
1 
 

  

 

 

 

 

 

 

SUSTAINABILITY ANALYSIS FOR MICROWAVE RECEIVER FOR MARITIME 

RADAR REPEATER USING THE R9 STRATEGIES 

 

 

 

 

 

Lappeenranta–Lahti University of Technology LUT 

Bachelor's Degree Programme in Mechanical Engineering, Bachelor's thesis 

Bachelor’s Degree in Technology and Engineering Science 

2025 

Martta Ikonen 

Examiners: Docent, Harri Eskelinen 

  

 

  



2 
 

ABSTRACT 

Lappeenranta–Lahti University of Technology LUT 

LUT School of Energy Systems 

Technology and Engineering Science 

 

Martta Ikonen 

 

Sustainability Analysis for Microwave Receiver for Maritime Radar Repeater using 

The R9 Strategies 

 

Bachelor’s thesis 

2025 

53 pages, 12 figures, 16 tables and 7 appendices 

Examiners: Docent, Harri Eskelinen 

 

 

Keywords: Microwave receiver, Sustainability analysis, R9 Strategies, Circular economy 

 

This thesis focuses on investigating the sustainability of microwave receiver for maritime 

radar repeater and finding solutions which reduce the environmental impact of the device. 

The key aims of this research are to find solutions to increase the sustainability of the device 

by reducing material waste of the manufacturing method and by selecting the most 

sustainable material option for the selected manufacturing process. The sustainability 

analysis is based on the R9 Strategies for circular economy which have been adapted 

specifically to this case to find the most appropriate solution.  

Traditional scientific research methods were applied to find the results. Triangulation was 

used to ensure reliability and validity of the research. Finding a more sustainable 

manufacturing technique than milling and choosing an appropriate, sustainable material for 

the selected method were the primary objectives of the study. Three different manufacturing 

methods, milling, additive manufacturing and high pressure die casting, were compared each 
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having their advantages and disadvantages. Out of the three, high pressure die casting was 

pointed out as the most sustainable due to reduction in material waste and more efficient 

process than traditional milling. From the six aluminium alloys which were taken into 

consideration in the research, three were suitable for high pressure die casting. AlSi10Mg 

was found to have the lowest environmental impacts.  
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Tässä kandidaatin työssä tutkitaan meriteollisuuden mikroaaltovastaanottimen kestävyyttä 

ympäristönäkökulmasta. Tutkimuksessa keskitytään löytämään ratkaisuja laitteen 

kestävyyden parantamiseksi vähentämällä materiaalihukkaa ja valmistusmenetelmän 

ympäristövaikutuksia. Viitteen kestävyysanalyysille antaa kiertotalouden R9-Strategiat, 

jotka on sovellettu tätä tutkimusta varten sopivimpien ratkaisujen löytämiseksi.  

Opinnäytetyössä käytetään perinteisiä tieteellisen tutkimuksen menetelmiä, ja 

triangulaatiota hyödynnetään tulosten luotettavuuden ja pätevyyden varmistamiseksi. 

Tämän tutkimuksen päätavoitteena oli löytää perinteistä jyrsintää kestävämpi 

valmistusmenetelmä sekä sopiva ja ympäristöystävällinen materiaali valittuun menetelmään. 

Kolmea eri valmistusmenetelmää vertailtiin, joilla kaikilla on vahvuutensa ja heikkoutensa. 
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Vaihtoehdoista korkeapainevalu on kestävin, sillä siinä syntyy vähemmän materiaalihukkaa 

ja prosessi on tehokkaampi kuin perinteinen jyrsintä. Korkeapainevaluun soveltuvista 

materiaaleista vähiten ympäristövaikutuksia oli AlSi10Mg-materiaalilla. 
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ABBREVIATIONS 

 

Abbreviations: 

Aluminium  Al 

AM   Additive manufacturing 

CAD   Computer Aided Design 

DRO   Dielectric Resonator Oscillator 

HPDC   High pressure die casting 

MW/RF   Microwave/Radio Frequency 
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1  Introduction 

Microwave receivers are used in radar systems to collect and amplify signals in microwave 

frequencies, 1-300 GHz (Donelli, 2014). In the maritime industry, they are used for 

navigation and communication (Ryan, 2017) and optimizing their sustainability is good for 

the overall sustainability of the maritime industry and microwave electronics. 

On Earth, we only have a finite number of natural resources, so it is important to find 

innovative solutions for instance, by applying circular economy to ensure the sufficiency of 

materials in the future as well. This thesis aims to optimize a microwave receiver for 

maritime radar repeater from the viewpoint of sustainability and circular economy through 

researching alternative manufacturing methods and materials. It is important to try to make 

the maritime industry more sustainable without compromising the performance of the 

device. 

In spring 2024, a bachelor’s thesis was completed at LUT University on this Microwave 

Radiofrequency (MW/RF) component, which preliminarily examined the tolerancing and 

material selection of the part. The thesis provided insightful preliminary information about 

the device and how to approach this research. However, this thesis will focus on aspects of 

environmental friendliness and circular economy from the viewpoint of mechanical 

engineering. 

 

1.1  Goal of the research 

The goal of this research is to investigate ways to make the device more sustainable. The 

main tool which is used for this research is the R9 Strategies for circular economy. The goal 

is to find solutions to make the maritime industry more sustainable and in larger scale, to 

answer the United Nations sustainable development goal 12 “Ensure sustainable 

consumption and production patterns” (THE 17 GOALS | Sustainable Development, no 

date). 
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1.2  Background and motivation 

This research is part of a larger research project going on in the Lappeenranta-Lahti 

University of Technology about microwaves, microwave devices and DFMA aspects for 

them. The microwave receiver for maritime radar repeater which is investigated can be seen 

from the front view with the cover in figure 1 and without the cover in figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 shows the device straight from above. In the picture, the cavities of the device can 

be seen more clearly. The letter C illustrates the cavity in which the dielectric resonator 

oscillator (DRO) is located. The cavity must be silver cladded, and the tolerances of 

measurements are 0,1 mm so it is the most critical part of the device. The measurements and 

other tolerances can be seen in the technical drawings (see appendices 2, 3 and 4). The 

quality of the device must be ensured for the correct operation of the device. The other 

cavities are for printable circuit boards (PCBs). The joining technologies of the DRO must 

Figure 1: picture of the device 

Figure 2: picture of the device without the cover 
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also be considered. The positioning bar of the DRO is made of glass and the dielectric disks 

are made of amorphous Zr–Sn–Ti-oxide. Those parts have to be joined with the aluminium 

body of the device which is why the joining technologies must be considered in the analysis. 

 

 

 

 

 

 

 

 

1.3  Research problem and research questions 

Research problem and research questions are defined in the initial states of this project to set 

boundaries for the research. The research problem was defined based on the given task and 

research questions were formed from the problem. After research, the questions can be 

answered. 

The research problem writes: How to make the device more sustainable by applying the R9 

strategies throughout the research. 

The research questions were formed based on the problem:  

- On what basis can the device be made more sustainable? 

- How much more sustainable can the device become? 

- What is wrong with the current material in terms of sustainability and are there better 

alternative materials? 

