
   

 

 

 

 

 

 

 

 

Ellada Alieva  

 

Analysis of emissions in foundries with carbon footprint 
calculator  

 

 

 

 

 

 

 

 

Master’s thesis  

Espoo 19.12.2022 

Supervisor: Professor Juhani Orkas  

Instructor: Doctoral candidate Tommi Sappinen  



   
 

2 
 

  Abstract of master’s thesis  

Author Ellada Alieva   
Title of thesis Analysis of emissions in foundries with carbon footprint 
calculator 

Degree programme Master’s Programme in Mechanical Engineering  
Major/minor Mechanical Engineering  Code ENG25  
Thesis supervisor Professor Juhani Orkas  
Thesis advisor(s) Tommi Sappinen, M.Sc.  
Date 19.12.2022  Number of pages 67 (62+5)  Language English   

 

Abstract  
The issue of CO2 emission mitigation is one of the essential topics which unite not 
only European countries but also the entire world. Since current negative climate 
changes mostly appear from industries, they are those who are required to take 
actions to reduce the harmful effects on the environment without a decline of the 
economy growth. Casting industry is among the weighty CO2-emitting industrial 
areas, therefore its every action in the direction of sustainability plays a vital role in 

carbon emissions reduction. However, there is a lack of the data available for 
analysis of a foundry in accordance with the main casting stages. The purpose of the 
study is to collect such data from several random foundries of Finland and several 
countries of Europe and Asia and consider their origin according to casting stages. 
Additionally, the objective is to evaluate the global situation, compare the emissions 
between the foundries of different countries and analyse possible causes of the 
differences. The literature review of the work covers renewable energy sources, 
casting processes and carbon footprint in foundries. Additionally, it includes the 
findings regarding circular economy approach and the requirements in terms of 
Sustainable Development Goals (SDGs), as well as the most recent regulations of 

the EU law (CO2 emission regulations). Emission calculator (Löytynoja, 2021) was 
used as a base of the practical part of the work. Since only main stages of casting 
were necessary for analysis, a simplified version of the calculator was created. The 
most remarkable result of the study was that regardless of the specific climate 
conditions of Finland, which require extra electricity and heating energy, still 
Finnish foundries demonstrated the lowest carbon emissions compared to other 
participants of the study, which were Germany, the Czech Republic, and China. In 
terms of metal scrap usage, Finland also showed more sustainable approach 
compared to other countries. As for possible further corrections of the current 
situation in Finnish industry, including foundry industry, it could be suggested to 

enhance the renewable energy usage in terms of wind power and bioenergy. 

Keywords: carbon footprint, CO2 emissions, foundry, casting industry, circular 
economy, sustainability, SDGs, renewable energy.  
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1 Introduction   
 

Nowadays the topic of carbon emission reduction is an important matter 

for collaboration between the countries in the world. The usage of renewable 

energy sources is one of the currently known and the most effective ways to 

mitigate the negative effect of carbon emissions (Huisingh et al., 2015). 
According to (Xiaofeng et al., 2019), it is predicted that European countries 

are going to lead in terms of renewable energy usage, and EU legislation 

stimulates European countries to focus on renewable energy sources in all 
the industrial sectors.  

According to (Huisingh et al., 2015), metallurgy is one of the most 

significant industries generating CO2 emissions. Therefore, focusing on this 
area could significantly influence the reduction of carbon emissions overall.  

Casting is a highly intensive and widely implemented manufacturing 

method. According to the records of (Statista.com, 2022), it was produced 
105.5 Mt of casting worldwide in 2020, where it was produced 51.95 Mt in 

China and 11.31 Mt of castings in India. According to (caef.eu, 2020), in 

Europe, 9.1 Mt of ferrous metal castings was manufactured. Finnish 
foundries produced 47 052 t of iron and steel castings in 2020 (caef.eu, 

2020). 

 

1.1  Background  
 

According to (Löytynoja, 2021) there are various techniques to calculate 

CO2 emissions in different industries. However, those methods represent 

overall emission amount from the company and lacks precision and detailed 

approach. Emission calculator (Löytynoja, 2021) provides a comprehensive 

calculation of CO2 emissions of a single cast component based on the input 

from each stage of the component manufacturing. 

With the help of the calculator made by (Löytynoja, 2021) it was observed 

that the most affecting amount of CO2 emissions is generated by electricity 

and if climate condition requires, central heating production as well. In 

comparison with other factors, 55-80% of CO2 is released due to electricity 

and central heating altogether. The amount of electricity consumed in 

Finland in 2021 is shown in Table 1.  
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Table 1. Supply and total electricity consumption in Finland in 2021 

(Tietokeskus, 2021). 

Supply  GWh % 

Nuclear power 22 649 26,1 

Hydro power  15 550 17,9  

Wind power  8 133 9,4  

Solar power  305 0,4 

Net imports  17 768 20,5 

Other heating power  22 370  25,8  

Total  86 775  100  

Total consumption  GWh % 

Industry and 
construction  

37 706  43,5  

Households and 
agriculture  

24 535 28,3  

Services and public 
consumption 

21 906 25,2  

Transmission and 
distribution losses 

2 629 3,0  

Total  86 775  100 

 

It can be seen from Table 1 that 27.7 % of the total energy is originated 

from renewable sources altogether (hydro, solar and wind power) and 43.5 

% of the total energy is used for industrial and construction purposes. Due to 

rapid industrialization, energy consumption has been increasing 

significantly. Therefore, it is essential to increase the use of alternative 

sustainable energy sources in industry in order to balance the emission of 

CO2 at the same pace with manufacturing growth.  

As (EU Directive, 2018) states, the recommendation of renewable energy 

share is to have 60% of the total energy source of heating and low-carbon 

policy by the year of 2050. And according to (KPMG, 2022), the goal of 

Finland is to reach 50% of renewable energy share already by the year of 

2030.  According to (EU Directive, 2018), the goal for Finland in 2020 was 

38% from renewable energy sources. 

According to the rough estimation based on Inventory analysis, in 2020 

the amount of CO2 emitted due to industrial processes was 5.2Mt, which 
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accounts for 11% of the total amount of CO2 emissions (Tietokeskus, 2020). 

Out of those 11% of CO2 emissions, 33% stands for metal industry, which is 

estimated to be about 1.7 Mt of CO2-equivalent. Therefore, there is a need to 

enhance the use of alternative sources of renewable energy, such as wind, 

solar energy, water energy, geothermal, photovoltaic and biomass energy, 

implementing suitable manufacturing techniques.  

These options of energy source are an opportunity to minimize the 

distracting consequences of the traditional energy sources, such as fossil 

fuels. It is important to note, that nuclear power is not 100% a sustainable 

energy source, as it requires proper handling and burying of the nuclear 

waste. More detailed discussion about nuclear energy as a renewable energy 

source is given in section 2.1.6 of this work.  

Finland is a unique country to study the topic of renewable energy usage. 

The northern location of Finland requires extra energy consumption and 

heating for industrial and daily purposes, especially in winter. Also, long 

distances cause more energy utilization and its proper distribution. 

Therefore, the sources of energy in Finland are diversified, including hydro, 

thermal, wind, and nuclear power production. (Jääskeläinen et al., 2018) 

 

 

1.2 Research gap  
 

Emission calculator (Löytynoja, 2021) is an explicit tool to calculate CO2 

emissions of a cast component, and this tool can be used by any foundry 

whenever necessary. However, since it is a relatively new tool, there might 

not be enough awareness about the importance of using it for a random cast 

component of a random foundry. Additionally, during the testing of the 

calculator, it was observed that there is still a need of a simpler and faster 

way to calculate CO2 emissions considering basic input data from the main 

casting stages for a random cast component. Firstly, those categories are 

usually the most CO2- producing in casting process. Secondly, it might be 

challenging for a foundry to provide all the information in extended form.  

Moreover, due to current global changes, it is crucial to know, what is the 

situation at a global casting industry level and particularly where Finnish 

casting industry is in a big picture. Based on those simplified calculations, it 

is easier and clearer to make comparison between the foundries of different 

countries, so that the essential minimum of information is included, and the 

calculations are short and easy to interpret for anyone who is interested.  

 

 

1.3 Research questions  
 

Considering the literature review and works done previously, the 

following research questions were raised in the current thesis work:  
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1. What renewable sources of energy are available now?  

2. What are efficient techniques used for casting? 

3. What are casting stages (categories) producing the highest amount of 

CO2 emissions? 

4. What are the reasons for that number of emissions?  

 

1.4 Objectives of the work 
 

There is a lack of numerical data about the origin of CO2 emissions in the 

casting industry in each stage of casting, therefore it is difficult to provide any 

predictions about the future of the casting industry and its impact on the 

environment or make improvements in the processes. Additionally, 

according to (Wänerholm, 2016), it is a challenge to calculate CO2 emissions 

in several countries due to the differences in calculation methods, individual 

input data (for instance, common electricity calculation approach, clear 

energy sources), different climate condition and current environmental 

situation. This work attempts to make common grounds for estimation of 

CO2 emissions in different countries.   

A secondary aim of this work is to provide possible solutions regarding the 

optimisation of CO2 emissions in the foundries, so that it would be possible 

to reach the goals set by EU regulations. However, prior to the regulations, 

Finland has already been doing energy diversification due to outstanding 

climate conditions and high energy prices trying to seek for alternative safe 

energy sources.   

To summarize, the objectives of the thesis are following:  

1. The main objective of the work is to analyse the origin of the highest 

CO2 emissions in foundries of Finland, other EU countries and Asia at 

different casting stages  

2. Additionally, the goal is to compare carbon emissions between the 

countries and consider the reasons of the differences.  

3. The last aim of this work is to explore possible improvements in CO2 

emission reduction in the foundries in general and/or at the stages of 

casting.  

 

 

1.5 Materials  
 

To achieve the objectives of the work and answer the research questions, 

a content analysis of the various literature was conducted, including Scopus 

database, Elsevier, Research Gate portal and articles from Google Scholar 

engine.   

