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Abstract. When examining consumer habits, we cannot ignore the changes in
the value system and the concept of "sustainability" that increasingly affects it.
The research approaches certain marketing issues of sustainable consumption
from the perspective of the innovation-driven methodology of component-level
life cycle assessment of electric vehicles. The research presents the effects on the
environment of the products created during the innovative product development
of electric vehicles, to compare the production processes of electric vehicles -
already at the component level. In this process an LCA method was used for two
typically electric vehicle components, the ASM / PSM motors, were cradle to
gate method was modelled and PFC calculated according the scope. The aim of
this paper was to develop a practical approach to the evaluation of the GWP
defined by Gabi 4.0 software for the innovation-driven methodology of life cycle
assessment of electric vehicles. Based on this, it became measurable that PSM
has a more than 2.5 times beneficial effect in terms of the use of environmental
resources than ESM. The results are a part of the professional foundations of the
Circular Economy Model and Green Marketing strategy and reflects on
differences according to sustainable value orientation, on the traceable
characteristics of sustainability in the case of a segment of electric vehicles.

Keywords: Sustainable Innovation, Electric Vehicles, LCA, Green
Marketing, 7P

1 Introduction

During the examination of consumer habits, we cannot ignore the changes in the value
system and the concept of "sustainability", which is increasingly affecting it. However,
it is questionable whether changes in consumer habits have an impact on company level
decisions and is there a connection with the shift towards sustainability along the lines
of company life cycle theories and innovation process models?
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The research reflects on differences that can be easily differentiated according to the
sustainable value orientation, on the traceable specifics of sustainability in consumer
decision-making and behavior, which is particularly noticeable in the case of a segment
such as electro mobility. Factors that influence consumer preference and customer
decision-making, such as R&D activity, the possibilities of innovation-driven
transformation of businesses through measurable emission reduction, responsible
consumption, sustainability, or recycling, are given a prominent role in the presentation.
It is therefore necessary to compare the manufacturing processes of electric vehicles,
already at the component level, with the methodology used in the life cycle assessment
methodology of electric vehicles. By expanding the toolset of marketing research and
sustainable innovation, we have the opportunity to conduct a well-founded, quantified
analysis and decision-making that explains the sustainability of responsible consumer
preference and responsible customer decision-making.

The research approaches certain marketing issues of sustainable consumption from
the perspective of the innovation-driven methodology of life cycle assessment of
electric vehicles. In this context, the life cycle analysis that can quantify sustainability,
the environmental effects occurring in some stages of the circular economic models,
the indicator of environmental awareness and socially responsible marketing strategy
[20] will be presented. By applying consumption value measurement methods based on
life cycle analysis [14], the values-based consumer behavior model would be created
as an indicator of the innovation-driven transformation of domestic enterprises, which
use numerical values to explain the product production processes of circular economic
models, and at the same time the motives for responsible, sustainable product and
service selection. Sociological and anthropological theories, which form the starting
point of marketing research, can later be supplemented with a numerical sustainability
indicator, providing a basis for exploring the internal correlation system of the factors
that determine responsible consumer behavior. The expected result of the research is
the development of innovative LCA-based indicators, which can be the sustainability
metrics of the final indicator of the concrete product and service choice behind the
decisions of consumers through the quantitative analysis of circular economic models
and the transition to a carbon-neutral economy, green economy development and
sustainable development.

Our goal is to present the professional foundations of innovation-driven
transformation in Green Marketing strategy, focusing on the potential environmental
effects of the products created during the innovative product development of electric
vehicles. In doing so, an LCA method applied in car manufacturing was selected, which
in terms of the use of environmental resources has the most beneficial effect on
organizational and consumer markets, and in terms of the effects on human health and
the state of the ecosystem, it stands out among the possibilities of innovation-driven
transformation of domestic enterprises.

