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Abstract: In this study, the carbon footprint of a steel-based windshield reinforcement component
assembled in a sport utility vehicle was calculated in three different stages: steelmaking, stamping,
and middle-of-use. Possible solutions to decrease carbon emissions were evidenced, such as the
purchasing of steel made through low-impact technologies and the exploitation of the green energy
grid to power up stamping machines. The life cycle assessment methodology was used to calculate
the carbon footprint. Four different steels provided by different suppliers were compared in order to
highlight the greenest material for both the steelmaking and stamping processes and the best supplier
from an environmental point of view. In addition, the carbon footprint related to the component
weight in vehicles with different traction set-ups, i.e., internal combustion engine, mild hybrid
electric, and battery electric, was reported. To reduce the carbon footprint, electric arc furnace-based
steelmaking and cold stamping were the best options. In addition, component weight reduction (for
instance, changing materials) allowed a decrease in fuel and/or energy consumption, with carbon
footprint benefits.

Keywords: automotive; LCA; AHSS

1. Introduction

On average, a vehicle contains approximately 900 kg of steel, divided as follows: 40%
in the body in white, 35% in the power train, 20% in the chassis, and 5% in other components,
such as interiors, seats, etc. The windshield reinforcement is a safety component that has a
relevant rule during the crash, which is limiting the intrusion during the side pole impact
and during the roll over. For these reasons, the materials have to be able to absorb the
crash energy and, at the same time, limit the intrusion in order to guarantee safe space
for the vehicle occupants. In the last decades, a new class of steel has been impacting
car manufacturing, namely advanced high-strength steels (AHSSs). This family collects
different steel grades, e.g., TRIP (transformation-induced plasticity), TWIP (twinning-
induced plasticity), Q&P (quenching and partitioning), and Dual-Phase and Complex
Phase steels. The main advantage is that they have higher yield strength than conventional
high-strength steel (HSS), often combined with a better formability [1]. This behavior is
due to microstructure differences between AHSS and HSS. Conventional HSSs are single-
phase ferritic steels, with a potential for some pearlite in C-Mn steels. AHSSs have a
microstructure containing a phase other than ferrite, pearlite, or cementite, for example,
martensite, bainite, austenite, and/or retained austenite, in quantities sufficient to produce
unique mechanical properties [2].
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The production of steels and their transformation in vehicle components include five
steps: smelting, rolling, galvanization, transport, and stamping. Considering steelmaking
processes, the oldest (and most traditional) route is the blast furnace coupled with the
basic oxygen furnace (BF-BOF). In the last decades, this process is being replaced with the
electric arc furnace (EAF), wherein the smelting process is less impactful than BF-BOF [3].
In addition, it allows the consumption of four times the scrap amount (which is the main
raw material in EAF steelmaking) than BF-BOF [3]. Recently, an innovative steelmaking
route is being studied, namely direct reduced iron (DRI). In this process, a shaft furnace
technology reduces iron oxides (as iron ores) in metal iron, without melting, by using a
reductant gas (e.g., hydrogen) instead of coal [4]. The DRI process could be coupled with
BF-BOF and EAF systems [5]. Currently, this technology is still not widely used, but, in
the future, it could play an important role in steelmaking decarbonization. Concerning
greenhouse gas (GHG) emissions, with DRI, if compared to BF-BOF, it is possible to reduce
33% of CO2eq (which is the unit of measurement for carbon footprints) emissions using
hydrogen [4]. This value can increase up to 57–67% if hydrogen is only produced from
renewable energies [4]. Furthermore, to create automotive steel grades, beyond steel
smelting and casting, other processes are exploited, such as rolling and zinc-coating or
aluminum–silicon coating applications. Nonetheless, the decarbonization of these processes
has not had notable advancement in the last decades. Concerning logistics, steel coils and
scraps can be transported by means of trucks, freight trains, and ships. Environmental
impacts of transportation strongly depend on traction technologies used in transportation
modes [6]. Finally, to transform steel plates in car components, the stamping process is
used. There are two different possibilities: hot or cold stamping. The choice depends on
the component performance needs, complexity of the shape to be realized, and type of steel
to stamp. Obviously, a cold stamping process is less impactful than a hot one because it
consumes less energy.