The keywords used for the paper search were as follows: casting process, 

foundry, carbon emissions, renewable energy, metallurgy. The oldest 

publication mentioned in the thesis is of a year 1997 and 2000, which are the 
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handbooks. As for the rest of the references, they consist of research papers, 

preferably the aim was to use the articles published not later than 2016, 

however a number of older publications was used if more recent works on the 

topic were not available. Also, a number of webpages was implemented for 

the work, containing e.g. statistics information and several webpages with 

theoretical information. The findings from literature are mainly presented in 

chapter 2.  

Considering the practical part of the research, it is based on the results of 

the questionnaire made with the help of Emission calculator (Löytynoja, 

2021). Chapter 3 contains more detailed information about it.  

 

 

1.6 Structure of the thesis and scope of the study  
 

This chapter aims to provide a general information about the structure of 

the work. Chapter 2 (Literature review) comprises casting methods, casting 

stages, renewable energy types, carbon footprint in foundries, circular 

economy and regulations of the UN (United Nations) regarding CO2 

emissions in industries.  

The next part is research methods (chapter 3), which provides the 

information about the conditions of the practical part of the research. 

Chapter 4 illustrates the main results of the work, followed by interpretation 

of the results presented in chapter 5. The possible directions for future work 

and conclusion are presented in chapter 6 of the thesis work. The focus area 

of the work is based on the foundries of Finland. Also, in order to have more 

room for diversity of analysis and discussion, it was decided to cover several 

countries in EU and Asian foundries 
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2 Literature review  
 

The literature used in this work covers a range of topics. (Sokka et al., 

2016) gave a comprehensive overview of the existing sustainable energy 

methods taking into account LCA (Life-cycle assessment). In order to analyse 

the real effect on the environment from the sustainable energy sources, it is 

essential to consider the full impact of the methods. Among the effects are 

climate changes, ozone depletion, impacts on public health, biodiversity, soil 

quality, water and soil use etc. In the long-term, if the renewable energy 

sources are going to be used at a large scale, their impacts cannot be neglected 

or underestimated. Since this is not the main focus of the work, the overview 

about the most known renewable energy sources is provided in a general 

form.  

 

2.1 Renewable energy sources  
  

2.1.1 Hydropower  

 

Hydroelectric energy is one of the oldest renewable energy sources. 

Briefly, the process is described as natural flow of water generating 

electricity. Figure 1 illustrates the process of obtaining hydro power.  

 

 

Figure 1. The process of hydro energy obtaining. (Pokhrel, 2017) 

 

The method is done by using a dam which makes the difference in altitude, 

so that the flowing water creates kinetic energy, which is transferred to a 

spinning turbine, followed by turning a power generator which produces 

electricity. There are also other technologies such as diversion and pumped 

storage hydropower. (energy.gov, 2022) 
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As for an opinion of Finnish experts, hydro power is a quite cheap and easy 

energy source. However, regardless a large number of its advantages, it might 

be harmful to a wildlife if installed without boundaries. It is planned to make 

hydropower in Finland less harmful to the wildlife and aesthetic look of the 

environment. (sähkön kilpailutus.fi 2021)  

 

2.1.2 Solar energy  

 

According to (U.S. Renewable Energy Technical Potentials, 2012), solar 

energy can be defined as light and heat produced by sun. Solar energy 

method can be either active or passive. As for active solar energy, the 

buildings are equipped with the device called solar collector which captures 

sun light and heat, followed by converting it into electricity either by 

photovoltaic (PV) or using concentrated solar power (CSP).  

Considering passive solar method, the building location is chosen with 

regard to direct sunlight and made with suitable material having thermal 

mass and proper ventilation. In 2021, 849 GW was produced by this energy 

source worldwide which counts for 26% of total shares of power generation 

(Renewable energy capacity statistics 2022).  

In Finland, photovoltaics is primarily used. Because of the northern 

location of the country and low angle of sun, the solar collectors are set at 60-

degree angle in order to collect most of the energy. Also, since in Finland the 

light days depend on season when in there are very long light hours in 

summer and very short in winter, photovoltaics is the most suitable here.  

Figure 2 illustrates the process of obtaining solar energy.  

 

Figure 2. Block diagram of a solar energy system. (Al-Mamun et al., 

2013) 

  

It can be seen in figure 2 that the module made of semiconductor materials 

catches the sunlight and converts it into electrical energy. Then, the photons 

are transferred into the cell which takes direct current (DC) and converts it 

into alternating current (AC) with the help of inverter. Then AC is used for 
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appliances. Normally the panels are combined into arrays in order to store a 

lot of energy.  (energy.gov, 2022) 

As for possible negative impacts, it should be taken into account that the 

materials used for solar panel manufacturing might be hazardous, and also 

the area taken for solar panels installation might negatively affect a habitat 

for flora and fauna. (ucsusa.org, 2013) 

 

2.1.3 Wind energy  

 

Wind is also widely used as an energy resource for operation of wind 

turbines. Globally, it was recorded in 2021 that 825 GW power is produced 

with wind energy. The rate of power of one average turbine varies from 600 

kW to 9 MW. (Hanrelch, G. 2007) In order to reach the maximum output 

from wind turbine, its preferable locations are offshore and high altitude 

areas. (U.S. Renewable Energy Technical Potentials, 2012) As the speed 

offshore can reach around 90% of wind speed on land, it is planned to use 

those areas for higher output, as much as 40 times higher than currently it is 

required. (Archer, 2005) Figure 3 shows the process of obtaining wind 

energy.  

 

 

Figure 3.Wind energy diagram. (treehugger.com, 2021) 

 

The wind when blowing, makes the blades of the wind turbine turn. When 

they turn, it makes the drive shaft work. The drive shaft makes the gearbox 

work, in other words, kinetic energy is converted into mechanical energy. 

Then transformer turns the alternating current (AC) into needed voltage. 

Also, the electricity can be stored in a battery for further needs.  

(treehugger.com, 2021) 

In Finland, wind power is relatively popular renewable energy source- in 

2020 there was 9.7% of the energy produced by wind. As Technical 

University of Lappeenranta states, wind power helps the country keep the 

electricity price from increasing. (Suomen Kuvalehti, 2019) As recorded in 
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2019, there was 754 wind turbines installed in Finland. Finland aims to reach 

30 TWh of electricity produced by wind by 2030 which would count for 30% 

of total electricity consumption by that year. (tuulivoimayhdistys.fi 2022) It 

is important to note that in wind energy, risk factors also exist, including e.g., 

hazard to wildlife due to the occupying of extra space of land. (ucsusa.org, 

2013)  

  

 

2.1.4 Bioenergy 

 

According to (Scheck et al. 2012), biomass is a product of biological origin, 

obtained from a living organism. In practice, it is usually a plant-based 

material, in other words, lignocellulosic biomass. (Scheck, Dugan, 2012)  

In order to produce energy from biomass, it can be burnt directly or 

converted into various fuel types. The ways to achieve the latter are thermal, 

chemical or biochemical. Also, purposely grown plants, dead trees, various 

kinds of municipal waste, animal and human waste can be a source for 

bioenergy. (Forestresearch.org., 2022) The biofuel can be in solid, liquid or 

gas form. (Demirbas, 2009). Figure 4 shows a simple representation of 

bioenergy process.  

 

Figure 4. Bioenergy process diagram. (Abpdu.lbl.gov, 2015) 

 

In Finland, as (Pelkmans et al., 2018) states, the vast majority of bioenergy 

(more than 90%) originates from solid source, such as forest-based, pulp and 

paper industry (Figure 5). However, the shares of other bioenergy sources are 

gradually increasing as well.  
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Figure 5. Sources of bioenergy in Finland (Pelkmans et al., 2018). 

 

As for possible hazards from bioenergy, it is important to monitor the 

effect from combustion of biofuels on the environment. Although the amount 

of emitted gas is considerably lower than from conventional fossil fuels, it is 

still essential to keep a balanced approach in energy consumption. 

(ucsusa.org, 2013)  
 

2.1.5 Geothermal energy  

 

Geothermal energy is produced from the sub-layers of the earth. Heat is 

produced due to the decay of radio-active minerals. (Dye, 2012)   In order to 

produce electricity from this source, it is needed to find the source with high 

geothermal activity. Those are usually located along the boundaries of the 

major tectonic plates, where the majority of volcanoes are located. (eia.gov, 

2022). Figure 6 shows schematic representation of geothermal energy 

production.  

 

 

Figure 6. The diagram of a geothermal energy process. 

(archive.epa.gov., 2017) 

Briefly, the process goes as follows: hot water is pumped with the help of 

pressure from a well. Due to a pressure drop, the water is converted into a 

steam. The steam is transferred to a turbine, then the energy is transferred 
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to a power generator to produce electricity. Then, the steam is moved into 

cooling system followed by the process of condensing- returning back to 

water and pumped into the earth again. (archive.epa.gov, 2017) According to 

(ucsusa.org, 2013), the challenges of geothermal energy usage from the 

environmental point of view depend on the cooling system and the technique 

to produce energy from geothermal source. Also, as (Kumar, 2020) states, 

geothermal energy process can cause seismic activity.  

Finland currently does not have a source of usage of geothermal energy 

since its location and geological condition do not allow to install such a 

system. Also, it does not seem economically feasible as (Kukkonen, 2000) 

states. However, according to (Richter, 2021), there are currently some 

projects going on in this direction.  

 

2.1.6 Nuclear energy 

 

According to (Bodel et al., 2021), nuclear energy option has always had 

controversial views, whether it is renewable energy source or not. For 

example, EU Technical Expert Group on Ethical Finance (TEG EU, 2020) 

could not come to a definite conclusion, whether nuclear energy is 

sustainable or not. They were not able to claim that it “will not do significant 

harm in other areas”.  

Currently there is no consensus about it. The reasons, why it is considered 

non-renewable are:  

• Uranium- 235 which is used for nuclear energy production is a 

limited energy source, unlike solar or wind power, for instance. 