Considering the problem analysis, for mobility overall the electric mobility is an
emerging and important topic relevant to sustainability including global warming, use
of fossil energy resources. To provide structural changes for efficient use of energy
resources it is required to evaluate all of three important pillars of sustainability:
society, economy, and the environment. Creating strategies for sustainable use of
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energy resources there are few research efforts providing a comprehensive
sustainability assessment where all these three pillars are considered [19].

The European Union (EU) and the United States have provided incentives, plans,
and strategies, at different levels, for the introduction of EVs (European Commission
2010; Greater London Authority 2009; IEA 2009; U.S. Department of Energy 2011).
One of the more ambitious targets is proposed by a consortium of the International
Energy Agency (IEA) (2009) and eight countries (China, France, Germany, Japan,
South Africa, Spain, Sweden, and the United States), which aims to reach a combined
total of 20 million full and plug-in hybrid EVs by 2020[7]. The EVs are becoming an
important component of automotive manufacturers’ strategies, e.g. Mercedes and Ford
have defined goals in this area (Daimler AG 2010b; Ford Motor Company 2011). The
first generation of mass-produced EVs has just entered the market (e.g., the Mitsubishi
i-MiEV, Nissan Leaf, GM Volt, and Ford Electric Focus) [7].

Electric mobility offers advantages in terms of powertrain efficiency, less
maintenance, and zero emissions, which contributes to reducing gas emissions
compared to conventional Internal Combustion Engine vehicles (ICEs)[27,16]. This
has led to a general perception of EVs as an environmentally benign technology. The
reality is more complex, requiring a more complete consideration of impacts
throughout the vehicle’s whole life cycle [24]. Consistent comparisons between EVs
and ICEs their conventional counterparts are necessary to support investment decisions
in marketing strategy[20].

The life cycle assessment (LCA) studies of EVs [14,7] is one of the methods of
comparison. For conventional ICEVs, although the use phase accounts for the majority
of global warming potential (GWP) impact, vehicle production is not insignificant,
contributing on the order of 10% to the life cycle GWP [7]. When considering
environmental impacts of ICEVs, the need for a full LCA including manufacturing is
well modeled and documented. Accounting for production impacts is even more
important when comparing technologies with significantly different powertrains such
as ICEVs and EVs [16]. In particular, the production of electronic equipment requires
a variety of materials, parts, which poses a challenge for recycling and raises concerns
about environmental issues [9].

This raises a fundamental question: the impact of changes in consumer habits on
company decisions: company life cycle theories / sustainability? Do changes in
consumer habits affect corporate decisions: that is, does measurable environmental and
social sustainability appear?

Factors influencing consumer preference and customer decision-making, such as
R&D activity, new, innovative products and technologies (such as ESM and PSM), the
possibilities of innovation-driven transformation of enterprises with measurable
emission reduction, the through responsible consumption, sustainability, or recycling.

In the background of the research, the factors influencing consumer preference and
customer decision-making, such as measurable emission reduction, related innovations,
and the possibilities of innovation-driven transformation of enterprises through
responsible consumption, sustainability, or recycling, play a prominent role. What
circular economic theories are there, where does LCA play a role in this? Overall, in
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electric cars, through the LCA analysis of real parts, to examine which customer
decisions are sustainable, and what kind of carbon footprint reduction this all means.

Considering the Innovation process models the purchase decisions of sustainable
consumers are basically influenced by two factors: the recognition of their
environmental obligations, the acquisition of knowledge, i.e. a kind of self-interest, and
the "externalities" of consumers: factors that are related to environmentally friendly
product purchase decisions (e.g. consumers' social image and product characteristics
[14]. Let's see what these external and internal factors are in innovation processes.

