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ABSTRACT 

While Aluminium has lots of unique properties and is seen as a material of the 

future, its production and manufacturing has significant environmental impacts. For 

complex and dimensional shapes casting remains the main manufacturing method 

and in this study the environmental pressure of different casting techniques is 

compared. A screening LCA is conducted to determine the environmental impacts of 

plaster mould castings in a case study at the Ventana Hackås AB foundry in Mid 

Sweden. The findings are compared to models of sand, pressure die and lost wax 

castings, based on literature datasets. 

The most relevant factors for the environmental performance are identified as the 

production of the aluminium alloy and the amount and source of energy. For plaster 

mould castings additionally the plaster consumption is significant, while lost wax 

castings are dominated by the mould production and general processes. Under 

similar circumstances a relatively similar performance was found for all casting 

techniques except the lost wax process, which is at least 3 times more emission 

intensive. Of the remaining techniques pressure die castings performed the best and 

plaster mould castings the worst, but different sources of uncertainties have been 

identified in this comparison. In addition a carbon footprint interface is created based 

on these findings, to enable specific comparisons of different casting method setups. 

Customizable variables allow the adaptation of three scenarios to real world 

conditions. As the main influencing factors the aluminium alloy, source of electricity 

and casting technique have been identified.  

Abiotic Depletion Potential; Acidification potential; Aluminium; Carbon Footprint; Casting; Comparison; 

Eutrophication; Foundry; Global Warming Potential; GWP 100a; LCA; Life Cycle Assessment; Lost Wax 

Casting; Ozone Depletion Potential; Photochemical Oxidation Potential; Plaster Mould Casting; Plaster of 

Paris; Sand Casting; Pressure Die Casting; Screening LCA; Sweden 
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1. INTRODUCTION AND BACKGROUND 
Aluminium is used in many applications and can be found in every household. 

Aluminium is perceived with a more positive attitude, compared to other metals, e.g. 

iron and steel. It was discovered fairly late and the mass production really started 

just in the last century and is still growing at a strong rate (Moors, 2006). Due to the 

late discovery aluminium has and is been seen as a futuristic material and although 

we are now more aware of its limitations and negative impacts, aluminium offers 

unique properties. The low density combined with a relatively high strength allows 

lighter and therefore energy saving designs, which leads to the use of aluminium 

being market as environmentally friendly. Nonetheless, the production of aluminium 

components is very energy and pollution intensive, especially the production of the 

raw material.  

 

Figure 1: Global aluminium flows as Sankey Diagram, the difference casting methods can be seen in the lower 

green part (Cullen & Allwood, 2013) 

In Figure 1 the global aluminium flows are shown (Cullen & Allwood, 2013) and it 

can be seen that one of the most important manufacturing techniques to produce 

complex shapes in series is via casting. Casted aluminium components are part of 

many different products including small appliances, tools, electronics or cookware as 

well as engines. They can be found in households, companies and to large shares in 

vehicles. As the production of Aluminium, also the casting process requires high 

amounts of energy. The actual environmental impact of the cast is determined by 

different factors, like the type of alloy, the production method or the production 
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location. It is therefore interesting to compare different scenarios to evaluate the 

specific impacts connected to them. This enables the determination of possible 

reductions for casted products, both through optimization of the casting process as 

well as in the design and chosen materials.  

1.1. CASTING METHODS 

Different methods have developed to produce metal castings and each has a specific 

set of benefits and drawbacks, making the selection of a suitable casting methods 

depended on the metal, lot size, shape of the cast and many further variables (Er & 

Dias, 2000). For aluminium the most common processes are pressure die and sand 

castings. These techniques are less suitable for test series, rapid prototyping or 

smaller lot sizes in general, where plaster mould and lost wax casting techniques, 

allow a more flexible production. In this study the specific plaster mould casting 

process in the foundry of Ventana Hackås AB in Mid Sweden is analysed and 

compared to other production setups. 

1.1.1. PLASTER MOULD CASTING 

As the name of the process describes, the moulds for the casting are made out of 

gypsum plaster, also called plaster of Paris. An aluminium pattern is needed to 

produce the moulds, which can be manufactured by CNC-machines on site in 

Hackås, allowing for fast changes in the design. This aluminium pattern is used to 

produce multiple single use moulds, which have then to be dried in ovens before the 

casting.  

After the cast has cooled down the plaster is removed, first manually with hand tools 

and remaining residues by high pressure water cleaning. Following the in-gate 

system and other ridges get separated from the cast and re-melted, while the cast 

itself undergoes further cleaning, shape correction, solution treatment, artificial aging 

and a final control before it gets shipped. In Hackås, the mould residues are 

separated from the water by a centrifuge and get reused in the construction of roads 

whereas the water is used to clean the mould workshop and drains. Suspended 

particles are settled in a settling tank before the water is discharged into a small 

creek.  

1.1.2. HIGH PRESSURE DIE CASTING 

In the high pressure die casting technique, the molten metal is forced into a mould 

cavity under high pressure. The mould is formed by hardened steel dies, which need 

to be produced specifically for the cast and the high effort and cost for this 
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production, as well as the large capital cost for the remaining casting equipment 

limits the process economically to higher production volumes. If the production is 

set, the manufacturing of parts is relatively simple and efficient, suiting small and 

medium casts in high quantities and the casts are mostly characterized by a very 

good surface finish. (Heinemann, 2016) 

1.1.3. SAND CASTING 

Sand casting is a more flexible process with non-reusable moulds made of fine Sand, 

allowing smaller batches and larger cast sizes. Like the plaster moulds, the sand 

moulds are formed around a pattern and a binding agent keeps the sand in shape. 

The sand can often be reused to make new moulds after the casting, but the surface 

finish is limited by the grain and quality of the sand. (Dalquist & Gutowski, 2004) 

1.1.4. LOST WAX CASTING 

The lost wax casting method is an old and complex process, which is today mostly 

suited for prototypes and single-items. It resembles the plaster mould technique, as 

the mould is produced in a similar way, by applying a hardening slurry e.g. clay 

around a pattern. As in the plaster casting the mould is only useable once and gets 

destroyed by the removing process. In the case of the lost wax technique the pattern 

is made out of wax and lost, as the mould gets heated upside down to remove the 

wax before the casting. It is possible to create an upstream second mould production 

to cast the wax patterns, enabling series productions only limited by the durability of 

the first mould. (Hunt, 1980)  

1.2. ENVIRONMENTAL IMPACTS OF ALUMINIUM CASTING 

Even though aluminium is the third most abundant element in the world, the 

production of pure aluminium is very energy intensive due to its high stability. The 

theoretical value to reduce 1 ton of oxide is almost five times as high as for iron. 

