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Abstract: The first and most important target of the industrial world is to offer products that appeal
to customers’ demands (affordable prices), while at the same time, respect the global effort of
CO2 emissions reductions, which is required under strict emissions rules. There is, however, an
apparent contradiction between the two concepts; productivity and sustainability, leading to two
strategies—innovation economy and circular economy, respectively. To this end, this work aims,
through modeling the long-term environmental impact of producing new goods in short terms
(innovation economy) and impact of rebuying, repairing and reusing products for extended use
(circular economy), to study the relationship between the two economies. For this purpose, the
terms of innovation and circular economy are introduced and described, in order to define the
environmental impact during the lifecycle of a product. Two products are assessed for this study—a
well-known, medium price vehicle, as well as an expensive mobile phone with several generations.
The cost of purchase and the recurring costs are used as indicators of environmental impact, instead of
calculating the impact directly for the production phase, due to the enormous size of the production
data that are desired. The results, despite being indicative of the modelling complexity, can still be
used to pave the way towards a modelling framework, proving, at the same time, that innovation
and circular economy are not contradictive concepts.

Keywords: circular economy; innovation economy; environmental sustainability; environmental impact

1. Introduction

The performance, efficiency and flexibility of manufacturing systems are vital param-
eters for each economy; either circular or innovation, directly affecting the cost and the
environmental footprint of each product [1]. A circular economy (often referred to simply
as “circularity” [2]) is an economic system aimed at minimizing waste and making the
most of resources. In a circular system resource, input and waste, emission, and energy
leakage are minimized by slowing, closing, and narrowing energy and material loops; this
can be achieved through long-lasting design, maintenance, repair, reuse, remanufacturing,
refurbishing, and recycling [3,4]. This regenerative approach is in contrast to the tradi-
tional linear economy, which has a ‘take, make, dispose’ model of production [5]. Circular
economy has the tendency for products with longer product lifecycles. Today’s world
manufacturing is mainly based on the linear model. The “take-make-waste” approach is
used for describing that model, showing that the materials used currently in production
are wasted after the product’s life cycle ends, and so is their remaining value [6]. While
consumption becomes more and more intense over the years, and production needs to
follow this increase rate in order to sustain and enhance the industry’s revenue, several
economic, environmental, and social problems have arisen [7]. In addition, global competi-
tion requires the launch of new products with a shortened commercial life cycle, and with
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a high degree of innovation and product-added value. Furthermore, with the time passing,
the understanding of processes and the utilization of modern tools/machinery steer the
industrial world to a more sustainable era [1,8]. However, environmental sustainability is
pushing for an extension of the life cycle of products.

A circular approach to economy (hereafter C.E) refers to using fewer materials and
fewer resources and utilizing those resources at their maximum. This is possible through
several strategies, such as long-lasting design, maintenance and repair, reuse, remanufactur-
ing, refurbishing, recycling, etc. C.E principles are linked with products of a rather longer
lifecycle [2]. However, the industrial world tries to minimize the environmental impact that
is connected to the production phase, following a different approach that aims to reduce the
wasted resources. The effects of additive manufacturing and dematerialization to this effort
are explained in detail in [9,10]. In [5,6], the concepts of C.E are thoroughly explained. As a
result of the constant research on the topic, a wide range of articles has been published over
the years [11,12]. Actions towards the implementation of C.E are presented and promoted
through organizations [13]. The European Union is promoting strategies based on the
principles of circular economy on an attempt to reduce the total environmental footprint
of the European industrial sector [14]. A circular business model, providing a conceptual
framework for implementing C.E, has been proposed in [15]. Similarly, in [16], a framework
for circular design, providing some key strategies to be considered, has been suggested.
Additionally, interesting work on C.E strategies, suggesting that dematerialization could
play an important role in the development of C.E, has been presented in [17], where it is
claimed that C.E has the tendency to have products with relatively longer life cycles.