According to (Dungan et al., 2017), it can be possible to use nuclear 

energy source for at least several centuries, due to a period of 

uranium decay until its exhaustion. Moreover, if in addition to 

extraction of Uranium from ore it will be also extracted from 

seawater, Uranium supply can be considered as sufficient for 

human usage. It is discovered that Uranium is a product of 

chemical reaction between seawater and rocks.  

• Radioactive waste is extremely hazardous in case if someone or 

something is exposed to it. Radioactive wastes cause a lot of serious 

diseases, including severe burns, oncological diseases, blood 

diseases and decay of tissues, such as skin and bones.  

• Nuclear power plant requires highly experienced and skilful 

engineers to consider all the safety aspects in order to avoid the 

issue mentioned above.  

 

The argument, why nuclear energy can be named as renewable source are:  

• It neither produces CO2 emissions, nor pollutes the environment. 

However, according to (EU Directive, 2018), nuclear energy is not 

within the list of renewable energy sources.  
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To sum up, it is still a controversial topic, and there is not yet a single 

conclusion on that. The conclusion which can be stated on this issue from the 

point of view of the current research is that nuclear energy is a low carbon 

energy source and can be comparable to renewables.  

 

2.2 Casting in general  
 

Before discussing the situation with emissions in foundries, it makes sense 

to give a short overview about casting in general and its main processes and 

stages. According to (Valuatlas, 2022), casting is a manufacturing method of 

forming, which is done by pouring the liquid metal in a necessary shape 

called mould, followed by solidification of the material. Casting is usually 

based on recycling of scrap metal which adds a credit to casting as a relatively 

sustainable method of manufacturing. Casting methods can be divided into 

two types, according to mould type: reusable moulds (permanent moulds, 

semi-permanent moulds, pressure casting, die casting, slush casting, 

centrifugal casting) and expendable moulds (Sand casting, investment 

casting, full mould or foam, shell moulding) 

 

2.2.1  Die casting  

Die casting is a casting method where the molten metal is inserted under 

a pressure. Although non-ferrous metals such as aluminium, copper and zinc 

are commonly used for die casting, ferrous metals are also possible to use. 

The biggest advantage of this casting method is a smooth shape and high 

tolerance. However, die casting is quite expensive method, therefore it is 

preferably used for producing of large batch size. (IQS, 2022) Figure 7 shows 

die casting process.  

 
Figure 7.Die casting process diagram. (Machine mfg., 2022) 
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It can be seen in the image above, that the molten metal is poured with a 

ladle and then it is pushed under a high pressure with a help of injection 

piston into the mould. (Reliance foundry, 2022)  

Depending on the applied force, die casting can be either gravity die 

casting, high pressure or low pressure die casting. In high pressure die 

casting, the mould is filled at a pressure up to 20 MPa. In low pressure die 

casting, the pressure is up to 0.1 MPa. Gravity die casting requires only 

gravity as a force to fill the mould, no external force is applied. Remarkable 

point of pressure die casting is an increased speed of filling the mould, 

whereas in gravity die casting the amount of porosity is much smaller or non-

existent, which enables the casting to undergo further heat treatment. 

(Mallick, 2020)  

 

 

2.2.2 Sand casting  

Sand casting is a common casting method which is done with a help of 

sand mould. The process is shown in Figure 8.  

 

 

Figure 8. Sand casting process diagram. (Machine mfg., 2022) 

 

In the beginning, the pattern is made of e.g., wood, plastic or metal 

(material choice depends on the volume of production). The pattern size 

usually includes allowance for possible shrinkage of the molten metal. 

Molten metal is poured into mould cavity made of sand and bonding 

material, e.g., clay. The mould is made into two halves, which are separated 

with parting line: the top half is called cope and the bottom half is called drag. 

The box where these halves are located is called flask. Then the metal is 

poured quickly at a set temperature. When the metal is in the cavity, it cools 

down and solidifies. (Engineering product design, 2022) After the 

component is ready, the mould is broken by vibration.  
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The sand for sand casting is usually based on silica, and the sand is formed 

into fine spherical grains which make a smooth mould surface. (Engineering 

choice, 2022) 

Sand casting method is one of the popular and the most common casting 

processes due to its variety of shape, size and material, and affordable price. 

However, because of its rough shape, sand castings undergo machining 

operations afterwards in order to achieve a smooth surface finish. (IQS, 

2022) In the practical part of the thesis, sand casting foundries  participated 

in emission calculations.  
 

2.2.3 Investment casting  

 

Investment casting method is also known as lost wax casting. In this 

method, a new wax pattern is produced for every new part. The sprue made 

of wax or plastic works as a mould. The pattern of several parts is assembled. 

The moulds are coated with refractory slurry, until it becomes hard enough. 

Then the wax is removed by melting and collected for further usage. Then the 

molten metal is poured in the mould followed by the breakage of the mould. 

The schematic representation of investment casting method is shown in 

Figure 9.  

 

 

Figure 9. Investment casting process diagram. (Engineering product 

design, 2022) 

 

One of the important advantages of investment casting is a great surface 

finish with high tolerance and without a parting line. However, as it can be 

understood from the description of the method, it is quite time-consuming 

and expensive casting method. (Reliance foundry, 2022)   

These are commonly used casting methods. However, there are other 

methods for various specific applications and materials, but they are mostly 

based on the common methods listed above. For instance, Centrifugal casting 
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is used primarily for hollow shapes, since the molten metal is poured into a 

rotating mould. Shell moulding uses resin additionally to sand in a mixture 

for a mould. (Machine fmg, 2022) 

In Finland, casting takes an important part in manufacturing industry. 

According to (Casting area.com, 2022), there are currently 29 foundries in 

Finland, which work with various casting methods, e.g. sand casting, 

pressure die casting, gravity die casting, centrifugal casting, investment 

casting, and different materials, e.g. cast iron, grey cast iron, steels, 

aluminium, copper and bronze. 

For example, according to report (caef.eu), it was manufactured 17.2 t of 

grey cast iron in 2020, 23.1 t of spheroidal graphite cast iron, 6.6 t of steel 

castings, 4.1t of aluminium and copper castings.  Altogether it was 51 t of 

metal castings done in Finland in 2020 and the revenue was 188M€. 

According to (teknologiateollisuus, 2021), in 2021 the revenue was 200M€.   
 

2.3 Stages of casting  
 

When we know the methods of casting, now the main stages can be 

described in detail, so that it would be possible to discuss CO2 emissions from 

each of the stage.   

 

2.3.1 Design, Making of pattern  

 

In order to make the part with casting, it is important to take into account 

design of the part, so that it is compatible with casting in general and also 

with particular casting method needed for this part. Some of the design 

aspects include wall thickness, shape of the part (e.g. to avoid mass 

concentration and difficulties in solidification), hole size and location, 

needed surface finish. These details are discussed with a foundry of a choice 

beforehand and regulated by standards (for instance, SFS-ISO 8062-3 

(tolerances, machining specifications), SFS-EN 12890 (pattern equipment, 

cores), etc.)  (Valuatlas), (Piwonka, 1997). Efficient design of a casting part 

helps to have as little CO2 emissions as possible.   

However, it is possible to affect carbon emissions significantly at design 

stage. For instance, create mould where the sand is utilized efficiently, 

therefore there is as little waste as possible. Also, trying to produce several 

components in one pouring in order to save the energy. At this stage, the 

emissions are mostly generated from electricity consumption. (Löytynoja, 

2021).  
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2.3.2 Moulding  

 

At this stage, sand mould is prepared from a pre- made pattern. 

Commonly two moulds are prepared: top and bottom.  Also, the additional 

equipment is installed to the mould at this stage. At the end of mould 

preparation, the patterning circles are set over the moulds. Afterwards, the 

sand is transferred onto the model by hand or with special tool for intricate 

thin locations of the mould. The sand mixture consists of new sand, used 

sand and adhesives. The adhesives help to improve the properties of the sand 

mixture. (Scallan, 2003) 

When the mould is ready, it is lifted with the crane. Also, the cores are 

added for the internal features that cannot be made with moulds. The moulds 

undergo finishing operation to make the surfaces smooth. At the end, the 

moulds are placed over each other with a distribution plane in between, and 

auxiliary weights are placed over the mould to avoid misplacing from the 

distribution plane. (Löytynoja, 2021) 

CO2 emissions are originated mostly from electricity consumption. 

Additionally, new sand is a large producer of CO2 emissions. For instance, 

each tonne of castings requires approximately a tonne of new sand. 

(Löytynoja, 2021). Also, transportation of the materials is another cause of 

carbon emissions. (Emission calculator (Löytynoja, 2021)) 

The emissions depend on the sand, whether it is new sand or old sand. 

New sand produces more emissions compared to old sand. According to 

(Holtzer et al., 2016), sand casting has a risk to be hazardous to the 

environment due to the post-processing of the used sand, as released organic 

compounds pollute water and soil to some extent. However, according to 

(Sappinen, 2018), even small amounts of reclaimed sand for moulding is 

advantageous to the Circular Economy. According to (Rayjadhav et al., 2020) 

current processes of sand reclamation such as dry, wet, thermal, cryogenic 

and microwave reclamation help to mitigate the hazardous consequences on 

the environment. Moreover, the amount of sand needed for casting, which 

further goes to reclamation, is more significant than the possible negative 

effect on the environment.  
 

2.3.3 Melting  

 

Melting is needed to convert the molten metal to the desired liquid 

condition for casting. There are two common ways to produce thermal energy 

for the melting: with fuel and with electricity. If the furnace is powered with 

fuel, it is usually a cupola furnace, which requires a special filtering system 

in order to reduce CO2 emissions. Coke is usually used as a fuel for cupola 

furnace. Additionally, wood and biomass is also a possible fuel for cupola 

furnace. (Downs & Sons Ltd 2020, Neumann, 1999.) 
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In case if electric energy is used, induction furnace is implemented. In 

induction furnace, the metal is heated by applying electromagnetic induction 

(Laughton at al., 2002, Campbell, 2013). Besides cupola furnace and 

induction furnace which are commonly known, in some foundries, an electric 

arc furnace is used for melting of metal. According to (Demus et al., 2012), 

the traditional electric arc furnace (EAF) working with fossil carbon produces 

60-100 kg/ tonne of CO2 when melting steel. This counts for 40-70% of the 

total direct carbon emissions from EAF. As for the properties of bio coal, in 

this study the charcoal is carbon neutral. According to (Norgate et al., 2015), 

the charcoal is also considered as a CO2-neutral material. Currently biofuel, 

particularly charcoal is used in foundries but not as frequently due to 

challenges in its handling for efficient usage but this material is promising 

for the sustainability improvement in foundry industry (Demus et al., 2012). 