Aluminium production consists of the mining of Bauxite, the processing to Alumina 

(pure aluminium oxide, Al2O3) and the electrolysis of aluminium, requiring carbon 

anodes. Each of these production steps is connected to its own environmental 

problems, like large amounts of red mud waste for the alumina production or 

emissions of different pollutants e.g. in the electrolysis. (Moors, 2006) 

Due to the high demands for electricity the production of aluminium is reliant on 

cheap energy and therefore placed in locations with excess energy potential instead 

of close to the Bauxite deposits and mines. This fact has led to a high content of 

hydropower (about 50 %) in the power mix used for aluminium production, 
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reducing the emissions from the electricity generation but leaving other problems 

untouched. Especially the production of the carbon anodes is still highly dependent 

on fossil fuels and the optimization potential is low with the currently available 

technology. (Moors, 2006) 

The Swedish foundry association (Gjuteriföreningen) has published information 

about the carbon emissions per ton of casted metal in form of a climate indicator 

slider the data can be found in Table 1. It is based on a study published by Swecast 

(Wänerholm, 2017), but it only includes the emissions of the electricity consumption 

for the melting process and from transportation. The production of the metal, as well 

as other raw materials and further process steps are not included.  

Table 1: Climate indicator in kg CO2-eq per ton of casted metal parts, as published by the Swedish foundry 

association, 2017 

  

This original publication was a trigger for further interest in the environmental 

impacts of the casting process, especially for aluminium. A recurring decision is the 

choice of alloy, between primary and secondary aluminium and to provide an 

environmental perspective the impacts of both are important.  

1.2.1. SCREENING LCA 

During a Life Cycle Assessment (LCA) all phases of a products life are studied in 

regards of environmental aspects and potential impacts. With increasing awareness 

of environmental problems and impacts LCAs have become more and more popular, 

for example to identify possible improvements, inform decision makers or for 

marketing purposes (Hauschil, Rosenbaum, & Olsen, 2017). A screening LCA does 

not go to the same depth as a full LCA, but still contains the relevant processes and 

emissions. In general more assumptions and allocations have to be made in a 

screening LCA instead of additional data gathering to fill gaps. Further information 

about the methodology and background of LCAs can be found in the literature, e.g. 

the hitchhiker’s guide to LCA (Baumann & Tillman, 2004). This LCA is based on the 

ISO 14040 and the framework used can be seen in Figure 2.  

Metal Sweden Norway Finland France Germany Denmark UK Italien Spanien Polen Turkey China India

Iron 88 110 393 413 768 562 892 894 956 1169 1588 1616 1735

Steel  (induction) 109 118 533 453 1004 735 1130 1116 1130 1570 1992 2020 2240

Steel  (electric arc) 90 111 410 418 795 582 920 919 977 1216 1635 1663 1794

Aluminium 81 107 348 400 690 504 814 820 899 1037 1455 1483 1569

Magnesium 92 112 419 420 812 594 936 935 989 1244 1663 1691 1829

Brass 71 103 281 380 577 422 701 714 816 846 1262 1290 1328

Bronze 60 99 214 361 462 338 586 607 732 652 1067 1095 1084

Zink 60 99 209 359 454 332 577 599 725 638 1053 1081 1066
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Figure 2: Stages of a Life Cycle Assessment (ISO 14040) 

1.2.2. CARBON FOOTPRINT 

Climate change is one of the most urgent environmental problems and is in the focus 

of public and governmental attention, with the Paris Agreement signed in 2016 being 

one of the most recent events. The most common way to quantify the responsible 

Green House Gas Emissions (GHGs) is as Carbon dioxide-equivalents (CO2-eq) in a 

100 year timeframe. This weighting allows comparing the impact of different GHGs 

based on their radiation potential and is the basis of the carbon footprint.   

The carbon footprint allows visualizing the specific impact on the climate system and 

offers a base of comparison. The definition is not yet standardized but it is generally 

agreed that the carbon footprint method quantifies all GHG emissions during a 

products life cycle in from of CO2-eq (Wright, Kemp, & Williams, 2011). In 

comparison to a full LCA, the carbon footprint is a single number, significantly easier 

to grasp and compare. Nonetheless it is a relevant number, as it still focuses on one 

of the most urgent environmental problems. Furthermore GHG-emissions are often 

related to other emissions and environmental impacts, as they are closely connected 

to the (fossil) energy consumption, which is an indicator for the overall intensity of a 
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process. This makes the carbon footprint a good choice to compare environmental 

impacts and improve decisions and it is therefore used for the comparison interface. 

2. PURPOSE OF THE THESIS 
The intention of the thesis is to determine environmental impacts of the aluminium 

casting process, using the plaster mould technique on the case study of the Ventana 

Hackås foundry. It should be related to other foundry locations and casting 

techniques, with a focus on the carbon footprint to enable the comparison of the 

process used by Ventana to other competitors. 

For this purpose a screening LCA is conducted including all relevant processes and 

impacts for the baseline scenario of the production at the foundry in Hackås. This 

method allows the consideration of multiple environmental impacts and broadens 

the borders, containing the production of raw materials as well as other process 

steps. 

Based on the results of the Screening LCA a user friendly interface is developed, to 

calculate and compare different scenarios in regard of the carbon footprint. It enables 

the variation of the most relevant variables, as the source of electricity, the used alloy 

or transportation distances. This data shall later be used by Ventana to optimize their 

process as well as to help customers in the design process.  

3. METHOD (THEORY) 
The Screening LCA is used to determine the different environmental impacts 

connected to the production of casted aluminium components in the baseline 

scenario. It is conducted based on ISO 14040 and 14044 and includes the relevant 

processes of the manufacturing of customer specific aluminium casts at the foundry 

in Hackås. The functional unit is defined as 1kg of casted aluminium, as it leaves the 

foundry. The emissions of GHGs are investigated in depth and compared to different 

scenarios, leading to a basic carbon footprint comparison. 
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3.1. SYSTEM BOUNDARIES 

The castings examined are used in a wide range of applications, making it 

inapplicable to define a clear life stage or end of life. Therefore the approach will be 

limited to the partial life-cycle “cradle-to-gate” as it is typically used in 

environmental product declarations. This allows customers to evaluate the impact of 

their product by adding the specific use and end of life phase.  

The system boundaries contain the cradle to gate approach, including the extraction 

and production of raw materials, but exclude the construction and maintenance of 

the production site, machines and impacts of workers. Average Database values are 

used for environmental impacts, as long as suitable datasets are available. Further 

information about the data quality requirements, assumptions and limitations are 

stated in chapter 3.4. 