An economy based on innovation, on the contrary, is the attempt to continuously
come up with new products that spur economic growth [18] and adopt the new way of
living of customers [19]. As described in [20], “innovation describes the development
and application of ideas and technologies that improve goods and services or make their
production more efficient”. Bearing these in mind, one can assume that the innovation
approach to economy (hereafter I.E) leads to a short life cycle of products, as implied also
by the literature [21], coming up continuously with new products. That seems to lead to a
conflict between circular and innovation approach to economy. This work is an attempt to
study the way that the following conflict can be addressed. By developing and creating
a product, a certain amount of environmental impact is stored for the following X years.
During that time period and for a certain product, there can be no intervention from human
beings to affect the environmental footprint. Consequently, it can be said that, from the one
side, a product with a long-lasting lifetime stores a Y amount of environmental footprint,
simultaneously makes impossible an improvement due to technological development,
while from the other side, a product with short lasting lifetime stores significantly less
impact. For these reasons, the innovation approach to economy can contribute to a shift
to a more sustainable production in the recent future, by adopting advanced technologies
(e.g., bioeconomy [22]) and advanced manufacturing methods (e.g., laser-based processes
and additive manufacturing [23]), as well as by maximizing the production rate in an
efficient way (produce more with less [10,24]), which can be done with improved process
modelling and monitoring [25], machine monitoring and control [26]. It is noted that a
very interesting comparison between the two different economies has also been presented
in the literature in terms of golden-ration economy, where the question that drives this
research is generated. The main research question is around the dilemma of which of the
two economies, circular and innovation, can be more sustainable in terms of footprint, and
where is the section point; the year when a condition can change in favor of innovation, or
circular [27]. This is also the main target of the present study, considering the existence of
the section point.

With ISO 14040 defining life cycle assessment (LCA) as “a standardized technique for
assessing the potential environmental burdens associated with product or service, by: com-
piling an inventory of relevant inputs and outputs, evaluating the potential environmental
impacts associated with those inputs and outputs, interpreting the results of the inventory
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and impact phases in relation to the objectives of the study” [28], it can be regarded that
this would be an appropriate way of proceeding, despite the various drawbacks, such as
temporal issues (i.e., assessment time horizon) [29], uncertainty [30], and optimization
challenges [2].

According to [31], the data which determine the impact of a circular and innovation
economy are considered as inputs of a (LCA) model [32]. In addition, the energy require-
ments of several manufacturing/assembly processes are proportional to the production
cost, while the energy requirements can be expressed also as environmental impacts of the
production phase [33], while impact is also produced from the R&D stages, as mentioned
in [34]. Thus, it can be said that there is a direct and reverse relationship for the production
cost and the environmental impact. The LCA model structure strengthens this theory [35],
including various types of costs [36,37], throughout the various phases [38]. Thus, the
interactions can be seen in Figure 1. The limitations of the impact assessment are pointed
out through this analysis, as it is important to obtain data from different manufacturing
stages, from the initial to the final stages, and calculate the impact in terms of emissions.
These data are not available, creating a gap for further research, since it is not possible for
an industry to have two parallel running productions for the same product in order to
create data for evaluation and compare the two different approaches to economy; circular
vs. innovation.
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2. Current Status

A report from Montalvo et al. [39] refers to the Directorate General for Internal Policies
of the EU, providing an evaluation of the potential impact of a longer lifetime for products
in Europe on the economy, on society, and on the environment. This document also offers a
comprehensive review of the issues surrounding a longer lifetime for products in relation
to consumer protection and the economic performance of enterprises, while discussing the
current policy framework in the EU, regarding promoting the extended life of products. It
was suggested that sectors providing services for specific product R&D, repair, maintenance,
leasing and renting are those most likely to benefit from longer product lifetimes, while the
manufacturing sectors have the potential to suffer from an increase in product lifetimes.
The document also discusses the effect of standards such as the Eco-design and Ecolabelling
Directives, in an attempt to control the environmental performance of products. Moreover,
the role of extended durability of products in reducing the lifetime environmental impacts
of products is discussed on the later chapters of the document. Issues related to practical
limits on products lifetimes, cost implication in changing materials and manufacturing
processes, consumers habit etc. are also discussed. The purpose of the study was to identify
two (priority) products and develop a methodology for measuring their durability. The
benefits and costs of more durable products were also discussed.
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Ardente et al. [40] discuss whether the extension of the lifetime of energy using
products is desirable. The article presents a method for environmental assessment of
the durability of energy-using products. They based their method on the comparison
of scenarios for products of different lifetimes and their substitution with more energy-
efficient products. The article concludes that some life-cycle environmental benefits can
be gained by extending the lifetime of the products, though it greatly depends on the
multiple variables. Moreover, Tasaki et al. [41] used an assessment approach based on
LCA for evaluating whether replacing an existing product with a more energy efficient
product is environmentally preferable. The method was then used for the evaluation
of selected products. In addition, Bobba et al. [31] used a quantitative assessment of
the benefits/burdens of extending the lifetime of products. The authors present a set of
indicators developed for the assessment of products durability. The authors argue that the
extension of product lifetime ultimately leads to the reduction of environmental impacts
(for the studied products). In addition, according to Sangprasert et al. [33], an evaluation
of environmental impacts of mobile phones throughout their life cycle, is provided, using
an LCA method. The assessment considered four main components of a mobile phone.
The authors concluded that the charger has the highest impact compared with other parts
of the phone, while they presented that the development of efficient waste collection and
recycling systems may lead to the further reduction and minimization of the environmental
impacts of a mobile phone.