Innovation and R&D, especially in EV industry and technology, is a crucial
component of sustainability, emissions and overall productivity and effectiveness. In
this context and with the aim of improving the measurement of R&D, the Organization
for Economic Cooperation and Development updated the Frascati Manual in 2015 to
provide the main, globally applicable guidelines for national statistical offices and
policy-makers to analyse trends and allow for international comparisons of science,
technology and innovation [19]. It is particularly important to determine different
strategies and processes to guarantee adequate R&D to inform the creation of policies
and instruments to effectively promote knowledge and generate technological solutions
to problems. This chapter describes the development and application of the Frascati
Manual [19] to describe investments in R&D innovation-driven transformation and
other scientific, technological and innovation activities from the perspective of
sustainable, innovation-driven transformation.

e Basic research: which is primarily aimed at acquiring new knowledge about
observable phenomena and facts, and is not directed for any specific use; it is natural
and social phenomena by observing their internal connections and exploring their
laws we acquire new scientific knowledge, which opens up new areas of research;

e Applied research: acquiring new knowledge, primarily to achieve a specific
practical goal or purpose; practical application of the scientific results of basic
research, new products and technologies by creating;

e The experimental development: is based on existing knowledge from research or
practical experience, and which is new or improved aimed at creating materials,
products, devices, processes, systems or services. It is “turning accumulated
theoretical knowledge into pennies", i.e. the results of basic and applied research
preparation for economic utilization per as Frascati Manual [19].

Research and development (R+D) related to new technologies encourages the
development of new products as innovation-driven transformation along a linear
approach. Their basic types are as follows.

e Technology push: when research and development in new technology, drives
the development of new products. The the "pressure" of scientific and
technical results [10]. The innovation could not be produced it at the previous
level of technology development. It did not even exist in the minds of
consumers, so, there was no demand for it (see Fig 1).

0 L LN
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Figure 1. Technology push model [10]
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Demand pull: In a demand-pull innovation, the customer defines its needs in
terms of products, services and processes and looks for providers capable to
develop it. In this logic, the provider must be reactive and manage the
integration of the customer into the whole process. The figure below (Fig.2)
originates from a development created to meet an unsatisfied demand so far
[16].

»Market pull”
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Figure 2. Demand pull model [16]

Double-driven innovation model : this model combines the technology push
and the demand pull methods to a low-carbon future. The rapid build-out of
EVs in recent years has revealed the benefits of generous demand-pull policies
(see Fig. 3). Combining robust demand-pull and technology-push policies
results in more effective policy mixes that go beyond innovation and
deployment to help competitive electric mobility industries create
sustainability [7].
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Figure 3. Double-driven innovation model [7]

In order to determine the effectiveness of innovation processes, their impact
assessment is a priority. In doing so, the extent to which social innovation affects one
of the most important social, economic and environmental challenges of today,
sustainability, is not a negligible aspect [19]. In my research I will briefly present the
connections between social innovation potential and sustainable development
indicators as dimensions as Sustainability-oriented innovation (SOI).

While the eco-innovations focus on the environmental sustainability pillar of
sustainable development the sustainable innovations are such environmental
innovations which in addition to environmental and economic aspects, they also include
social dimensions [10].
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While measuring sustainable innovations we can face sustainability, the obstacles and
complexity of measuring innovation and traditional performance present many
obstacles to the measurement of sustainable innovation performance. The shared
insights have important implications for both practitioners and researchers, such as:

e identify the expected environmental and social benefits;

e assess whether it is possible to maintain/gain competitiveness through eco-
innovation;

e driving forces, obstacles and (targeted) effects;

e impacts must be measured in economic, environmental and social dimensions.

The analysis is essential for the detailed investigation of the various effects, as well
as the exploration of their interactions and connections with the help of sustainable
innovation performance indicators [10]. These are:

e the output/result of sustainable innovations, which shows the degree of
success of the innovation in achieving the expected economic, social and
economic results;

e the results are indicators: they ensure the monitoring of company goals and
objectives;

e the key indicators: the focus is on the driving factors.

The separation and evaluation of individual effects along the environmental, social
and economic dimensions of sustainable innovation is an important factor. For
example, environmental impacts on natural resources, climate change, or biodiversity
are analyzed, while social impacts include impacts on communities' quality of life,
social justice, or employment. At the same time, economic impacts include impacts on
innovation outcomes, market opportunities or economic development [10]. The
challenges of performance measurement, for example:

e Problems related to the traditional measurement of innovation performance;

e Issues related to sustainability measurement;

e Unresolved problems related to traditional performance measurement.