Direct emissions from the casting process as evaporating aluminium and products of 

occurring chemical reactions between the liquid aluminium and mould or release 

agent have not been taken into account for this screening LCA. They are very hard to 

determine and in relation to the other, upstream emissions, it seems very unlikely 

that they could have any significant effect on the final results, based on data available 

in the literature (Heinemann, 2016).  

If recycling takes place for waste materials, the impacts of the recycling process and 

transportations are subtracted from possible benefits of replacements. To avoid 

double accounting this is not the case for recycled aluminium, as it can be used as 

alloy in the production. All emissions from the recycling of aluminium are seen as 

the impact of the secondary alloy, except for the transportation of the scrap 

aluminium to the recycling site, which is part of the waste handling.  

The EPD (2013) V1.01 has been selected as the characterization and weighting 

method, as is to be used for environmental product declarations (EPDs). This method 

is in accordance with the ISO 14025 and aligns with the European standard EN 

15804. EPDs are used to compare and transfer environmental information between 

different stakeholders, markets and countries. They include the following impact 

categories with the equivalent unit in brackets: 

- Acidification (SO2-eq) - Eutrophication (PO4-eq) 

- GWP 100a (CO2-eq) - Photochemical Oxidation (C2H4-eq) 

- Ozone layer Depletion (CFC-11 eq) - Abiotic depletion (Sb-eq) 
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More information can be found in (Del Borghi, 2013) and on the websites for existing 

EDP schemes referred to therein; and while this study is no full validated EPD this 

method was selected as it represents an internationally recognized standard. 

To support further planning and decisions an interface to calculate difference in 

carbon emissions is developed. It needs to contain the most relevant variables and 

data from the screening LCA and is based on those findings. In this study the 

GWP100a factors from the 5th AR of the IPCC (Intergovernmental Panel on Climate 

Change) are used to weight the GHG-emissions, as they represent the most recent set 

of the weighting factors.  

A critical review as stated in ISO 14044 will take places during the defence of the 

thesis by an opposing student of the master’s programme in ecotechnology and 

sustainable development at the Mid Sweden University as well as through the 

examination board.  

3.2. ISO 14040 AND 14044 

There are two international standards regarding life cycle assessments, the 

“Principles and framework” (ISO 14040) and “Requirements and guidelines” (ISO 

14044), which regulate the performance and report of LCAs. ISO 14040 contains the 

general methodology of LCA, including a description and the methodological 

framework (see Figure 2) with general requirements as well as information about the 

report and critical review. In addition the ISO 14044 is providing requirements and 

guidelines for practically conducting the LCA, more specific information about e.g. 

how to handle allocations. As these standards are internationally recognized and 

accepted this study is based on them.  

3.3. CASE STUDY AT VENTANA HACKÅS AB 

Ventana Hackås AB is a part of the foundry division of the VENTANA Group and 

offers complex aluminium castings in small and medium volumes. The production 

site is situated in Hackås, 40km south of Östersund in Sweden, with a yearly 

throughput of aluminium of about 12 tons over the past years. The production is 

based on the plaster mould casting method and allows thin-walled parts with high 

surface quality and fast changes of pattern and mould. The lot size is relatively small 

and does not exceed a few hundred pieces, in average significantly less.  

Ventana Hackås AB is certified according ISO 14001 and in the effort to reduce the 

environmental footprint they are interested in reducing the direct impacts of their 
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own production as well as the indirect load of supplied materials. Therefore the 

reduction of the environmental load is desired, both through optimizations in their 

own process as well as influencing their customers to make more environmental 

friendly decisions. 

3.4. DATA SOURCES AND SELECTION 

This study is conducted using the programme SimaPro, published by PRé 

Consulting, which is one of the world leading LCA software. SimaPro contains 

different databases and methods and is able to conduct the necessary calculations in 

accordance to the ISO 14044. The databases were used to complete the primary data 

received from the foundry and suppliers. 

3.4.1. THE BASELINE SCENARIO 

To simulate the casting process at the foundry in Hackås the baseline scenario is 

created as close as possible to the average production in the last years. As two thirds 

of the casted aluminium are still from primary production this scenario is seen as the 

baseline, but comparisons to secondary aluminium are drawn regularly. The primary 

alloy used is EN-AC-42100, the secondary alloy is EN-AC-42000 according to EN 

1706 (European Committee for Standardization, 2010). As the foundry is supplied by 

100% hydro power certified in accordance to the European Energy Certificate 

System, the source of electricity for the baseline scenario is chosen to be run-through 

hydro power plants in Sweden. 

3.4.2. PRIMARY DATA AND ADAPTATIONS 

The primary data provided by Ventana Hackås and Stena Aluminium contains the 

amount of produced and consumed materials as well as the direct emissions from the 

production site. The data is from the last years and in the case of Ventana was 

provided in several mail exchanges and personal meetings. It consists mainly of 

statistics from the production management. Direct emissions to water are tested by 

an external institute and their study was used to account for the amounts, further 

missing information like the specific spread of the electric consumption was assumed 

based on production experience (Table 2).  
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Table 2: Data and assumptions of the yearly electricity consumption 

 

As there was only one dataset available for secondary aluminium produced in the US 

and no suitable recycling processes, a new sub process was created, to model the 

specific production. The manufacturer of the secondary alloy, Stena Aluminium AB, 

provides an annual environmental report and the most current version from 2016 has 

been used as data source for this study (Stena Aluminium AB, 2017). It contains the 

main flows and key indicators of the production, as the energy consumption, waste 

production and direct emissions to the atmosphere. Thanks to further data provided 

by the company via email it was possible to include the specific amounts of alloying 

elements used for the production, completing the model with all relevant in- and 

outputs, the values can be found in Table A 1 in the appendix.  

Secondary Data was used for the impacts of all other suppliers, with special care in 

regard of the selection of specific datasets. Adaptations were made if necessary, e.g. 

the electricity used for the primary Aluminium was changed from the original 

datasets to Norwegian mix. Transport distances were determined based on the 

location of the production sites and calculated using route planners and map services 

e.g. Google Earth.  

Other casting processes were simulated based on database entries and different 

literature sources. The only suiting process in the selected databases is for lost wax 

castings from the ecoinvent 3 database. The sand casting (US) uses mostly dummy 

processes and effectively only accounts for direct emissions and Aluminium, 

Electricity and Natural Gas production. Therefore a new process based on a study by 

(Stephens & Wheeler, 2001) was created. Their LCA is performed on a larger scale 

production site which represents the typical application of sand castings quite good. 

Unfortunately this results in larger cast sizes (20-30kg) and much larger lot sizes of 

up to about 250.000 pieces used as case study. Another difference is the use of 

delivery of liquid aluminium instead of ingots, which reduces the energy 

consumption in the foundry. 