Finally, the way in which the energy consumption (production cost) and the envi-
ronmental impact are affected during the machining of different materials, as well as
by producing the desired quantities of materials, is elaborated with the aid of the fol-
lowing sources. According to [42], the machining process of a steel workpiece seems to
be more energy-intensive in comparison with aluminum and polycarbonate, while the
measurements that were taken during the experimental work of [43], represent how the
environmental impact is affected by the raw material selection; aluminum vs. steel case
study. Within the same references, it has been shown that, by producing a certain mass of
aluminum that is oriented as an alternative solution in the development of a new part, it is
more energy-intensive, with higher environmental impact compared to the production of
the steel mass that is suitable for the same use. Moreover, the energy that is spent during
the machining of an aluminum workpiece is significantly higher than the wasted energy
for the machining of steel. In conclusion, the examined factors are capable of affecting the
environmental impact via increased energy consumption that is considered to be obtained
from the same source. Finally, the increased energy needs lead to increased production
cost. It is extracted that the required energy for the impact that arise from the production
phase is measured in terms of cost, while the reverse is also true [44]. This conclusion is
an important understanding for the innovation economy, due to the fact that for different
product requirements (design, specifications, material), the related process is selected,
affecting the production footprint, either positively or negatively. In the same manner, the
energy/power and footprint correlation can also be extracted.

Detailed Comparison of the Two Economies and Literature Gap

As such, it can be verified that the two economies appear to be quite contradictive with
respect to the products’ lifetimes. However, regarding a more detailed comparison between
the two of them, it seems that there may be some connections between the two. Firstly,
the type of technology (and consequently innovation) that can be introduced in a system
towards eco-efficiency, can be used to categorize among reformist, techno-centric, transfor-
mational and fortress circular economy [45]. In addition, the term “Circular innovation”
often comes up in relevant discussions, with the corresponding technologies being charac-
terized as “difficult to scale up”, while some of the best practices have been proven not to
be efficient [46]. Furthermore, it can be claimed that the short life cycles of products under
innovation economy, may be only a by-product of the innovation’s “dynamism”, as its goal
is the contribution to competitive advantages and economic growth [47]. An additional
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common factor for both economies, after all, would be the digitalization under Industry 4.0
movement; this can act as an enabler for achieving eco-design and R-operations of circular
economy, such as remanufacturing and re-engineering [48,49]. Moreover, the more generic
term is “extension of lifecycle” [50], however, in any case, one could claim also that “Long-
life products (value proposition) that are serviced during its lifetime can create a long-term
customer relationship (value creation & delivery)” [51]. In any case, the enterprises are
called to apply innovation in either case of prevailing economy [2,18,51,52]. Thus, given
the issue of comparison stated above, an open question is how such a comparison would
be made in terms of ecological footprint, at least from a theoretical point of view.

