the new design is much bigger 
due to some elements like Mo, Cu, Ni, this is because these elements have a high raw 
material index (see table 16-17). 
 
 

 
 

Figure 9. Environmental impact of the chemical elements of the old design 
 
 

 
 
 

Figure 10. Environmental impact of the chemical elements of the new design 
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So the new design is made of 
than the old one, and the difference is quite big, however if we have a look at energy 
consumption, electrode consumption and transport we can see that these processes have 
a less environmental impact in the new design than in the old one
 

 

 

Figure 11.Comparison of the environmental impact of electrode, energy and transport 
consumption in both designs.
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So the new design is made of one kind of steel which is less environmentally 
than the old one, and the difference is quite big, however if we have a look at energy 
consumption, electrode consumption and transport we can see that these processes have 
a less environmental impact in the new design than in the old one (see table 18

.Comparison of the environmental impact of electrode, energy and transport 
consumption in both designs. 

ELECTRODE CONSUMPTION

Old design

New design

ENERGY CONSUMPTION

Old design

New design

TRANSPORT

Old design

New design

one kind of steel which is less environmentally friendly 
than the old one, and the difference is quite big, however if we have a look at energy 
consumption, electrode consumption and transport we can see that these processes have 

18-26). 

 

 

 
.Comparison of the environmental impact of electrode, energy and transport 
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As stated previously, the environmental impact of resource depletion, extraction and 
production of the steel sheets is not taken into account. 
 
The new design is more environmentally friendly in the point of view of HIAB 
production process. However the main environmental problem of the new design is the 
raw material used, because its impact on the environment is much bigger than the raw 
material used in the old one. 
 
It would be a mistake to draw the conclusion that these results are accurate. Several 
phases in this study have not been taken into account due to the lack of information and 
it is hard to say how these phases would have affected the result. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.2 Life Cycle Interpretation

 
The result of this comparison shows that the new design has a lower environmental 
impact (see table 44-54). 

 
Figure 12. Comparison 

This figure shows how raw material, electrode consumption, energy consumption and 
transportation contribute to the total environmental impact. It becomes very clear that 
the raw materials contribute to most o
consumption, energy consumption and transport are of minor importance in both 
designs (see table 44-54). 
 

 
Figure 13. Contribution of each manufacturing process to the total environmental 
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nterpretation – Supporting member 

The result of this comparison shows that the new design has a lower environmental 

Figure 12. Comparison of total environmental impact in both designs
 
 

This figure shows how raw material, electrode consumption, energy consumption and 
transportation contribute to the total environmental impact. It becomes very clear that 
the raw materials contribute to most of the environmental impact. The electrode 
consumption, energy consumption and transport are of minor importance in both 

Figure 13. Contribution of each manufacturing process to the total environmental 
impact 
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The result of this comparison shows that the new design has a lower environmental 

 

of total environmental impact in both designs 
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Figure 13. Contribution of each manufacturing process to the total environmental 
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The next figures show in detail the environmental impact of electrode consumption, 
energy consumption and transport for both designs. It becomes clear that for each 
process, the new design is more environmentally friendly

Figure 14.Comparison of the environmental impact of electrode, energy and transport 
consumption in both designs.
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show in detail the environmental impact of electrode consumption, 
energy consumption and transport for both designs. It becomes clear that for each 
process, the new design is more environmentally friendly (see table 47-54).   

 
the environmental impact of electrode, energy and transport 

consumption in both designs. 
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As stated previously, the environmental impact of resource depletion, extraction and 
production of the steel sheets is not taken into account. 
 
The new design is more environmentally friendly in the point of view of HIAB 
production process. But in this case even if the raw material is included, can be seen that 
the steel used in the new design is better for the environment.  
 
It would be a mistake to draw the conclusion that these results are accurate. Several 
phases in this study have not been taken into account due to the lack of information and 
it is hard to say how these phases would have affected the result. 

 

 

4.3 How is the influence of the parameters in the final result? 

 

As was said previously, to realize these assessments was not possible to have access to 
the real data and parameters from the company, it means that the parameters used for 
welding, cutting, bending, transport, etc, were taken from reports, books and databases. 
So if we change the input parameters, is estimated that the results may vary around 10 
and 15%, but it is clear that the final conclusion is going to be the same because the 
main impact is going to come from different steel qualities and the alloying elements. 
 
