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Abstract

The fast growing stakeholder interest in sustainability leads to an increased
attention both on the ecological and social perspective of industrial compa-
nies and its products. While in the past the focus predominantly laid on the
environmental impact of the product use phase, it recently shifted towards
the manufacturing phase. Hence, both, focal companies and supply chain
members are obliged to create and apply new strategies to reduce green-
house gas emissions (GHG). From a purchasing perspective, the selection of
more environmentally efficient suppliers is a possibility to significantly reduce
CO2e emissions. Therefore, transparency is required in form of site-specific
and comparable data on suppliers’ environmental performance. This data is
lacking and the detailed environmental performance criteria has not been in-
tegrated in supplier selection decisions yet.

In this dissertation a model is developed and applied to close the transpar-
ency gap and to integrate COze as an additional supplier selection criteria in
decision-making. For this purpose, a multi-criteria decision analysis approach
is developed to derivate criteria weights and a supplier ranking based on ex-
pert opinion and quantitative supplier performance data. As decision making
based on expert consultation is associated with a certain level of subjectivity,
a sensitivity analysis is performed to evaluate the robustness of the model
and the results. By means of ‘what-if’ scenario simulations, the dynamic be-
havior of the model is further investigated to examine how decisions may
change when CO:e is formulated and considered as a new criteria.

In addition, a systematic and modular life cycle assessment (LCA) based ap-
proach is developed to enable an efficient evaluation and comparability of
the sustainability performance of raw material suppliers on a production site
level, based on publically available data. The model combines a bottom-up
calculation of technical process flows with top-down reported site-specific
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CO: emissions, and explicitly considers technical restrictions and trading of
intermediate products.

The developed site-specific performance model is applied in two case studies
for primary steel production sites in Europe and primary aluminum sites in
Germany. The results, which were validated with industry experts, differ by
58% for the comparison between the most and least efficient production site
for steel and by 9% for the examined aluminum production sites and show an
opportunity to reduce GHG emissions by selecting more environmentally ef-
ficient suppliers.

The combined, integrated COze assessment and decision support model is
subsequently applied on an automotive case study for the selection of the
most adequate supplier for a powertrain part from an environmental and eco-
nomic efficiency perspective. The results show that in some cases the integra-
tion of the COze performance can have a significant impact on the ranking of
the most preferable supplier, despite an initially investigated low importance
of the new CO2e decision criteria.
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1 Introduction

1.1 Problem description®

For various stakeholders around the globe the topic of CO2 emissions is con-
stantly growing in significance. The main triggers are the global governmental
goals to reduce greenhouse gas emissions (expressed in units of carbon diox-
ide equivalents - CO2e) and to consequently limit global warming to 2 respec-
tively 1.5 degrees Celsius (Jaeger and Jaeger, 2010).

In Europe, the transport sector accounts for 27% (1.250 Mt COze) of all GHG
emissions (4.629 Mt COze, including international aviation and international
maritime transport) in 2017 (European Environment Agency, 2019d). It con-
stitutes the second largest emitter of CO2e among all energy demanding tech-
nologies, and thus demands for a further development of CO.e reduction
strategies in order to reach the national climate objectives.

Taking a closer look, with 264 million registered vehicles? (European Commis-
sion, 2019a) the passenger car sector solely accounted for 32% of the
transport sector emissions and represented 9% of the total greenhouse gas
emissions in the European Union in 2017 (European Environment Agency,
2019d).

In order to even foster the accomplishment of the two degree Celsius target
and to encourage the quick and affordable development of sustainable tech-
nologies for implementation, in 2009, a legal framework was introduced to

1 Parts of this research thesis were previously published in Schiessl et al. (2020a) and
Schiessl et al. (2020b). Some passages of this publication were exclusively developed and
prepared by the author of this thesis and were transferred without citation.

2 Vebhicle, car and passenger car are used synonymously in the following.
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limit average fleet consumptions for passenger cars. Whereas an initial tar-
get/limit of 95 g CO2/km was set for 2021 (European Commission, 2009), the
legal regulation has recently been extended and the goal for 2030 has even
been reduced by 37.5% compared to 2021 (European Commission, 2019b).

Consequently, in the automotive industry, the focus regarding CO2 emissions
is laid on the vehicle usage phase. However, an extension of the scope of COze
emissions to include the manufacturing process of every component in the
upstream supply chain is expected. Moreover, it is necessary to account for
the COze emissions of the whole supply chain and to reveal additional poten-
tials for emission reductions (BME, 2014).

Even though currently there are no regulations for CO2e emissions for the
production phase of cars set in place, first activities were initiated. For exam-
ple, the European Political Strategy Center, which represents the in-house
think tank of the European Commission, has identified the embedded emis-
sions for vehicle manufacturing as one future field of activity (EPSC, 2016).

This is especially important, as due to the currently ongoing technology shift
from internal combustion engine vehicles (ICEV) towards battery electric ve-
hicles (BEV), the focus will shift from CO2e emissions within the use phase to
the manufacturing phase. According to German Environment Agency (UBA,
2016) the manufacturing phase of an ICEV, in case of a lifetime mileage of
168,000 km, has a proportionally small share of 15% of the overall CO.e life
cycle emissions. In comparison to a BEV100 (battery-electric vehicle with an
electric driving range of 100km), calculated with the German energy mix, the
manufacturing phase gains more importance with a climate impact of 27%
(see section 2.2.2). Newly released initiatives, such as the new Volkswagen ID
car project (start of production in 2019), even strive for carbon-neutrality
throughout the whole product lifecycle including the manufacturing phase
(Volkswagen AG, 2019).



1.1 Problem description

Especially for the purchasing sector in the automotive industry, this change
towards carbon emission efficiency and eventually neutrality, may illustrate a
major challenge. Up to 75% of the value adding process of a car is outsourced
to upstream supply chain partners (Bai and Sarkis, 2011; Hartley and Choi,
1996). As in the past, mostly economic preferences combined with the satis-
faction of quality requirements have been pursued by car manufacturers, this
development appears particularly challenging. The focus has already been ex-
tended and social as well as environmental factors have already gained im-
portance since the early 2000s (Bliylikdzkan, 2012; Guinée et al., 2011; Roy et
al., 2009; Zimmer, 2016; Zimmer et al., 2016). However, all stakeholders in
supply chains are on the one hand obligated to develop new comprehensive
strategies as well as methods to reduce carbon emissions, and, on the other
hand, obligated to foster a quick implementation.