3. Approach

The environmental impact of a product is simplified with two components; namely, a
fixed component and a variable one that grows with time. The fixed component represents
the impacts associated with material production and manufacturing. The variable compo-
nent is related to the product’s use phase and maintenance (Figure 2a). When a product’s
lifecycle ends (manufacturing and use), it is replaced with a new one, reflecting the total
environmental impact (Figure 2b). As a matter of fact, this abstract model has been a subject
matter of communication between Prof. G. Chryssolouris and Prof. T. Gutowski [53], and
has been utilized in terms of reuse quantification [54].
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In case of new innovative products with (for example) half-life (Figure 3a) compared
to a “regular” product, the environmental impact over the same time span may increase
dramatically (Figure 3b).
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3.1. Innovation Economy (I.E)-Reduced Components

However, one can strive for innovative products with a lower variable component
(Figure 4a), and thus, with a lower environmental impact (Figure 4b).
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An example of what might be a combination of the circular approach to the economy
with the innovation approach to economy is presented in Figure 5. This presents a reduction
of both the fixed and the variable component (red dotted line).

From the aforementioned, it can be extracted that there has to be a section point
between these two approaches to the economy, and this point depends mostly on the
innovation potential of the sector that undertakes the production of the studied product.
The capabilities of the modern tools and equipment can contribute to a significant reduced
energy consumption at the production phase, while the existence of high-durable and
high-performance materials can also elongate the lifecycle with efficient way, reducing
both the short-term and long-term impact, improving the sustainability of innovation and
circular economy at the same time. To this end, the appropriate data have to be found in
order to make a conclusion in each study.
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3.2. A Modified Version of the Method

Whilst the raw material, manufacturing processes and energy demands during pro-
duction are often unknown, this paper aims to characterize the cost of purchase and the
cost of use as a possible indicator of the environmental footprint of several generations of
product of everyday life.

The lack of production data in terms of size and inputs, suitable for the calculation
of production footprint, leads to a qualitative assessment for the relationship between
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the environmental impact and purchase cost. The profit margin and the inflation of
prices for the studied time period are not examined at this point, as they are considered
as parameters that cannot directly affect the impact, but only qualitatively some of the
following diagrams. Moreover, the profit margin depends on the financial policy that
an industry follows. In any case, the income from product sales can be re-invested or
spend in a way to support the development of the next generations of products, to create
new ones or to be invested for equipment, supporting the manufacturing of a wide range
of products [55]. To this end, profit margin can be said that it cannot be expressed as a
parameter that affects the environmental impact, because of the complexity of the decision
making for the re-investment process. More specifically, the vehicle development based
on innovative solutions could directly affects the price of the latest vehicle generation,
the research on the integration of automation (robotics arms, moving robots, etc.) in the
production line, as well as the research on the optimization of the manufacturing methods
aiming to limit the production expenses. The fixed cost represents the one-time expenses,
such as the purchase price and the taxes, while the variable cost depicts the recurring cost
for the following years (Figure 6). The visit of the authorized service for maintenance
at defined time intervals or after a pre-defined number of kilometers, the fuel expenses
as well as the insurance’s cost and taxes can be considered as the annual expenses of a
car owner. On the one hand, neither insurance nor taxes expenses can be considered as
direct operational expenses [56], due to their dependence on the national economic policy,
while on the other hand, the fuel expenses indicate the engine’s efficiency, and therefore
it is considered as a critical parameter for the comparison of a circular and an innovation
approach to economy.
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4. Case Studies

The assessment of the abovementioned approach is presented in the following para-
graphs, while the limitations are identified on the amount and the kind of data that will be
used during the implementation of this approach, as well as the interpretation of the result
that is related only to a specific product and manufacturer, due to the fact that incorporates
the used technology within the production and the impact from the use. The iPhone, a
high-tech and expensive mobile phone, as well as a well-known, middle-class car, were
identified as products of everyday life with several generations during the last two decades.
Both of them were examined for their impact, and they were studied under the principles
of circular and innovation economy. According to a survey [57], in a circular economy
approach, the first generation of iPhone is considered to be replaced with a same generation
brand new device every time when a new generation is released, while the first genera-
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tion of the automotive case study is replaced with a new, first generation vehicle (MK1),
when the third generation (MK3) is released. For the innovation economy approach, the
consumers replace their old products with new ones, when the new generations are being
released. For the mobile phone case study, each time that a new generation is released, it is
assumed that there is also an upgrade on the operating system and several applications.