Melting is one of the largest processes which affect CO2 emissions. 

Additionally, CO2 emissions are produced from electricity consumption and 

transportation. New raw material has high GWP (Global Warming Potential) 

factor. (Emission calculator (Löytynoja, 2021)). According to (Pagone, 2018, 

Salonitis et al., 2017), more than half of the energy is consumed by melting 

process.  

 

2.3.4 Casting  

 

When the molten metal reaches the desired condition, it is poured with a 

ladle to the mould. The ladle is coated with slurry. The cooling of the metal 

in mould can take from 6 to 40 hours.   

At this stage, CO2 emissions are produced from electricity consumption 

and exhaust system to transfer the ladle. The ladles are preheated before the 

use, which is an additional source of CO2 emissions.  

 

2.3.5 Mould stripping 

 

When the casting is cooled down, it is removed from the mould either by 

hand or with the help of vibration. The vibrating table is constructed in such 

a way, that crumbled sand can easily pass through the grid of the table. At 

this stage, CO2 emissions are again generated from electricity used for the 

work of the cranes, exhaust system and vibrating table.  

 

2.3.6 Finishing  

 

The next stage of the process is removal of sand by blasting, so that the 

surface is easy to clean by hand. Then if the material requires so, the part 

undergoes heat treatment in order to improve mechanical properties of the 

part, such as strength and hardness. Afterwards, the part is inspected to 

check the surface defects or deviations in tolerance. In case if the component 
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is not suitable for the batch, it is melted again for further use of material. As 

for suitable components, they proceed to surface treatment operations, such 

as painting, coating and finally are ready for transportation. (Löytynoja, 

2021) Considering CO2 emissions of this stage, they usually come from 

electricity consumption for surface treatment tools and transport emissions. 

(Niemi, 2010) 

When the sand is extracted from moulding, it is transferred to reclamation 

process. There are currently mechanical, chemical, and also thermal 

reclamation processes in foundry industry. (Sappinen 2018) Although these 

processes obviously require electrical energy which can produce CO2 

emissions, still reuse of old sand plays an important role in sustainability 

goals of casting industry.  

 

 

 

2.4 Carbon footprint in foundries  
 

According to (Ghormley, 2017), foundries are an essential part of the 

economy and produce one of the largest amounts of solid waste in the US. 

However, the various reclamation methods reduce harmful effect on the 

environment in terms of CO2 emissions as well as the amount of sand waste. 

From this study, it was analysed that the environmental negative impact was 

less with the help of sand reclamation methods.  As mentioned in the 

previous section, in Finland sand reclamation process is evolving in foundry 

industry and already has its positive outcomes. (Sappinen, 2018)  

After testing the Emission calculator (Löytynoja, 2021), it was noticed that 

carbon emissions mostly appear from electricity consumption, district 

heating, then melting, moulding and transportation. Among the mentioned 

aspects, special attention is paid to the melting process, as (Garba et al., 2017) 

states.  

As mentioned in section 2.3.3, Cupola furnace requires filtering system for 

CO2 emissions reduction. The filters are expensive and require good 

maintenance, therefore it might not be always convenient to apply for some 

foundries. However, as stated in Saint-Gobain company page, the dry filter 

installed on the cupola furnace reduced carbon emissions by 99%.  (Saint-

Gobain-Pam, 2022) 

During this work, it was found that in India a number of studies have been 

conducted regarding carbon emissions in foundry industry due to a large 

number of foundries and therefore a significant need of emission reduction. 

According to (Gopal, 2016), in Indian foundries, the implementation of 

induction furnace for melting would increase the energy consumption by 

60% and CO2 emissions by 55% respectively, compared to cupola furnace. 

Therefore, it can be concluded that although induction furnace does not 

produce CO2 emissions from fossil fuel burning directly, it does produce 
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carbon emissions from higher electricity consumption. The emissions in this 

case highly depend on the electricity source.  

According to (Garba et al., 2017), the coke production and supply may be 

reduced, or the price is likely to be increased, therefore it is essential to 

provide alternative and energy efficient ways for melting operation in casting.  

Besides fully fuel-based furnace or fully electricity-based furnaces, there are 

also hybridized options, as described by (Garba et al.2017). Coke-based 

cupola furnace with biomass gasifier reduces amount of CO2 emissions and 

at the same time provides a relatively cheap energy source. In the mentioned 

study, wood was used as a bio-based material.   

Considering other options in foundry industry in the world, it was found 

that in India, according to (Jain, 2018), it was decided to use a rotary furnace 

for melting of iron instead of conventional cupola furnace. In the experiment 

with the rotary furnace, when the rotation speed was at 1 rpm, it showed the 

most energy-efficient result for such a type of furnace, and the time and 

quality of melting were improved, as well as the CO2 emissions were reduced 

but not significantly, only by 7.3%.  

Considering the experiences of European colleagues in foundry industry, 

according to the study conducted by (Wänerholm, 2016), it was noted that 

there is a difficulty to estimate the energy consumption and exact amount of 

carbon footprints due to lack of synchronisation in monitoring of the 

emissions difference and calculation method between the countries. Due to 

comparison challenges, the results might not be accurate, and is important 

to take into account that various assumptions have been done.  

This study attempted to estimate carbon emissions based on the various 

metals (e.g., iron, steel, Aluminium, Magnesium etc.) in different countries. 

It can be stated that the results highly depend on the climate conditions and 

the ratio of the energy sources (e.g., fossil fuel, hydro, nuclear etc.).  

According to the study, CO2 emissions of 1 tonne of melted iron is shown 

about 380 kg/ tonne in Finland, about 1200 kg/ tonne in India and about 

1000 kg/ tonne in China. As for melted steel in induction furnace, in Finland 

it was calculated approximately 420 kg/tonne of CO2, in India and China it 

came 1700 and 1300 kg/ tonne respectively.  

According to (International General Agency, 2015) in 2013 there was 

13.7% of the coal production which accounted for 1.1 billion tonnes per year 

in the foundries globally. At the same time, quite a small part of the energy 

consumption was dedicated to renewable energy sources. For instance, in 

2015 just 0.1% of total energy was related to renewable sources and waste in 

OECD (Organisation for Economic Co-operation and development) 

countries (International General Agency, 2015). As for the other areas of 

metal industry, in non- ferrous metal production, the situation is quite 

similar.  
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2.5 Circular economy 
 

As mentioned earlier in this work, the reduction of Greenhouse gas 

Emissions is currently one of the major topics in many industries, including 

foundries. For instance, according to (Munir et al., 2022, Munir and Kärki, 

2022), construction industry is one of the major sectors which contribute 

global carbon emissions, particularly production of traditional concrete 

which is huge CO2 emission process.  

The UN (United Nations) Sustainable Development Goals (SDGs) and the 

Paris Agreement claim to reduce carbon emissions and mitigate the negative 

climate change because of it. European commission states that the goal is to 

have 55% reduction of CO2 by the year of 2030. Additionally, the objective is 

to reach carbon neutrality and circular economy by the year of 2050. 

(Echterhof, 2021). Foundries are of a great importance in circular economy 

due to the possibility of almost endless material usage. Currently, 95% of 

sand waste in production are used in recycling, as well as 95% of water for 

cooling of furnaces is restored and reused. However, in non-metallic mineral 

industry, the renewable energy sources make 7.2%, as cement kilns use 

various kinds of renewable fuels. (Echterhof, 2021). 

In general, the term Circular economy is the alternative model of 

previously known Linear economy method, where the stages were: raw 

materials production, product life and waste. (Maheva et al., 2020). Figure 

10 illustrates the Linear and Circular economy models. 

 

 
Figure 10. Linear economy vs circular economy model (PBL, 2019) 

 

The circular economy model works in such a way that the waste of one 

company becomes a use material for another one, also known as industrial 

symbiosis. (Chertow, 2000). In general, Circular economy model intends to 

eliminate the end-of-life concept by slowing, closing, and narrowing material 

and energy loops (Geissdoerfer et al., 2017). Globally, the goal of circular 
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economy model is that the processes and their wastes in different industries 

are transparent in such a way, that it would be possible to share the sources 

across various industries instead of reusing only within one industry, which 

might not always be possible. Besides transparency it requires improvement 

in logistics, waste maintenance and service. In case if those challenges are 

tackled, it would be possible to broaden the market opportunities. (Montag, 

2022) Figure 11 illustrates circular economy model.  

 

 
Figure 11. Model of Circular economy (Ellen MacArthur Foundation,  

 

It can be seen in figure 11 that the green part on the left illustrates the 

biological cycle, whereas the blue part on the right shows technical cycle. 

According to (Beams et. al., 2021), the biological cycle comprises the living 

organisms, not fossil sources. As for technical cycle, there are metals and 

minerals included, which are taken from the subsurface. In the best-case 

scenario, it is expected that the majority of the products are extracted from 

bio-based sources, but unfortunately, it is not always possible yet.  

 As for the criteria of following of circular economy model, it is mentioned 

moderate use of resources and their effective recycling; upper level of 

recyclability in resource utilisation; eco-concept and clean production; 

rigorous obedience of the environmental conditions; conversion of the waste 

into resources; waste utilisation with a minimum difficulty. (Soporan et al. 