Thus, the selection of more environmentally efficient suppliers for raw mate-
rial may constitute a promising opportunity from a purchasing perspective to
reduce COze emissions within the manufacturing phase of a product, hence
this selection can be advantageous for a company or even the industrial sec-
tor as a whole. Once specific limits for amounts of COze emitted during pro-
duction and the corresponding penalties for exceeding these limits are intro-
duced, a change in current supplier selection practices is unavoidable. Thus,
a necessity for a more detailed consideration of supplier selection and devel-
opment, with a focus on site-specific CO2e performance of suppliers, may
arise.

A closer look at the material composition of passenger cars reveals the im-
portant role of steel and iron as well as aluminum, and consequently its influ-
ence on the pollutant emissions of the manufacturing phase. Taking the ex-
ample of the Volkswagen Golf as the bestselling car in Europe in 2017, steel
and iron products represent 62.9% and aluminum 8.1% of all materials used
for the manufacturing (Lieberwirth and Krampitz, 2015; Schmid and Zur-Lage,
2014).
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However, in the iron and steel industry, a certain lack of data transparency
exists which can be traced back to two main aspects. Particularly in integrated
iron and steel mills, a high complexity is revealed due to the material and en-
ergy flows as well as the trading of intermediate products with varying levels
of process depth among different manufacturer’s production sites®. Further-
more, access to site-specific primary data is very limited as a result of indus-
trial secret, which is also the case for the aluminum industry.

Hence, a site-specific evaluation, respectively environmental performance as-
sessment, as well as a comparison of production sites, which represents the
basis for the formulation and integration of a new decision criteria into sup-
plier selection decisions, is currently not possible.

1.2 Objective and research question

Against this background, it is the objective of this research to develop a pro-
active approach in advance to a possible introduction of legislative regula-
tions. It shall contribute to improving transparency along the upstream supply
chain and enables an efficient evaluation as well as an integration of the sus-
tainability performance of suppliers into supplier selection processes within
the framework of sustainable supplier management.

Due to the fact that two consecutive, interdependent goals are pursued, two
models are developed and finally coupled. In the following course of this re-
search these models will be addressed as sub-model for decision support, re-
spectively sub-model A, and sub-model for environmental performance as-
sessment, sub-model B.*

3 Site, plant and location are used synonymously in the following.

4 Parts of this research contribution originate from a research project of the Karlsruhe Institute
of Technology (KIT) in cooperation with a German original equipment manufacturer (OEM)
and four leading international Tier-1 automotive suppliers.



1.2 Objective and research question

Despite the subordinate final goal of applying the coupled model in a supplier
selection decision-making process, the environmental performance assess-
ment sub-model B is at some stages in the research addressed first, as it con-
stitutes the basis for the integration in the decision support model A.

Thus, the environmental performance assessment sub-model B shall help to
create greater transparency on emissions from upstream supply chain activi-
ties. This increased transparency shall enable the evaluation of suppliers’ per-
formance on the necessary level of detail on which supplier selections are
made. In this context, a comparability of the environmental performance re-
sults among suppliers’ production sites, independent of variances in the level
of process depth, constitutes a crucial and compulsory requirement.

By means of the sub-model A for decision support, the evaluation of suppliers,
which is currently based on various criteria (among others, cost and quality),
shall be extended by the integration of site-specific suppliers environmental
performances in order to reduce COze emissions within the manufacturing
phase, by the selection of more efficient suppliers. The sub-model A shall al-
low for what-if simulations to investigate critical points as of which a newly
introduced criteria influences current decisions. Hence, future effects on cur-
rent supplier selection decisions can be derived from an environmental as
well as economic perspective. This shall support the formulation of CO2e as
new decision criteria for supplier selection processes and the development of
new sustainable, strategic alignments.

In consequence of the problem description and the derived research objec-
tive, the following research questions arise:

How can new decision factors, such as COze generated during the production
process of vendor parts, be measured and integrated in well-established sup-
plier selection processes, besides existing decision criteria?
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These questions trigger additional sub-questions which will be answered in
this scientific contribution:

(1) Which economic and ecologic factors are relevant for the eval-
uation of sustainable supplier performances?

(2) Which decision support method or combination of different
methods is suitable to formulate and integrate new criteria?

(3) Which level of transparency, respectively level of data about
COz-emission regarding upstream supply chain activities, is rel-
evant?

(4) Which method is suitable to estimate material and energy
flows of products in order to evaluate and compare the envi-
ronmental performance of suppliers from a life cycle perspec-
tive?

1.3  Research design

To accomplish the research objective and to answer the research questions
raised in the previous section 1.2, the structure of the research project is pre-
sented as follows (see Figure 1-1).

In section 2, the development and trigger of the sustainability debate is por-
trayed. This goes along with the introduction of associated definitions and
framework information for sustainable supplier management respectively
green purchasing, from a general as well as corporate perspective. Addition-
ally, emphasis is laid on environmental sustainability in the course of product
life cycle management in the automotive industry, material usage for vehicle
manufacturing and on metal production processes for steel and aluminum as
key GHG emission contributors.



1.3 Research design

In section 3, the current state of research in the field of decision making in a
multi-criteria environment, with a focus on supplier selection, is critically re-
viewed. Special emphasis is laid on the selection of adequate decision criteria
and the criteria formulation phase. Secondly, approaches for the assessment
of environmental performance in the metal industry are analyzed and exam-
ined for applicability. The main focus is placed on life cycle assessment (LCA)®
and respective methods of execution, as well as existing application of these
methods in the steel and aluminum industry. At the end of this section, the
research gaps are identified.

Section 4 illustrates the structure of the model based on a selection of suita-
ble methods and the description of the model development for the two sub-
models. At first, background information and the mathematical principles of
the chosen multi-criteria decision analysis methods are described. After the
model development, which relies on a chosen case study, a first exemplary
application of the basic sub-model is conducted in order to strengthen the
necessity for the second sub-model for site-specific environmental perfor-
mance assessment. In the following, the principles of life cycle analysis as the
basis for the new, combined LCA based approach are described. After the de-
scription of the framework information and data collection, the calculation
approach for the estimation and comparison of site-specific environmental
performances is illustrated.