Meanwhile, for researchers, the measurement of sustainable innovation offers many
opportunities for the formulation and validation of theories, one of which is the
calculation of the carbon footprint of items and services based on the LCA
methodology.

The electric vehicle industry faces many challenges in the future. Technological
advances, batteries, expansion of charging infrastructure and cost reduction are key
factors. Can the analysis of the life cycle assessment of electric vehicles, underpinning
the carbon footprint of the vehicles, be an innovation? Can reducing CO, emissions be
an advantage?

The typical technologies of EVs are ASM and PSM motors. In these components the
ASM (Asynchronous induction motor), the rotor is made of highly conductive material
(aluminum, copper) as a part of the Sustainable innovation in EVs manufacturing.

In the ASM (Asynchronous motor), the rotor consists of rods made of highly
conductive material, such as aluminum or copper, in a so-called "squirrel cage"
arrangement. In the "slip ring" configuration, the bars are replaced by aluminum/copper
coils connected to resistors on the outside of the rotor to perform the same function as
the cage bars. In both types, the stator's magnetic field "pulls" the rotor into motion,
which then continuously tries to "catch up" with the rotating magnetic field created by
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the stator. This "asynchrony", i.e. the difference in speed, gave the name
"asynchronous" to the type of motor. Among the advantages of ASM, it should be
mentioned that it is a reliable and relatively cheap technology, and importantly, that
few rare earth materials are needed in its production.

Among disadvantages of ASM, it should be mentioned that it requires more cooling,
relatively low power density, and lower efficiency compared to other electric motors.
It can be found in vehicles such as Audi e-tron SUVs, Mercedes-Benz EQC and some
VW IDs [16].

In a PSM (Permanently-excited synchronous magnet motor), the rotor has magnets
that create its own magnetic field instead of relying on the stator for this purpose. This
means that the motor needs less energy to turn the rotor. The magnetic field of the rotor
is the same as that of the stator when current is flowing through it, resulting in
"synchronous" rotation and near zero slip, thus providing better efficiency than
induction motors.

The advantages of PSM is higher efficiency, lower cooling requirements and higher
power density. The downside is that it is more expensive to produce, and it requires
REE (rare earth elements) for its production. Among its disadvantages is that it is
expensive to produce and requires rare earth materials. In case of PSM type motors, the
REEs are imported. China has the highest production, but China imports significant
amounts of REE ore from Myanmar [29]. This engine type is found in electric vehicles
including the Audi e-tron GT, Jaguar [-Pace and Porsche Taycan [16].

In doing so, the PCF data for LCA calculation method used in car manufacturing
was selected, which has the most favorable effect on the organizational and consumer
markets in terms of the use of environmental resources, as well as the effects on human
health and the state of the ecosystem, and stands out among the possibilities of
innovation-driven transformation of domestic enterprises.

Circular economy models and quantitative analysis of sustainable development can
be sustainability metrics [6]. Life cycle assessment (LCA) analysts are increasingly
called upon to conduct life cycle analysis to influence environmental performance
during the early design phase of technology development [14, 10]. Each product has a
specific value, a related Product Carbon Footprint providing information of the CO2
emissions of its production, summing all the greenhouse gas emissions generated by a
product over the different stages of its life cycle. Emerging, tangible technologies have
significantly more data on mobility challenges [1].