C 

 

Figure 3: picture of the device from above showing cavity C 

C 
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1.4  Research methodology 

In this research, traditional methods for scientific research are applied. These methods 

include literature review, expert interview, and a SolidWorks sustainability tool analysis.  

For the sustainability analysis, R9 strategies for circular economy will provide frames. These 

methods and the results are applied with triangulation. 

 

1.5  Expected contribution 

This thesis is expected to provide information on how to develop the sustainability of 

microwave receivers for maritime radar repeaters which can improve the sustainability of 

the maritime industry in larger scale. 
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2  Methodologies 

This chapter introduces the research methods in more detail. Additionally, how the reliability 

aspects are ensured will also be discussed in this chapter. 

 

2.1  Triangulation 

Triangulation is a popular tool for scientific research. In theory it means that minimum two 

different approaches are used to collect data for the research (Thurmond, 2001). In this thesis, 

three different methodologies are used which helps to ensure for example validity during the 

research. The methods used for this thesis are literature search, expert interview, and the R9 

strategies and SolidWorks Sustainability tool analysis. The different methods are 

comprehensively pictured in table 1. 

 

 

 

The research methods are used to find the best solution to improve the sustainability of the 

device. The methods are used separately, and later the results will be integrated according to 

table 2 where key notes from each method will be listed. The results will be compared and 

Table 1: triangulation 
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combined accordingly so the final results can be formed. The table will also help point out 

if the results of each method contradict or support each other. This can also point out if more 

research is needed on the topics. 

 

 

  

2.2  Expert interview 

Expert interviews are a qualitative research method and are an efficient way to collect 

information and answers from an expert in the field of research (Döringer, 2021). There are 

several ways to conduct a research interview, and for this thesis, it will be conducted as a 

group interview. For this research, the interview will be organized in small groups of 

students with similar point of view for their thesis, environmental aspects. The questions are 

formed beforehand and approved by the supervisors to make sure they are on topic and 

support the research. The expert, which is interviewed, will be the same for each group and 

all the interviews will be organized for one day as remote interview via Microsoft Teams. 

The expert is Professor Emeritus from the Department of Electrical Engineering and 

Automation from Aalto University (Pekka Eskelinen, no date). 

Table 2: table for triangulation to combine all results 
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Each student prepares a question or two before the interview and has a few minutes to ask 

the question and write down the answer. All students from the group can hear all the 

questions and answers which can provide insight for their research even though the question 

would not be their own. The question asked for this research is: 

- How does the operation of the device, and the current materials of the dielectric 

resonator oscillator (DRO), limit the material selection and/or possible new 

materials? 

It is important for the interviewer to be prepared for the interview and gather prior knowledge 

from the topic to ensure validity and make them less prone to be subject to groupthink. 

Groupthink means when a group of people start prioritizing consensus within the group over 

alternative thinking and logical decision making and individual opinions (Groupthink | 

Psychology, Decision-Making & Consequences | Britannica, 2025). This can be fatal for 

scientific research and can be avoided by questioning concepts and by being curious 

(Groupthink | Psychology, Decision-Making & Consequences | Britannica, 2025). The 

expert interview should also be backed up by the other research methods. If the answers from 

the interview completely differ to answers from other research methods, the reliability of the 

interview should be inspected. Additionally, follow up interviews can be asked and more 

research conducted with other research methods. 

 

2.3  Literature search 

Literature search means finding scientific and peer-reviewed references to support results 

from the other research methods and to answer questions set specifically for the literature 

search (Grewal, Kataria and Dhawan, 2016). Therefore, literature search is an important 

research method and can provide information from very general level to very specific level. 

To ensure reliability, it is important to use sufficient amount of peer reviewed references 

from scientific databases. For this thesis, literature search aims to find both general 

information about the field of topic, sustainability and materials, and more specific 

information about the device and microwave electronics. 
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For this thesis, literature search is the primary source of data and information. The literature 

search will follow the flowchart pictured in table 3. First, the foundations and boundaries are 

set by determining the research problem and research questions. They ensure the information 

search stays relevant and on topic which also helps to ensure reliability and validity. Then, 

preliminary search is conducted which means that some general information about the topic 

and the device is searched. This is done prior to the expert interview and can help formulate 

the interview question, get an overall picture of the research as well as help to set questions 

for the in-depth research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the notes and answers from the expert interview, more in depth research will be 

done. The steps of the literature search can overlap with each other and there can be several 

smaller topics to research at the same time meaning the stages of literature search can be on 

different levels at the same time. Based on the in-depth research or after analysing results, 

Table 3: flowchart of the steps of literature search 
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more general research might be needed. The writing process is the last and time-consuming 

part of the literature search. It can be ongoing with the information search and often requires 

multiple rewrites and more information on top of the old. 

For literature search, sufficient number of at least 30 references is needed to make sure it is 

valid and reliable. A tool presented in table 4 will be used for literature search. In the table, 

the questions are listed in the first column, and all references are listed in the first row. With 

the tool it is straightforward to see if references provide answers to the questions set for 

literature search. If there is a reference that answers multiple questions or all questions, it 

should be used with caution or not at all. Additionally, if there is a reference that does not 

answer any question, it should not be used either. The topic and the relevance of the reference 

will also be summarized to the table, which in turn helps to determine whether the references 

fill the requirements for scientific research or not. 

 

 

 

2.3.1  Material selection process  

Choosing the material is one of the critical parts in advancing sustainability of any device. 

The material selection is done based on the literature search and it will follow the flowchart 

in table 5 

Table 4: source material analysis tool 
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The systematic material selection process will be utilized when narrowing down more 

sustainable material options for the device. The first step is to determine the limitations for 

the material by the component, environment or industry. This will be done with research 

from literature. The second step is to choose the selection strategy. The selection strategy 

means what aspects are prioritised in the selection, for example, some material properties, 

sustainability, or cost effectiveness. In this thesis, sustainability is prioritised when selecting 

the material. In step three, the initial material selection is made. The selection is made based 

on the previous steps. However, industry standards or commonly used materials can also be 

the initial material selection. Often more than one material are options for further comparison 

and final selection. In step four, concrete data must be provided in order to make reliable 

comparison between the options. In the final step, the data is compared, and the final 

selection is made. 

 

2.4  Sustainability analysis tools 

This thesis centres around the sustainability aspects of the device and how to increase the 

sustainability. The main tool for sustainability analysis used in this thesis is the R9 strategies 

Table 5: steps of systematic material selection process 
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for circular economy. With the R9 strategies, Material Input (MI) factor will be used to 

calculate environmental load of each material and manufacturing methods. The numerical 

data acquired from that analysis will be used to find ways to increase the sustainability of 

the device. 