Amount Power [kW] Runtime per year [h] Thereof full power Electricity [kWh] share

Drying ovens 8 32 8760 45% 1,009,152 75.8%

Crucibiles 2 54 8760 15% 141,912 10.7%

Solution treatment 1 70 3120 30% 65,520 4.9%

Artificial ageing 1 11 1664 30% 5,491 0.4%

General processes 109,309 8.2%

Total 1,331,384
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The model for pressure die castings is based on data from the book “Energy and 

Resource Efficiency in Aluminium Die Casting” (Heinemann, 2016), which provides 

very comprehensive data for the average use of electricity gas and aluminium. Due 

to the lack of data for other materials, a study on a 3000 tons/year foundry (Neto, 

Kroeze, Hordijk, & Costa, 2008) was used to complete the model. 

All datasets for other casting techniques were adapted to the baseline scenario as far 

as possible, mainly due to changing the source of electricity to Swedish hydro power 

and the aluminium alloy to the Norwegian production. Unfortunately the data for 

the other casting techniques does not allow adaptations to the lot size, which is 

especially for sand and pressure die castings significantly higher (factor 10 to 10000) 

than in the production in Hackås. 

3.4.3. DATABASE SELECTION 

SimaPro offers access to 9 different scientific databases, from which 3 offer different 

variants. The three different Input-Output databases were excluded, as they don’t 

follow the same approach and have a higher level of aggregation. Out of the 

remaining 6 databases only three contained relevant data for this study: 

- the European Life Cycle Database (ELCD), (European Commission, 2018) 

- the USLCI (U.S. Life Cycle Inventory Database, 2012)  

- and the Ecoinvent 3, (Wernet, 2016) Database 

The Ecoinvent 3 database offers different allocation methods, of which the 

recommend standard allocation, default was chosen. 

3.5. CARBON FOOTPRINT CALCULATION INTERFACE 

Microsoft Excel is used to create the comparison spreadsheet for the carbon footprint 

of different production scenarios. The spreadsheet should be user friendly, with a 

minimal learning time required before the user is able to operate it. Therefore a main 

input interface has to be created, that is clearly structured and contains all the 

relevant information to make the required changes to the baseline scenario. The cells 

should be protected against erroneous changes and inputs. Including an output of 

the most relevant results and graphs on the front input interface allows the user to 

follow up on the effect of his changes in real time. More complex outputs and further 

graphs are better situated in a separate sheet, while the calculation and database 

sheets should be invisible to prevent accidental changes.  
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In countries with high specific carbon emissions it could be beneficial to change the 

main source of heat to for example natural gas, as the direct heat production on site is 

significantly more effective than the intermediate electricity production. A reduction 

of the total emissions seems therefore reasonable; therefore this optional possibility is 

included, also for the plaster mould technique. 

The relations, calculations and data are based on the results of the Screening LCA 

and should include the following variables: 

- General information: 

o Source of electricity 

o Source of heat (electricity/natural gas) 

o Casting information (technique, size) 

- Aluminium information (product weight and type of alloy) 

- Transportation to customer (packaging weight and transports) 

The results include the total emissions per cast, kg of casted product for the three 

compared scenarios as well as relative savings or additional emissions compared to a 

basic scenario. In some of the graphs it is possible to select which of the impact 

categories shall be shown. 

4. RESULTS 
Almost all impacts of the casting process result from upstream processes and are not 

generated on site. The main impact results from the production of raw materials and 

a very significant reduction can be achieved by using the secondary alloy. 

All diagrams show the emissions for 1 kg of casted component and are presented 

with a cut-off ratio of 2.5 %, excluding all processes with a lower influence on the 

final impact in the presentation of the network. These diagrams are cut to size and 

exclude the some of the Up-stream processes to enhance the readability, the full sized 

diagrams can be found in the appendix.  

4.1. ASSESSMENT OF THE BASELINE SCENARIO 

The baseline scenario shows that the main sources of GHG-emissions are located at 

the production of aluminium and plaster (Figure 3). Although large amounts of 

electricity are needed for heating purposes in the casting process, the influence of the 

electricity production is just about 5 %.  
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Figure 3: GWP 100a in the baseline scenario, kg CO2-eq with a 2.5 % cut-off, network shown till 5th layer 

A similar behaviour is visible for the different impact categories; the production of 

the primary alloy has the largest impact, followed by the production of the mould, 

see Figure 5. If the analysis is made for different categories of activities, the 

production of aluminium remains crucial, but the other processes show a less 

uniform picture, see Figure 4. In this form of presentation it becomes visible, that the 

transportation processes needed for the different materials rank on second position 

in four of the six impact categories. The acidification, eutrophication, photochemical 

oxidation and ODP impact categories behave remarkably similar.  

 

Figure 4: Impact Assessment for the baseline scenario, normalized to 100 % 
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Figure 5: Main emission flows in the baseline scenario show in comparison for different impact categories with a cut-off of 2.5 % in the network, shown till 5th layer 
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Of the two remaining impact categories, the influence of the plaster production is 

higher for the GWP and the production of electricity for the ADP. The high impact 

on the resource depletion is due to the usage of metals in the transmission network 

and hydropower plants.  

 

Figure 6: ADP main network for the baseline scenario shown till the 5th layer, cut-off at 2.5 % (kg Sb-eq) 

The ADP differs also clearly in the network view (Figure 6), especially the lower 

impact of the aluminium and higher relevance of the electricity production are 

obvious. It becomes also visible, that the waste treatment recovers some materials.  

The associated full size diagrams can be found in the appendix (Figure A 1-Figure A 

5).  

4.1.1. COMPARISON TO SECONDARY ALLOYS 

The secondary produced aluminium has a significantly lower environmental load 

per kg of alloy compared to the primary produced aluminium in all regards, as 

visible in Figure 7. The primary alloy production in Norway is between three (ADP) 

and nearly 15 times (POP) as intensive as the production of the secondary alloy at 

Stena’s facility.  
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Figure 7: Comparison of the impact assessment of different primary and secondary alloys for all impact 

categories  

In regard of the whole casting process the assignment to the different process groups 

does not show one clear pattern, instead the different impact categories differ widely 

(Figure 8). In most cases the production of the aluminium alloy is no longer the main 

source of emissions. Due to this reduction the other processes are equally more 

relevant. 

 

Figure 8: Impact Assessment for the baseline scenario using the secondary alloy, normalized to 100 % 

Again the ADP stands out, with the electricity production being even more relevant 

and the highest factor. This is to over 80% due to steel and about 10% to copper, both 

used in the production of the hydro power plant. 
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4.2. COMPARISON TO OTHER TECHNIQUES 

The different casting techniques show pretty similar results in all impact categories 

assuming a production in Sweden (Figure 9). The lost wax casting technique is by far 

the most emission intense method. Pressure die castings show the lowest impacts, 

closely followed by the sand casting and plaster mould casting techniques.  