For the same vehicle model, various engines are often available, e.g., gasoline internal
combustion engine (ICE) vehicle, mild hybrid electric vehicle (MHEV), and battery electric
vehicle (BEV). To estimate the vehicle middle-of-life, environmental impacts in use must be
considered. Values are generally referred to as wheel-to-wheel (WTW), given by the sum of
the wheel-to-tank (WTT), where the production of the energy source (fuel and/or electricity
needed to recharge batteries) is considered, and the tank-to-wheel (TTW), wherein impacts
due to energy source usage (fuel combustion) are taken into account. The TTW value is
considered equal to zero in the cases of BEVs and MHEVs, since there are no emissions
during battery use. On the contrary, in ICE vehicles, the fuel consumption must be consid-
ered. The most important parameter that affects environmental impact in vehicle use is
weight. The greater the weight of the vehicle and therefore of the individual components,
the greater the fuel and/or energy consumption will be.

The goal of this work was to identify some strategies to minimize the carbon footprint
during the vehicle beginning-of-life and middle-of-life, considering current technologies
and future trends. In particular, the stamping of a windshield reinforcement component
and its use in a sport utility vehicle (SUV) sold in different traction versions (ICE, MHEV,
and BEV) were considered. Three different use cases and four different steels provided
by different suppliers were compared in order to assess the corresponding environmental
impacts (Table 1).
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Table 1. Use cases and steels.

Use Case Aim Functional Unit Steels

(1) Vehicle CO2 emissions.
Decrease environmental

impacts of components during
the middle-of-life stage.

1 component of windshield
reinforcement (considering
vehicle life of 225,000 km)

PHS1800
FBH440Y580T
TBC700Y980T

QPC850Y1180T

(2) Industrial and sites
carbon footprint.

Increase percentage of
renewable energy in the
stamping line mix grid.

1 component of windshield
reinforcement

(3) Carbon footprint of the supply
chain: purchasing and logistics.

Find the best suppliers from
the environmental impacts

point-of-view

1 ton of galvanized rolled
coil/strip steel

2. Materials and Methods

An SUV vehicle model produced in three different versions, i.e., ICE, BEV, and
MHEV, was considered. The life cycle assessment (LCA) was performed according to
ISO 14040/44:2021 [7,8]. Taking into consideration boundary conditions, the supply chain
was modeled on GaBi software 2022.2 using data provided by software house processes
(MLC database—Professional Core) and internal data. In all use cases, the global warming
potential for 100 years (GWP-100) was used as the carbon footprint indicator, expressed as
kg of CO2 equivalent (kg CO2eq). For each process, the GWP-100 was calculated by means
of the CML 2001 method. This method is widely used for LCIA (life cycle impact assess-
ment) calculation, especially in Europe. The impact assessment method implemented as
the CML-IA 2001 method was defined for the midpoint approach [9]. As a functional unit,
a single windshield reinforcement component was used to estimate the carbon footprint.

2.1. Use Case 1

The carbon footprint related to vehicle use was analyzed. Considered burdens for
various traction types are listed in Table 2.

Table 2. Burdens considered for TTW and WWT in gasoline (ICE) and electric (BEV and MHEV)
tractions.

ICE BEV and MHEV

TTW
Burdens consider fuel

extraction, refining, and
distribution.

Burdens consider electric energy
production, taking into account the

global energy grid.

WTT Burdens consider emissions
produced by fuel combustion.

No burdens were allocated because
no pollutants are emitted.

2.2. Use Case 2

In this use case, the carbon footprint assessment of a windshield reinforcement stamp-
ing process was performed. The general scheme of the boundary conditions is reported in
Figure 1.

In this use case, the steelmaking and the assembly burdens were not considered.
Therefore, only energy consumption was the main burden considered in the stamping
process. For this use case, energy meant both electrical current (for cold/hot stamping) and
heat (only for hot stamping). Stamping was considered to be made in Italy, so the electricity
grid mix and natural gas burdens of this country were considered.
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Figure 1. Scheme of stamping process cut-offs and the windshield reinforcement component installed
in the SUV chassis. Steelmaking and assembly were not considered (black double lines).