As a means of communication, the mobile phone was introduced in the 1990s [58], and
it became very quickly a familiar and necessary device for everyone. From the 1990s until
today, the research and development of the mobile phone’s operating system, as well as the
many functionalities that serve, led to the characterization of “Smart Phones”. Meanwhile,
in 2021, smartphones with touchscreens have dominated the market share compared to
mobile phones with buttons and sliding keyboards. Today, iPhone is a market leader on
smartphones with advanced and optimized technologies, including IoT and Cloud services,
as well as 4G and 5G network speeds, which improve customer satisfaction and facilitate the
interaction between human beings and mobile phone devices [59]. According to [60], 60%
of the cost for a new generation of iPhone suggests the profit margin, while the remaining
40% of the purchase expense depicts, on the one hand, the amount of money required for
the development of new features (Airpods) and the improvement of common features
such as camera resolution and touchscreen sensitivity. These upgrades lead to a satisfied
customer, since their needs are served in a more efficient (energy consumption), reliable and
safe (image recognition, fingerprint to unlock the device) way. On the other hand, the cost
of purchase suggests that the expenses needed for innovative solutions and adjustments
in production phase aim to raise the productivity rates and reduce the production cost,
by integrating automation and green energy sources in the factory. According to [60], it
is suggested that there is a direct correlation among the production, the purchase, and
the recurring costs, as well as the produced environmental impact. In a circular economy
aspect, the recurring cost for a smartphone owner, is defined as the cost of buying the same
generation of mobile phone every time a new version is released, due to the fact that the
energy consumption during charging is negligible. In the following table (Table 1), the
fixed and variable costs are found.

Table 1. Mobile phone case study [61].

iPhone Type Year Months New Release after Cost (€) Cost(n)+ Cost(n + 1)
(€)

Buy a New
iPhone/Year (€)

iPhone 2007 0 - 605 605 600

iPhone 3G 2009 13 13 691 1296 1200

iPhone 3GS 2009 24 11 700 1996 1800

iPhone 4 2010 36 12 692 2688 2400

iPhone 4S 2011 42 6 722 3410 3000

iPhone 5 2012 53 11 584 3994 3600

iPhone 5C 2013 65 12 700 4694 4200

iPhone 5S 2013 77 12 688 5382 4800

iPhone 6/6 Plus 2014 89 12 735 6117 5400

iPhone 6S/6S Plus 2015 101 12 735 6852 6000

iPhone SE 2016 113 12 359 7211 6600

iPhone 7/7 Plus 2016 131 18 745 7956 7200

iPhone 8/8 Plus 2017 137 6 760 8716 7800

iPhone X 2017 149 12 1022 9738 8400

iPhone XS/XS Max 2018 163 14 1050 10,788 9000

iPhone XR 2018 173 10 749 11,537 9600
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Furthermore, the automotive case with more than 5 million sales has been assessed
under circular and innovation approach, as a product of the automotive industry. Accord-
ing to [62], the evolution of transportation means, especially of automotive industry, is
guided through more efficient solutions in terms of engine efficiency and CO2 emissions, as
well as in terms of passenger comfort, safety, and entertainment. The research on material
science for the development of new, lighter, durable and high-strength materials, results in
stiff structures with high power-to-weight ratio and improved vehicle handling, satisfying
the drivers.

For this study, the following assumptions have been made: (1) in the innovation
economy, an automotive industry usually replaces an old generation with a new one after
5–6 years [63], (2) European customers tend to replace their vehicles after 5 years [64].
When a new vehicle generation is released, consumers will replace their old ones. In
circular economy approach customers tend to replace their vehicle after 10–12 years, which
coincides with the release of a new vehicle generation. The table below describes the
relationship between fixed and variable costs, as well as the engine efficiency improvement
over the years for the four generations of the product [14]. Assuming the same number of
km per year and different price of the gasoline per year [65], the following table (Table 2)
can be seen. Also, the estimation of the price evolution is not straightforward, since there
are a lot of factors to take into account, such as the variability of the car variants [66], the
time evolution [67], the differentiation among countries [68] and the inflation [69]. Thus,
the mean fuel consumption for several everyday cars, as well as the mean cost for the
purchase of an everyday car, are included in the following table (Table 2).

Table 2. Automotive case study.