 

Figure 9: Comparative impact assessment for the different casting techniques, normalized to 100% 

The network diagrams for the GWP and impact assessments can be found in the 

appendix (Figure A 12 to Figure A 16). From these it becomes visible, that the actual 

casting process has nearly no impact on the total emissions for both the sand and 

pressure die casting. The impact is almost exclusively due to the production of the 

primary alloy and heat. Therefore the largest difference in the GWP origins in the 

different material and heat efficiencies of the two processes. Especially the drying 

process of the sand moulds has a large influence.  

4.3. CARBON FOOTPRINT 

As the heart of the calculations, the database of the carbon footprint contains all 

necessary calculations and can be found in Table A 3. It uses mainly the Screening 

LCA results of the different casting scenario analyses and is supplemented by further 

emission data for different alloys, electricity mixes and transportation methods. 

The main interaction with the interface takes place on the input tab (Figure 10), 

which allows the adaptation of the three different scenarios as well. All further 

comparisons made in this chapter are based on the baseline scenario; the settings can 

be seen in the “Primary” table. 
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Figure 10: Input tab of the carbon footprint interface, showing an example calculation setup

Source of Electricity Source of Electricity Source of Electricity

Main source of heat Main source of heat Main source of heat

Casting technique Casting technique Casting technique

Size of Cast Size of Cast Size of Cast

product weight 1 [kg] product weight 1 [kg] product weight 1 [kg]

Type of Alloy Primary, Hydro, Norway Type of Alloy Secondary, Stena, Sweden Type of Alloy Primary, Hydro, Norway

Packaging weight 1 [kg] Packaging weight 1 [kg] Packaging weight 1 [kg]

Vehicle type Vehicle type Vehicle type

Lorry, Euro6, >32 tons 50 [km] Lorry, Euro6, >32 tons 50 [km] Lorry, Euro6, >32 tons 50 [km]

Freight train, Electric, Europe 1000 [km] Freight train, Electric, Europe 1000 [km] Freight train, Electric, Europe 1000 [km]

Lorry, Euro6, 16-32 tons 20 [km] Lorry, Euro6, 16-32 tons 20 [km] Lorry, Euro6, 16-32 tons 50 [km]

Select visible processes (some diagrams)

Plaster Mold Casting

Sweden, Hydro

General Information

Primary

Aluminium

Electricity

Distance Distance Distance

Medium

Transportation to customer

Aluminium

Medium Medium

Transportation to customer

Aluminium

Transportation to customer
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Most information can be chosen by drop-down lists, while weight and distances have 

to be typed. The input tap also allows a direct feedback of the changes via two 

diagrams shown in the lower half of the tab. In the left diagram all GHG emissions 

are shown in CO2-eq for the casting piece while the right diagram shows only 

selected processes.  

Additional diagrams can be found in the “figures” tab, containing pie charts of the 

origin of the emissions for the specific scenarios as well as further bar graphs and 

tables for the comparison of the different scenarios. They include emissions per 

casted piece, per kg of casted material as well as reduced and increased emissions in 

comparison to a basic scenario. 

4.3.1. INFLUENCE OF THE ELECTRICITY PRODUCTION 

The type of electricity is mainly determined by the location of the foundry, as 

different countries have different electricity mixes. This has a high influence on the 

impact of the respective casting, as different sources of electricity differ widely in 

their corresponding GWP. In addition to the electricity from Swedish hydro power 

used in the foundry, different country specific mixes have been taken into 

consideration (Figure 11).  

 

Figure 11: GHG emissions as GWP in g CO2-eq per kWh of electricity for different country specific mixes in 

rising order 
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Changing the location of the foundry in the comparison scenario has therefore a high 

influence, as it can be seen in Figure 12. While the Swedish mix has a slightly higher 

GWP, the right bar assuming the German electricity mix is about 6 times as high.  

 

Figure 12: Comparison of the same 1kg plaster mould casting varying only the electricity sources 

4.3.2. INFLUENCE OF CHOICE OF ALLOY 

The crucial importance of the recycling of aluminium for the environmental 

performance of casting processes could already be seen in chapter 4.1.1. Further 

alloys have been added to the selection in the interface to adapt the setup as close as 

possible to different circumstances. It can be seen, that the aluminium used by 

Ventana, produced by Hydro in Norway, has a very low profile (Figure 13),  

 

Figure 13: Comparison of different aluminium alloys, GWP per kg divided into Primary and Secondary 

production 
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4.3.3. OTHER CASTING PROCESSES 

The carbon footprint represents the findings of the screening LCA, with similar GWP 

for pressure die and sand castings and extremely higher GWP for the lost wax 

technique (Figure 14). It can be seen that the general casting process, as well as the 

production of the mould is considerably more emission intensive. Small differences 

can be perceived in regard of the heating and electricity consumption, which become 

more important in other scenarios, using more carbon intensive electricity mixes. 

 

Figure 14: GWP comparison of the pressure die, sand and lost wax casting technologies 

4.3.4. OTHER INFLUENCES 

Plaster consumption is dependent on the size of the cast and has a significant impact 

on the overall environmental performance. The smaller the size of the cast the more 

plaster is used per kg of aluminium, which leads to a respectively higher GWP. A 

larger cast also achieves a lower loss of aluminium in e.g. the feeders, improving the 

environmental performance even further, as it can be seen in Figure 15. 

Transportation might have a significant influence, if long distances need to be 

overcome, but is in general from lower relevance, as long as the cast is not 

transported by airplane. With a rising GWP of the electricity the use of natural gas 

for heating becomes the better choice after passing the threshold of about 300 g CO2-

eq/kWh. 
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Figure 15: Comparison of 1kg casting varying only the size of cast using the plaster mould technique 

4.3.5. EXAMPLE OF A COMPARISON SCENARIO 

One possible scenario for the use of the carbon footprint interface can be seen in 

Figure 16. In this example the baseline scenario is compared with a sand casting 

made in Turkey and a Chinese pressure die casting. The adaptations made range 

from the casting technique, over the electricity mix, casting alloy to the 

transportation to a customer in Scandinavia. Both foreign scenarios are assumed to 

use natural gas for the heating, as it is mostly the case. All detailed assumptions for 

this comparison can be found in Table A 2 in the appendix.  

 

Figure 16: Example comparison in the carbon footprint interface, comparing the baseline, a Turkish sand 

casting and a Chinese pressure die casting 
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In this comparison it is visible that the choice of the aluminium alloy has a large 

influence. The actual casting process (heating, mould and pattern) has a comparably 

lower impact and the transportation is almost negligible.  