In section 5, an exemplary application of the developed model is illustrated.
Initially, the results of the sub-model for environmental performance assess-
ment in the European metal industry are presented, discussed and validated.
Moreover, these results are integrated into the developed sub-model for de-
cision support and the two sub-models are coupled. An exemplary automo-
tive case study from Germany is chosen to demonstrate the applicability and
the advantages of the proactive model in relation to the research questions.

5 Life cycle assessment and life cycle analysis are used synonymously in the following.
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After testing the robustness of the model by means of sensitivity analysis, two
scenario simulation approaches are illustrated to show different ways to sup-
port the formulation of COze as additional decision criteria, both from an en-
vironmental as well as economic perspective.

Finally, in section 6, a summary and conclusions of the entire research are
displayed, a discussion and critical appraisal of the developed model are pro-
vided and an outlook on future research is given.

Decision support for supplier selection Environmental performance
in a multi-criteria environment assessment in the metal industry

Section 1 - Introduction

Section 2 - Sustainability in supply chains as a challenge and
opportunity for corporations
Fundamentals
and theory
Section 3 - Sustainable decision maklng and environmental
performance assessment

Model Section 4 - Development of an integrated CO,e assessment and
development decision support model for supplier selections

Section 5 - Application of the developed integrated CO,e assessment
M_"d‘{l and decision support model on automotive case study
application,
| | |
results and
interpretation Section 6 - Discussion, conclusion and outlook

Figure 1-1: Structure of the research project




2  Sustainability in supply chains as a
challenge and opportunity for
corporations

The following section serves to provide an insight in the area of sustainability
within the context of supply chain management and to reveal existing chal-
lenges and possibilities. Therefore, the main foundations and key terms re-
garding the fields of supply chain management and purchasing are illustrated
in section 2.1. Subsequently, in section 2.2, the relevant information from the
automotive industry with regard to product life cycle considerations are pre-
sented. Furthermore, in sections 2.3 and 2.4, general industry as well as tech-
nical process information with regard to the steel and aluminum industry are
described, which serve as basis for the later examination of production pro-

cess from an environmental perspective.

2.1 Theoretical foundations of sustainability in
supply chain management

Sustainability is gaining importance in corporate business actions and is in-
creasingly adopted in supply chain management structures as well as pro-
cesses. In the following sections the motivation for the integration of sustain-
ability in supply chain management and specifically purchasing activities, as
well as general background information are shown.

2.1.1 Definition of sustainability

“Sustainable development is development that meets the needs of the pre-
sent without compromising the ability of future generations to meet their
own needs” (WCED, 1987, p. 1).
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This definition from the Report of the World Commission on Environment and
Development, also cited as Brundtland Report, is often described to be the
first definition of sustainability, respectively sustainable development (Pope
et al., 2004). The report led to the UN Conference on Environment and Devel-
opment (UNCED) in Rio de Janeiro in 1992. Since the introduction into inter-
national politics, the integration of environmental thinking in social, political
and economic aspect has gained a lot of popularity and various definitions of
sustainability have arose (Elkington, 1994; Pope et al., 2004; Purvis et al.,
2019). The division in economic, social and environmental dimensions by an
equitable consideration of all three dimensions can also be traced back to the
Report of the World Commission on Environment and Development (WCED,
1987).

In view of the above, Elkington introduced in 1994 the concept of triple bot-
tom line (TBL), which follows the principle of the three dimensions of sustain-
ability in a business context (Elkington, 1994). Since the publication of the
book ‘Cannibals With Forks’ (Elkington, 1998), the triple bottom line concept
is being considered as one of the most used sustainable accounting methods.
It shall enable companies to make long-term sustainable decisions and intro-
duce policies in order to increase performance on economic, social and envi-
ronmental levels.

Within the three bottom lines approach, a simultaneous achievement of a
basic level of all three dimensions of sustainability is required as foundation
to reach a desired level of economic, social and environmental sustainability
(Elkington, 1998; Slaper and Hall, 2011).

The three performance levels of the triple bottom line include the following
characteristics (Alves and Alves, 2015; Elkington, 1998; Goel, 2010):

- Profit: meeting shareholders expectations through value generation
or contributing to societies economic benefits,

10
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- People: establishing fair labor conditions as well as practices for peo-
ple involved in companies/corporate activities, and

- Planet: focusing on securing sustainability as well as efficient energy
use and reducing environmental burdens throughout production
processes (e.g. greenhouse gas emissions).

Consequently, a sustainable corporation can be defined as “one that creates
profit for its shareholders while protecting the environment and improving
the lives of those with whom it interacts. It operates so that its business in-
terests and the interests of the environment and society intersect” (Savitz,
2013, p. 2).

2.1.2 Internal drivers and external framework conditions

Sustainability in a corporate environment is driven by various factors (Diabat
and Govindan, 2011; Zimmer, 2016). A distinction can be made in internal
drivers (sections 2.1.2.1 — 2.1.2.2) and external framework conditions (sec-
tions 2.1.2.3 — 2.1.2.7) which motivate respectively urge companies to en-
hance sustainability and to include sustainable perspectives in corporate ac-
tivities. At some points, no exact separation is possible as some drivers are
internally as well as externally motivated and therefore overlap.

2.1.2.1 Management involvement

Out of several organization-related drivers for sustainability and in reference
to green supply chain management, management involvement plays a key
role. Walker et al. (2008) state that the personal values and ethical commit-
ment transmitted by a company founder throughout the company are crucial
for the establishment of sustainable activities. However, middle management
is identified to be most efficient when fostering the development of environ-
mental purchasing (Gopalakrishnan et al., 2012; Walker et al., 2008).

11
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In contrast, Giunipero et al. (2012) point out that top-management is
primarily responsible for a company’s environmental management system re-
spectively environmentalism, and for the promotion of green supply chain
practices.

2.1.2.2 Employee involvement

Moreover, the personal involvement and commitment of staff is crucial to
drive green supplier chain management and to achieve sustainable results
(Gopalakrishnan et al., 2012; Walker et al., 2008). Especially the existence of
skillful and motivated policy entrepreneurs in staff positions successfully ex-
pedite sustainable practices in supply chain management (Walker et al.,
2008). Intrinsic motivation and reward, as well as career advancement can be
named as motivation drivers (Walker et al., 2008). Even though the existence
of policy entrepreneurs is required to start an internal change process, ac-
cording to Handfield et al. (1997) it is not sufficient to initiate a wide-scale
change of sustainable practices.