2016) Additionally, in casting, advanced engineering enables the use of a 

virtual space for development of construction castings and technologies 

without material and energy consumption. Also, robotics and automation 

help to reduce energy and material consumption significantly; and rapid 

prototyping enhances the mechanical properties and performance of the 

parts. (Soporan et al., 2016) 
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According to the second law of thermodynamics, not all the resources can 

be converted into use, and there will always be some amount of waste which 

has to be replaced by the raw material. (Beams et al., 2021) 

The goals to be considered by the designers and product developers are:  

1. Broaden the use-phase of the product as long as possible, so that the 

maintenance need and product replacement necessities are reduced.  

2. Tendency to produce the waste out of the system by increasing the 

potential for the reuse, remanufacturing and recycling. (Beams et al., 2021) 

According to (Fennemann et al., 2018), manufacturing industry is a crucial 

sector of Circular economy. There is a lot of measures to be taken, such as 

secondary product as a raw material, design for recycling, introducing of new 

business models, for instance “product as a service”. Additionally, the 

recycling systems are to be developed with the help of retail and new logistics 

concepts.  

As mentioned earlier, one of the current challenges in Circular economy 

model is logistics. The new approach suggests that the stakeholders have to 

concentrate on the finishing of the cycle, rather than on manufacturing and 

end-product as it was earlier. In order to adjust the logistics, along with 

expanding the life cycle of a product, it is necessary to integrate the logistics 

concepts for supply and disposal, as well as enhance the stock management, 

control of product flow and the information, whether the secondary parts are 

available (Fennemann et al., 2018).  

Moreover, it is essential to mention waste management and recycling as a 

challenge of a Circular economy. The push principle was used earlier, where 

the waste is transferred to the secondary processing and there is no matching 

with the needed properties of a desired product or quality requirements are 

not considered. The current aim is to act according to pull principle, where 

the waste is managed in collaboration with waste producers and secondary 

manufacturers, where the properties of a product are defined as well as 

quality, amount and time. Currently the synergy in this process cannot be 

underestimated. (Fennemann et al., 2018) 

As for the legal side of the Circular Economy concept, in Europe it is 

regulated by “Action Plan for a Circular Economy” (also known as “Circular 

Economy Package”) According to (European Commission, 2017), the main 

goal of the Action Plan is “…to preserve the value of products, materials and 

resources within the economy for as long as possible and produce as little 

waste as possible”. The points to consider are in the field of production, 

consumption, waste management, secondary raw materials, competitiveness 

and innovation”.  
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2.6 Climate law regulations  
 

Since the questions of the climate changes and the reduction of 

greenhouse gas emission are crucial topics of almost every industrial sector 

globally, there is a need of the common language in the understanding of the 

basic terms and definitions, legal regulations and the requirements to be 

fulfilled by the countries in order to achieve the sustainable development 

goals set by the UN. Currently, the industrialisation has been developing 

rapidly, and the environmental effects are often forgotten or ignored, 

therefore such a regulation provides industrial growth without harming the 

environment that significantly. Additionally, the transition towards the 

renewable energy sources gives an opportunity for social benefits and 

employment, as well as equalizing the countries with less industrial 

opportunities e.g., rural areas. The regulations set the exact target numbers 

and time, and provide the instructions, how to achieve those targets. There 

are the goals on the UN level but also each country can set their own goals on 

a national level. The Committee is intended to facilitate the improvement in 

grid infrastructure and also provide a financial support and encourage 

investments in the projects for energy efficiency. Also, the Commission and 

Member states should assist in organising of the trainings, strengthen the 

technical support and facilitate the sharing of experience, working methods 

and know-how to promote the improvement of renewable energy usage.  

The calculation of shares of renewable energy use will be based on 3 

factors: 

(a) gross final consumption of electricity from renewable sources; 

(b) gross final consumption of energy from renewable sources in the 

heating and cooling sector;  

(c) final consumption of energy from renewable sources in the transport 

sector. 

The Member States are allowed to exchange their energy quota in case if 

it is left unused.  

By the year of 2030 it is set to achieve at least 32% of gross final renewable 

energy consumption at the Member state level. However, according to the 

(Directives, 2018) it seems impossible, therefore, at least at the Union level 

it should be achieved. Member states are encouraged to set more ambitious 

goals in renewable energy consumption.  

It is suggested for the Member states that the annual shares would be 5% 

from 2023 till 2026, and 10% from the year of 2027 till 2030. 

 

According to (the Directives, 2018), the goals of climate regulations are as 

follows:  

1. Sustainable use and protection of water and marine resources 

2. The transition to a circular economy  

3. Pollution prevention and control  
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4. The protection and restoration of biodiversity and ecosystems  

5. Climate change mitigation and adaptation  

 

According to the Regulation (EU) 2021/1119 of the European Parliament 

and of the Council of 30 June 2021 establishing the network for achieving 

climate neutrality and amending Regulations (EC) No 401/2009 and (EU) 

2018/1999 (‘European Climate Law’), “...all the sectors of economy, 

including energy, industry, transport etc. (…) should play a role in 

contributing to the achievement of climate neutrality within the Union by 

2050.”  

As per Article 4 of the Climate Law, domestic reduction of net greenhouse 

gas emissions (emissions after deduction of removals) shall be at least by 55% 

compared to 1990 levels by 2030. The similar requirements are listed in the 

report ‘Finland’s national climate change policy’ on the page of Ministry of 

the Environment (ym.fi, 2015).  

As per p.9 of the Climate Law: “The Union and Member States should be 

guided by the precautionary and ‘polluter pays’ principle established in the 

Treaty of the Functioning of the EU and should follow ‘energy efficiency first’ 

principle of the Energy Union and ‘do not harm’ principle of the European 

Green Deal.” As per p.24 of the Climate Law, Member states are invited to 

establish a Scientific Advisory Board on Climate change as an independent 

source of scientific and technical expertise.  

As Article 6 of the Climate Law states, by 30th of September 2023, and 

every five years thereafter, the commission shall assess together with the 

assessment provided under Article 29 (5) of Regulation (EU) 2018/1999 the 

collective progress made by all Member States towards the achieving carbon 

neutrality set out in the Article 2(1) of the Regulation. According to Article 

10, the Commission shall engage with the economy sectors that choose to 

prepare voluntary roadmaps towards achieving carbon neutrality by 2050 

objectives set out in Article 2(1) of the Regulation.  

Considering the quotes from the above-mentioned European Climate Law 

(2021), the Law covers all the industries, meaning that foundry industry is 

also required to take possible actions. Since the Law came in force relatively 

recently, the explanations are given in a quite vague form, except the main 

target which sets to reduce CO2 emissions by 55% compared to 1990 by 2030. 

In addition to the Climate Law, there is a number of supporting documents, 

such as e.g., ‘Adaptation to Climate change’ (2021), ‘European Emission 

Trading System’, ‘Effort Sharing Regulation’. ‘Energy Efficiency Directive’ 

and ‘Renewable Energy Directive’ (2018), where the instructions are given in 

a more specific and detailed form.   

 

According to (European Commission, 2021), there are the steps in the 

direction to sustainable finance as well. For instance, sustainable approach 

of industrial projects plays an essential role when making investment 
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decisions. Also, Sustainable finance means that economic enhancement is 

going to be reached by supporting the projects which are oriented to consider 

environmental, social and governance (ESG) factors. It will be mobilised at 

least €1 trillion as investments over the following 10 years, as a supportive 

and stimulative measure for investors in order to transfer to climate-neutral, 

green economy. The document of the Regulation (EU) 2020/852 on 

establishing a framework to facilitate sustainable investment serves as a 

comprehensive instruction for the potential investors who aim to contribute 

to the sustainably oriented economy.  

To specify, what exactly is expected by e.g., “climate change mitigation” 

(Annex I) and “climate change adaptation” (Annex II) of the Commission 
Delegated Regulation (2021), there is EU Taxonomy Compass, where the 

requirements are listed according to each industry. From January 2023 the 

criteria have to be followed for a business to be approved as “taxonomy-
aligned”.  

 

2.7 Sustainable Development Goals  
 

Sustainable Development Goals (SDGs) are developed by the United 

Nations (U.N.) Global Compact Initiative. (Global Reporting Initiative, 

2018). The 17 SDGs represent a multidirectional list of the goals, including 

the issue of the basic needs, such as “Zero Hunger” (SDG No 2), and also 

more global such as “Affordable and Clean Energy” (SDG No7), 

“Industry, Innovation and infrastructure” (SDG No 9), “Climate Action” 

(SDG No 13), “Peace, Justice and Strong Institutions” (SDG No 16). (SDGs 

UN 2022) 

One of the essential goals of sustainable development is to reach the 

balance between environmental, social and governmental aspects, so that it 

is also fits in the economical frameworks. It is planned to achieve the most 

result with the least possible environmental influence (Mehrabi et al., 2016). 

The current situation with inevitable changes in the environment does not 

leave any choice except improving sustainable resource utilization and 

techniques, as well as developing sustainable literacy (Stibbe et al., 2009). 

Besides practical knowledge, sustainable literacy includes ethics and values 

from all the employees. (Robinzon, 2009) 

Among the obstacles on the way to sustainability, technical risks, such as 

inconvenience in financial side, production disruptions, unsuitable methods 

and equipment. Additionally, in SME (Small and Medium Enterprise) the 

obstacles are insufficient time, experienced employees, and resources. As for 

foundries, it is mentioned to revise the source utilisation, apply new methods 

of wise and efficient energy usage. Foundry industry shows the most 

intensive energy consumption, especially in terms of melting (55%), although 

it might seem simple at glance. For instance, material and energy losses 
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comprise Conduction, Radiation, Convection, Stack loss (flue gasses) and 

metal loss. (Mehrabi et al., 2016) 

Since each foundry has its own metals, alloying requirements, product 

specifications, casting methods and furnace capacities, it is important to 

suggest a variety of energy- efficient solutions, which can be utilized on a 

specific combination of factors in a foundry. In case if the heat loss by melting 

is controlled, it is possible to achieve 20-40% of energy saving in foundry. 

(Thollander et al., 2005) According to (Jolly, 2010 and Cheremisinoff, 2003) 

it is necessary to decrease the material loss and have a zero-waste policy in 

energy consumption in design for casting.  