The environmental impact could be higher because: 
 

- The missing indices give and environmental impact of zero, instead of 
something higher, for some materials and emissions. 

- The phases that were not included have a negative effect on the environment 
- The environmental impact could have been valued too low for same material or 

process and the index should have been higher. 
 
The environmental impact could be lower because: 
 

- The environmental impact could have been valued too high for same material or 
process and the index should have been higher. 

 
In these studies the environmental load index values for energy consumption and 
transport are considered to be a good estimation for Sweden, but the environmental 
impact could have been higher or lower if other values were used. Anyway the 
environmental load indices are not perfect evaluation of their respective environmental 
effects and they are all afflicted with and uncertainty to some degree. 
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5. Conclusion  

 
The main environmental impact in both assessments comes from the raw material used 
and the impact of all the manufacturing process (cutting, welding, etc) is of minor 
importance compared with it. So the company should try to focus on develop better 
steels as the main point to reduce the environmental impact of its products. 
 

 

5.1 Conclusion - crane member 

 
The new design is more environmentally friendly in the point of view of HIAB 
production process. Every phase analyzed in this study have a less environmental 
impact in the new design. 
However the main environmental problem of the new design is the steel used, it has a 
much bigger impact on the environment than the steel used in the old design. 

 
 

5.2 Conclusion - supporting member 

 
The new design is more environmentally friendly, the raw material and the 
manufacturing process have less environmental impact in the new design than in the old 
one. 
Every phase analyzed in this study have a less environmental impact in the new design. 
The main reduction of the environmental impact of the new design comes from the new 
steels used. 
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6. Discussion and further work 
 
These are the results with the limitation established in this study and the ELU-values for 
both assessments might be higher or lower. 
The data used for data inventory and the parameters used for welding, cutting, transport, 
etc, were obtained from databases and books, and they are not the exactly data used in 
the manufacturing process of the company, but it was not possible to get the data from 
the company when this study was realized, so for future studies better data should be 
recollected to get a more exactly results. 
The software used to realize the calculation was EXCEL, so is easy to obtain different 
results of the assessments only changing the input parameters, like cutting speed, 
welding speed, etc. 
If were possible to have access to a specific LCA software tool, the EXCEL used in 
these assessments could be exported to the software. 
 
 

6.1 Crane member 

 
The obtained results show that if the raw materials are taken into account the new 
design has a higher environmental impact, because the load index values in Weldox 
1100 steel are much bigger than in Domex700. 
Weldox 1100 has some elements which have a huge environmental impact, like Mo, 
Cu, Ni, therefore it would be interesting for the company try to find or develop any steel 
with similar mechanical properties but without these elements. 
 
On the other hand if the raw material is excluded, the environmental impact is lower in 
the new design, because the electrode consumption, energy consumption and the 
transport impact are reduced. 
 
Electrode consumption 
 
The electrode consumption is reduced in the new design due to the kind of joint and the 
time of welding. 
In the new design there is a butt joint without gap therefore the filler wire material is 
much smaller than in the old design with V joint. 
The time of welding is reduced because the Laser + MIG Hybrid welding is faster.  
 
Energy consumption   
 
Environmental impact in the new design is reduced because in cutting and welding 
process the energy consumption is more or less half that in the former, this is due the 
reduction of the sheet steel thickness from 10 to 6 mm. Another reason is that welding 
process is changed and therefore the time of welding is decreased. 
 
Transport consumption 
 
The weight in the new design is reduced outstandingly, the main reason is the reduction 
of the sheet thickness as well. This reduces the transport consumption and emissions, so 
it’s possible to transport the same number of crane members with less environmental 
impact. 
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6.2 Supporting member 

 
The results show that the new design has a lower environmental impact, from both 
points of view, including or not including the raw material. 
 
The steel used for the old design (S600MC) has a lower environmental impact than the 
steels used for the new design (S960Q, Domex 700). 
On the other hand, all manufacturing process once the raw materials are in the factory 
has a lower environmental impact in the new design than in the old one. 
 