2.1.2.3 Society, media and non-governmental organizations (NGO)

Public awareness for environmental pollution and counteracting respectively
preventive solutions have constantly increased in recent decades (Giunipero
et al., 2012; Gopalakrishnan et al., 2012; Walker et al., 2008). This develop-
ment is reinforced by an increasing media presence. It intends to make the
topic of global warming more transparent, to issue a warning and to promote
green initiatives (Hetterich et al., 2012).

Moreover, the public demand for environmentally friendly produced prod-
ucts is rising strongly. The companies’ reputation in terms of sustainable as
well as transparent upstream supply chain activities became a decisive buying
criterion (Walker et al., 2008). Stakeholder interest for sustainability can be
found in a bundled form by the socially aware, non-governmental organiza-
tions and green pressure groups (Giunipero et al., 2012; Gopalakrishnan et
al., 2012; Walker et al., 2008).

12
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2.1.2.4 Governmental regulations

As described in section 2.1.1, the topic of sustainability has already found its
way into global politics. The ever more frequently appearing effects of climate
change and global warming have driven international governments to imple-
ment new laws with the aim to control and reduce social and environmental
impacts of corporations (Gopalakrishnan et al.,, 2012; Sathiendrakumar,
2003). The introduction of penalties and legal cost have emphasized the rele-
vance for companies to comply with legal requirements (Cordano, 1993). It
presents the main motivation for corporate sustainability activities besides
cost and quality factors (Preuss, 2001). According to Berns et al. (2009), envi-
ronmental legislation illustrates the main driver for sustainability considera-
tions and has the greatest influence on corporations. The Environmental Lia-
bility Directive 2004/35/EC and REACH regulation (EC) No 1907/2006
(Registration, Evaluation, Authorisation and Restriction of Chemicals) are two
examples of European legislations, which urge companies to act in a more
sustainable matter and to reduce environmental impacts (Gopalakrishnan et
al., 2012). In order to promote the introduction of sustainability on an inter-
national level, various conferences are held on a yearly basis. These comprise
among others the United Nations Climate Conferences, which are connected
to the United Nations Framework Convention on Climate Change (UNFCCC),
and serve as official meeting of the Conference of the Parties (COP). The goal
is on the one hand to trace the realization of the convention and on the other
hand to monitor as well as control the implementation of the adopted regu-
lations defined in the Kyoto Protocol (COP 3) and in the successive Paris
agreement (COP 21) (UNFCCC, 2020).

2.1.2.5 Customer demand

In connection to society as external driver, customers or consumers have a
significant influence on the sustainable performance of companies and their
product portfolio (Giunipero et al., 2012; Sroufe, 2003). Starting in the 1990s
customer buying behavior has come into the focus.

13
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Since then, also customer demands have changed and ecological conscious-
ness has come into the fore (Roberts, 1996). The belief to solve environmental
issues by making conscious purchasing decisions defines individual customer
behavior (Giunipero et al., 2012). Even though the influence of customer con-
cerns is found to be more critical outside of Europe and the United States
(Berns et al., 2009), global consumer power is constantly increasing in terms
of sustainability aspects. The higher the reputation of a company, and de-
pending on the company’s size, the higher is the sensitivity on customer pres-
sure. Unwillingness or incapability to enhance environmental performance
can negatively influence companies’ bottom lines (Gopalakrishnan et al.,
2012; Walker et al., 2008).

2.1.2.6 Competitive advantage and financial benefit

As a consequence of changing customer behavior and due to the increased
awareness of global society for sustainable activities as well as products,
green marketing is very well received among corporations. Moreover, it pre-
sents a solution for companies to attain and even increase competitive ad-
vantages in a constantly growing competitive, global market (Giunipero et al.,
2012; Gopalakrishnan et al., 2012). The integration of sustainable manage-
ment in production processes can lead for example to a reduction of environ-
mental impact and thus be attributional to the competitive advantage of a
company (Porter and van der Linde, 1995). According to Waddock and Graves
(1997), sustainable and especially social performance is positively related to
the overall profitability of corporations. Moreover, Stone and Wakefield
(2000) found out that companies which rely on and follow sustainable princi-
ples show a better performance in the marketplace. As a result, the economic
bottom line of corporations is positively affected by sustainable activities
(Pullman et al., 2009).

Usage of resources: The ever-increasing global consumerism and the growing
share of society becoming middle class are to be seen as main accelerators
and triggers for global climate change as well as exhaustion of natural re-
sources. There is a conflict between supply chains in order to meet customer

14
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demands and, at the same time, to assure a long-term preservation of natural
resources for upcoming generations (Gopalakrishnan et al., 2012). A prudent
and efficient usage of resources enables a decrease of cost and leads to an
increased profitability, which is still the main objective of corporations. Thus,
for example reduced energy expenditure, increased recycling of waste, lean
practices and high safety standards can be considered as crucial drivers for
sustainable corporate behavior (Giunipero et al., 2012). Even though, a longer
time horizon is often needed before receiving the financial output of invest-
ments in sustainability, the long-term effects for corporations and the global
environment as a whole are tremendous (Gopalakrishnan et al., 2012).

2.1.2.7 Environmental standards

The previously described external drivers, such as increased global consum-
erism especially in emerging markets, resource depletion and legislative reg-
ulation make the adaption of environmental standards necessary for supply
chains (Gopalakrishnan et al., 2012). Certification standards, such as the I1SO
14000 or ISO 14001, introduced by the International Organisation for Stand-
ardisation (I1SO), lead corporations to focus on the performance of Environ-
mental Management Systems (EMS) and to pay attention on the environmen-
tal impact assessment as well as impact reduction of production processes
(Giunipero et al., 2012; Gopalakrishnan et al., 2012; Handfield et al., 2002). In
the opposite direction, the increased focus on environmental responsibility
can also be regarded as consequence of the introduction of environmental
certification standards (Handfield et al., 2002). In this context, purchasing,
which is responsible for the sourcing of materials and thus for upstream sup-
ply chain activities, takes on a crucial role and is addressed as a key process in
the ISO 14000 and 14001 standard (Handfield et al., 2002). Hence, measures
regarding purchasing decisions, as for example in regards to waste reduction,
material packaging as well as logistics, are not only covered but also recom-
mended in the standard. As supplier selections based on sustainable perfor-
mances become more popular, the implementation of sustainable perfor-
mances was defined as an obligatory selection criteria in the ISO 14001. It
aims at simultaneously improving sustainable performances while fostering
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respectively increasing efficiency in operations (Curkovic and Sroufe, 2011;
Gopalakrishnan et al., 2012).