Companies can reduce the environmental impact of their distribution channels by
optimizing their supply chains, using more fuel-efficient transportation methods, and
reducing packaging waste. These green marketing elements include consideration of
the product's entire life cycle, from procurement and production to use and eventual
disposal, with the aim of minimizing the product's environmental impact. This may
include the use of sustainable materials, waste reduction and energy conservation
during the production process [22]. Companies can reduce the environmental impact of
their distribution channels by optimizing their supply chains, using more fuel-efficient
transportation methods, and reducing packaging waste. Pricing is another important
aspect of green marketing [22].
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Product related the environmental impacts can be reduced significantly by the very
first element - first P - of the green marketing, the Product itself. Considering the
expression of “reduction”, it is relative to a previous state of product, service or process.
This environmental state can be defined with the tool of PCF calculations.

In PCF calculations, where life cycle product carbon footprint measures the total
greenhouse gas (GHG) emissions generated by a product, from extraction of raw
materials, to end of its life, it is measured in carbon dioxide equivalents (CO2¢e). GWP
stands for “global warming potential”’[4], which is an index that measures how much
infra-red heat radiation a greenhouse gas absorbs over a given period of time after it is
released into the atmosphere. GWP makes different greenhouse gases comparable in
terms of their "radiative forcing efficiency”. Here, the same mass of added carbon
dioxide (CO2) is the reference, the GWP value is proportional to this[4]. Thus, for
example, the GWP value of CO2 is 1. In the case of other gases, it depends on how
strongly the gas absorbs infra-red heat radiation and how quickly the gas leaves the
atmosphere. The time frame of the GWP is given numerically, in the case of, for
example, GWP100, the value is taken into account over 100 years [31].

The first task of achieving the climate goals is to measure greenhouse gas emissions,
these Emissions can be measured on different levels. The Greenhouse Gas Protocol
(GHG Protocol) is a family of carbon accounting standards that has become prominent
today. It groups emissions into three "areas" [27]. Scope 1 and 2 are the best known as
they are direct emissions from operations and indirect emissions related to energy and
are already widely measured and reported. However, Scope 1 and 2 do not consider the
organization's full climate impact. This requires Scope 3., which includes indirect
emissions caused by the organization but generated elsewhere in the value chain [27].

The Scope 3 emissions are the considered scope of our PCF calculations, where the
activities from assets not owned or controlled by the reporting EV manufacturer, but
that the organization indirectly affects in its total value chain. An organization's value
chain consists of both its upstream and downstream activities.

Sustainability-oriented innovation in EV related automotive industry involves
creating intentional changes to an organization's philosophy and values, as well as to
its products, processes or practices to serve the specific purpose of creating and
realizing environmental value in addition to economic returns and social benefits. The
policy of environmental management and sustainability reveals how little attention has
been paid to Sustainability-oriented innovation (SOI), and what exists is only partial.
In this chapter I provide a quick overview of the philosophy of different car
manufacturers in Table 1.

Table 1. Sustainability in the philosophy of different car manufacturers [22, 22,30]

Manufacturer Philosophy Act
“Recyclability is * using innovative materials and alternative power systems;
Toyota desi'gned into all our * minimising carbon emissions and the use of valuable natural
vehicles” resources;

» design Toyota vehicles with an easy-to-dismantle concept



734 J. Kovacs and S. h. M. Garai-fodor

* prioritising parts and materials that can be used again;
The green innovation
and marketing start
at the design
“4 areas” * Expend the life-span: reconditioning, retrofitting
* Re-energy: new energy solutions, stationary storage,
efficiency, repair of energy sources, “second life”
Renault * Re-cycle: optimize life cycle, collection, dismantling ->
reuse, recover, recycle, recover (“4R - principle”)
* Re-start: data, information, Knowledge, knowledge sharing,
know-how. start-ups, incubator, research, planning

« expanding the lifetime of vehicle parts;
« avoiding waste - even waste water;

Fleet emissions: * Battery recycling
reduced average fuel e« Production: BMW plants will run on green electricity
BMW consumption * Recycles and reuses 99% of waste

* Logistics: transported by rail
* Information on the country-of-original of cobalt
« IT sustainability: naturally cold temperature of groundwater

2 Method

In the course of the applied method, the LCA method used in car manufacturing was
selected, which has the most favorable effect on organizational and consumer markets
in terms of the use of environmental resources, as well as the effects on human health
and the state of the ecosystem.