It is hard to make a general conclusion, as the different set-ups lead to widely 

different results, in which every casting process (with the exception of lost wax 

castings) can have a significant advantage. Of the three remaining processes in 

general pressure die castings perform the best at otherwise identical conditions, 

while plaster mould castings have the largest base load as well as energy 

consumption. Nonetheless the whole casting process has to be taken into 

consideration and by producing at different foundries with different techniques also 

other parameters will change, as the source of alloy or electricty. 

5. DATA QUALITY ANALYSIS 
In many cases different datasets and sources were available and assumptions had to 

be made to choose and adapt those to the real world conditions. In this chapter these 

circumstances and decisions are explained and analysed. 

5.1. ELECTRICITY 

In comparison to the assumption made for the climate indicator (Wänerholm, 2017) 

of 0.53 kWh/kg metal needed for the melting process, the assumed runtime (Table 2, 

page 10) equals 11.5 kWh/kg cast for the crucibles. The large discrepancy between the 

two values can be explained by the theoretical background of the indicator, being 

based on the best case value. Furthermore the small size of the foundry in Hackås is 

resulting in a low aluminium throughput and therefore lower efficiency. As the share 

of electricity is low compared to the drying ovens and the assumed time on full-

power is (15 %) is in line with the value of the indicator, the assumption is 

considered suitable. 

The source of electricity is one of the most important variables, creating large 

differences in the total environmental load of the casting process. The dataset used 

for the baseline scenario with production of hydropower has been adapted to include 

transmission losses and emission from the grid infrastructure. For the other scenarios 

with country specific mix, the market datasets were used, already including these 

effects.  
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5.2. PRIMARY ALUMINIUM 

The chosen databases offer different datasets for primary aluminium as well as two 

different alloys without further specification of the share of primary and secondary 

aluminium. Two different datasets were suitable to be adapted to the Norwegian 

production conditions, a US-American and a European model. There are only small 

differences between the two adapted datasets (Ecoinvent/USLCI) in regard of GWP 

(Table 1) and the values are comparable to the average of the Aluminium Report 

(Aluminium, 2018), the deviation is probably due to varying borders. 

Table 3: Comparison of the different datasets for primary aluminium in regard of CO2-eq, Aluminium report 

represents the value of (Aluminium, 2018) 

 

The European set was chosen, as it is closer to the production in Norway and more 

comprehensive. The American dataset does not account for the ADP or the treatment 

of the red mud during the alumina production and contains many dummy processes.  

Therefore the results differ significantly from the European approach, as can be seen 

in Figure 17 and the different networks of the two processes in Figure A 17 (in the 

appendix). 

 

Figure 17: Comparison of the different Aluminium datasets for primary alloys, the adapted scenarios are on 

first and second position, the last bar includes the alloying elements 

Europe, 

adapted
US, adapted Europe US

AlMg3-alloy, 

global

Cast alloy, 

global

Aluminium 

report

7.1 8.1 9.2 13.7 7.9 4.6 6.7

GHG-emissions in kg CO2-eq per kg of aluminium alloy
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As the alloying elements can have a significant influence on the overall 

environmental performance (Heinemann, 2016), Silica and Magnesium have been 

added for the Primary Aluminium Alloy in accordance to the used 42100 Alloy 

(European Committee for Standardization, 2010). In the carbon footprint interface all 

different datasets are available to choose from, to adapt the model to the given 

source of primary alloy, as there are significant differences between them.  

5.3. SECONDARY ALUMINIUM (STENA) 

In comparison to the primary alloy the secondary aluminium used by Ventana 

Hackås AB has a significantly lower impact per tonne of material (see chapter 4.1.1). 

More than half of these emissions are still due to the production of alloying elements 

needed to generate the required alloy. The source and production method of these 

alloys is not further known; therefore global average market values have been used. 

This data is considered reliable, but could be improved by further studies. In 

comparison to the database the values for the recycling at Stena’s facility seem 

comparably high (Figure 18), which is a bit surprising considering that the electricity 

mix used for the processes would be considered the main difference between two 

similar facilities. By further investigation it becomes clear that the available database 

values do not account for the alloying metals that are needed to gain the proper 

alloy. The main share of especially the outstanding impact categories (e.g. ODP and 

ADP) is caused by the production of the alloying elements, which are not accounted 

for in the other datasets. 

 

Figure 18: Comparison of the different secondary aluminium datasets 



26 

 

5.4. PLASTER 

The emissions of the plaster production are mainly determined by the production 

process, which defers based on the hemihydrates that should be produced. This is 

relevant, as the production of α-hemihydrates needs to be conducted under high 

pressure, increasing the energy effort and environmental load compared to the 

atmospheric process used to create β-hemihydrates. Unfortunately the manufacturer 

of the plaster, Saint-Gobain did not disclose further information about the share of α- 

to β-hemihydrate, arguing that the information is confidential. 

The GHG-emissions of using only α-hemihydrate equal 0,331 kg CO2-eq per kg of 

mixed plaster at the foundry, while the use of β-hemihydrates would result in 0.195 

kg CO2-eq. In this study the ecoinvent dataset for a German production was assumed 

as the worst case scenario, set as baseline scenario and used for the carbon footprint. 

Due to the comparable high influence of the plaster further research and 

improvements of the data quality are recommended. 

5.5. OTHER CASTING TECHNIQUES 

The different datasets used for the other casting techniques are all based on reliable 

data sources, but do not fulfil all criteria needed for the creation of the carbon 

interface. One of the main problems is the missing ability to adapt the data to 

different lot and casting sizes, especially as both the pressure die and sand casting 

datasets origin from larger foundries, having larger lot sizes and more efficient 

processes.  

In comparison to the lost wax casting the high difference for the general processes 

and mould production is eye catching. These two process steps are modelled in 

lesser detail for the other two casting methods, but based on the processes it has still 

to be expected that the impacts remains significantly lower.  

Especially in the carbon footprint comparison these insecurities affect the reliability 

of the results, at the current state in benefit of the sand and pressure die castings. 

Further research and optimization is strongly recommended in these areas.  
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6. DISCUSSION 
During the process of the screening LCA it was possible to detect and capture the 

relevant energy and material flows and quantities and determine the environmental 

impacts of the plaster mould casting techniques. Literature research and further 

sources were used to model and compare other casting techniques under similar 

conditions. Multiple significant influencing factors have been determined and 

implemented into the carbon footprint interface to allow the variation of different 

set-ups for comparisons. 

During the data quality analyses the short comings and gaps of the datasets were 

examined. They were found to be particularly relevant for the comparison between 

the different casting techniques, were the some insecurities and gaps could be found, 

e.g. the missing data to adapt the datasets to different lot sizes. 