 

2.4.1  R9 Strategies 

The R9 Strategies for circular economy is a tool which helps to visualize a product’s lifecycle 

from design to landfill (R-Strategies for a Circular Economy, no date; Nazir and Doni, 

2024). The R9 Strategies are divided into three phases which are the design phase, 

consumption phase, and end-of-life phase. Each strategy will fit into one phase. The 

circularity is determined by the length of the loop the product, material or process has 

according to the strategies. The R9 strategies and short descriptions for each strategy can be 

seen in table 3. R0 Refuse, R1 Rethink, R2 Reduce belong to the design phase. R3 Reuse, 

R4 Repair, R5 Refurbish, R6 Remanufacture, and R7 Repurpose belong to the consumption 

phase. R8 Recycle and R9 Recover belong to the end-of-life phase. If the loop is short, 

consisting of three steps or less, the product’s lifecycle is not considered circular. The more 

steps the product’s lifecycle is adapting, the more sustainable it is (R-Strategies for a 

Circular Economy, no date). The R9 Strategies are visualized in table 6 below. 
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The R9 Strategies is a popular tool not only for its clarity but also for its adaptability (R-

Strategies for a Circular Economy, no date). This means that the strategies can be used for 

various cases since the number of the 9 strategies can be adapted case by case and they can 

be put into order of priority based on their relevance to the case. For instance, in this thesis, 

not all of the strategies have same level of importance. In table 7, the R9 strategies are listed 

with the weighting factor meaning the importance of the strategy for this thesis. 

 

 

 

 

 

Table 6: the R9 Strategies 
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The most important strategy for this thesis is R2 reduce. This means reducing the use of raw 

materials, making the manufacturing processes more efficient, and reducing waste materials 

of the processes. It has the weighting factor of 0,4. R8 recycle is also an important aspect to 

consider. This means the materials which are used, and possible waste materials are 

recyclable which gives R8 the weighting factor of 0,4. R3 rethink has the weighting factor 

of 0,2 because alternative options for materials and manufacturing methods are researched 

to increase sustainability. The other strategies are not relevant for the thesis based on … 

which is why they can be left out of the analysis. 

 

2.4.2  SolidWorks Sustainability tool 

A 3D model will be made in SolidWorks and analysed with the software’s own 

environmental assessment module. The tool is used to find data on the model’s 

environmental impact. It is possible to analyse various materials and manufacturing 

processes (SOLIDWORKS Sustainability Overview - 2021 - SOLIDWORKS Help, no date) 

to select the most sustainable options for the design. The tool will analyse the total energy 

Table 7: R9 Strategies with weighting factors 
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consumption, water eutrophication, carbon footprint and air acidification based on the 

material and manufacturing method selected for the device. The results will be used to select 

the most suitable options in terms of reducing the environmental effects of the device. 

2.5  Means to carry out reliability analysis. 

Ensuring that research is valid and dependable is one of the key aspects of a scientific 

research. In this thesis, validity and reliability are ensured by conducting reliability analysis 

throughout the thesis. For this thesis, minimum of thirty scientific references are required to 

provide reliable information. The references are peer-reviewed and from scientific 

databases. However, if necessary, commercial references can be used. When using 

commercial references, it is important to validate the information from scientific references 

to make sure the information or data is reliable. Triangulation, meaning at least three 

different research methods are used, is used for this thesis to ensure reliability and validity 

for results. Additionally, table 8 below is followed to make sure the requirements for 

reliability are met. 
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The table will be filled out according to how each reliability aspect will be considered with 

each research method 

 

 

 

 

 

 

 

 

 

Table 8: table for reliability assessment 
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3  Results 

This part introduces the results of the expert interview, literature search, the R9 Strategies 

and triangulation. 

3.1  Expert interview 

The question asked from the expert was “How does the operation of the device, and the 

current materials of the dielectric resonator oscillator, limit the material selection and/or 

possible new materials?”. After taking notes and analysing the expert’s answer, they can be 

summarized into three statements: 

- The current material of the device is aluminium, it should not be changed (aluminium 

is already optional for the device’s operation) 

- The DRO is located in cavity C. The length of that dielectric disc could still be 

optimized and investigated 

- The current manufacturing method for the device is milling. However, it is quite 

expensive and produces a lot of material waste. Alternative manufacturing methods 

should be considered and researched to optimize sustainability. 

The PowerPoint of the expert interview with the question and results can be seen in 

Appendix 1. 

3.2  Literature search 

The literature search focused on researching alternative manufacturing methods for the 

device as the expert interview had suggested. The literature search is divided into two distinct 

categories: researching the manufacturing method, and the material selection. 
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3.2.1  Manufacturing methods 

Sustainability of a manufacturing process consists of various smaller aspects. For example, 

energy consumption, recourse efficiency, waste management, and emissions and pollution 

(Sharma, Prabir and Singh, 2020). Therefore, energy efficiency of the processes, amount of 

waste material, suitability for mass production were aspects taken into consideration when 

choosing and analysing the processes. The current manufacturing method for the device is 

milling. Milling is a traditional machining method for manufacturing where the workpiece 

is fixed, and a rotating cutting tool cuts into the workpiece making the product. It is a 

versatile process used to make both simple and complex shapes (Anjaneyulu et al., 2017).  

Following the strategies R2 Rethink and R3 Reduce, alternative manufacturing methods 

were researched to find if they could reduce the overall environmental impact of microwave 

receivers for maritime radar repeaters. Reducing waste material and energy consumption is 

the main goal when comparing the manufacturing methods. When researching the methods, 

alternative materials also must be considered since materials which are suitable for milling 

might not be suitable for other manufacturing methods. Material selection is discussed more 

in subchapter 3.2.2 Material selection. Manufacturing methods that are taken into 

consideration and compared in this thesis are milling, additive manufacturing (AM) and high 

pressure die casting (HPDC). 

Additive manufacturing of aluminium is a process where the material in the form of powder 

or wire is melted with high energy to form the product layer by layer (Nunes et al., 2023). 

Additive manufacturing is a good prospect for a manufacturing method since it can 

significantly reduce the material waste and cost of the production (Arrizubieta et al., 2020). 

For those reasons for example, AM is growing popularity. It is possible to increase 

sustainability for production and AM is already largely used with plastics and composites 

both commercially and with private users (Javaid et al., 2021). 

However, the additive manufacturing of aluminium needs more definite research to provide 

a straightforward answer for this research problem. Additive manufacturing is a very energy 

intensive process and when compared to conventional manufacturing methods such as 

milling (Faludi et al., 2015). Additive manufacturing of metals reduces the amount of waste 

materials formed during production, but the process produces health risks for the operators 
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such as nanoscale particles which some still lack the safety regulations (Arrizubieta et al., 

2020; Chen et al., 2020). In table 9, a SWOT-analysis of additive manufacturing is done. 

 

 

 

 

 

 

  

 

 

 

High pressure die casting (HPDC) is another possible manufacturing method for the device. 

In short, the HPDC process means a material is poured into a mould with high velocity after 

which high pressure is applied to ensure the material is spread evenly throughout the mould. 

(Kowalczyk et al., 2023). With high pressure die casting it is possible to make complex 

products with higher production volume than with AM, and research has been done to 

develop the process in terms of reducing porosity of the material and shrinkage after 

production by Vacuum assisted die casting (VPDC) (Szalva and Orbulov, 2020). 

High pressure die casting is an energy intensive process but the production volume and little 

required finishing processes after casting balance the energy intensity (Szalva and Orbulov, 

2020; PDF Impacts of High-Pressure Diecasting Process Parameters on Greenhouse Gas 

Emissions’, 2024). So, although HPDC has some weaknesses as a manufacturing method, it 

presents a considerable alternative for the production of microwave receivers in maritime 

industry. In table 10 below, there is a SWOT-analysis of high pressure die casting. 