 
 
Electrode consumption 
 
The electrode consumption is eliminated in the new design due to the laser welding 
does not use it. 
 
Energy consumption   
 
Energy consumption in the new design decreases, because while the energy consumed 
in the cut increases because the sheet thickness is bigger, the energy consumption in the 
weld is reduced, and besides, there is no power consumption of hot rolled. 
 
Transport consumption 
 
The weight in the new design is reduced outstandingly, the main reason is the reduction 
of the sheet thickness. This reduces the transport consumption and emissions, so it’s 
possible to transport the same number of supporting members with less environmental 
impact.  
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APPENDIX 
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LCA Software 

 
In recent years Life Cycle Assessment (LCA) software tools have become increasingly 
important. Today a large number of LCA programs are available. 
Software tools were developed to make the processing and calculation of LCA easier. 
There is a large variety of LCA software tools in the market. The foremost property of a 
software tool is the price. The price of an LCA software tool can be around several 
thousand Euros. 
The high price of the tools can be a big problem for potential users, for example for 
students and investigators from University. This is the reason that prevented us from 
carrying out the analysis with any LCA software. 
Some tools offer a wider range of features than others. Some are focused on specific 
fields of LCA. Also the data and data quality can have an effect on the price of a 
software tool. 
Depending on the purpose for which the user has selected the software, different LCA 
tools are more suitable for particular applications. However, a number of properties and 
features are essential for any good quality LCA software tool regardless of the kind of 
user and the kind of LCA is being used for.  
The LCA software, provide a professional tool to collect, analyze and monitor the 
environmental performance of products and services. Complex life cycles can be easily 
model and analyze in a transparent and systematic way, following the ISO 14040 series 
recommendations.  
 
These are the main features of a good LCA software package: 

- Different package for every need, with educational, analyse and expert versions, 
among others. 

- Intuitive user interface following ISO 14040. 
- Easy modelling with powerful wizards available to help the user. 
- Parameterized modelling with scenario analysis. 
- Hybrid LCA with Input Output databases. 
- Direct linking to Excel or ASP databases. 
- Direct impact assessment calculations from each stage of the model. 
- Monte Carlo analysis. 
- All results in one convenient window. 
- Interactive results analysis: trace results back to their origins, in real time. 
- Grouping of results. 
- Weak point analysis: use the process tree to identify any “hot spots”. 
- Extensive filtering options for all results. 
- Analyze complex waste treatment and recycling scenarios. 
- Allocation of multiple output process. 

 
Generally a software tool should operate smoothly and quickly, without errors due to 
mistakes in the software programming. The hardware requirements should also be 
adequate. A hierarchical structure is essential for good quality software, in order to be 
able to work on more complex problems as well. A clear structure ensures transparency 
and modeling comfort. The starting point of the calculation should be of free choice. 
Also the modeling of different outputs should be possible. The results should be 
transparent. A graphical modeling of the process chain is very convenient for the user. 
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Compatibility of the software with other application should be provided and the user 
interface should be designed in such a way that the user finds his way around easily and 
feels comfortable working with the program. A good toolbox to present the results is 
desirable.  
The database should be managed and edited separately (creating, deleting, modifying 
data). The data should be of good and transparent quality. There should be a possibility 
of separately saving and organizing data used for single projects. The names of 
processes and materials need to be clear and logical and the problem of synonyms 
should be taken into consideration. 
It should be possible to choose between different methodological approaches for the 
impact assessment and the aggregation of results as well as for the comparison of 
scenarios with different outputs. 
An Internet homepage with detailed information should be provided for an LCA 
software tool. It should contain information for newcomers as well as experts. Different 
versions and a free demo version of the software should be available. 
Additional features that help the user to analyze results and allow further calculations 
are important requirements for some users. 
To define the proportion of input and output, linear equation systems will most often be 
sufficient, although scripts can be essential for some processes. 
Good software tools featuring uncertainty and variability analyses such as the Monte 
Carlo simulation enable the user to identify parameters, which cause a large spread in 
the model outcome. Thus the accuracy of the model can be increased through support of 
a more selective procedure. 
It is important that an LCA software tool be continually improved and updated with 
new developments in the field of LCA. Maybe they can even give an incentive to new 
developments since most life cycle assessments are calculated with an LCA software 
tool. 
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Different available software 

