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Abstract: The main focus of this study is to research the effects of the use of
digital technologies in the ESG transformation (Environmental, Social,
Governance) with the goal to achieve growth and climate protection goals
from an economic perspective. The use of digital solutions in automated pro-
cesses offers opportunities to obtain information about impending disrupti-
ons when carrying out periodic tasks, and to avoid them in the sense of eco-
logical sustainability to protect the natural resources (primary raw materials)
that still exists. The purpose of this study is to examine the general un-
derstanding of ESG transformation and the connections within industry bet-
ween digitalization and sustainable development through comparative analy-
sis and comprehensive literature research. Despite the efforts in many scien-
tific works that are increasingly concerned with sustainable development, the
public often debates the increasing destruction of natural resources due to
population and economic growth only, but makes no efforts in implementing
relevant changes. Laws and guidelines such as the European Union’s CSRD
directive as a regulatory requirement (Corporate Sus-tainability Reporting
Directive) have a direct impact on economic factors such as trade intensity,
economic growth and unemployment. In summary, this work will show that
the use of innovative digital solutions can both conserve existing resources
and generate new growth opportunities.
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Introduction

Digitalization is currently considered to be of great importance in social and
economic policies, both on the level of governmental regulations and also in
the sustainability policies of the companies (Brockhaus et al., 2020). There
are optimistic expectations that operational digitalization will optimize pro-
cesses, preserve resources and thus increase sustainability in both production
planning and upstream and downstream processes (D. Koch et al., 2022).
Digitalization, digital transformation, IoT (Internet of Things) and Al (artifi-
cial intelligence) are often used synonymously, as the computerization of
processes or as a digitalization term for the assumption of decisions by soft-
ware-supported systems (Negi et al., 2024), not taking into consideration that
the scope and the necessary investments for the transformation are very dif-
ferent (Brockhaus et al., 2020).

Such generalized statements make the transformation process more dif-
ficult because the terms of digitalization and artificial intelligence blur fiction
and reality due to their frequent use in social media and feature films (Geth-
mann et al., 2022). Depending on the industry sector which the companies
belong to, the ESG transformation (Environmental, Social, Governance) af-
fects almost all areas: such as the business model, corporate financing, cor-
porate value, CO2 compensation, marketing, production and strategic plan-
ning (Neumann & Forthmann, 2024). Digitalization offers the possibility of
converting analogue issues into digital ones, which then creates digitality in
which the information can be changed and communicated (Pausits et al.,
2024). The three properties mentioned above — the transfer, the change and
the communication — between different Internet-enabled devices are decisive
for so-called IoT-products, which can better adapt products and services to
customer needs and thus optimize certain processes (Jacob, 2023).

In order to do justice to the ESG transformation and ecological sustain-
ability, the right conditions must first be created (werk21, 2022a) because
they are still largely discussed separately, the so-called green economy is
coming to the fore, which is the guiding principle of an ecologically sustain-
able economy that combines ecology and economy and increases social pros-
perity (werk21, 2022b). The prerequisites for the ESG transformation are sus-
tainability regulations such as the GCD (Green Claims Directive), CSRD
(Corporate Sustainability Reporting Directive) and the CSDDD (Corporate
Sustainability Due Diligence Directive), which pose major challenges for
companies when implementing the requirements (Falker, 2024). A study
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conducted by KPMG shows that the ESG transformation of 47% of the par-
ticipating companies is a clear competitive advantage, speaks of cost savings
and reputational, financial and legal risks in the event of non-compliance, if
one follows the interview conducted internally by two KPMG employees
(Mazar, 2023). The challenges associated with implementation, such as the
necessary investments in consulting, provision of resources, higher wage
costs, the additional time required and the redesign of processes, which in-
creases complexity, were not taken into account (Michen, 2023). Even with
the support of digitalization and Al, implementation remains a major chal-
lenge if companies limit themselves exclusively to purpose-oriented action
(predefined by goals and means) without understanding the complexity and
meaningfulness (understanding-oriented action), because Al fails here in
most cases — for the time being (Maio, 2024). Consequently, the discourse
that arises in the initial situation of an ESG transformation will influence the
final result according to the perception of the problem and the subsequent
action and will determine the success (Heinemann, 2011). In this study, we
took the opportunity to use the theoretical approach for the use of digitaliza-
tion to increase the efficiency of electric drives along the product life cycle.