 

Table 9: SWOT analysis for additive manufacturing  
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Additive manufacturing and HPDC are compared with milling, since milling is the method 

currently used to produce the device. It is a subtractive process leading to much waste 

material and high energy consumption (DeBoer et al., 2021). Aluminium used for this device 

can be fully recycled but the cutting waste from milling often contains remains of hazardous 

cutting fluids (Haider and Hashmi, 2014) which need to be separated from the material 

before recycling. However, the literature search revealed that research has been done to 

increase the sustainability of traditional manufacturing methods such as milling and lathing 

for although alternative manufacturing methods have been developed, machining is still 

widely used in many industries (Bhaskar, Sain and Saraswat, 2024). Table 11 presents the 

SWOT analysis of milling as a manufacturing method for microwave receivers. 

 

 

 

 

 

 

 

Table 10: SWOT analysis for high pressure die casting 
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From the tables, it is simple to see strengths, weaknesses, opportunities and threats of each 

manufacturing method.  

 

 

3.2.2  Material selection 

Suggested by the expert interview the material of the device, aluminium, should not be 

changed. Aluminium (Al) is suitable for maritime applications for its corrosion resistance, 

light weight and strength, machinability, and its thermal and electrical properties make it 

suitable for radars (Algahtani et al., 2013; Kannoorpatti and Surti, 2012). However, material 

research is required since different manufacturing methods need different aluminium alloys 

to produce a product with the desired quality. Material selection plays a key role in the 

overall sustainability of a product (Nicholson et al., 2009) so, the environmental aspects such 

as pollution, water and energy usage, and CO2 emissions of the material production are the 

most important selection criteria for the material. Following R2 Reduce, the environmental 

impact of the product should be reduced, and one way to achieve that is through material 

Table 11: SWOT analysis for milling 
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selection. The material selection will follow the steps of the systematic material selection 

process described in more detail in table 12 below. 

 

 

 

 

 

 

 

 

 

Fist the requirements profile is determined by limitations from industry and the operation of 

the device. The priority in the selection is sustainability, so the selection strategy is based on 

the R9 Strategies. Initial material research supposed to give answers of materials in the 

maritime industry in general but as learned from the expert interview, the material is 

aluminium. The list of materials to be compared was researched during the search for 

manufacturing methods and for each manufacturing method, two or three different alloys 

were selected. So, the selection focused on comparing six different alloys of aluminium: 

AA6061, AA6082, AlSi10Mg, AlSi9Cu3, AlSi12, and Scalmalloy®. 

Raw material for all aluminium is Bauxite ore (Georgitzikis et al., 2021). From Bauxite, 

Alumina is extracted with a process called Bayer process (Alumina | Properties, Uses & 

Production Process | Britannica, 2025). Alumina is the starting point for aluminium alloys 

to which alloying elements are added to get the desired properties for the material (Alumina 

| Properties, Uses & Production Process | Britannica, 2025). The first alloy to be considered 

is AA6061. It is widely popular alloy with excellent mechanical properties e.g. tensile 

strength and hardness, corrosion resistance, and adaptability. AA6061 is especially used in 

the aerospace, automotive and marine industries (Siddartha et al., 2022).  

Table 12: steps followed for systematic material selection process 
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An alloy with similar mechanical properties and chemical composition than AA6061, is 

AA6082 which is considered medium strength alloy with high corrosion resistance (Kumar 

et al., 2022). It is widely used across industries since the products are lightweight with high 

durability and other properties such as weldability. (Kumar et al., 2022). AA6082 is also 

highly recyclable and heat treatable to optimize its properties for each application.  

AlSi10Mg alloy was also taken into consideration when comparing the alloys. Aluminium-

silicon-magnesium is broadly used in additive manufacturing and in high pressure die 

casting (Li et al., 2020). It has good mechanical properties for microwave applications and 

for the maritime industry such as corrosion resistance, and thermal and electrical 

conductivity (‘AlSi9Cu3 Alloy Properties - Aluminum Die Casting - Sunrise Metal’, no 

date).  However, the processes of HPDC and AM might affect the porosity and surface finish 

of the product. Especially the processing of the material for additive manufacturing can 

affect the material (Deillon et al., 2022). 

AlSi9Cu3 is suitable alloy for high pressure die casting (‘AlSi9Cu3 Alloy Properties - 

Aluminum Die Casting - Sunrise Metal’, no date). Its mechanical properties make it suitable 

for various applications in different industries (Puga et al., 2011). The alloy’s mechanical, 

thermal and electrical properties also suggest that it is well suitable for microwave 

electronics and maritime applications. It is also cost effective and durable making the 

products’ lifespan longer (Ren, 2024).  

Aluminium-magnesium-scandium (Al-Mg-Sc) alloy that has been modified with zirconium, 

is also known as Scalmalloy. It is a 5xxx series alloy and was developed specifically for AM 

(Deillon et al., 2022). Additive manufacturing requires aluminium alloys to have lower 

thermal conductivity so aluminium alloys specifically tailored for different AM processes 

have become more interesting to many manufacturers (Deillon et al., 2022). Scalmalloy has 

superior mechanical properties and is mainly used in automotive and aerospace industries 

(Cerri, Curti and Ghio, 2025). However, the alloy is costly, and the literature search indicates 

that only few manufacturers fabricate the material making it rarer than some widely used 

alloys. In table 13 below, all alloys considered for the enclosure of microwave receiver are 

presented and compared taking the manufacturing method, recyclability and some 

mechanical properties into account.  
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Material for the cover is brass. Brass is an alloy which consists of copper and zinc (Singh et 

al., 2020). Naval brass is a traditionally used brass alloy for maritime industry since it has 

excellent corrosion resistance and strength (Türker et al., 2016). Naval brass also often 

includes small amounts of lead (Pb) and/or tin (Sn) to enhance its properties. However, 

exposure to lead during the recycling process, for instance, is harmful and long-term 

exposure can cause lead poisoning (Lead poisoning, no date). Therefore, lead-free brass 

alloys have been developed and although they tend to have poorer mechanical properties and 

corrosion resistance than leaded alloys (Tang et al., 2019), there can be lead-free materials 

that fulfil the requirements for microwave receivers. Lead-free brass is defined as an alloy 

that contains less than 0,25 % lead by weight or not at all (Nafsinger, 2024). 

For the cover, typical naval brass C46400 and silicon brass C87580 were compared. In table 

14 the materials for the cover can be seen compared.  

 

 

Table 13: table to compare the results of material selection and literature search 
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C46400 and C87850 share good corrosion resistance and high recyclability. The main 

difference comes from the alloying elements and the amount of lead that can be present in 

the alloy with C46400 maximum of 0,2 % and C87850 maximum of 0,09 % by weight. 

However, literature search suggests that C46400 is more cost effective than C87850. 

 

3.3  R9 Strategies 

The R9 Strategies for circular economy were the primary tool to investigate the sustainability 

for the device through researching manufacturing methods and materials. The R9 Strategies 

were researched and analysed with literature search. R2 Rethink was applied with the 

rethinking of manufacturing method and the alternative materials. That resulted in 

comparing various different alloys of aluminium and a few different possible manufacturing 

methods for microwave receiver for maritime radar repeater. Rethinking the production 

process as well as material is an important aspect of the solution of more sustainable 

development of the industry.  