6.1. ENVIRONMENTAL PERFORMANCE OF THE PLASTER MOULD CASTINGS 

Most of the environmental impacts of all casting processes result from the upstream 

production of materials and very little take place in the foundry. After the 

production of Aluminium the heat production is frequently the most important 

factor, determined by the electricity mix and natural gas consumption. Plaster mould 

castings differ from pressure die and sand castings in this regard, as the gypsum 

plaster needed for the mould production is of greater importance for the total 

balance as well. Additionally the case study has identified a significantly higher heat 

consumption for the plaster mould process (see database Table A 3), mainly due to 

the drying process of plaster moulds, which takes place in multiple ovens over a 

couple of days.  

6.2. APPLICABILITY OF THE CARBON FOOTPRINT 

In many cases construction engineers are able to choose between different casting 

techniques and including the environmental component into the selection process 

would be desirable. Approaches like the rule based selection (Er & Dias, 2000), might 

be supplemented with environmental loads, another possibility is a separate 

assessment, as done in the carbon footprint interface. The interface enables the 

comparison of different set-ups and takes the most relevant variables into account. A 

range of diagrams and data is available and user friendly exportable. In general a 

comparison to pressure die and sand castings seems most reasonable as they are by 

far the most common techniques. 
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User friendly operation ability and graspable results should be prioritized over 

complexity and depth, as environmental concerns are often only secondary. A single 

number output like the carbon footprint is a possibility to produce clear results and 

during this study the relative environmental performance was similar between the 

different casting techniques. Nonetheless there are variations and further adaptations 

and additional data might make the implementation of other impact categories 

beneficial. 

One of the most interesting applications of the interface would be to find tipping 

points for the environmental benefits for different casting setups in regard of the lot-

size. Due to missing data for the other casting processes this functionality is not 

available, as the initially efforts for the creation of a new pattern and die are not 

include in the datasets. But especially for smaller lot-sizes these “starting costs” 

become highly relevant. 

Due to missing data for transportation for other casting methods the interface is 

partially unbalanced in disadvantage of the plaster mould casting. This is reinforced 

by the lack of consideration of the lot sizes. While the initial efforts for the pattern 

and dies are neglected for the large lot sizes of the sand and pressure die casting, the 

average amounts for small lot sizes are accounted for in the plaster mould case. It has 

to be expected that for example the high effort of producing the dies for the pressure 

die casting process would make this process not only economically but also 

environmentally unattractive for small quantities, the typical application of plaster 

moulds. 

6.3. UNCERTAINTIES AND FURTHER RESEARCH 

Many different influencing factors, with different relevance have been recognized to 

determine the environmental performance of the casting processes. One of the largest 

is the production of aluminium. As it has a very large contribution to the 

environmental performance special attention has to be red to these datasets. Both the 

primary and the secondary alloy used in the case study are therefore adapted to the 

actual production processes and conditions. This is not the case for the other datasets 

available in the carbon footprint, hence the informative value and reliability is a bit 

limited. 

As casting processes need high amounts of energy to melt the aluminium, the 

heating of the furnaces has a high influence. For those techniques requiring a drying 

of the moulds, these ovens can exceed the energy demand of the furnaces. Special 
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attention has therefore to be paid on the heat sources, both if natural gas or electricity 

is used. 

For the plaster mould casting the mould production requires high amounts of Plaster 

of Paris, which in result becomes a relevant factor for the environmental 

performance. As no information could be retrieved about the share of alpha to beta-

hemihydrates, the worst case scenario of exclusive alpha-hemihydrates was 

assumed. The only available data was from a German production facility, while the 

actual process takes place in France. Both are west European countries and very 

comparable in regards of technology and regulation standards. Due to the high 

relevance further research is nonetheless highly recommended especially also in 

regard of the hemihydrate proportions. 

One of the main flaws can be found in the problems with the adapted data for other 

casting processes. Only in the lost wax casting process a high quality dataset is 

available, unfortunately this method is rarely used. Even though pressure die 

castings are the most common casting method for aluminium (Heinemann, 2016), the 

available studies were limited in regard of smaller lot sizes, as this is a less common 

application. For sand castings there aren’t many studies available at all and the 

access to the relevant energy and material assessments and raw emissions were 

limited as well.  

6.4. CONCLUSION 

In general it can be said, that the lower the raw material extraction, the better the 

situation is for the environment. Both the production of plaster as well as of primary 

aluminium are responsible for the main share of all emissions in the case study. Also 

the energy production shows this pattern, where electricity mixes with higher 

renewable technology shares, without fuel requirements during the production, 

show significant lower emissions. This highly benefits the Swedish electricity mix 

and even more the use of hydro power, making the production in Sweden one of the 

best options available in regard to GHG-emissions. The relation between the raw 

material and the environmental pressure also shows the high relevance of the 

product design process, where the amount and type of material is determined. This 

connects to one of the benefits of plaster mould casting, the possibility to reduce the 

minimum wall thickness of casting parts, allowing lighter parts with less material 

required.  

The plaster mould casting technique is inferior to both the pressure die as well as the 

sand casting techniques, based on the available data and assuming otherwise 
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identical conditions. This is due to the high plaster consumption, a factor, that 

process-related does not apply for pressure die castings. The model of the sand 

castings includes replacement of sand as well as some binders for the mould 

production, but the amount and type differs widely within different applications of 

the process. Additionally to the fact that only one suitable study could be found for 

the assessment of the process, assumptions were made for different material uses.  

Furthermore this performance comparison is limited by the missing adaptability of 

data for the other casting processes. The sand casting process does not account for 

the pattern production and the pressure die casting process not for the mould 

production, both processes that become less significant with the large lot sizes used 

for the study and can therefore be neglected. In the context of smaller series, as it is 

typical for the use of plaster moulds, this is no longer true and the environmental 

load can be expected to be significantly higher under such circumstances.  