Relevance and problem

This topic becomes very important for every company or organization be-
cause all of them develop their own corporate culture over time, which is
shaped by the prevailing behaviours, norms, values and attitudes (Lippold,
2024). As a result, the dominant corporate or organizational culture (herein-
after referred to as corporate culture) must be transformed into a sustainable
corporate culture by which ecological and social sustainability goals and vi-
sions are communicated (Bruhn & Hadwich, 2024a). The transformation of
corporate culture within the strategic objective is carried out on the one hand
via company analysis (strengths/weaknesses) and on the other hand via stake-
holder/environmental analysis (opportunities/threats) (R. H. Jung et al.,
2018). The decisive factor is how the reality of the company is perceived and
evaluated based on the information and data available (Maio, 2024) and how
this reality can be transformed into a new reality (Heinemann, 2011) in the
sense of ecological and social sustainability in a constant discourse. The de-
cisive factor is how the matter (ESG transformation) is thought about and,
above all, how it is debated, because both the non-linguistic and linguistic
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elements of the discourse determine how ecological and social aspects are
taken into account in the further transformation process (Bruhn & Hadwich,
2024b). The real relevance of the topic lies behind the EU’s (European Un-
ion’s) threat of liability from the CSDDD if ESG aspects are not taken into
account in corporate decisions and puts ESG on a par with the management
duty to ensure the profitability and continued existence of the company (Neu-
mann & Forthmann, 2024).

The problem is that ESG is often equated with the term “sustainable” in
literature and press (Dilg, 2024), but ESG goes far beyond the concept of
sustainability as a criterion for sustainable business. ESG combines ecologi-
cal goals (reducing negative environmental impacts), social goals (assuming
social responsibility) and economical goals (compliance with legal require-
ments and, with the involvement of stakeholders, increasing innovation and
competitiveness) (Bruhn & Hadwich, 2024b).

The ESG transformation requires that the learning content and study pro-
grams are adapted to the requirements as early as the qualification stage
(Pausits et al., 2024). The transformation requires great efforts in research
and development in industry, on the one hand to develop new (more recycla-
ble) materials and products that can be used for longer in the spirit of the
circular economy (Hayil & Ibrahim, 2023), and on the other hand to redesign
work processes in industry, in the further training of employees and the
requalification of company management (Neumann & Forthmann, 2024).

The social framework conditions are experiencing a radical change in
training, studies and in industry due to the rapid development of digital trans-
formation, because new skills in dealing with and using new digital solutions
are necessary in order to use new forms of learning and products (Pausits et
al., 2024). In this context, transformation can be understood as the process of
transferring technology or technology components and associated knowledge
across the boundaries of several social units (Sarala et al., 2024). Artificial
intelligence is a part of digitalization and digital transformation that is aimed
at using all the potential of digitalization, which in turn is a part of automa-
tion, which allows human work to be done by machines (Gethmann et al.,
2022). Only a few traditional professions in crafts and agriculture (traditional
manufacturing/cultivation) can now do without digitization —all other sectors
and many areas of industry are currently moving towards Industry 4.0, where
many expect that investments in applications that increase quality and effi-
ciency will reduce costs through networking in the value chain and that the
range of services and products can be improved through digitalization (Jacob,
2023). With Industry 4.0, the automation of processes is changing and even
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areas of life and work fields, depending on the industry, are subject to
changes caused by the technical development of IoT products (networking
of applications) (Gethmann et al., 2022). The networking of various IoT
products is hoped to lead to more intelligent and energy-saving use, whereby
networking also implies a stronger interlinking of economic activities in the
sense of globalization — stronger cooperation between different compa-
nies/organizations (Jaggi, 2003). The companies that will prevail are those
that can use the advantages of digitalization to efficiently use increasingly
scarce resources and are thus significantly more energy efficient (Linne,
2003). Innovative business models are usually strategically geared towards
growth and are either aimed at changing the type of value creation or at cre-
ating new (additional) needs in addition to existing ones (Griese & Schnitker,
2023). Since climate change is not only a scientific problem, but also a social
and technical problem, which has been discussed in social science journals
for more than 30 years, more and more social and political questions are be-
ing addressed (Janko¢ et al., 2010), meaning that such complex topics can be
seen as the basis for ESG transformation at the individual and macroeco-
nomic level (Bruhn & Hadwich, 2024b).

The transformation to a circular economy does not only involve the de-
velopment of new, more recyclable materials, but also the intensification of
benefits and the extension of product life spans pose major challenges for
society, as these are not compatible with the growth strategies of many com-
panies (Linne, 2003).

ESG - Challenges

Industry and society are undergoing a major transformation, which is essen-
tially accompanied by ecological, demographical, socio-political and eco-
nomical megatrends, which is one of the reasons why business environments
are constantly changing, and the pressure is constantly growing (Englert &
Ternes, 2019). Demographic change is a significant element of the transfor-
mation, as current forecasts predict that Germany will be short of 7 million
workers or skilled workers by 2035, which will lead to a decline in economic
performance and failure to achieve growth targets (Bruhn & Hadwich,
2024b). The ability to promote and invest in innovation is said to have great
potential in sustainable development if these innovations are sustainable and
forward-looking and are geared to the changed situation (Englert & Terneés,
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2019). In the future, digitalization, sustainability and people will be insepa-
rable from one another, as all of these areas are constantly producing new
information and therefore more new knowledge must be imparted in a shorter
period of time (Bruhn & Hadwich, 2024b).