Increasing material and energy efficiency also had weighting when conducting the research 

finding results. In other words, reducing material waste and reducing environmental impacts 

linked to the manufacturing process was taken into account. R3 Reduce had a weighting 

factor of 0,4 since reducing the overall environmental impact is important for sustainability. 

Table 14: table to compare the results of material selection and literature search  
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According to R8 Recycle, recycling aspects of the materials was considered. If a material 

was not recyclable, it was not chosen for the comparison. The R9 Strategies were applied 

according to the weighting factors and the most important factors, R2, R3, and R8 were taken 

into account in each step of the research and analysis to find a solution that is inside the 

frames of the R9 Strategies.  

 

 

3.4  SolidWorks sustainability module 

A 3D model of the device was done based on measurements taken from the device. The 

measurements were taken with an electric calliper and transferred to SolidWorks to make 

the model. The 3D model of the device in SolidWorks can be seen in figure 4. Details of the 

device can be found from the technical drawings presented in Appendices 2, 3 and 4.  

 

 

 

 

 

 

 

 

 

 

 

Each material that was selected from literature search was analysed one by one with the 

sustainability module. The tool analysed the total energy consumption, water eutrophication, 

Figure 4: picture of the 3D model in SolidWorks 



34 
 

carbon footprint and air acidification based on the material and manufacturing method 

selected for the device. The region for manufacturing and use was chosen to be in Europe 

and the duration of use for the device was selected to be seven years based on literature 

search and an average radar lifetime. For the end of life for the materials, 99 % recycling 

and 1 % incineration was chosen. Those were based on information from literature about 

recycling rates of materials. In the figures below, the results from SolidWorks sustainability 

analysis are presented as pie charts. In the results values for carbon footprint, total energy 

consumption, air acidification, and water eutrophication are presented. See Appendix 5 for 

more conclusive reports from SolidWorks sustainability analysis are presented for each 

material. In figure 5, results for AA6061 are shown.  

 

 

 

 

 

 

 

 

 

 

For AA6061, most of the emissions come from making material. The second biggest 

environmental impacts come from the manufacturing method, which for AA6061 is milling. 

The total energy consumption is the smallest to the other compared materials. In figure 6, 

the results for AA6082 are shown.  

 

 

 

Figure 5: results of SolidWorks sustainability analysis for AA6061 
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For this material unlike for AA6061, the biggest emissions overall come from 

manufacturing. The manufacturing method used with AA6082 is also milling. Air 

acidification is 0,044 kg SO2e of which most come from the manufacturing method. 

Compared to AA6061, this material has slightly higher environmental impacts which come 

from the manufacturing method whereas for AA6061 the environmental impacts come from 

making the material. In the next figure, figure 7, the results for SolidWorks sustainability 

analysis for AlSiCu3 are presented.  

 

 

 

 

 

 

 

 

 

Figure 6:results of SolidWorks sustainability analysis for AA6082 
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AlSi9Cu3 has larger overall CO2 emissions than AA6061 and AA60682. The manufacturing 

method used with AlSi9Cu3 is HPDC. Total energy consumption is larger for AlSi9Cu3 

than for the previously mentioned AA6082. In figure 8 below, the results for AlSi12 are 

presented.  

 

 

Figure 7: results of SolidWorks sustainability analysis for AlSI9Cu3 

Figure 8: results of SolidWorks sustainability analysis for AlSi12 
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AlSi12 and AlSi9Cu3 are both silicon alloys, and the manufacturing method for both is 

HPDC. The differences between them are very slim the largest being the total energy 

consumption. For AlSi12 it is 480 MJ whereas for AlSi9Cu3 it is 490 MJ. The other 

comparable aspects are the same or almost the same. AlSI10Mg is another alloy containing 

silicon, for which the results are presented in figure 9 below.  

 

 

 

Out of the silicon alloys, AlSi10Mg has the smallest values for carbon footprint (27 MJ), 

total energy consumption (440 MJ) and air acidification (0,0440 kg SO2e). The 

manufacturing method for AlSi12 is HPDC. The final alloy to be analysed for the enclosure 

of microwave receiver was Scalmalloy presented in the next figure, figure 10.  

 

 

 

 

 

Figure 9: results of SolidWorks sustainability analysis for AlSi10Mg 
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For Scalmalloy, air acidification is larger for the manufacturing method than for the material 

itself. The manufacturing method is AM. The other results are similar to the other alloys 

other than AA6061 which has the smallest environmental impacts out of the six compared 

alloys. AA6061 is the only material for which the environmental impacts come mostly from 

the material. For the other materials, manufacturing causes the most environmental impacts.  

For the cover, two alternative alloys were compared: C46400 and C8750. SolidWorks 

sustainability module was also used to analyse them. Neither of these materials were found 

from the material library in the software, so the results are not fully accurate, but give 

reference to which of the materials is more sustainable. In figure 11 results for C46400 are 

presented and in figure 12, results for C87850 are presented. In Appendix 6 the full results 

from SolidWorks sustainability module for the cover can be found.  

 

 

 

 

 

Figure 10: results of SolidWorks sustainability analysis for AlSi10Mg 
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The results are similar to each other and the differences small. Overall carbon footprint, air 

acidification and water eutrophication are smaller for C46400. Total energy consumption on 

the other hand is smaller for C87850 7.9 MJ compared to 8.6 MJ.  

Figure 11: results of SolidWorks sustainability analysis for C46400 

Figure 12: results of SolidWorks sustainability analysis for C87850 
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3.5  Triangulation  

Triangulation was used to compare and combine results from the research methods. Table 

15 below shows the filled table of summarized results and conclusions.  

 

 

 

The combining the results from the expert interview, literature search, R9 Strategies and 

SolidWorks sustainability analysis, it can be concluded that high pressure die casting is the 

most sustainable manufacturing method with AlSi10Mg used as the material for microwave 

receiver for maritime radar repeater.  

 

Table 15: results of triangulation 



41 
 

4  Discussion 

In this chapter, the conclusions based on the results will be discussed. This chapter will also 

discuss the reliability assessment of this thesis and discuss possible research topics for the 

future.  

4.1  Key findings and conclusions 

The research focused on finding solutions which would advance the sustainability of 

microwave receivers for maritime radar repeaters. The sustainability analysis was done 

based on the R9 Strategies for circular economy. The strategies holding most importance for 

this thesis were R2 Rethink and R3 Reduce. According to those strategies, the most 

important aspect was to rethink materials and manufacturing processes which would 

decrease energy usage and material waste. The expert interview and literature review 

suggested that the material should not be changed from aluminium. So, the research focused 

on finding alternative manufacturing methods which in turn required material research and 

selection. The goal for material selection was not to find a completely new alternative 

material, but to find aluminium alloy most suitable for the manufacturing methods as well 

as increasing sustainability.  

From the R9 strategies, R8 Recycle was also an important aspect to consider since using 

recycled materials reduces energy consumption and increases material efficiency (Vikhrova, 

2019). Aluminium generally has high recycling rates in Europe (Georgitzikis et al., 2021), 

but the alloying elements can affect the recyclability of the alloy. The alloying elements also 

affect the sustainability of the material; if the alloy includes rare elements which are also 

difficult to recycle, it is not the best option in terms of sustainability.  