Even under these predispositions there are multiple plausible scenarios in which a 

plaster mould casting highly outperforms a pressure die casting, including all 

variables. Other alloys, electricity sources and longer transportation distances can 

have a higher impact than the actual casting method. Further research into the 

environmental performance of the other casting techniques, especially if used for 

smaller lot sizes is nonetheless highly recommended.   
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8. APPENDIX 

Network diagrams for the baseline scenario 

 

Figure A 1: Full network for the acidification potential in the baseline scenario, kg SO2-eq with 2.5 % cut-off 
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Figure A 2: Full network for the eutrophication potential in the baseline scenario, kg PO4-eq with 2.5 % cut-off 
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Figure A 3: Full network for the GWP 100a in the baseline scenario, kg CO2-eq with 2.5 % cut-off 
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Figure A 4: Full network for the Ozone depletion potential in the baseline scenario, kg CFC11-eq with 2.5 % 

cut-off 
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Figure A 5: Full network for the photochemical oxidation potential in the baseline scenario, kg C2H4-eq with 

2.5 % cut-off 

Network diagrams for the baseline scenario with secondary 

alloy 

 

Figure A 6: Full network for the acidification potential in the baseline scenario using the secondary alloy, kg 

SO2-eq with 2.5 % cut-off 
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Figure A 7: Full network for the abiotic depletion potential in the baseline scenario using the secondary alloy, 

kg Sb-eq with 2.5 % cut-off 
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Figure A 8: Full network for the eutrophication potential in the baseline scenario using the secondary alloy, kg 

PO4-eq with 2.5 % cut-off  
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Figure A 9: Full network for the GWP 100a in the baseline scenario using the secondary alloy, kg CO2-eq with 

2.5 % cut-off 
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Figure A 10: Full network for the Ozone depletion potential in the baseline scenario using the secondary alloy, 

kg CFC11-eq with 2.5 % cut-off 
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Figure A 11: Full network for the photochemical oxidation potential in the baseline scenario using the 

secondary alloy, kg C2H4-eq with 2.5 % cut-off 
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Network diagrams and impact assessments for other casting 

techniques 

 

Figure A 12: Full network for the GWP 100a using the lost wax technique and Swedish electricity, kg CO2-eq 

with 2.5 % cut-off 

 

Figure A 13: Impact Assessment for the lost casting technique, EDP (2013) 
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Figure A 14: Full network for the GWP 100a using the pressure die (left) or sand casting technique (right) and 

Swedish electricity, kg CO2-eq with 2.5 % cut-off 
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Figure A 15: Impact Assessment for the pressure die casting technique, EDP (2013) 

 

Figure A 16: Impact Assessment for the sand casting technique, EDP (2013) 
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Further diagrams and tables 

Table A 1: Assessment of the relevant parameters for the plaster mould casting 

 

Type Unit yearly consumption comment prouction step

Electricity kWh 1,331,384.0           specifics in sepate table

Water m³ 3,548.0                   

rinsing water m³ 3,395.0                   

for plaster m³ 153.0                       

Plaster tons 153.0                       For moulds

Glassfibre kg 613.0                       To strengthen mould

NaCl kg 683.0                       Reaction accelerator

Feeders 52 mm kg 40.3                         

Feeders 62 mm kg 181.4                       

Formway 8 emulsion l 109.0                       Release agent, oilbased

Aluminium kg 12,357.0                 EN 42000 and 42100

waste kg 1,221.0                   

final product kg 11,136.0                 

Feedol/Alurit kg 30.0                         For feeders

Strontium kg 20.3                         

TiBo 5:1 Alloy kg 20.0                         

Arsal kg 41.7                         Cover salt for crucible

Aluminium plates kg 2,487.7                   5083 cast alloy Pattern production

Substance Unit concentration

Aluminium mg/l 0.3                            

PH-value 7.5                            

COD (Cr) mg/l 93.1                         

Phosphor mg/l 0.0506                     Total phosphor

Suspended substances mg/l 42.7                         Mainly gypsum

Treatment type Unit Yearly amount

Incineration 1,605                       

Electronic scrap 1,379                       

Hazardous waste 120                           

Mould residues 199,620                  

Paper 135                           

Wood 3,650                       

Substance Unit Distance Type of transpotation Comment

646                           Lorry, >32 tons

1,850                       Freightship, Ocean

Primary Aluminium 1,278                       Lorry, >32 tons

Secondary Aluminium 898                           Lorry, >32 tons

195                           Lorry, >32 tons

1,220                       Freightship, lake

6,435                       Freightship, Ocean

Pattern material 1,500                       Lorry, 16-32 tons

Waste 150                           Lorry, 16-32 tons Average values

Plaster mould casting
Material and Energy

Mould production

Casting

Alloying elements

All

Gypsum

Glass fibre

km

Assumed 

transportation

Wastewater emissions

Comments

Average values 

from 2015-2017

Waste

Transportation

Comment

Industrial waste

Packaging material

Hazardous waste

One time high value?

kg
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Table A 2: Settings for the example casting technique comparison 

    

Table A 3: Database of the carbon footprint interface  

 

Electricity Aluminium Alloy General processes, per kg productElectricty incl. Heatprocess ElectricityNatural Gas Pattern production (per kg cast)Mold production (per kg cast)Otherprocesses (per kg product)Aluminium

Vehicle Emissions [g CO2-eq/tkm]Mix Emissions [g CO2-eq/kWh] Type Emissions [g CO2-eq/kg Al]Casting Type kWh/kg kWh/kg kWh/kg Emissions [g CO2-eq/kg]Emissions [g CO2-eq/kg]Emissions [g CO2-eq/kg]Emissions [g CO2-eq/kg]

no further transport 0.0 China 1120.0 Cast Alloy, global 4630 Plaster Mould Casting 119.56 9.80 109.75 1030 4630 483 1.11

Freight train, Average, Europe 52.6 Denmark 504.0 Primary, Alloy, Hydro, Norway7520 Pressure Die Casting 5.603 2.603 3 71.2 1.14

Freight train, Diesel, Europe 59.8 Finland 392.0 Secondary, Alloy,  Stena, Sweden1180 Sand Casting 10.39 3.45 6.94 662 26.82 1.11

Freight train, Electric, Europe 46.9 France 106.0 Secondary, Pure, US 538 Lost Wax Casting 92.5 27.75 64.75 401 16043 17234 1.35

Lorry, Euro6, 16-32 tons 168.0 Germany 656.0 Primary, China 26000 493.9

Lorry, Euro6, >32 tons 81.0 Great Britain 662.0 Primary, Europe 9160 end of list

Plane, Average 1130.0 India 1380.0 Primary, global market20100

Ship, inland waterways, barge 52.1 Italy 610.0 Primary, IAI Area 1, Africa13900 Size of Cast ratio mould/productratio Al/product Main Heat Emissions [gCO2-eq/kWh]thermal effiecencyEmissions [gCO2-eq/kWh], theoretical

Ship, sea, transoceanic ship 11.6 Japan 630.0 Primary, IAI Area 2, North America, without Quebec18600 Small 27 1.15 Electricity

Norway 18.8 Primary, IAI Area 3, South America10700 Medium 20 1.1 Natural Gas 293 90% 264

Russia 755.0 Primary, IAI Area 4&5, South and East Asia, without China26000 Large 12 1.08

Spain 482.0 Primary, IAI Area 8, Gulf region19200 end of list

Sweden 51.6 Primary, North America (US Database)13700

Sweden, Hydropower 7.0

Switzerland 116.0

Turkey 657.0

United States 739.0

end of list end of list end of list

Transportation
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Figure A 17: Comparison of the networks for primary productions EU (left) and US (right) 