Model Year Price (€) Cost of Use (€) Total Cost (€)

MK1

1997 16,000 2020 18,020
1998 16,000 2070 18,070
1999 16,000 2120 18,120
2000 16,000 2170 18,170
2001 16,000 2220 18,220
2002 16,000 2270 18,270

MK2

2003 16,500 1880 18,380
2004 16,500 1900 18,400
2005 16,500 1950 18,450
2006 16,500 2000 18,500
2007 16,500 2050 18,550
2008 16,500 2100 18,600

MK3

2009 17,000 1730 18,730
2010 17,000 1780 18,780
2011 17,000 1830 18,830
2012 17,000 1830 18,830
2013 17,000 1880 18,880
2014 17,000 1930 18,930

MK4

2015 17,500 1560 19,060
2016 17,500 1630 19,130
2017 17,500 1660 19,160
2018 17,500 1710 19,210
2019 17,500 1760 19,260
2020 17,500 1760 19,260

5. Results

The relationship between cost of use and cost of purchase among the different product
generations can be considered proportional to the environmental footprint during produc-
tion. Therefore, the analysis of Tables 1 and 2 led us to create the following plots. At this
stage, it has to be mentioned that the time intervals between the production of two consec-
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utive product generations, defines the impact/environmental impact. On the one hand by
releasing new products with advanced and environmentally friendly specifications, limits
the long-term footprint, but on the other hand, the regular/continuous development of
new products includes the manufacturing phase, where production line adjustments and
new equipment are required, leading to a significant short-term impact, which counteracts
the benefit of long-term impact reduction. Thus, it is suggested that a compromise point
has to be found, where the environmental impact of an old product matches the impact of
the development of a new generation. Meanwhile, the industrial R&D works in a direction
where products have increased lifecycle, while the need for repair is reduced, insisting
that new generations of products can endure for many years, with less impact during
their lifecycle.

Finally, for the mobile phone case study, considering that it is a mean of communication
without recurring costs, the plot suggests that the circular economy approach leads to
less impact, compared to the innovational economy. This result can be explained by
considering that until today, the industry has not managed to absorb the innovation cost
for the development of each new generation. The following plot denotes that the latest
generations tend to deviate with a high rate comparing to the first generations (Figure 7).
Due to the simplicity of this case without recurring costs, we are not interested in calculating
the impact angles. However, the plot seems to follow the presented approach. The next
figure (Figure 8) points out that circular economy approach gives the opportunity to reduce
the impact which comes from the innovation and manufacturing of new vehicles. The
deviation seems to be higher year by year due to the fact that the modern cars are equipped
with a number of technologies, leading to higher fixed costs. Latest technology vehicles
are equipped with eco-friendly engines with less CO2 emissions and fuel consumption
than before, but it is not enough to counteract the fixed cost which is necessary for the
development of a new generation. These results can be validated by calculating the mean
impact angles ϕ, θ considering zero profit margin, are ϕ = 61◦, θ = 55◦ for the innovation
and the circular economy, accordingly. The rising plots depict the recurring costs that
deviate by years.
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6. Discussion

As mentioned, the cost can be quite indicative of the environmental impact of a
production. However, this may contradict partial results, as in the case of disruptive
innovation, where the environmental impact is taken into consideration. The electric cars
production may be such a case. To this end, the aforementioned results are discussed with
respect to elaborating their interpretation.

6.1. Critique of the Monetary Approach

In this section, the approach is evaluated with respect to its validity. An approach
to this is the direct comparison to LCA data. However, there are no lines referring to the
same product running in parallel following a different economy strategy. To this end, the
monetary and LCA data for different technologies are compared, and various outcomes
occur. To begin with, data from [70] are adopted, referring to petrol, diesel, hybrid electric
vehicles (HEVs), and battery electric vehicles (BEVs), denoting also a kind of disruption
in technologies. As such, the following plots (Figure 9) have been retrieved, correlating
the monetary data with environmental impact data, during both the manufacturing and
use phases.

In each diagram, the points indicate a different type of vehicle. The first diagram has
been created assigning in the horizontal axis the production related CO2 emissions and
the vertical axis the price of the vehicle. Similarly, in the second diagram, the axes x and y
denote similar metrics for the use phase.