The first selected material was PHS1800 steel, which is a hot-press-forming steel that is
able to combine extremely high mechanical properties, yield, and tensile strength and high
stampability, thanks to the process for which it is formed at a high temperature (930 ◦C)
and quenched into the forming die. The second material was FBH440Y580T, a hot-rolled
ferritic–bainitic TRIP steel, highly available in the market. This material was cold-stamped,
and thanks to the obtained microstructure, it was able to absorb high energy during the
crash; being available in the hot-rolled condition, it was possible to produce sheets with
thicknesses higher 1.8 mm. The third considered material was TBC700Y980T, a TRIP steel
with a bainitic microstructure and that retained austenite islands. The retained austenite,
being a metastable phase at room temperature thanks to the mechanical energy provided
during the crash deformation, progressively transformed into martensite, returning an
increase in the work hardening rate at high strain levels [10]. The yield and tensile stress of
this material were much higher than those of FBH440Y580T steel, i.e., 700 MPa vs. 440 MPa
of yield stress and 980 MPa vs. 580 MPa in tensile; however, due to the complex microstruc-
ture, it was available and producible only as cold-rolled sheets, with a thickness less than
1.8 mm. The last considered material was QPC850Y1180T steel, which is a quenching and
partitioning steel. It showed a higher yield strength than that of TBC700Y980T steel, i.e.,
850 MPa compared with 700 MPa, and an ultimate tensile stress of 1180 MPa vs. 980 MPa,
but it had a sufficient formability, making it possible to stamp it into complex geometries.

Table 3 summarizes the stamping process for each considered steel, together with
corresponding gross and net weights. Net weight means the mass of the windshield
component; conversely, gross weight is the sum of the net weight and the scrap mass
generated during the stamping process.

Table 3. Type of stamping, together with gross and net weights, in steel stamping for considered
steels.

Steel Stamping Gross Weight (Kg) Net Weight (Kg)

PHS1800 Hot 8.8 4.75
FBH440Y580T Cold 14.9 7.24
TBC700Y980T Cold 12.19 10.5

QPC850Y1180T Cold 5.92 5.1
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2.3. Use Case 3

To compare environmental impacts of steels, the environmental product declarations
(EPD) was used. The main reason for this choice lies in the fact that EPDs are standardized
documents according to the EN15804 [11] normative. Moreover, the life cycle impact
assessment is governed by product category rules (PCR), which provide the rules, the
requirements, and guidelines for developing an EPD for a specific product category [12].

In EPD, it was possible to obtain environmental impacts of the manufacturing process.
Notwithstanding, this document did not have many details about steelmaking stages and
relative environmental impacts. Although some approximations could be made, it was
difficult to find EPDs that used the same PCR. Nevertheless, use environmental impact
values reported in EPDs were the best compromise to allow a due diligence study about
environmental sustainability.

In this use case, rolled galvanized coils/strips of steels used in chassis components as
the windshield reinforcement component were considered. Different steelmaking processes
were considered, such as BF-BOF and EAF. All steels were considered as cold-rolled (CR).
FBH440Y580T was hot-rolled, but an EPD of zinc-coated, hot-rolled steel was not available;
therefore, it was assumed as cold-rolled. Two types of zinc coating were considered,
i.e., electro-galvanization (EG) and hot-dip galvanization (HDG). Scrap credits were not
considered because they should have already been counted in the smelting process.

Table 4 reports the GWP-100 impact values and the corresponding PCR for considered
steels. The name code followed these rules: the first letter was the supplier; the second
word was the steelmaking process; the third word was the type of rolling; and the fourth
word was the type of zinc coating. Five different suppliers were considered in the analysis,
as reported in Table 4. For F_BF_CR_HDG, the EPD was not available, and therefore, the
GWP-100 value was replaced with the average value of the BF-BOF-based processes.

Table 4. GWP-100 impact values and relative PCR for considered steels.

Name GWP-100
[kg CO2eq./t]

PCR

A_EAF_CR_HDG 877 2019.14 [13]
A_BF_CR_HDG 2560 2019.14 [13]

B_EAF_CR_HDG 1130 Structural steels [14]
C_BF_CR_EG 2410 Structural steels [14]

C_BF_CR_HDG 2350 2012.01 [15]
D_BF_CR_EG 2420 Structural steels [14]

E_EAF_CR_HDG 861 Structural steels [14]
F_BF_CR_HDG 2435 -

Every steel grade can be produced by one or more suppliers, as shown in Table 5.

Table 5. Steel grade production by steelmaker.