In this research, six different alloys were compared. The initial six alternatives were chosen 

based on notes from literature search. Material properties, suitability for microwave radar 

applications and the maritime industry were key aspects when considering the alternatives 

as well as overall sustainability. Additionally, the suitability of the alloys for different 

manufacturing methods had to be taken into account when selecting the material options.  
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The manufacturing processes that were compared in this thesis were milling, additive 

manufacturing and high pressure die casting. The most important finding in terms of 

manufacturing was high pressure die casting. It was indicated that compared to milling, 

HPDC is more material efficient, producing less waste material. HPDC is also suitable for 

mass production increasing energy and material efficiency, and suitable for products 

requiring high precision. For HPDC, three different aluminium alloys were researched. The 

alloys compared and which could be used for HPDC were AlSi10Mg, AlSi9Cu3, and 

AlSi12. They all contain silicone and have similar mechanical properties. AlSi10Mg has the 

smallest overall carbon footprint, total energy consumption, air acidification and water 

eutrophication.  

For all materials except for AA6061 the larger portion of the environmental impacts resulted 

from the manufacturing method. For AA6061 they resulted from the material. AA6061 had 

clearly the smallest environmental impacts but the analysis did not show results for material 

efficiency. Additionally, AA6061 was the only alloy originally found from the SolidWorks 

materials library and the others had to be made as “custom materials” which can affect the 

reliability of the results.  

Additive manufacturing was pointed out to be most sustainable in terms of material 

efficiency. However, the high energy usage of the process, the materials which require a lot 

of processing and contain elements which are not common, ruled AM out as being the most 

sustainable option for this device. The materials which are suitable for milling are very 

common, and would decrease the environmental impact of the material compared to AM. 

However, the wasted material of the process contains cutting fluids which makes recycling 

more difficult since the chips need to be processed more to remove the cutting fluids. So, 

based on the research, the most sustainable options based on this research are high pressure 

die casting as a manufacturing method and AlSi10Mg as material. For the material of the 

cover, traditional naval brass C46400 is the most sustainable material.   

So, answering the research questions, the sustainability can be increased but the increase is 

not very great. The device can be made more sustainable based on the based on the results 

which point out that although milling is commonly used manufacturing method and suitable 

for manufacturing this device, the disadvantage of material waste outweighs the pros. 

However, if milling as a manufacturing method would be developed so that the cutting fluids 
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do not affect the recyclability of the metal chips, milling could be more sustainable in terms 

of manufacturing and the materials used than high pressure die casting and AlSi10Mg.  

4.2  Comparison and connections with former research 

The last research done on microwave receivers for maritime radar repeater was Mingri Sun’s 

bachelor’s thesis about the design for manufacture and assembly (DFMA) aspects of the 

device (Sun, 2024). In that thesis, the key focus was on the DFMA aspects rather than 

sustainability aspects. Sun’s research differs from this thesis in the selection of 

manufacturing methods and in the material selection. In Sun’s thesis, only CNC was 

considered as a manufacturing method. The material selection was done between stainless 

steel and titanium, out of which titanium was selected based on mechanical properties and 

suitability for the manufacturing process which was considered to be Computer Numerical 

Control (CNC) machining.  

However, in the discussion part of Sun’s thesis, possible topics for future research 

optimization included manufacturing process optimization. In this thesis, the options for 

manufacturing methods were analysed from the viewpoint of sustainability. 

4.3  Reliability assessment of the results 

Ensuring reliability was taken into account in every step of this research, from the selection 

of research methods to having a tool to assess reliability for each method. Using triangulation 

ensured that at least three different methods were used to approach the research questions 

and find results. Additionally, fifty-four references were found. With the source material 

analysis tool presented in Appendix 7, the validity of the references was inspected. So, the 

research questions were approached with multiple methods and by using various references 

and sources. In table 11, the reliability assessment table is filled out. 
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Some observations regarding reliability can be made from SolidWorks. All materials and 

their sustainability profiles might not be 100 % accurate since they were created manually 

to SolidWorks. The only material found from the SolidWorks material library was AA6061. 

The rest of the materials were created manually, and their sustainability profiles were only 

referencing some materials already existing in the SolidWorks material library. So, the 

results from the sustainability module are not exact but accurate enough to draw conclusions 

from. Additionally, only milling was listed in the manufacturing method selection list. So, 

AM was analysed as “custom” and HPDC as “die casting”. These changes also alter the 

results especially when it comes to the sustainability of manufacturing.  

 

Table 16: results of reliability assessment 
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4.4  Topics for future research 

Based on this research, possible topics for future research from the point of view of 

sustainability and optimization can be proposed. The sustainability of microwave receivers 

can still be optimized and in the future, the sustainability analysis of the materials and 

manufacturing methods could be done with more accurate software to get more precise 

results. Below, some possible research topics for future are listed:  

- How would the results change if the weighting factors of the R9 Strategies would be 

different?  

- Can the sustainability increase by optimizing the DRO? How much would it 

increase? 

- How can the milling process be advanced in terms of material efficiency for 

microwave receiver?  

- If milling can be optimized in terms of sustainability, would it make sense to change 

the manufacturing method for microwave receiver. 
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5  Summary 

This thesis was a part of a larger ongoing research project about microwave electronics in 

Lappeenranta-Lahti University of Technology. Increasing the sustainability of a microwave 

receiver contributes to the overall sustainability of maritime radar system. To meet 

sustainability goals, it is important to research more sustainable alternatives for processes 

and materials, and to develop the already existing ones. This thesis researched alternatives 

for manufacturing processes and materials for microwave receivers for maritime radar 

repeaters. The research was done using multiple research methods and utilizing triangulation 

to analyse and combine all of the results. The results show that it is possible to increase the 

sustainability with material choices and using the most suitable manufacturing method. 

However, although the results point towards HPDC being the most sustainable 

manufacturing method, literature search pointed out that there is current research about 

optimizing milling and increasing its sustainability. Materials are also developing rapidly. 

However, new materials and technologies are often more expensive, so cost and efficiency 

of current processes often outweigh the possible advancements of newer and more expensive 

materials. Still the development needs to happen with materials and manufacturing to reach 

sustainability goals and to make the circular economy loops shorter.  
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Appendix 1: PowerPoint slides of questions and answers of expert interview 
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Appendix 2: Technical drawings of  device: enclosure
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Appendix 3: Technical drawings of device:   cover



1 
 

Appendix 4: Technical drawings of device: assembly
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 Appendix 5: SolidWorks sustainability analysis (enclosure) 

 

 

 

 

Sustainability Report 

     

Model Name:   MicrowaceReceiver Material: 

 

6061 Alloy Weight:  206.33 g Manufacturing process: 

Surface Area: 48569.53 mm² Milled 

Recycled content: 0.00 % Built to last: 7.0 year  

Duration of use: 7.0 year  

Environmental Impact (calculated using CML impact assessment methodology) 

 

 Carbon Footprint 

 

 Material:  2.7 kg CO2e 

 Manufacturing:  0.050 kg CO2e 

 Transportation:  0.019 kg CO2e 

 End of Life: 0.013 kg CO2e 

 