2.1.3 Sustainable supply chain management

“A company is no more sustainable than its supply chain — that is, a company
is no more sustainable than the suppliers that are selected and retained by
the company” (Krause et al., 2009, p. 18).

According to Krause et al. (2009), the supply chain plays a key role in sustain-
able business management. Due to rapid growth of international competi-
tion, rising customer demands, accelerating technological transitions and
ever shorter product-life cycles (Krause et al., 1998) companies strive for cost
efficiency, downsizing of the work force and the concentration on core com-
petencies, such as for example design, marketing and sales (Pounder et al.,
2013). Therefore, the outsourcing to external providers of products and ser-
vices, which are considered as non-core, as for example parts manufacturing
(Pounder et al., 2013), is pursued to increase competitive advantages (Krause
et al., 1998).

Several definitions of supply chains were created over the years, as for exam-
ple by Mentzer et al. (2001) who define a supply chain as “a set of three or
more entities (organizations or individuals) directly involved in the upstream
and downstream flows of products, services, finances, and/or information
from a source to a customer” (p. 4).

In terms of complexity and scope of collaboration between suppliers and cus-
tomers, Mentzer et al. (2001) described three degrees, a direct supply chain,
an extended supply chain and an ultimate supply chain (see Figure 2-1). The
ultimate supply chain, not illustrated in Figure 2-1, can be considered as a
further extension of an extended supply chain, incorporating additional sup-
ply chain members such as financial providers, market research firms and
third party logistics suppliers (Mentzer et al., 2001).
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Figure 2-1: Supply chain phases, structures and purchase functions (based on Mentzer et al.
(2001); Chen and Paulraj (2004); Igarashi et al. (2013); Omurca (2013))

Thus, the relationship between suppliers and buyers gains increasing im-
portance. Besides the management of performances, a management of the
entire supply chain and the activities as well as of its members is crucial for
organizations long-term survival (Bai and Sarkis, 2011; Sarkis, 2003).

The origin of the concept of supply chain management is a much discussed
topicin the scientific field. Whereas various researchers consider supply chain
management as new concept, there is a strong resemblance to logistic con-
cepts, developed already in the 1960s (Forrester, 1961; Heskett, 1964).

Considering supply chain management (SCM) either as an evolutionary or as
a completely new construct, the origin of the term is often traced back to
management consultants Oliver and Webber from 1982 (Oliver and Webber,
1982). However, supply chain management has received a lot of attention
since the 1990s and is still widely discussed in scientific literature today (Giu-
nipero et al., 2008; Lambert et al., 1998; Svensson, 2008). In the early years
of the 1990s, academics primarily focused on the determination of a defini-
tion of SCM.
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It centered around topics such as flow of goods, relationship management
and an extended concept reaching from suppliers to final customers (Giuni-
pero et al., 2008; Lambert et al., 2005).

Over the years, several more mature definitions were derived. For example
Mentzer et al. (2001) defined supply chain management as “the systemic,
strategic coordination of the traditional business functions and the tactics
across these business functions within a particular company and across busi-
nesses within the supply chain, for the purposes of improving the long-term
performance of the individual companies and the supply chain as a whole”

(p. 18).

Within supply chain management, three major phases were established (Boer
et al., 2001; Chen and Paulraj, 2004; Felea and Albastroiu, 2013; Omurca,
2013; Suraraksa and Shin, 2019):

- Purchasing, which ensures the sourcing of materials for the produc-
tion,

- Production, which further processes the purchased materials and
converts them into finished products, and

- Distribution, which focuses on enabling a supply through diverse dis-
tribution channels (e.g. warehouses, distributors or retailers) to cus-
tomers.

In Figure 2-1, an example of the placement of the three phases within the
supply chain is given. The phases can find implementation at diverse stages
of the supply chain. With regards to the supply chain structures illustrated by
Mentzer et al. (2001), the three phases can even present an entire supply
chain consisting of supplier, organization and customer.

As described in the previous section 2.1.2, sustainability thinking finds in-
creasing attention and application within the context of corporate activities.
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Based on this development, the classical concept of supply chain manage-
ment has evolved within the past two decades and presents a major field of
interest for scientific research (Ahi and Searcy, 2013, 2015; Seuring, 2013;
Zimmer et al., 2016). Companies and supply chains are seen as key actors in
the discussion on sustainable development (Thun and Miiller, 2009). Hence,
the three dimensions of sustainability (economic, social and environmental)
steadily become more important in the context of supply chain management
(Seuring, 2013).

Seuring and Miiller (2008) have identified three key topics of sustainable sup-
ply chain management (SSCM), which generally describe the distinction from
and extension of SCM.

Sustainable supply chain management:

- Has to take a greater range of issues into consideration and thus
needs to examine a longer scope of the supply chain,

- Covers a broader spectrum of criteria and performance targets,
given the fact of an extended perspective including environmental
and social aspects, in line with the triple bottom line principle
(Elkington, 1994), and

- Requires an even more close relationship management with all
member companies along the entire supply chain.

In the past two decades, several definitions of SSCM were created, which vary
in reference of characteristics included from the concepts of SCM and sus-
tainability. A widely used definition in scientific literature is given by Seuring
and Midller (2008): “Sustainable SCM is the management of material, infor-
mation and capital flows as well as cooperation among companies along the
supply chain while integrating goals from all three dimensions of sustainable
development, i.e., economic, environmental and social, which are derived
from customer and stakeholder requirements. In sustainable supply chains,
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environmental and social criteria need to be fulfilled by the members to re-
main within the supply chain, while it is expected that competitiveness would
be maintained through meeting customer needs and related economic crite-
ria” (p. 1700).

Even though no specific definition was either established or found wide-
spread application, more elaborated definitions in terms of broader scope of
characteristics came to the fore: “The creation of coordinated supply chains
through the voluntary integration of economic, environmental, and social
considerations with key inter-organizational business systems designed to ef-
ficiently and effectively manage the material, information, and capital flows
associated with the procurement, production, and distribution of products or
services in order to meet stakeholder requirements and improve the profita-
bility, competitiveness, and resilience of the organization over the short- and
long-term” (Ahi and Searcy, 2013, p. 339).

With regard to the above, over the last years, especially the environmental
dimension has gained a lot of attention in the scientific field. Green supply
chain management has been established and has found strong appeal. Similar
to sustainable supply chain management no single valid definition for GSCM
has prevailed (Ahi and Searcy, 2015).