This chapter presents the methodology of measurements and modelling and the
software used. Life cycle assessment is one of the foremost developed and widely used
environmental assessment tools for comparing different technologies. LCA quantifies
the number of materials and energy used and the emissions and wastes over the
complete supply chain (i.e. life cycles) of goods and services, but it has physical
boundaries. Life-cycle analysis is used to describe the entire life of a material or product
up to the point of disposal.

In this chapter I provide a quick view of the environmental analysis with different
cross-sections considering cradle-to-gate and cradle-to-grave/cradle approach [1].
Cradle-to-gate is an LCA model that assesses a product's environmental footprint from
raw materials extraction until it leaves the factory-“gate”. Cradle-to-Grave assesses the
complete environmental footprint of products. From raw material extraction,
production, and product use, until the end of its life. Cradle-to-cradle means a product
is designed so that its materials and components can be repurposed- or recycled
indefinitely. This makes products “circular” and reduces their environmental
impacts[1].

I used my own Gabi 4.0 software during research and modeling. 20 years ago (in
1989), the development of the GaBi software was started at the IKP (now LBP) institute
of the University of Stuttgart. The word GaBi, an abbreviation of the German
"Ganzheitliche Bilanzierung" and the English definition of "Life Cycle Engineering" is
used in connection with the software. The most important member of the GaBi product
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family is the GaBi4, which is the life cycle survey or offers a full arsenal of information
and functions required for life cycle engineering. Its application is recommended for all
companies and research groups whose activities range from simple analyzes to complex
investigations [4].

The most frequently asked question about the LCA software concerns the available
databases. These databases contain the environmental balance sheet of industrial
processes: on one side of the balance sheet there is a list of the raw materials required
for the process with the amount consumed (e.g. minerals, energy sources, water, etc.),
and on the other side of the balance sheet the products, waste and emissions of the
process (air, water, soil). The professional version of GaBi4 contains the environmental
balance of about 1000 processes. These come from the following sources[4]:

e data collected and processed by PE International and LBP-Stuttgart
University, which are the most important of the various industries, or they
contain the processes most often used during life cycle surveys,

e the processes of the ELCD-European Life Cycle Database, the EU database
supported by the European Commission,

o the data of the PlasticsEurope database (formerly APME) developed by the
European plastics manufacturers' organization, which by definition are
primarily related to the production of plastics,

e the processes of the Swiss BUWAL database, which relate to the production
of packaging materials.

In addition to the "basic", professional database, 15 additional database modules are
available, with which the user can further enrich his own database [4].

Some of the users are: BMW, Ford, General Motors, Isuzu, Mitsubishi, Porsche,
Toyota, VW, Continental, Bayer, BASF, DuPont, Henkel, Solvay, Bosch, Hyundai
Electronics [24].

In the initial phase of the LCA, after the purpose and object of the survey (functional
unit, system boundaries, etc.) have been defined, directly accessible data is collected.
This is based on a detailed examination of the industrial process in question and the
collection of related data (input and output). I directly entered the data collected in this
way into the new process created in GaBi4 [4].

After I created my own processes, or I found the processes necessary to build this life
cycle in the GaBi4 databases, connecting them and building a complete life cycle model
began. In GaBi4, the so-called It is possible with the help of Sankey diagrams. The
reference current of the processes used in the model, or the allocation methods possibly
used in the process can be easily determined, - it is possible to document the adequacy
of the processes and the completeness of the life cycle model, - the material connecting
the processes or the amount of energy flows can be continuously monitored [4].