(Salonitis, 2015) States that lean thinking method is recommended to be 

applied in foundry management, as it is focused on the minimal human 

efforts, time, space and equipment should be arranged just to meet the needs 

of a customer. As for Six Sigma method, it is required to pay attention to each 

stage of the casting process and master the work and decrease the negative 

impact based on the feedback from the collected and analysed data. (Womack 

et al., 2003)  

According to (Yuskavage et al., 2008; Dachs et al., 2006), many industrial 

processes are often outsourced in countries with cheaper labour and material 

cost, therefore it seems nowadays that those countries produce too much 

harmful emissions. However, it is important to mention that the impact of 

those countries is also used by the countries with smaller amount of carbon 

emissions, therefore it would be fair to share the responsibility between the 

users of the production of the countries with high carbon emissions. 

According to (WSA, 2015), the largest exporters of metal casting products are 

China, USA and India.     

Considering the sources of ecotoxicity, the emissions of heavy metals into 

air and water from combustion of melting in cupola furnace represent the 

highest impact. For instance, copper, zinc and chromium comprise 99% of 

the total amount of ecotoxicity potential. (Bahadir, 2016) The particulate air 

amount describes the amount and size of the particulates in the air, and those 

particulates are produced mainly from burning the coal in foundries and 

power plants which is 66% of the total amount of emissions. Considering the 

aspect of cancer and non-cancerous toxicity, it states that heavy metals have 

the most severe influence. 92% of cancer potential is affected by Chromium 

+VI (0.00011 kg) emitted in fresh water. As for Zinc +II (0.00218), it 

represents 99% of non-cancerous human toxicity potential. Photochemical 

smog is formed due to Nitrogen oxide and volatile organic compound (VOC). 

Nitrogen oxides account for 85.6% of total smog formation, among which 

40% is related to transportation and 40% comprise the emissions from coal 

burning at power plants and foundries.  

The ecotoxicity level is affected by the amount and type of heavy metals 

emissions in the air, therefore toxicity level differs from foundry to foundry.  

For instance, the environmental effects of the casting of actual pig iron per 
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part take into account the amount of coke burned, amount of scrap and 

country-specific electricity source, since melting mostly depends on the 

electric energy.  

In case of outsourcing the upstream manufacturing of a cast iron parts to 

China, India or Mexico, from one hand it has a positive effect in terms of 

economy. However, from another hand, it has a highly negative impact on 

the GWP (Global Warming Potential), ODP (Ozone Depletion Potential) and 

ecotoxicity levels. Additionally, the essential factors contributing to the 

negative environmental impacts are the amount of scrap, electricity source, 

furnace technology, as well as transportation distances and means of 

transportation.  
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3 Research methodology  
 

This chapter describes how the work was conducted. In the first sub-

chapter, the work is described according to the existing types of research. In 

the second sub-chapter it is reflected from the point of view of reliability and 

validity and the last sub-chapter illustrates specifically case study.  

 

3.1 Research types   
 

According to the purpose of the work, this thesis is primarily Basic 

(Fundamental), as it was aimed to give the overview of already existing 

numbers and deepen the understanding of the processes producing CO2 

emissions in foundries. However, partially Applied methods were used in this 

work, particularly Evaluation method, since the information was collected to 

provide enough grounds to take the decisions for the foundries if needed and 

introduce future suggestions based on the current situation in the foundries.  

According to the depth of scope, the nature of this work is Descriptive and 

Explanatory research. It was aimed to collect the necessary data from the 

foundries and analyse the causes of the CO2 emissions with the help of 

Emission calculator (Löytynoja, 2021).  

As for the type of the data used, this work is quantitative. Since the topic 

of the thesis work concerns CO2 emissions in foundries, it was suitable to 

implement quantitative research methodology. Quantitative methodology 

was selected because in this topic specific numerical data are involved, since 

one of the main tools used for this work is Carbon footprint calculator for 

foundry emissions (Emission calculator (Löytynoja, 2021)).  

According to the degree of manipulation of variables, the research is 

observational, since there are no experiments were conducted and the only 

given data were implemented and tested. According to the source of 

information, the research work is Primary, as the data were collected directly 

from the foundries. According to the nature of obtaining the data, the 

research is both Documentary and Field, since the needed information came 

from the foundries, but also scientific literature sources were used for the 

analysis.  

 

3.2 Validity and ethics  
The study is valid, as the questionnaire was sent to several companies, 

including the foundries of different countries. The reliability of the study can 

be confirmed by the tool used in the study- Emission calculator (Löytynoja, 

2021). Anyone who needs to repeat the results, can insert the necessary data 

into the calculator and have a result.  
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For this work, several foundries were contacted with the suggestion to 

participate in the study, therefore the aspect of voluntary consent was 

fulfilled. The names of the foundries were not mentioned in this work in 

order to keep the anonymity of the study, so all the names are replaced with 

the letters. Additionally, any information which may be sensitive for the 

companies is also protected, so the confidentiality aspect was fulfilled as well.  

 

3.3 Limitations  
 

The data about the cast components were clear and sufficient. As for the 
transportation questions, the information was slightly mixed, therefore some 
answers might have been not as precise as in reality. The reason for that 
partly was a lack of clarity in asking style. Also, sometimes the distance was 
difficult to calculate precisely, and transportation type may vary as well. 
Therefore, in case if some question box “transportation” was not clearly 
defined, it was decided to set a different parameter, which are described in 
details in chapter 4 (see Table 6).  

Additionally, it was mentioned that the data were collected for the “short” 
version of the original Emission calculator (Löytynoja, 2021), therefore the 
CO2 emissions were presented for the main casting processes in general and 
might have omitted some details regarding other sources of carbon 
emissions. Also, the number of foundries who participated in the study was 
limited, therefore the work might not be comprehensive and objective. For 
instance, it could be more countries-participants in order to compare CO2 
emissions at the global scale, and also local foundries would be better to be 
more in number.  

 

 

3.4 Case study  
 

The objective of the case study is to implement the Emission calculator 
(Löytynoja, 2021), to the real foundries in Finland and analyse the amount 
of carbon emissions, as well as the main sources of CO2 emissions. In order 
to simplify the process of obtaining the information about CO2 emissions, a 
questionnaire was created based on the calculator (Appendix 1). The 
questionnaire comprised the questions concerning the amount and source of 
electricity, amount of material for casting (e.g. sand, metal scrap, new metal) 
and transportation.  

The questionnaire copies were sent by email to the foundries who kindly 
agreed to participate in the case study. The companies were selected in such 
a way that there should be foundries from Finland, other EU countries and 
Asian countries. Also, for the equality and easiness in comparison and result 
interpretation, it was decided to study the components of the similar material 
composition.  
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Then the results were interpreted and inserted into the simplified version 
of Emission calculator (Löytynoja, 2021), so that the CO2 emissions would be 
represented based on the minimum necessary information from the 
foundries in order to save the time without distortion of the results. The 
simplified version of the Emission calculator (Löytynoja, 2021) is a short 
version of the calculator, where only primary and the most meaningful 
question boxes were left in order to calculate CO2 emissions of the cast 
component.   
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4 Results  
 

This chapter contains information about the findings based on the 
answers to the questionnaire (see Appendix 1) from 7 components of 
foundries from Finland, Germany, the Czech Republic, and China. The 
results are divided into several categories: according to the total CO2 
emissions, steel scrap, new sand usage, transportation emissions, and 
separate analysis of the components from Finnish foundries. The references 
of the CO2 coefficients used in the calculations, are shown in table 2.  

 

Table 2.References of the CO2 coefficients. 

Product CO2 

coefficient 

Reference  

National 

production fuel 

mix factor: 

[KgCo2e/kWh] 

Finland 

0.13622 

Germany 

0.37862 

China 

0.555 

The Czech 

Republic 

0.54465  

(Carbonfootprint.com, 2020) 

Moulding: 

[kgCO2-eq./kg] 

  

New sand  0.04877143  Grbeš A. A Life Cycle Assessment of 

Silica Sand: Comparing the 

Beneficiation Processes. 

Sustainability. 2016; 8(1):11. 

https://doi.org/10.3390/su8010011 

Melting: 

[kgCO2-eq./kg] 

  

Iron ingot  1.0393 Choi H.D. Hybrid life cycle 

assessment of steel production with 

carbon capture and storage. 2013. 

http://hdl.handle.net/11250/235312 

Steel scrap  0.08024 Melanen M et al. Metallivirrat ja 

romun kierrätys Suomessa. 2000. 

SYKE. 

http://hdl.handle.net/10138/40376 

Internal scrap  0  

Transportation: 

[kgCO2-eq./tkm] 

 For all factors onward: 

Lipasto/VTT. Yksikköpäästöt. 2017. 

http://lipasto.vtt.fi/yksikkopaastot/  

http://lipasto.vtt.fi/yksikkopaastot/
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An example of a foundry, which provided the closest to requested data for 
the calculations of CO2 emissions of a cast component is shown on tables 3 
and 4. 

 

Table 3. Example of a foundry with complete data. 

Requested data Reported value  

Total yearly castings [t] 3601  

Electricity consumption per year 

[Kwh/a]  

9414000 

District heating [Kwh/a] 5877000 

Component gross weight [kg] 1550 

Mould sand demand (new+used) 

[kg] 

5547 

New sand [kg] 1020 

Primary ingot [kg] 0 

Scrap [kg] 1150 

 

 

Table 4. Example of transportation data (the same foundry). 

Electric train  0  

Full trailer, 40t  0.039   

Dump truck, 19t  0.069   

Container ship, 

1000 TEU 

0.042   

Bulk ship  0.013   

Ro-ro ship  0.122   

Transportation Type of transport Distance [km] 

Finished 

component from 

foundry to 

customer   

Full trailer 450  

Used sand from 

foundry to disposal  

Dump truck  3  

Scrap metal from 

producer to 

foundry  

Full trailer  115  

Iron ingot from 

producer to 

foundry  

Full trailer  

Bulk ship  

530 

9000  

New sand from 

producer to 

foundry 

Full trailer  

Bulk ship 

150 

1000 
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The weight of each component participated in the study is shown in Table 
5. Also, the country of a foundry is included in brackets.  