As described in the triple bottom-line concept for sustainability from Elking-
ton (1994), a basic level in all three dimensions needs to be simultaneously
and uniformly achieved. Green supply chain management, with a focus on the
environmental dimension, can generally be considered as sub-concept or sub-
field of sustainable supply chain management which follows the principles as
well as characteristics described in the previously stated definitions (Ahi and
Searcy, 2013, 2015; Seuring and Miiller, 2008).

The global importance of the environmental dimension for current and future
society is emphasized and clearly illustrated by Gordon Brown during its
speech to the United Nations Ambassadors, in New York 2006: “Environmen-
tal sustainability is not an option - it is a necessity. For economics to flourish,
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for global poverty to be banished, for the well-being of the world’s people to
be enhanced - not just in this generation but in succeeding generations - we
have a compelling and ever more urgent duty of stewardship to take care of
the natural environment and resources on which our economic activity and
social fabric depend” (Brown, 2006).

In the further course of this research, the term green and environmental will
be used synonymously in regard to environmental dimension of the triple bot-
tom line concept. The social pillar is not in the primary focus of this research
but is regarded as an indispensable, fundamental prerequisite for the consid-
ered business activities.

2.1.4 Green purchasing and supplier selection

Referring back to the statement from Krause et al. (2009) and the develop-
ment of the term green supply chain management described in section 2.1.3,
the complexity of managing relationships became apparent.

The focus on core competencies associated with outsourcing of diverse man-
ufacturing and service activities has led to a growing importance of the pur-
chasing function. It is responsible for a share of 50-90% of the total turnover
in industrial companies (Boer et al., 2001; Telgen, 1994). Thus, it becomes ob-
vious that the success of a company is dependent on the supplier perfor-
mance and the components purchased in the supply chain (Lee and Drake,
2010). The boundary spanning purchasing function, dealing with efficient
sourcing of material for production from upstream supply chain, plays a cen-
tral role in supply chain activities and processes (Lima-Junior and Carpinetti,
2016). Along with the evolution of supply chain management, purchasing has
been transformed over the years to a strategic activity. It makes a crucial con-
tribution to a company’s goal of offering end-products at the highest quality
and lowest cost level possible, at fast delivery rates and in a high variety (Burt,
1989).
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It is not only held responsible for providing materials, components and ser-
vices from suitable suppliers but also for managing all transactions among
supply chain members in order to ensure on-time delivery. As the concept of
sustainability is progressively integrated in the concept of supply chain man-
agement, purchasing constitutes a central function, which makes a huge con-
tributing to the efforts of a company in sustainable development (Krause et
al., 2009; Schoenherr et al., 2012). In this context, relationships with the sup-
pliers, which are only based on the commodity and price, can be considered
as insufficient, if a company is pursuing sustainable goals with a focus on so-
cial and environmental aspects (Bai and Sarkis, 2010).

Sustainable purchasing can be defined as “the consideration of environmen-
tal, social, ethical and economic issues in the management of the organiza-
tion’s external resources in such a way that the supply of all goods, services,
capabilities and knowledge that are necessary for running, maintaining and
managing the organization’s primary and support activities provide value not
only to the organization but also to society and the economy” (Miemczyk et
al., 2012, p. 489). Sustainable purchasing is interrelated with sustainable sup-
plier management as part of sustainable supply chain management (Su-
raraksa and Shin, 2019; Zimmer et al., 2016). In line with Bevilacqua and
Petroni (2002) and Zimmer et al. (2016), the terms sustainable purchasing and
sustainable supplier management are in this research regarded as equal. In
terms of the environmental perspective of sustainable purchasing, the term
green purchasing is commonly used in scientific literature (Giunipero et al.,
2012). It encompasses all aspects of the environmental pillar in combination
with traditional purchasing operations.

The sustainable supplier management process respectively sustainable pur-
chasing process, which also counts for green purchasing, can primarily be di-
vided into three major operations: supplier selection, supplier monitoring and
supplier development (Bai and Sarkis, 2011; Suraraksa and Shin, 2019; Zim-
mer et al., 2016).

22



2.1 Theoretical foundations of sustainability in supply chain management

Furthermore, the process of supplier selection generally consists of several
sub steps (see Figure 2-2). It correlates with the general decision-making pro-
cess illustrated by Simon et al. (1987), consisting of four steps (decision crite-
ria setting, finding of adequate alternatives and the evaluation as well as se-
lection of the most suitable alternative).

At the beginning, typically the needs and specifications are identified, before
decision criteria are formulated respectively selected, according to company-
specific requirements. The information submitted from the suppliers based
on the call for tenders will be reviewed in the qualification step and may take
several rounds (lgarashi et al., 2013). Finally the most suitable supplier com-
plying with the initial requirements will be selected in the final selection step.

Identification of needs and specifications

Criteria formulation

Sustainable
purchasing

Qualification and evaluation

Final selection and evaluation

“

*continuous monitoring of supplier performance
** derivation and definition of development measures

~

Figure 2-2: Supplier selection process as one of sustainable purchasing’s core tasks
(based on Boer et al. (2001); Igarashi et al. (2013); Zimmer et al. (2016))
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At a later, post-selection stage, the performance of suppliers will be reviewed
and once again evaluated. This step, often referred to as supplier monitoring,
was defined by Zimmer et al. (2016) as “the continuous analysis and evalua-
tion of supplier and supply chain information with regard to the compliance
of defined minimum requirements and the performance improvement taking
into account the three dimensions of sustainability” (p. 1414). The results of
the re-evaluation can be used to monitor the success on a continuous basis,
in order to replace underperforming suppliers if necessary or initiate devel-
opment programs with the existing suppliers.

Sustainable supplier development is an interrelated process which can not
only be applied as consecutive step after the supplier monitoring, but also
within the steps of supplier selection. An application in the qualification step,
for example by setting up a development program in collaboration with a sup-
plier, enables the achievement or extension of the basic, minimum require-
ments (Hahn et al., 1990; Zimmer et al., 2016). It can generally be defined as
“any set of activities undertaken by a buying firm to identify, measure and
improve the sustainable supplier and supply chain performance and facilitate
the continuous improvement of the overall value of goods and services sup-
plied to the buying company’s business unit” (Krause et al., 1998, p. 40).