Awareness and perception of the environment, particularly on the issues of the
environmental pollution, and the depletion of energy and resources, have led to the
thirst for more environmentally friendly methods in fierce competition in industry and
business. In my research the focus is on Sustainability-oriented innovation (SOI)
application in EV manufacturing, where the sustainability is based on the Product
Carbon Footprint (PCF) comparison of 12 pieces of different ASM / PSM motors,
defined in GWP100 CO2 emission values. The Product Carbon Footprint (PCF) can
help to find answers. The PCF sums up the total greenhouse gas emissions generated
by a product over the different stages of its life cycle. The ASM\PSM motors are in the
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production in one of the major EV automotive supplier (not specified). ASM\PSM units
can be identified with special, individually generated BOM (bill of material) number
on BOM level, which includes the detailed, sub-divided component structure, as well
as the weight of each component.

The LCA measurements are based on the ISO 14040 and 14044 standards. In order
to ensure the comparability of life cycle assessments, the International Organization for
Standardization has developed two complementary standards: the principles and
framework of life cycle assessments are described in the ISO 14040 standard, and the
requirements themselves are contained in the ISO 14044 standard [7].

A standard LCA usually includes four phases: defining the objectives and the object
of the study, preparing the life cycle inventory (inventory of inputs and outputs), impact
assessment, and finally evaluation [7].

The PCF calculation considered the raw materials, but the outbound and inbound
transport, the primary data from suppliers and the manufacturing data were not
considered because of the lack of data (see Fig.4).
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The life cycle modelling is followed by the environmental impact assessment and the
determination of weak points. The "balancing" function of GaBi automatically
performs the life cycle of the entire material or calculation of its energy balance, and
then by selecting the above-mentioned impact assessment methods, we get the desired
results. The specific function of GaBi4 for weak-spot testing makes it clear in a user-
friendly way which are the most critical points of the life cycle [4].

Of course, the hundreds of uncertain parameters significantly affected the reliability
of the survey. The Monte Carlo analysis function available in GaBi4 and based on the
use of parameters made possible the statistical examination of the probability and
reliability of the final results. An important factor is the life cycle model, or updating
the data used, the environmental balance of the life cycle processes must be recalculated
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in certain periods. In the GaBi4 software, the "raw" data collected by the company were
defined as variable parameters, from which we obtain the actual input and output values
with the help of various mathematical calculations [4].

3 Findings

Table 2 summarizes the assessment of GABI generated PCF (Product Carbon
Footprint) results in Global Warming Potential for 100 years" GWP100, kgCO2 eq.
expressed for the ASM\PSM type components.

Table 2: PCF comparison for different ASM / PSM motors (weight / PCF values):

PCF / Weight
. . . Weight PCF ratio
Project Identification (kg) {{kg CO2eq/ (kg CO2 eq /
g) ke)
X 2566 PSM  43.64 kg 473.6 10.85
X 2567 PSM 4430 kg 474.88 10.71
X 2809 PSM 43.02 kg 472.88 10.99
. X 2808 PSM 46.05 kg 478.19 10.38
gfi;fl\;}ﬁii’r‘:g— X 2615 PSM  36.02kg  424.49 11.78
Potential for 100 X 2403 PSM  36.32 kg 425.02 11.7
years (GWP100 X 2620 PSM  36.01 kg 424.5 11.78
in keCO2 eq.) > X 1963 ASM  54.84 kg 182.35 3,32
X 1965 ASM 54.84 kg 182.37 3.32
X 1962 ASM 50.97 kg 164.35 3.22
X 2392 ASM 47.22 kg 149,30 3.16
X 2567 ASM 47.20 kg 149.24 3.16

4 Results, Conclusions and Recommendations

In the ASM (Asynchronous motor), the rotor consists of rods made of highly conductive
material, such as aluminum or copper, in a so-called "squirrel cage" arrangement. In
the "slip ring" configuration, the bars are replaced by aluminum/copper coils connected
to resistors on the outside of the rotor to perform the same function as the cage bars. In
both types, the stator's magnetic field "pulls" the rotor into motion, which then
continuously tries to "catch up" with the rotating magnetic field created by the stator.
This "asynchrony", i.e. the difference in speed, gave the name "asynchronous" to the
type of motor. Among the advantages of ASM, it should be mentioned that it is a
reliable and relatively cheap technology, and importantly, that few rare earth materials
are needed in its production.
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Average PCF values for PSM\ASM motors (kg CO2 eq / kg)