 

Table 5. Weight of a metal component in each case. 

Component  Product weight  

A (Finland) 1550 

B (Finland) 850 

C (the Czech Republic) 1050  

D (Germany) 262  

E (China) 485  

F (China) 370  

G (Finland) 530  

 

Table 6 represents the data asked in the questionnaire and the data 
reported by the foundries. If the information was not provided as requested, 
the assumptions were made, which are marked in the third column of the 
table below. The difference in information happened due to the lack of 
explanation in the questionnaire, some foundries were not able to provide 
precise values due to lack of data recording.  

 

Table 6. Requested and reported data from the foundries.  

Requested 

information 

Reported 

information  

Assumption  

New sand for 

moulding  

2% of total sand (c) It might be a typo, 

so 20 % looks more 

realistic in this context 

Transportation  Missing 

transportation type 

(d)  

It was assumed to 

use 40t full trailer for 

all the transportation 

categories and ro-ro 

ship for component 

transportation, as this 

type of ship truck can 

carry wheeled cargo  

Iron ingot per 

component  

Iron ingot per year 

(e)  

It was decided to 

calculate iron ingot 

per component based 

on the value per year 

and the value of the 
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component gross 

weight and tonnes of 

castings per year 

Steel scrap per 

component  

Steel scrap per year 

(e)  

The same method 

of assumption as with 

iron ingot above  

Finished casting 

from foundry to 

customer  

Missing distance 

(e) 

It was assumed to 

put 20000 km, as the 

customer country is 

known, and the 

distance was 

calculated with the 

help of 

sea.distances.org 

webpage.  

Primary ingot and 

steel scrap per 

component  

Primary ingot and 

steel scrap were 

reported in 

percentages (f)  

It was assumed to 

calculate primary 

ingot and steel scrap 

based on the 

component gross 

weight and fractions 

given in the answer  

Transportation  Not precisely 

mentioned 

transportation types 

(f)  

It was assumed to 

use full trailer 40 t and 

ro-ro ship as 

transportation types, 

since these are quite 

common options for 

given conditions.  

Transportation  No distances 

mentioned in 

transportation section 

(g)  

It was assumed to 

put 100 km for each 

category.    

Transportation   Wherever it was 

option of a transport 

type, e.g., full trailer or 

dump truck, the 

option with higher 

emission factor was 

selected as a “worst-

case scenario”   
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The main results of the work are presented in this section.  

The names of the components from each foundry participated in the work 
were replaced with the letters (a-g) out of ethical reasons. The data were 
collected from 2 foundries of Finland. Also, components from foundries of 
Germany, China and the Czech Republic participated in the study. So, 
altogether 7 components from 4 countries participated in the study.  
 

The results are categorized according to the following factors:  

1. The comparison of total CO2 emissions and CO2 per kg between the 

components  

2. Comparison of CO2 emissions by stage of casting (the most CO2 

emitting category) 

3. Comparison by the amount of steel scrap  

4. Comparison by the amount of new sand  

5. Comparison in CO2 emissions coming from transportation 

6. Comparison of Finnish foundries separately  

 

4.1 Total CO2 emission’s comparison between components  
 

Figure 12 illustrates the comparison of total CO2 emissions and CO2 per kg 
of a component between all the components participated in the study.  

 

 
Figure 12. Total CO2 emissions and emissions per kg of a part. 

 

It is important to note that just total CO2 emissions are not informative 
enough for analysis, as the weight of each component was different (see Table 
5). However, it was decided to illustrate both total CO2 and CO2 per kg of 
component’s weight. It can be seen from the orange part of the bar chart that 
the highest CO2 emissions per kg belong to components e and f, which are 

1098.42
575.63

1179.40

237.85

877.54

734.08

372.86

0.71 0.68

1.12
0.91

1.81
1.98

0.70

0.00

0.50

1.00

1.50

2.00

2.50

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

a b c d e f g

C
O

2
 P

ER
 K

G
 O

F 
C

O
M

P
O

N
EN

T

TO
TA

L 
C

O
2

COMPONENT NAME

CO2 emissions [kgCO2-eq]

Total CO2 CO2 per kg of component



   
 

43 
 

from Chinese foundry, whereas the lowest CO2 per kg of component refer to 
components a, g and b, which were made in Finnish foundries.  

 

4.2 Comparison of CO2 emissions by category  
 

Figure 13 demonstrates the most CO2 emissions producing category in 
each component participated in the work, according to Emission calculator 
(Löytynoja, 2021) categories. For the ease of comparison, it was decided to 
use CO2 per kg of component. 

 
Figure 13. The most CO2- producing category. 

 

It can be seen from the bar chart that majority of foundries have electricity 
as the most CO2 consuming article. Among others, Chinese foundries (e, f) 
have primary ingot as the most CO2 emitting category.  

 

 

4.3 Comparison by the amount of steel scrap  
 

Figure 14 shows the comparison between the foundries according to 

amount of steel scrap used (% of the gross weight of the component). It was 
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decided to compare the percentage of steel scrap in comparison with gross 

weight of a component, as the gross weight of each component was different. 

 
Figure 14. The percentage of steel scrap of each component. 

 

It can be seen from the chart that the most of the foundries use around 

one third to a half of steel scrap for casting of their component. However, the 

highest amount of scrap is used in component a (74.19%), then component g 

(60%) of scrap (both were produced by Finnish foundries), and component f 

needs the lowest amount of scrap (30%).  

The amount of steel scrap directly affects the amount of CO2 emissions. 

The more steel scrap is used for a cast component, the less primary metal 

portion is left to fill it with. Since metal ore mining is a CO2-emitting process, 

metal scrap recycling has a positive effect in carbon emission control, as no 

new metal is mined. According to (worldsteel.org, 2022), one tonne of steel 

scrap used protects the environment from 1.5 tonnes of CO2 emissions.  

   

4.4 Comparison by the amount of new sand  
 

Figure 15 shows the percentage of new sand for each component. It was 

again decided to compare the percentage of sand, as the gross weight of the 

components was different. 
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Figure 15. New sand for each component. 

 

It can be seen from the bar chart that the most significant fraction of new 

sand was implemented for component b (50.06%) and the lowest part of new 

sand was 10% used by the component e. The rest of the foundries 

demonstrate average fraction of new sand, which fluctuates within 10% to 

30%. Since the amount of sand is not necessarily directly correlated with the 

weight of the component, CO2 emissions were calculated according to the 

weight of total sand needed for the specific cast part.  

 

4.5 Transportation emissions  
 

Figure 16 shows CO2 emissions produced by transportation, which 

includes the emissions from transportation of sand, metal, component itself 

and other (e.g., painting, machining).  
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Figure 16. Carbon emissions from transportation. 

 

The bar chart clearly shows that the most significant amount of CO2 from 

transportation is produced by components e and f, which are 0.704 and 

0.584 kgCO2-eq/kg respectively, as both components are located in Chinese 

foundries, and the product is transported to Finland from each of them. The 

rest of the results are much less significant in terms of total CO2 per kg, as 

the producing foundries are situated in Europe (Finland, Germany and the 

Czech Republic).  

 

 

4.6 Comparison of Finnish foundries separately  
 

Figure 12 (see chapter 4.1) illustrates the total CO2 emissions and the 

emissions pr kg of the component. The components produced in Finnish 

foundries, which participated in this study are a,b and g. 

It can be seen from the bar chart that although the total emissions vary 

dramatically, from 372.86 kg (g) to 1098.42 kg (a), the emissions per kg of 

the component are around 0.6-0.7 kg. Components a and b were produced 

by one foundry and component g was cast by another foundry in Finland.  

Figures 17, 18 and 19 illustrate the distribution of CO2 emissions according 

to the categories mentioned in Emission calculator’s (Löytynoja, 2021) 

calculations. Appendix 2 contains the graphs of emissions distribution for all 

the participants.  
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Figure 17. Distribution of CO2 emissions of component a. 

 

 

 

 
Figure 18. Distribution of CO2 emissions of component b. 
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Figure 19. Distribution of CO2 emissions of component g. 

 

It can be seen from the pie charts that electricity emissions share around 

50% of total CO2 emissions. As for heating emissions, which is the second 

CO2- producing categories, it is within the range of 20-30% of total CO2 

emissions. Considering steel scrap and sand emissions, they are both within 

the range of 4-8% at all the represented components casted by foundries of 

Finland.  

Based on the results of the questionnaires, it was found that heating 

emissions are applicable only in Finnish foundries (a, b and g). Components 

c (the Czech Republic) and e (China) had negligible heating emissions, and 

the parts d (Germany) and f (China) had no CO2 emissions from this category 

at all. The components produced by Finnish foundries, have CO2 emissions 

per kg in a range from 0.13 to 0.22 kgCO2-eq/kg.  
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5 Discussion 
 

This chapter presents an analysis of the findings mentioned in chapter 4. 

First, the result interpretation will be described, followed by practical 

applications and limitations. This section will illustrate the results in order 

of mentioning.  

 

5.1 Analysis of the results  
 

As stated in the section 4.2, most of the participants have electricity 

consumption as the most CO2- producing categories, except the components 

manufactured in Chinese foundries, for which iron ingot caused the most CO2 

emissions. According to the comparison mentioned in the previous chapter, 

it can be stated that the reason for such a distribution of CO2 emissions could 

be due to different electricity emission factors. As stated in 

(Carbonfootprint.com, 2020), each country was given its own production 

fuel mix factor [kgCO2-eq/kW]. The example of the factors of the countries 

participated in the work is shown on Table 7.   

 

Table 7. Electricity emission factors. 