Due to the described interrelation of the independent phases of supplier pur-
chasing, especially the formulation and definition of the selection criteria
plays a crucial role. Besides illustrating the basis for the final selection phase
in the supplier selection process, it also serves as a basis for performance met-
rics to later evaluate the suppliers performance in the monitoring phase, and
even to derive according improvement measures in the development phase
(Suraraksa and Shin, 2019; Zimmer et al., 2016). Due to different stakeholder
interests, as illustrated in section 2.1.1, the criteria formulation, selection and
application in supplier selection decision however strongly depend on the
field of business activity and industry.

The supplier selection process is often considered to be the most important
step in the process of purchasing (Hashemi et al., 2015; Hsu et al., 2013;
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Seuring and Muiller, 2008; Verma and Pullman, 1998; Zimmer et al., 2016). On
the one hand, purchasing is responsible for the selection of the best suitable
supplier at a certain point in the process, without having an hundred percent
assurance that the selected supplier will finally meet the companies targets
entirely (Bevilacqua and Petroni, 2002). Whereas the right choice of suppliers
can contribute to the reduction of purchasing cost, the contrary may create
issues in operations and can lead to financial problems (Omurca, 2013). How-
ever, at the final selection stage of a supplier, the purchasing enterprise oc-
cupies the best bargaining position. It can thus not only influence the strategic
purchasing and the achievement of sustainability targets, but also the overall
company’s competitiveness (Ghodsypour and O'Brien, 1998).

In the field of supplier selection, often no differentiation between green and
sustainable is made (Igarashi et al., 2013). Similar to green supply chain man-
agement or purchasing, which are considered as subsystems of the three pil-
lar scope of sustainability, in this research, green supplier selection is consid-
ered as one sub-concept of sustainable supplier selection. In line with Igarashi
et al. (2013), the focus is considered to be exclusively on the environmental
pillar of the triple bottom line concept.

In the framework of sustainable or green supply chain management, which
takes all activities of the entire supply chain into consideration, supplier se-
lection takes place at several phases. Igarashi et al. (2013) introduced a struc-
ture of three classifications (see Figure 2-1), which illustrates where buyers,
who are responsible for purchasing, can be located within a supply chain: The
buying firm is according to the classification

(1) an organization respectively focal company (such as end-product
manufacturer, construction company or service provider) or an up-
stream supplier (such as parts manufacturers or sub-system provid-
ers),
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(2) a downstream customer except personal consumers (such as gov-
ernmental agencies and customers from the municipal and private
sector), and

(3) an entity which is simultaneously involved in upstream and down-
stream supply chain activities.

In the decision-making process of supplier selection, a distinction is made by
selecting one supplier as single source or several suppliers as multiple
sources, according to the defined requirements. Not only strategic decisions,
such as reducing dependencies from one company, but also existing market
conditions, such as capacity restrictions, can lead to a more complex multiple
sourcing decisions (Ghodsypour and O'Brien, 1998). Depending on the initial
research questions raised in section 1.2, in the context of this research only
single source supplier selection decisions will be pursued.

In the general context of managing an entire supply chain, and especially up-
stream supply chain in a sustainable manner, focal companies play a signifi-
cant role. In accordance with the success of a company based on the value of
its products, burdens occurring in the supply chain might come along. Focal
companies, especially brand holding companies, are often considered as key
players in supply chains and are therefore, in terms of environmental and so-
cial performance, held responsible for upstream supply chain activities (Ko-
vacs, 2008; Roberts, 2003; Seuring and Mdiller, 2008). For example in the case
of the automotive industry, original equipment manufacturers (OEMs) are re-
garded to be responsible for the entire upstream supply chain due the ex-
tremely high volume purchased from the market (Zimmer et al.,, 2017).
Nevertheless, due to its central role, focal companies can positively influence
the environmental, economic and social performance of the entire upstream
supply chain by selecting adequate suppliers.
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2.2  Environmental sustainability in the
automotive industry

In the automotive industry, the focus is shifting towards environmental sus-
tainability and product life cycle management. Thus, the key information with
regard to supply chain structures and product life cycle phases are presented
in this section. Moreover, existing governmental regulations for the manage-
ment of sustainability, as well as framework information on the material us-
age in car manufacturing are illustrated.

2.2.1 Definition of the lifecycle process and supply chains

In the automotive industry the product life cycle of a vehicle can be roughly
structured into five phases (see Figure 2-3): raw material extraction, material
production, vehicle production, vehicle usage, and vehicle recycling.
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Figure 2-3: Structure of an automotive product life cycle in a supply chain perspective
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Recycling however does not only take place at the end-of-life stage, in terms
of post-consumer scrap but already during the material and vehicle produc-
tion phase, in form of pre-consumer scrap (Burchart-Korol, 2011; Interna-
tional Standards Organisation, 2006a). Additionally, the intermediate
transport and logistics activities need to be taken into account. All upstream
activities before the vehicle production by means of vehicle manufacturers,
so called focal companies, can be characterized as upstream supply chain. In
contrast, the vehicle usage and recycling are considered as downstream sup-
ply chain activities. In terms of system boundaries of a full life cycle consider-
ation, three main phases can be distinguished: cradle-to-gate, gate-to-gate
and gate-to-grave. The entire life cycle assessment is called cradle-to-grave
and includes all impacts related to the production a product, from the initial
raw material extraction (cradle) to the final disposal of waste (grave)
(see Figure 2-3).

As mentioned before, in section 1.1, the majority of value adding processes
of a vehicle manufacturing process takes place in the upstream supply chain.
Upstream supply chains are often structured in a multi-Tier respectively n-
Tier architecture (from 1 until n Tiers) and thus involve several supply chain
members as well as according activities.