Steel Grade Producer

PHS1800 A_BF_CR_HDG
FBH440Y580T B_EAF_CR_HDG
TBC700Y980T A_BF_CR_HDG and F_BF_CR_HDG

QPC850Y1180T F_BF_CR_HDG

In order to estimate the carbon footprint in a cradle-to-gate approach, the steel pro-
duction, taking data from EPDs of steel grade manufacturers reported in Table 4, and the
transport were considered.

For coils transportation, the EcoTransIT tool [16] was used. This tool allowed us to
calculate ship, train, and lorry route lengths from the steelmaker plant to the stamping lines
placed in Italy. Considered values are reported in Table 6.



Sustainability 2024, 16, 11263 6 of 11

Table 6. Coils transportation distance between steelmakers and the Italian plant. As mentioned in
Table 5, TBC700Y980T was produced by two different steelmakers. In this case, the reported distance
was the average between routes from steelmaker A and F to the Italian plant.

Transport Ship [km] Train [km] Lorry [km]

PHS1800 1145 262
FBH440Y580T 676
TBC700Y980T 7565 594 530

QPC850Y1180T 15,130 562

3. Results

Concerning use case 1, for different considered steels, the middle-of-life environmental
impact given by the consumption of fuel (for ICE and MHEV vehicles) and electricity (for
MHEV and BEV) was calculated. Obtained values were weighted on the mass of the
component under study. Results of the calculated GWP-100 are reported in Figure 2.
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Figure 2. Relative middle-of-life environmental impact of a windshield reinforcement component
produced with different steel grades and for different vehicle uses.

As can be observed in Figure 2, the electrification of vehicles would allow emissions
to decrease the GWP-100. In fact, emissions for BEV were around 75% smaller than those
of ICE.

Regarding use case 2, a comparison among obtained GWP-100 values of the stamping
process for each steel grade was performed, and results are shown in Figure 3.

PHS1800 showed the worst environmental performance due to natural gas consump-
tion in hot stamping. On the contrary, cold-rolled steels were the most sustainable, and
their impacts depended on the final weight component.

The stamping process carbon footprint was strongly related to the electricity grid
mix. In GaBi, considering that the stamping process occurred in Italy, it was possible to
consider four different electricity grids. The first one described the current electricity grid
mix, whereas the other three represented the potential future Italian energy mix in 2030,
2040, and 2050, following the forecasts collected in the EU energy trends report [17]. The
main difference between the “now scenario” and the “future scenarios” was the renewable
energy intake growing in the next decades. Moreover, in order to minimize the CO2
emission relative energy consumption, the possibility of producing electrical energy from
an in situ photovoltaic plant was evaluated. In this case, burdens about facility construction
and maintenance were not considered; only the burden related to energy production
was allocated.
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Figure 3. Comparison of environmental impacts for the stamping process with different steel grades
considered for windshield reinforcement.

In PHS1800, which was hot-stamped, only the burden related to natural gas (NG)
production was considered, while burdens about facility construction and maintenance
were neglected.

GWP-100 values obtained for various scenarios are compared in Figure 4.
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Figure 4. GWP-100 values for stamping lines in various energy grid scenarios.

As expected from data reported in Figure 5, it can be appreciated that the usage of
renewable energy sources, which will increase in the next decades, contributed to the
decreased GWP-100 of the stamping process.

According to European Commission forecasts about EU energy trends, carbon foot-
print, as far as electrical energy demand is concerned, should halve gradually in the next
26 years. In addition, the usage of electrical energy provided from the photovoltaic plant
would allow 93.5% of GWP-100 emissions to be saved, compared to the actual Italian
energy grid mix. This would bring a remarkable reduction of environmental impacts on
vehicle production. However, before implementing this strategy, costs studies are needed
to evaluate the feasibility and potential gain at a long, breakeven point.



Sustainability 2024, 16, 11263 8 of 11

Sustainability 2024, 16, 11263 8 of 12 
 

Figure 4. GWP-100 values for stamping lines in various energy grid scenarios. 

As expected from data reported in Figure 5, it can be appreciated that the usage of 
renewable energy sources, which will increase in the next decades, contributed to the de-
creased GWP-100 of the stamping process. 