165.32

453.36

m Average PCF (kg CO2 eq / kg) values for PSM
B Average PCF (kg CO2 eq / kg) values for ASM

Figure 5. Average PCF values for ASM and PSM type motors (in kg CO2
equivalent)

According to the calculations the average PCF values for ASM and PSM type motors
(in kg CO2 equivalent, Fig.5 and in Table 3) are the following.

Table 3: Average PCF values for ASM / PSM motors (weight / PCF values):

Average PCF values kg CO2 equivalent
PCF values for PSM motors 453.36
PCF values for ASM motors 165.32

It can be stated that the overage PCF values of the PSM type motors are 274.23%
more higher, which means 288.04 kg CO2 equivalent as it can be seen in Table 3. The
reason for his result is that the PSM units the rotor has magnets that create its own
magnetic field instead of relying on the stator for this purpose. The magnets contain
rare earth elements (REE) where the two most common rare earth magnets are
neodymium (Nd-Fe-B) and samarium-cobalt (SmCo) creating much higher PCF results
[7].

The innovation-driven transformation of double-driven innovation mode combining
the technology push and the demand pull methods requires products with lower PCF
values. Combining robust low-carbon demand-pull and technology-push policies
results competitive electric mobility industries adapting sustainable Green Marketing
7P elements[20] as following according to the results.

The Product can be environmentally friendly according to the LCA calculations.
Based on the PCF results, the ASM products do not contain rare earth elements (REE,
e.g. neodymium and samarium-cobalt) where the production increases for example,
water, electricity/energy consumption and related transportation, waste generation,
GHG and carbon dioxide emissions. For a more environmental friendly product with
less PCF values we have to sacrifice the higher efficiency, lower cooling requirements
and higher power density.
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The Price - the green pricing is a pricing strategy that takes into account the
environmental impact of a product or service, as well as the social and economic
impacts. For PSM motors we can state that these are more expensive to be produced,
partly because of the demand of REEs for its production. This engine type is found in
electric vehicles including the Audi e-tron GT, Jaguar I-Pace and Porsche Taycan,
which are more premium products.

The Place - in general, it can be said that deciding where to sell a product is critical,
as this is where the company makes the product or service available to the public, which
will have a great impact on consumer interest (Vinayak, 2012). When a product is
produced locally, it does not need to be transported from another location, which
eliminates emissions from transportation. If a product can be imported into a country,
producing it locally would not only reduce transport emissions. In case of PSM type
motors, the REEs are imported. China has the highest production, but China imports
significant amounts of REE ore from Myanmar [29].

Processes are the actual procedures, mechanisms and activity flows and operating
systems by which the ASM \ PSM products are implemented into EVs. Such a practical
example of the use that although ASM has lower carbon footprint it requires more
cooling, relatively low power density, and lower efficiency compared to PSM electric
motors. People can get clear, defined and calculation based information about a product
lifecycle, from the extraction of raw materials until the point when it leaves the
manufacturing facility(“cradle to grate scenario”) to establish their green preferences
on purchase, the product-, the service- or just for the output of brand selection, in which
customer decisions sustainability in the individual value-system.

The Physical evidence includes how EV manufacturing companies convey messages
to their target customers about their products, such as the company's branding, logos,
packaging and premises where the service is provided. A good example of this that the
PSM type motors higher efficiency, lower cooling requirements and higher power
density can be is found in more premium products (e.g. Audi e-tron GT, Jaguar I-Pace
and Porsche Taycan)[16].

The Promotion, where PCF data of the LCA calculation method used in the
production of electric vehicles has the most sustainable impact on organizational and
consumer markets in terms of the use of environmental resources and the effects on
human health and the state of the ecosystem with innovation-driven transformation.
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