2.8 kg CO2e  
 

Total Energy Consumed  

 

 Material:  34 MJ 

 Manufacturing:  0.945 MJ 

 Transportation:  0.278 MJ 

 End of Life: 0.011 MJ 

 

35 MJ  
 

 Air Acidification 

 

 Material:  0.019 kg SO2e 

 Manufacturing:  3.3E-4 kg SO2e 

 Transportation: 8.8E-5 kg SO2e 

 End of Life:  1.1E-5 kg SO2e 

 

0.019 kg SO2e  

 

 

Water Eutrophication 

 

 Material:  6.1E-4 kg PO4e 

 Manufacturing:  1.2E-5 kg PO4e 

 Transportation: 2.0E-5 kg PO4e 

 End of Life:  2.3E-6 kg PO4e 

 

6.4E-4 kg PO4e  

  

Material Financial Impact 0.50 USD 

 



2 
 

   

 

Sustainability Report 

     

Model Name:   MicrowaceReceiver Material: 

 

AA6082 Weight:  206.33 g Manufacturing process: 

Surface Area: 48569.53 mm² Milled 

Recycled content: 0.00 % Built to last: 7.0 year  

Duration of use: 7.0 year  

Environmental Impact (calculated using CML impact assessment methodology) 

 Carbon Footprint 

 

 Material:  2.7 kg CO2e 

 Manufacturing:  25 kg CO2e 

 Transportation:  0.019 kg CO2e 

 End of Life: 2.7E-3 kg CO2e 

 

28 kg CO2e  
 

Total Energy Consumed  

 

 Material:  34 MJ 

 Manufacturing:  420 MJ 

 Transportation:  0.278 MJ 

 End of Life: 2.1E-3 MJ 

 

450 MJ  
 

 Air Acidification 

 

 Material:  0.019 kg SO2e 

 Manufacturing:  0.025 kg SO2e 

 Transportation: 8.8E-5 kg SO2e 

 End of Life:  2.2E-6 kg SO2e 

 

0.044 kg SO2e  

 

Water Eutrophication 

 

 Material:  6.1E-4 kg PO4e 

 Manufacturing:  4.0E-3 kg PO4e 

 Transportation: 2.0E-5 kg PO4e 

 End of Life:  4.6E-7 kg PO4e 

 

4.6E-3 kg PO4e  

  

 

Material Financial Impact 0.50 USD 

Click here for alternative units such as ‘Miles Driven in a Car’ 
 

 

 

 

http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR
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Sustainability Report 

     

Model Name:   MicrowaceReceiver Material: 

 

AlSi10Mg Weight:  204.04 g Manufacturing process: 

Surface Area: 48569.53 mm² Die Casted 

Recycled content: 0.00 % Built to last: 7.0 year  

Duration of use: 7.0 year  

Environmental Impact (calculated using CML impact assessment methodology) 

 Carbon Footprint 

 

 Material:  2.7 kg CO2e 

 Manufacturing:  25 kg CO2e 

 Transportation:  0.019 kg CO2e 

 End of Life: 2.7E-3 kg CO2e 

 

27 kg CO2e  
 

Total Energy Consumed  

 

 Material:  33 MJ 

 Manufacturing:  410 MJ 

 Transportation:  0.275 MJ 

 End of Life: 2.1E-3 MJ 

 

440 MJ  
 

 Air Acidification 

 

 Material:  0.019 kg SO2e 

 Manufacturing:  0.025 kg SO2e 

 Transportation: 8.7E-5 kg SO2e 

 End of Life:  2.2E-6 kg SO2e 

 

0.044 kg SO2e  

 

Water Eutrophication 

 

 Material:  6.0E-4 kg PO4e 

 Manufacturing:  3.9E-3 kg PO4e 

 Transportation: 2.0E-5 kg PO4e 

 End of Life:  4.6E-7 kg PO4e 

 

4.6E-3 kg PO4e  

  

 

Material Financial Impact Not Defined 

Click here for alternative units such as ‘Miles Driven in a Car’ 
 

 

 

 

http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR
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Sustainability Report 

     

Model Name:   MicrowaceReceiver Material: 

 

AlSi9Cu3 Weight:  206.33 g Manufacturing process: 

Surface Area: 48569.53 mm² Die Casted 

Recycled content: 0.00 % Built to last: 7.0 year  

Duration of use: 7.0 year  

Environmental Impact (calculated using CML impact assessment methodology) 

 Carbon Footprint 

 

 Material:  2.7 kg CO2e 

 Manufacturing:  30 kg CO2e 

 Transportation:  0.019 kg CO2e 

 End of Life: 2.7E-3 kg CO2e 

 

32 kg CO2e  
 

Total Energy Consumed  

 

 Material:  33 MJ 

 Manufacturing:  450 MJ 

 Transportation:  0.278 MJ 

 End of Life: 2.1E-3 MJ 

 

490 MJ  
 

 Air Acidification 

 

 Material:  0.019 kg SO2e 

 Manufacturing:  0.040 kg SO2e 

 Transportation: 8.8E-5 kg SO2e 

 End of Life:  2.2E-6 kg SO2e 

 

0.059 kg SO2e  

 

Water Eutrophication 

 

 Material:  6.2E-4 kg PO4e 

 Manufacturing:  5.5E-3 kg PO4e 

 Transportation: 2.0E-5 kg PO4e 

 End of Life:  4.6E-7 kg PO4e 

 

6.1E-3 kg PO4e  

  

 

Material Financial Impact Not Defined 

Click here for alternative units such as ‘Miles Driven in a Car’ 
 

  

http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR


5 
 

   

 

Sustainability Report 

     

Model Name:   MicrowaceReceiver Material: 

 

AlSi12 Weight:  203.28 g Manufacturing process: 

Surface Area: 48569.53 mm² Die Casted 

Recycled content: 0.00 % Built to last: 7.0 year  

Duration of use: 7.0 year  

Environmental Impact (calculated using CML impact assessment methodology) 

 Carbon Footprint 

 

 Material:  2.6 kg CO2e 

 Manufacturing:  29 kg CO2e 

 Transportation:  0.018 kg CO2e 

 End of Life: 2.7E-3 kg CO2e 

 

32 kg CO2e  
 

Total Energy Consumed  

 

 Material:  32 MJ 

 Manufacturing:  450 MJ 

 Transportation:  0.274 MJ 

 End of Life: 2.1E-3 MJ 

 

480 MJ  
 

 Air Acidification 

 

 Material:  0.018 kg SO2e 

 Manufacturing:  0.040 kg SO2e 

 Transportation: 8.6E-5 kg SO2e 

 End of Life:  2.2E-6 kg SO2e 

 

0.058 kg SO2e  

 

Water Eutrophication 

 

 Material:  6.1E-4 kg PO4e 

 Manufacturing:  5.4E-3 kg PO4e 

 Transportation: 2.0E-5 kg PO4e 

 End of Life:  4.6E-7 kg PO4e 

 

6.0E-3 kg PO4e  

  

 

Material Financial Impact Not Defined 

Click here for alternative units such as ‘Miles Driven in a Car’ 
 

  

http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR
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Model Name:   MicrowaceReceiver Material: 

 

Scalmalloy (r) Weight:  204.04 g Manufacturing process: 