Taking a closer look, focal companies have a contractual agreement with Tier-
1 suppliers, which represent direct suppliers. They receive specific purchase
orders for a certain component or service. The same accounts for the accord-
ing upstream suppliers, up to the supplier (Tier-n), which is placed at the be-
ginning of the process (Lee et al., 2012). The example of a metallurgical supply
chain (see Figure 2-4) illustrates the complexity of upstream supply chain
management activities. Due to various direct and indirect supply chain rela-
tionships and vertical production ranges, a supplier, as for example a manu-
facturer for metal, can appear in different Tier positions. Steel produced in an
integrated iron and steel mill can be supplied to a Tier-2 supplier, a Tier-1
supplier or directly to a focal company for the production of a certain compo-
nent (see Figure 2-4).
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Upstream Organization
supply chain (Focal company)
A A

Raw material
Extraction Metal Production Metal Processing
(Tier-4) (Tier-3)
(Tier-3) (Tier-2)

(Tier-2) (Tier-1) Tier-2—*{Tier-1
B Vehicle Production

*including logistic activities from cradle-to-gate vehicle production

Material Production*

Figure 2-4: Exemplary structure of an upstream metallurgical supply chain for automotive
products

2.2.2 Environmental impact of automotive lifecycle phases

The goal to reduce greenhouse gas emissions from vehicle transport has led
to the introduction of strong environmental regulations, and has conse-
quently triggered a shift in power train technologies towards electromobility
(section 1.1). However, not only the shift from one technology to another, but
also a holistic view of the entire product life cycle of vehicles and according
emission reduction potentials in all phases is necessary. A more in-depth ex-
amination and comparison of the environmental impact of the product life
cycle phases of an ICEV and BEV is illustrated in Figure 2-5. According to Ger-
man Environment Agency (UBA, 2016), the vehicle use-phase for an ICEV, rep-
resented by fuel supply, direct exhaust emissions and maintenance, makes
for the biggest share of roughly 81% (17% and 64%) of the overall CO2e emis-
sions per km (lifetime mileage of 168,000 km). The manufacturing phase how-
ever has a proportionally small share of 15%, only followed by vehicle disposal
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and maintenance with a combined share of 4%. In case of a BEV100, calcu-
lated with the German energy mix from 2012, the use-phase, representing
the energy consumption as well as production, makes for 68% of total life
cycle emissions. Vehicle disposal and maintenance accounts for a fairly similar
share of 5%. In contrast, the manufacturing phase gains more importance

with an increased share of 27% of the total climate impact.
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Figure 2-5: Environmental impact of automotive lifecycle phases (based on IFEU (2013);

UBA (2016))
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On the assumption of making exclusive use of renewable energy to power a
battery-electric vehicle with a range of 100km®, the environmental impact per
km shows a reduction potential of 74% compared to an internal combustion
engine vehicle. In this case, the manufacturing phase would be almost exclu-
sively responsible for the definition of the entire carbon footprint, represent-
ing 83% of the entire emissions per km (IFEU, 2013; UBA, 2016).

2.2.3 Existing regulations in the automotive sector

Governmental regulations, which are considered as key driver for the en-
hancement of sustainable solutions (see section 2.1.2.4) do also play an es-
sential role in the automotive industry.

The self-commitment of the European Automobile Manufacturers’ Associa-
tion (ACEA) — ‘ACEA commitment on CO2 emission reductions from new pas-
senger cars in the framework of an environmental agreement between the
European Commission and ACEA’ (European Commission, 1998), which was
signed July 27t 1998, is often considered as official kickoff for legal regula-
tions.

As a starting value, an average CO2 emission for new passenger cars was set
at 185 g COz/km for the year 1995 (European Commission, 2000a, 2000b).
The value used by the ACEA is based on statistical evaluations provided by the
Association Auxiliaire de L'Automobile (AAA), which rely on official data from
EU-member states (European Commission, 2000b). It is based on a reference
vehicle M1, which is defined by the European Commission (2007) as “vehicles
designed and constructed for the carriage of passengers and comprising no
more than eight seats in addition to the driver’s seat” (p. 62) and averaged
over all new passenger car registrations in the member states, for petrol and

6 The according environmental impact per km is based on the reference year 2012 and may
differ in the course of vehicle lifetime, specifically due to changes in electricity supply
(UBA, 2016).
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diesel fueled cars (European Commission, 2000b). The 1995 value, which is
based on a voluntary self-disclosure, serves as reference value for percentage
emission reductions and respectively derived emission targets, considering
the average of the entire vehicle fleets of European car manufacturers.
Hence, the limits can be rather considered as efficiency targets than specific
emission targets, which will be derived from the overall goal to limit global
warming to 2 respectively 1.5 degrees Celsius.

Based on the voluntary and so far unbinding reduction targets of the ACEA
and its members, in 2009 the EU regulation EC 443/2009 was introduced as
mandatory standard in order to ensure compliance of emission reduction tar-
gets (European Commission, 2009). Official emission reduction targets were
set for 2015 with a target value of 130 g CO2/km, representing an 11% reduc-
tion in comparison to the 2009 reference value of 146 g CO2/km.

In 2019, the legislative regulation was updated and the scope for future emis-
sion targets was extended. The new regulation (EU) 2019/631 (European
Commission, 2019b) further tightens the emission limits for M1 vehicles in
Europe and sets new targets at 81 g CO2/km for 2025 and 59 g CO2/km for
2030. Between the years 2015 and 2018 diverse phase-in requirements, such
as super credits and yearly increasing penalties for emission exceedance,
were set in place. These shall provide manufacturers with an opportunity to
constantly adjust to the emission targets (European Commission, 2009). Since
2019, the excess of emission limits has been severely penalized with 95 €/g
CO2/km and super credits for zero- and low-emission cars below 50 g CO2/km
have been reduced until final suspension in 2023 (European Commission,
2019b).
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Figure 2-6: History and future development of European CO; emission performance targets
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2.2.4 Material usage in automotive manufacturing

Due to the growing attention on and importance of sustainability (see section

2.1.1) the automotive industry is forced to constantly adapt and improve de-

signs in order to meet changing stakeholder respectively customer require-

ments (Balitskii et al., 2016). More specifically, manufacturers are faced with

the challenge of constantly increasing fuel efficiency in order to reduce the

consumption of energy and air pollution in the vehicle use-phase (Balitskii et
al., 2016; Miller et al., 2000).
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Besides advanced power train technologies and design improvements, espe-
cially weight reduction plays a key role (Miller et al., 2000). While simultane-
ously fulfilling various requirements for construction materials (see Figure
2-6), vehicle manufacturers are constantly trying to decrease weight by intro-
ducing new as well as more light-weight materials. The focus lies on materials
which fulfill the necessary requirements of high performance, low density and
high strength (Balitskii et al., 2016). The substitution of conventional materi-
als by high-strength steel, aluminum, magnesium and polymers, for example
for body and power train as well as engine components, provides certain op-
portunities to reduce vehicle mass (Palazzo and Geyer, 2019). This is shown
for example by the increased usage of aluminum in the production of passen-
ger vehicles in Europe, whic