 

 

 
Table 1. Different LCA software available on the market 

 

 

 

 

 

 

 

 

 

 

 

 

SOFTWARE COMPANY COUNTRY OBSERVATIONS MORE INFORMATION 

GaBi 
Stuttgart 

University 
Germany 

This program provides 

an economic analysis 

and classic LCA tools  
www.gabi-software.com  

SimaPro 
Pré-

consultants 
The 

Netherlands 

Compares and 

analyzes complex 

products 
www.pre.nl  

Boustead 
Boustead 

Consulting 
United 

Kingdom 

Applying industrial 

chemical, plastic and 

steel 

www.boustead-

consulting.co.uk 

LCAit 
Chalmers 

Industritenik 
Sweden 

Balance of energy and 

materials. Main 

application in the 

packaging and paper 

products 

www.ekologic.cit.chalmers.

se 

Euklid 
Frauenhofer-

Institut 
Germany Industrial products www.ivv.fhg.de  

KCL ECO 

Finnish Pulp 

and Paper 

Research 

Institute 

Finland Paper industry www.kcl.fi/eco/  

WISARD 
Pricewaterh

ouse 

Coopers 
France 

Waste-integrated 

systems for 

assessment of 

recovery and disposal 

www.pwcglobal.com  

Umberto  Ifeu-Institut Germany 
LCA, business eco-

balance 
www.umberto.de/en/conta

ct/ifeu/  

TEAM Ecobilan France 

Very complete. Its 

database includes 

more than 500 

different modules 

www.ecobilan.com  
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What could be done with and LCA software tool? 

 
The next pages show an example of what can be done if you have access to any LCA 
software. 
This example shows the assessment of a coffee machine with SimaPro. 
 
Analyse a product 
 
The coffee machine is named model Sima. It is produced using many different 
materials. 
Products are defined in a so called assembly. An assembly contains a list of materials 
and production processes, as well as transport processes. Assemblies do not contain 
environmental data. Instead they link to processes that contain such data. 
 
Some parts, such as the mains cable, can be defined in subassemblies. The principle of 
nested or cascading product definitions makes it easy to define complex products in 
SimaPro. 
 
A convenient way to visualise the structure and content of an assembly is to use the 
"process network" function. 
The assembly itself is blue and all the processes and materials defined in sub assemblies   
are shown in grey. 
 
 
 

 
 
 

Figure 15. Assembly model of material and processes 
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Once the user defined a product assembly, SimaPro can immediately calculate the 
inventory (LCI) results. The next table is a part of a list of all raw material extractions 
and emissions that occur in the production of the assembly and the materials and 
processes that link to it. 
 
 

 
 

Figure 16. Part of a list of all raw material extractions, emissions, material and 
processes 

 
 
Although the inventory results provide the most detail, it is not easy to interpret these 
long lists of substances. The environmental relevance of each raw material extraction or 
emission is unclear. 
 
ISO 14042 specifies a number of procedures for on impact assessment that can be used 
to better understand the inventory results.  
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The next graph shows the results of the characterisation. The results are calculated from 
the inventory results. In this example is used the Eco-indicator 99 method, but can be 
chosen one of the other methods available in SimaPro, like EPS 2000,impact 2002+, 
climate change only…  
 
 
All effects are scaled to 100%. Each column represents the impacts arising from 
different subassemblies in the production stage of model Sima. 
 

 
 

Figure 17. Results of characterisation 
 
 
With all impact categories scaled to 100% (because each category can have a different 
unit), it is still not easy to see which parts of the assembly have the highest overall 
environmental impact.  
 
Each bar in the graph could represent 100% of a very large impact, or equally 100% of a 
small one. For a better picture, it is needed a more useful scale of measurement. This 
procedure is called Normalisation. Normalisation is an optional step in impact 
assessment and can be described as a kind of benchmarking. 
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On this graph SimaPro displays the same results but normalised to the environmental 
effects that are caused by one average European person in one year. Thus, impacts are 
now compared on a scale of inhabitant equivalents. This gives much more insight in the 
size of the various environmental effects. 
 