Country  Factor 
[KgCo2eq/kWh] 

Finland 0.13622 

Germany 0.37862 

China 0.555 

The 
Czech 
Republic   

0.54465 

 

It is seen on the Table 7, that Finland has the lowest fuel factor among the 

participants, whereas China has the highest factor. However, if referring to 

Figure 13 (Chapter 4.2), it is demonstrated that the components from China 

have iron ingot as the most CO2- producing category, whereas Finnish 

components have the most CO2 emissions from electricity production. 

Finland has a wide range of renewable energy sources used as for industry, 

as for household purposes. According to (Stat.fi, 2021), the share of 

renewable energy consumption in Finland was 44.6% of the total energy 

consumption in 2020 and 42.2% in 2021. As for China, according to (bp.com, 

2021), 7.72% of energy was produced from hydropower, and 7.14% from 

other renewable sources of energy in 2020. Altogether China provided 26.4% 

of renewable energy from total power generation. (chinaenergyportal.org, 

2020) According to (Tremann, 2020), China is one of the largest investors 
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and producers of renewable energy sources worldwide, but at the same time 

the most of energy is consumed by China. 

However, it is hard to give an objective view regarding the energy 

consumption of China- it is incomparable, as China is the worldwide 

exporter. Also, since China is a big country, there are issues with logistics of 

the renewable energy, as e.g., wind and solar energy production points are 

located in the northwest, whereas manufacturing units are located in the 

southeast of the country. (Jianxiang, Y., Shan, G., 2015)  

As for Germany and the Czech Republic, the emissions per kg of 

component stay within the range of about 1 kgCO2-eq/kg. This demonstrates 

that CO2 emissions of European countries do not differ dramatically, unlike 

in Asia.  

Considering renewable energy capacity of Germany, according to (Burger, 

B., 2020), in 2019 it was recorded 42.1% of renewable energy consumption, 

including wind, biomass, hydro and solar energy sources.  

As for renewable energy situation in the Czech Republic, according to 

(iea.org., 2021), its defining energy source is still fossil fuels. However, in 

2020, its renewable energy share was 14% of electricity consumption, 

primarily coming from wind, water and biogas sources.  

Considering the factors causing iron ingot emissions to be a source of high 

CO2 emissions in China, those very components had the lowest amount of 

steel scrap, which has less significant CO2 emissions in comparison with 

emissions produced by iron ingot implementation in casting. It can be 

explained by the emission factor, where for iron ingot it is 1.0393 and for steel 

scrap is 0.08024 (Choi H.D., 2013 and Melanen M. et al., 2000). Also, it is 

worth of noting that the percentage of steel scrap usage in components 

produced by Finnish foundries is the highest (74.19%, 60% and 51.76%). It 

illustrates that Finnish foundries not only pursue renewable energy usage but 

also try to reduce CO2 emissions in terms of metal recycling. Considering the 

usage of steel scrap in the Czech Republic and Germany, which are 44% and 

47.71% respectively, it can be said that in this category they are closer to the 

results of China, which shows 40% and 30% of steel scrap for each 

component of the study. As for CO2 emissions of steel scrap category, the 

higher the value is, the more steel scrap was used for a component. However, 

the emission factor of steel scrap is already quite small, therefore CO2 

emissions produced by this article are not significant.  

Considering the amount of new sand, it is important to mention that 

except component b (from Finnish foundry) the rest of components were 

casted with the usage of new sand of 10% to 30%. For instance, component b 

and d had similar amounts of total sand demand. However, for component 

b it was necessary to use almost half of new sand, and for component d it was 

needed 10.6% of new sand. In contrast, the other two components had 

around 20% and 30% of new sand, which means that the rest of sand was 

reclaimed sand for moulding. Based solely on the answers of the 
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questionnaire and the results of Emission calculator (Löytynoja, 2021), it is 

difficult to speculate on possible reasons, why it was required to use that 

amount of new sand for component b. Perhaps, the design requirements of 

surface finish were essential for that part.  

Taking into account transportation category, European foundries 

presented in the study have relatively similar amount of CO2 emissions, 

whereas Chinese foundry emits much higher CO2 for transportation. The 

reason of that difference is in territorial location of the countries, so that for 

instance, it takes about 20000 km to deliver the component from China to 

Europe, whereas for German or Finnish foundries it is needed on average 

several hundred kilometres for cast part delivery.   

It was decided to discuss the emissions from the components produced in 

Finnish foundries separately. However, there were not found major 

differences between them. It can be explained by similar climate conditions, 

as well as legal requirements and opportunities in e.g., energy source 

availability, material recycling and transportation, and similar approach to 

work in terms of culture and mentality.  

As an important note, heating emissions is a common factor for the cast 

parts produced in Finland. However, it is remarkable that regardless quite 

high number of emissions coming from heating, still the foundries 

demonstrate the lowest total emissions compared to the foundries from other 

countries.  

 

5.2 Limitations 
 

As mentioned earlier, altogether 7 components participated in the study: 

3 components from Finnish foundries (two from one foundry and one from 

another foundry), two components from Chinese foundries, one component 

from the Czech Republic, and one from Germany. It is difficult to make 

objective conclusions based on the data given. It would be preferable to 

analyse more components from larger number of foundries of one country 

and to have more countries-participants in the work in order to give more 

comprehensive overview and provide more detailed analysis. Additionally, in 

some cases the work is missing exact data about distance or the exact weight 

of some materials, which all are mentioned in Table 6 and the estimations 

are given.  

Referring to the research gap described in section 1.2 and research 

questions mentioned in section 1.3, it can be said that the analysis of the CO2 

emissions origin was conducted as expected.  
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6 Conclusion, future suggestions 
 

This work presented the current situation in terms of renewable energy 

source availability and casting processes. With the help of the Emission 

calculator (Löytynoja, 2021) and interviews of the foundries of different 

countries, the information about the origin of CO2 emissions was obtained 

and processed based on each emission category from the main casting stages. 

It is discovered that the most significant carbon emissions were produced 

from electricity consumption in all cases except China, and heating energy 

consumption (for the countries where climate conditions require so, e.g., 

Finland, in this study) 

It is remarkable that regardless of the challenges and limitations of climate 

conditions and extra energy needs, the components of Finnish foundries 

present the lowest carbon emissions. Although Finland already has 

sustainable energy-oriented policy and moreover, it is one of the first 

countries who consider new regulations in this aspect, still there is a room to 

enhance the usage of renewable energy sources of the country. Due to the 

limited source availability, it could be suggested to increase the exploration 

of wind and bioenergy utilization in addition to highly implemented 

hydropower. Solar energy is also used whenever possible but in terms of 

geographical location, it does not seem like a reliable energy source for 

Finland. 

Considering metal scrap usage, it looks that Finnish foundries utilize at 

least half of the scrap compared to the total metal usage. In contrast, other 

presented European and Chinese foundries use around 40% of steel scrap, 

which directly affects CO2 emissions as well.  

As for sand consumption, Finland shows moderate usage of new sand, 

however, it could positively influence CO2 emissions if there would be higher 

utilization of used sand compared to its current amount.  

Taking into account casting processes, it can be concluded that sand 

casting is the most appropriate casting type in terms of variety of application, 

financial side and also recycling of sand, which has a positive effect on carbon 

emissions as mentioned earlier in this chapter.  

In the future studies, for instance, the number of emissions generated 
through utilization of each renewable energy source for casting could be 
addressed in order to select the most suitable renewable energy source for 
this process. Additionally, the components of different metal alloys would 
be interesting to examine.  
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Appendix 1. The questionnaire for foundries for CO2 footprints overview 

 

1) What is the number of castings produced yearly [Tons]?  

2)  What is electricity consumption per year [KWh/a]? 

a) if your foundry uses district heating, how much is consumed yearly 

[KWh/a]? 

b) if your foundry uses cupola furnace, what is yearly coke consumption 

[Tons]?  

3) What is the source of energy used for electricity?  

a) renewable 

b) fossil-based  

4) What is the weight of component in question (gross) [kg]? 

5) What is the demand of mould sand (new+ used) for that component 

[kg]? 

6) What is the percentage of used sand vs new sand in moulding [kg]?  

7) What is the amount of primary material (ingot) used for melting [kg]? 

8) How much secondary metal (scrap)vis needed for melting [kg]? 

9) How long distance needed to transport [km]:  

a) used sand from foundry to disposal 

b) raw materials (metal and new sand) from producer to foundry 

c) finished casting from your foundry to customer?  
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Appendix 2. CO2 emissions distribution of all the components of the study.  
 

 
 

 
 

551.980

344.592

49.747
0.104

92.276
34.178 20.375 0.014 5.158

0

100

200

300

400

500

600

Emission categories of a component
(a)[CO2e]

kg CO₂-eq.

302.699

188.970

19.948
0.104

35.306
18.743 7.879 0.014 1.973

0

50

100

150

200

250

300

350

Emission categories of a component (b) 
[CO2e]

kg CO₂-eq.



 Appendix 2 (2/4) 

 

 
 

 
 
 

893.566

0.179 25.361
141.864

37.071 67.568
9.126 1.065 3.604

0
100
200
300
400
500
600
700
800
900

1000

Emission categories of a component (c) 
[CO2e]

kg CO₂-eq.

154.307

0 4.389 13.511 10.03

51.831

2.242 0.145 1.394
0

20
40
60
80

100
120
140
160
180

Emission categories of a component (d) 
[CO2e]

kg CO₂-eq.



 Appendix 2 (3/4) 

 

 
 
 
 

 
 

201.881

2.019 14.192

302.436

15.567

271.6

41.468
17.024 11.349

0

50

100

150

200

250

300

350

Emission categories of a component (e) 
[CO2e]

kg CO₂-eq.

217.672

0
18.611

269.179

8.907

207.2

8.185 3.030 1.299
0

50

100

150

200

250

300

Emission categories of a component (f) 
[CO2e]

kg CO₂-eq.



 Appendix 2 (4/4) 

 

 
 

183.571

72.236

17.704

68.854

25.516

2.067 6.135
0.258 1.240

0

20

40

60

80

100

120

140

160

180

200

Emission categories of a component 
(g) [CO2e]

kg CO2-eq