The results are quite interesting; in the case of manufacturing, the monetary cost is
correlated to a high extent with the environmental impact; thus, monetary data can be
adopted, with relative caution. However, during the use phase, the price of fuel (per
150,000 km) may not be indicative of the environmental impact. As a matter of fact, it is
the case of BEVs that ruins the correlation. The rebound effects are the most prominent
candidates as reasons. However, it is worth noting that the other three points form an
almost linear relationship, like in the case of manufacturing. Thus, the combination
between profit margin and disruptive innovation may appear as limitations to the present
methodology. In any case, a variable profit margin analysis would be highly interesting in
case an agnostic methodology needs to be founded.
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6.2. Variable Profit Margin Analysis

The proposed approach can also be assessed for different profit margins in order
to identify whether this parameter is capable of affecting the results. The profit margin
represents the relationship between the production cost and the purchase cost, as has been
described before. The analysis of the comparison between circular and innovation economy
states that the profit margin in a non-known value, for simplicity, is equal to zero. In the
case that profit margin varies, the production cost can be found easily.

When the profit margin increases, the production cost decreases. By considering the
theoretical background, the reduced production cost indicates lower energy costs due to
reduced energy consumption, leading to reduced impact. With a high profit margin, the
costs of owing a vehicle in terms of circular and innovation economy proof that these
values are closer than with a low profit margin. When the production cost is high, there is
a great deviation between these two approaches, which can be explained by taking into
consideration that this cost is added in every new generation of products. The higher
production cost leads to increased environmental impact. To this end, it can be said that
a higher profit margin which is accompanied by low production cost equals the two
approaches. Figure 10 depicts this relationship for profit margin between 40–70% and
for all the generation of the studied vehicle. By calculating the impact angles ϕ, θ, for
the variable profit margin analysis, it is depicted that, for specific values of profit margin,
the innovation approach to economy can provide less impact than the circular for the
automotive case study. This can be done for medium values of profit margin 50%, where
ϕ = 39◦, θ = 43◦, while ϕ varies from 37◦ to 52◦ and θ varies from 45◦ to 35◦. In addition,
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for the variable profit margin analysis, the impact angles are significantly lower, considering
that the purchase expenses do not refer only to production costs. So, by increasing the
profit margin, production costs drop.
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7. Conclusions

Considering the lack of data from production phase for this study in order to execute
a lifecycle analysis and the fact that recurring, and purchase costs proved to be indicators
of the production phase impact, this study is an effort to correlate the impact of following
the innovation economy theory compared to circular economy on widely spread and
commercial vehicles and mobile phones. For the studied product, with a total lifecycle
of 15–25 years and several generations, it can be observed that the innovation approach
to economy with products with significant low lifecycle estimations and many revised
versions results in a greater impact compared to the circular economy approach. In the case
that profit margin is taken into consideration, the innovation economy approach seems
to create reduced environmental impact for high profit margin values. Additionally, this
work presents a methodology for a qualitative analysis of the environmental impact by
considering the fixed cost directly connected to the production cost and the production
impact, without executing life cycle analysis models for several generations of products.

Theoretically, it seems that breaking down the cost properly could compare two dif-
ferent strategies. However, practically, the implications of each economy are multifold,
and the justification behind such a comparison cannot be retrieved without some thorough
analysis. Furthermore, regarding the repercussions of the two economies, it is the way of
their simultaneous integration that will be the main factor on the eventual product lifecycle
efficiency. With respect to their co-existence, it seems that they can be adopted simultane-
ously, however it is probably up to the technology integration and the adopted metrics
to regulate the overall lifecycle environmental impact. As a matter of fact, it has already
become obvious through literature that the integration of Industry 4.0 tools and techniques
will be a major milestone towards achieving sustainable production. Hopefully, circularity,
and eventually sustainability, will be an additional criterion of absorbing knowledge and
technology towards innovation in products.

As a future step, the processing of production data could proof how close is this
approach to the reality. It would be really interesting to be able to understand the sustain-
ability of the production, either on the circular or the innovation economy, calculating the
presented indicators with a very small but specific amount of data. In addition, a future
outlook of the stochastic breakdown of cost could help towards including social impact in
the context of Industry 5.0.
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