 

 
 

Figure 18. Results normalised to the environmental effects that are caused by one 
average European person in one year 

 
 
 
Normalisation only reveals which effects are large or small in relative terms. It says 
nothing about the relative importance of these effects: how bad is global warming 
compared to resource depletion?  
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Here is showed the "weighting" graph. In this graph, a weighting factor has been 
applied to each of the normalisation results. This scales the results to a certain level of 
seriousness.  
Weighting is a subjective step. According to ISO 14042, weighting may not be used in 
case of public comparisons between products. 
The weighting values used here are the default values of the Eco-indicator 99 method. 
SimaPro is shipped with a number of impact assessment methods. Some support 
weighting, some do not. All data in the impact assessment methods, including weighting 
factors, can be copied and edited by the user. In this way you can create your own tailor 
made impact assessment methods. 
 

 
 

 
Figure 19. Weighting factor has been applied to each of the normalisation results. This 

scales the results to a certain level of seriousness. 
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SimaPro can add up all the weighted scores to give a total, single impact score for each 
subassembly, material and process modelled in the assembly. 
 
The "Single score" graph shows the total impacts. 
 

 
 

Figure 20. Total, single impact score for each subassembly, material and process 
modelled in the assembly 

 
 
Note that in each of the LCIA graphs the user can click on a bar to get a further 
specification of the results. The results can be shown as a table. All results can be 
exported, or copied and pasted to other software. 
 
 
 
 
 
 
 
 
 
 
 



85 
 

The network representation that was showed at the beginning can also display the 
results. Each box has a small red thermometer that shows the contribution of each 
process to the total score. In this example Eco-indicator 99 scores are shown. But in fact 
the user can show each result, such as a single impact category like acidification or even 
a single emission, like CO2.  
 

 
 

Figure 21. Each box has a small red thermometer that shows the contribution of each 
process to the total score 

 
 
Initially only the most important processes are presented, as an automatic cut-off is 
used. All processes contributing less than 3.6% to the eco-indicator score are not shown. 
The user can change the cut-off. 
 
 
Before was explained how the production phase of a coffee machine can be defined and 
analysed. Now it will be add a use and disposal phase. 
SimaPro uses the life cycle product stage to store this information. It contains: 
1 - A reference to the assembly with the description of the production. 
2 - The electricity use and the use of filters and packaging. 
3 -The waste scenario. 
A particularly powerful feature is the ability to define additional life cycles for products 
like coffee filters and packaging. These auxiliary products can have a completely 
different production methods and waste scenarios. 
Waste scenarios describe the distribution of waste streams over different waste 
treatment processes, such as landfill, incineration and recycling. These scenarios are 
user definable. 
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Here is important to define a functional unit. For instance, the user must know how 
frequently and how long the machine is used. Usually this is not known exactly, so it is 
needed to make some assumptions. Later, is important to analyse the sensitivity of these 
assumptions on the results. 
It is important to document all these assumptions in the Goal and Scope section. 
 
The next graph shows the process network for the life cycle of model Sima. The 
automatic cut-off is set at 1,4% and only some of the process are shown. 
(Blue: assembly, yellow: life cycle, Grey: process) 
 

 
Figure 22. Process network for the life cycle of model Sima 

 
 
Can be seen the blue assemblies and some of the subassemblies, that link into a yellow 
life cycle box. Another yellow life cycle box describes the use of coffee filters. 
The possibility to add life cycles to other life cycles is a very useful feature for 
modelling auxiliary products such as filters, packaging or batteries. 
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The relative contribution of the different parts in the life cycle can also be displayed in a  
graph. It is clear that the use phase is the most important. 
The user can select Characterisation, Normalisation and Weighting, and obtain different 
graphs.  

 
Figure 23. The relative contribution of the different parts in the life cycle 

 
 
At the end of each analyse, the user can realize the assessment using one of the other 
methods available in SimaPro (EPS 2000, Climate only, Energy only…) 
 
The same method can be used to analyse the comparison of products.  
Different graphs like this show the environmental impact of each product since different 
points of view, the user can choose it. 

 
 

Figure 24.Envionmental impact of each product 

 