According to European Commission forecasts about EU energy trends, carbon foot-
print, as far as electrical energy demand is concerned, should halve gradually in the next 
26 years. In addition, the usage of electrical energy provided from the photovoltaic plant 
would allow 93.5% of GWP-100 emissions to be saved, compared to the actual Italian en-
ergy grid mix. This would bring a remarkable reduction of environmental impacts on ve-
hicle production. However, before implementing this strategy, costs studies are needed to 
evaluate the feasibility and potential gain at a long, breakeven point. 

As far as use case 3 is concerned, the environmental impact for a cradle-to-gate ap-
proach was calculated, and the outcome of GWP-100 values obtained for considered steel 
grades is reported in Figure 5. 

 

Figure 5. Cradle-to-gate GWP-100 for different steel grades considered for windshield reinforce-
ment. 

As can be pointed out from Figure 5, taking into account that the functional unit was 
the single windshield reinforcement component and considering the steelmaking process 
used by the manufacturer and the transport, the FBH440Y580T steel appeared the most 
eco-friendly. This was mainly due to its production by means of EAF technology, which, 
as mentioned in the previous subsections, is the most sustainable route. In addition, 
PHS1800 had a significantly high stamping impact, as shown in Figure 3, but its GWP-100 
value was lower than that of TBC700Y980T and slightly higher than that of 
QPC850Y1180T. This was mainly due to the fact that the amount of steel utilized to pro-
duce a PHS1800-based windshield reinforcement component was lower than that con-
sumed using other steels (Table 3). 

After collecting all EPDs, GWP-100 emissions for considered steels were compared 
in order to understand which was the best supplier from the environmental point of view. 
Considering steels listed in Table 5, results of the calculation are reported in Figure 6. 

0

5

10

15

20

25

30

35

Smelting + rolling +
galvanization

Transport Stamping TOT

kg
 C

O 2e
q

PHS1800 FBH440Y580T TBC700Y980T QPC850Y1180T

Figure 5. Cradle-to-gate GWP-100 for different steel grades considered for windshield reinforcement.

As far as use case 3 is concerned, the environmental impact for a cradle-to-gate
approach was calculated, and the outcome of GWP-100 values obtained for considered
steel grades is reported in Figure 5.

As can be pointed out from Figure 5, taking into account that the functional unit was
the single windshield reinforcement component and considering the steelmaking process
used by the manufacturer and the transport, the FBH440Y580T steel appeared the most
eco-friendly. This was mainly due to its production by means of EAF technology, which, as
mentioned in the previous subsections, is the most sustainable route. In addition, PHS1800
had a significantly high stamping impact, as shown in Figure 3, but its GWP-100 value
was lower than that of TBC700Y980T and slightly higher than that of QPC850Y1180T. This
was mainly due to the fact that the amount of steel utilized to produce a PHS1800-based
windshield reinforcement component was lower than that consumed using other steels
(Table 3).

After collecting all EPDs, GWP-100 emissions for considered steels were compared
in order to understand which was the best supplier from the environmental point of view.
Considering steels listed in Table 5, results of the calculation are reported in Figure 6.
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As can be seen in Figure 6, the difference in GWP-100 among steels produced with
BF-BOF and EAF was the largest, as widely reported in literature [2]. On the contrary, the
difference between galvanization techniques was rather small, with the HDG production
showing a slightly larger GWP-100 with respect to EG [18].

4. Discussion

The results obtained show that the decarbonization of the steel industry is based
on EAF technology, which reduces emissions during the production of steel. This fact is
confirmed by Liang T. et al. (2020) [3]. In fact, the casting process is the most expensive in
terms of environmental impact, compared to other processes in the supply chain, such as
rolling [3].

Concerning the stamping process, hot stamping requires more electricity and natural
gas consumption with respect to the cold one. The only hot-stamped steel examined was
PHS1800, whose carbon footprint was 4 times larger than other steels considered. The main
burden in the stamping process is energy consumption. To reduce carbon footprint, the
electric energy grid mix was studied because natural gas in hot stamping is essential for
heating. Pushing towards an energy grid mix with a high percentage of renewables allows
emissions relative to energy consumption to decrease. In addition, considering electrical
energy produced in situ through photovoltaic cells, the carbon footprint can be reduced
by 93.5%.

At the level of vehicle emissions, the weight of the component has a contribution
towards emissions (endothermic engine) or energy consumption (batteries). The greater
the mass of the component, the more energy it will take to move the vehicle. As a result,
emissions will increase. To reduce the weight of cars, carmakers choose less dense steels
(such as AHSS) or much lighter materials like aluminum alloys, which have less mechanical
properties, such as a lower elastic modulus. In this work, the first case was considered, and
the lightest material was the PHS1800.