Surface Area: 48569.53 mm² Die Casted 

Recycled content: 0.00 % Built to last: 7.0 year  

Duration of use: 7.0 year  

Environmental Impact (calculated using CML impact assessment methodology) 

 Carbon Footprint 

 

 Material:  2.8 kg CO2e 

 Manufacturing:  25 kg CO2e 

 Transportation:  0.019 kg CO2e 

 End of Life: 2.7E-3 kg CO2e 

 

28 kg CO2e  
 

Total Energy Consumed  

 

 Material:  35 MJ 

 Manufacturing:  410 MJ 

 Transportation:  0.275 MJ 

 End of Life: 2.1E-3 MJ 

 

450 MJ  
 

 Air Acidification 

 

 Material:  0.021 kg SO2e 

 Manufacturing:  0.025 kg SO2e 

 Transportation: 8.7E-5 kg SO2e 

 End of Life:  2.2E-6 kg SO2e 

 

0.046 kg SO2e  

 

Water Eutrophication 

 

 Material:  6.8E-4 kg PO4e 

 Manufacturing:  3.9E-3 kg PO4e 

 Transportation: 2.0E-5 kg PO4e 

 End of Life:  4.6E-7 kg PO4e 

 

4.6E-3 kg PO4e  

  

 

Material Financial Impact Not Defined 
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Appendix 6: SolidWorks sustainability analysis (cover)  

Sustainability Report 

     

Model Name:   MicrowaveReceiverLid Material: 

 

C46400 Weight:  106.90 g Manufacturing process: 

Surface Area: 18520.70 mm² Sheetmetal 

Recycled content: 0.00 % Built to last: 7.0 year  

Duration of use: 7.0 year  

Environmental Impact (calculated using CML impact assessment methodology) 

 Carbon Footprint 

 

 Material:  0.520 kg CO2e 

 Manufacturing:  0.040 kg CO2e 

 Transportation:  9.8E-3 kg CO2e 

 End of Life: 1.4E-3 kg CO2e 

 

0.571 kg CO2e  
 

Total Energy Consumed  

 

 Material:  7.7 MJ 

 Manufacturing:  0.760 MJ 

 Transportation:  0.144 MJ 

 End of Life: 1.1E-3 MJ 

 

8.6 MJ  
 

 Air Acidification 

 

 Material:  2.4E-3 kg SO2e 

 Manufacturing:  2.7E-4 kg SO2e 

 Transportation: 4.5E-5 kg SO2e 

 End of Life:  1.1E-6 kg SO2e 

 

2.7E-3 kg SO2e  

 

 

Water Eutrophication 

 

 Material:  1.4E-4 kg PO4e 

 Manufacturing:  9.7E-6 kg PO4e 

 Transportation: 1.0E-5 kg PO4e 

 End of Life:  2.4E-7 kg PO4e 

 

1.6E-4 kg PO4e  

  

Material Financial Impact Not Defined 

 



2 
 

   

  

Sustainability Report 

  

       

Model Name:   MicrowaveReceiverLid Material: 

 

C87850 Weight:  110.91 g Manufacturing process: 

Surface Area: 18520.70 mm² Wire 

Recycled content: 0.00 % Built to last: 7.0 year  

Duration of use: 7.0 year  

Environmental Impact (calculated using CML impact assessment methodology) 

 Carbon Footprint 

 

 Material:  0.631 kg CO2e 

 Manufacturing:  0.041 kg CO2e 

 Transportation:  0.010 kg CO2e 

 End of Life: 1.5E-3 kg CO2e 

 

0.684 kg CO2e  
 

Total Energy Consumed  

 

 Material:  7.0 MJ 

 Manufacturing:  0.789 MJ 

 Transportation:  0.150 MJ 

 End of Life: 1.1E-3 MJ 

 

7.9 MJ  
 

 Air Acidification 

 

 Material:  8.1E-3 kg SO2e 

 Manufacturing:  2.8E-4 kg SO2e 

 Transportation: 4.7E-5 kg SO2e 

 End of Life:  1.2E-6 kg SO2e 

 

8.4E-3 kg SO2e  

 

Water Eutrophication 

 

 Material:  2.1E-4 kg PO4e 

 Manufacturing:  1.0E-5 kg PO4e 

 Transportation: 1.1E-5 kg PO4e 

 End of Life:  2.5E-7 kg PO4e 

 

2.3E-4 kg PO4e  

  

 

Material Financial Impact Not Defined 

Click here for alternative units such as ‘Miles Driven in a Car’ 
 

 

 

 

http://www.solidworks.com/plugins/sustainability/calculator.htm?LANG=en&BSLca=46.818&BSLai=0.261&BSLwa=0.017&BSLen=575.685&CURca=40.370&CURai=0.136&CURwa=0.012&CURen=499.642&BSLname=Plate1&CURname=Plate1&CML=yes&Month=Jan&Day=10&Year=2011&Time=12%3A16&VID=PR
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Glossary 

 

Air Acidification - Sulfur dioxide, nitrous oxides other acidic emissions to air cause an increase in the acidity of rainwater, which in turn acidifies lakes and 

soil.  These acids can make the land and water toxic for plants and aquatic life.  Acid rain can also slowly dissolve manmade building materials such as 

concrete.  This impact is typically measured in units of either kg sulfur dioxide equivalent (SO2), or moles H+ equivalent.   

 

Carbon Footprint - Carbon-dioxide and other gasses which result from the burning of fossil fuels accumulate in the atmosphere which in turn increases the 

earth’s average temperature. Carbon footprint acts as a proxy for the larger impact factor referred to as Global Warming Potential (GWP). Global warming 

is blamed for problems like loss of glaciers, extinction of species, and more extreme weather, among others. 

 

Total Energy Consumed - A measure of the non-renewable energy sources associated with the part’s lifecycle in units of megajoules (MJ).  This impact 

includes not only the electricity or fuels used during the product’s lifecycle, but also the upstream energy required to obtain and process these fuels, and the 

embodied energy of materials which would be released if burned.  Total Energy Consumed is expressed as the net calorific value of energy demand from 

non-renewable resources (e.g. petroleum, natural gas, etc.).  Efficiencies in energy conversion (e.g. power, heat, steam, etc.) are taken into account.  

 

Water Eutrophication - When an over abundance of nutrients are added to a water ecosystem, eutrophication occurs.  Nitrogen and phosphorous from 

waste water and agricultural fertilizers causes an overabundance of algae to bloom, which then depletes the water of oxygen and results in the death of 

both plant and animal life.  This impact is typically measured in either kg phosphate equivalent (PO4) or kg nitrogen (N) equivalent. 

 

Life Cycle Assessment (LCA) - This is a method to quantitatively assess the environmental impact of a product throughout its entire lifecycle, from the 

procurement of the raw materials, through the production, distribution, use, disposal and recycling of that product. 

 

Material Financial Impact - This is the financial impact associated with the material only. The mass of the model is multiplied by the financial impact unit  

(units of currency/units of mass) to calculate the financial impact (in units of currency). 

 

 

 

Learn more about Life Cycle Assessment   

 
 

 

http://www.solidworks.com/sustainabilityinfo
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Appendix 5: Reference analysis tool results 
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