Steel selections for automotive applications in a sustainable way have many variables.
In this case, only steelmaking, stamping, and middle-of-life carbon footprints were con-
sidered. Other relevant factors must be taken into account, such as the welding process
and component design. All of these factors contribute to the increase in the environmental
impact of the finished components. Developing new tools is needed to help steelmakers
and car manufacturers reach carbon net zero goals as soon as possible.

Nevertheless, purchasing strategies must be supported by price competitivity. Costs
depend on the steelmaking processes, coil size, coating, and surface aspects. In every
company, decisional models that allow them to choose the best materials that satisfy both
environmental and economic needs are running.

5. Conclusions and Future Perspectives

In this paper, the environmental impacts of steels production and uses were ana-
lyzed. Various suppliers and steel grades were considered. The main conclusions can be
summarized as follows:

• Suppliers that use EAF in the smelting process have a smaller carbon footprint than
others that exploit the BF-BOF route.

• Hot stamping is much larger than cold stamping in terms of emissions because in the
first process, there is greater electricity consumption, and a heat source is needed. In
particular, when using cold stamping, it is possible to save 65% of the carbon footprint.

• When a cradle-to-gate calculation considering steelmaking and transport is applied,
FBH440Y580T steel is the most eco-friendly because it is produced through the EAF
route. In particular, using FBH440Y580T, which is produced by supplier A through
EAF technology, it is possible to save 25–42% of the carbon footprint. Although
PHS1800 has a significantly higher impact due to stamping, its total impact is lower
than the TBC700Y980T and slightly higher than the QPC850Y1180T. This effect is
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due to lower steel consumption in PHS1800-based windshield reinforcement compo-
nent manufacturing.

• Using green energy from photovoltaic panels installed inside the production plant,
the GWP-100 value can be reduced up to 93.5%.

• BEV vehicles have the lowest environmental impact score in the middle-of-life. This
feature positively affects components assembled in this type of vehicle, such as in
windshield reinforcement.

The automotive industry, being strongly addressed to global warming, is implement-
ing plenty of decarbonization plans to soon reach carbon neutrality. For this reason, the
attention to green and low CO2-emitting products is increasing day by day. In fact, each
original equipment manufacturer (OEM) introduced internal targets to reach the carbon
net zero goals much earlier than targets officialized by the European Commission. It is
possible to identify two main sources of CO2 emissions in the automotive sector: vehicle
exhaust smoke, which is reduced or eliminated by MHEV and BEV, and the materials used
to build the car. For this second aspect, OEMs are forcing suppliers to anticipate their
decarbonization plans to be aligned with their targets. This is the reason why steel mills
are starting to invest in new technologies and to offer the best decarbonized products. In
the near future, products obtained by BF will be replaced by those obtained with EAF
or DRI. At the moment, the main limit for EAF technology is linked to scraps, which, in
most of the cases, are rather mixed and have poor quality. Therefore, OEMs are pushing
to implement the so-called “closed-loop approach” with suppliers, asking to take the pre-
consumer scraps and then sending back them to the steel industry in order to produce
the steel for the automotive products again. In such a way, the quality of scraps becomes
high, allowing the production of advanced, high-strength steels. DRI is a technology in
which most advanced steel mills are investing because it permits, also in the absence of
good scrap quality, the production of high-quality steel, with the raw material iron ores
reduced by means of hydrogen or natural gas. In early applications, natural gas will be
used to reduce the iron ores until green hydrogen is available at low cost in the market.

Although the environmental benefits, due to the use of EAF and DRI, are widely dis-
cussed in literature, the production and sales costs also play a significant role. Precisely, the
main features that affect costs are: the steelmaking process, coating application, coil shape,
and surface aspect. The production costs of steels made through EAF are as competitive as
those manufactured from BF-BOF.

The OEMs have already started to sign memorandums of understanding with the
steel mills to secure green steel availability and to be sure to be able to reach their target of
CO2 reduction. Several research projects will be carried out in the near future to identify
the maximum tramping elements that can be managed in the EAF steel without affecting
the final material properties, as well as studies to reduce the vehicle weight, leading to less
material consumption and reduced CO2 emissions.
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