For this reason, traditional business models should be constantly re-
evaluated because Industry 4.0 technologies generate significant benefits
from Big Data solutions that enable real-time integration of business pro-
cesses (sales, production), which influences customer behaviour and product
life cycles (GlaB & Leukert, 2017).

Environmental and climate crisis

The environmental and climate crises cannot be viewed in isolation because
they are accompanied by health and economical crises (Wittpahl, 2020) and
currently also political crises and wars in Europe and the Middle East. Many
organizations, institutes, experts, researchers and churches are increasingly
pointing out that all the crises mentioned above are closely related to each
other (Bandi, 2024). Banks play an important role in both, in the economic
crisis and also in the climate crisis because they determine what climate-
friendly investments should be and how they are promoted (Schwager et al.,
2022). One of the most important questions in terms of ecological sustaina-
bility is how a product can be produced in such a way that as few resources
(raw materials and energy) as possible are required and how it can be oper-
ated in such a way that as few greenhouse gases as possible are released (Ja-
cob, 2023). Not least, the high greenhouse gas emissions are attributed to the
increasing need for packaging and transport for consumer goods in online
retail (Harwardt, 2023) and the poor recyclability of many products, which is
associated with enormous energy requirements (Griese & Schnitker, 2023).

To achieve the climate protection goals, greenhouse gas emissions must
be reduced in both, in the industrial sector and in all other sectors (health care,
transport, private sector) by reorganizing to CO2-neutral technologies
(Schwager et al., 2022). However, the CO2-neutral technologies from wind
and solar energy are not always available and weather changes have a direct
impact on power supply, which makes demand-oriented supply currently still
questionable (Wittpahl, 2020). The effectiveness of the objectives derived
from the ESG transformation can be tested using KPIs (key performance in-
dicators), which are determined by measuring
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e the CO2 footprint,
e energy consumption (electricity, gas),

e water consumption and
e the amount of waste produced (Bruhn & Hadwich, 2024b).

Social and societal

The previously mentioned megatrends and digitalization are changing the
culture of a society, which also initiates a change in values that is interrelated
with selected social areas such as individualization and the drive for perfec-
tion, mobility, gender roles and diversity, demographic change and, of
course, sustainability (Jacob, 2023). The changed everyday behaviours in the
so-called “wealthy industrialized countries” are thus contributing signifi-
cantly to the climate crisis due to the constantly growing mobility (individual
transport), the need for new technologies (electronic products) and the signif-
icantly increased amounts of household waste (Schwager et al., 2022). The
extraordinarily high pressure caused by the constantly new needs of the
masses initially falls on the producers, who are happy to pass on all the re-
sponsibility to politicians because market share, market dominance and
growth are what counts for producers first and foremost (Sigl, 2023).

The ESG transformation is an overall social transformation process af-
fecting society as a whole, which shapes the development of society as a
whole and pursues the goal of enabling a fair and good life for all now and in
the future (Henkel et al., 2021). Taking digitalization into account, a contem-
porary theory states that digitalization is a global and social event that has
already begun with the restructuring process of society and the economy
(Sigl, 2023). The effectiveness of the social goals implemented in the com-
pany is also evaluated by means of KPIs, which are determined, for example,
by measuring

o the degree of diversity,

e age and origin of employees, employee satisfaction, safety of work-
ing conditions

e or expenditure / donations for social projects

(Bruhn & Hadwich, 2024b). Compliance with social goals is one of the key
factors in counteracting the disadvantages of digitalization such as
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e high workload and lack of time,

e unfair pay,

e bureaucracy and high documentation effort,

e 1o social prestige of the profession, age discrimination,
e poor working conditions (Jacob, 2023).

Corporate governance

For companies and organizations of all kinds, ESG transformation means a
constant process of change with an ever-increasing focus on reducing green-
house gas emissions and improvement of ecological sustainability (Schwager
et al., 2022). With the megatrend of digitalization and artificial intelligence,
sustainability has become a success factor and possibly offers one of the most
important social and economic opportunities of the present (Lippold, 2024).
Megatrends can be spoken of when there is a need for change — here — in the
sense of ecological sustainability, which brings about change and the pursuit
of improvements that have a broad impact on society and the economy (Ja-
cob, 2023). For this reason, investors are more likely to invest in the shares
and funds of companies that invest capital in green technologies and pursue
ethical principles in corporate governance and are also given advantages be-
cause they are said to have great innovation potential (Linne, 2003). Ulti-
mately, the company’s management is responsible for generating profits in
order to be able to successfully implement the business model in an eco-
nomically, ecologically and socially sustainable manner over a longer pe-
riod of time and to influence the market accordingly (Lippold, 2024). To this
end, at the beginning of an ESG transformation, it is necessary for the man-
agement to implement future leadership and strategy in a sustainability-ori-
ented manner, in its vision, mission, corporate values and in strategy devel-
opment, in planning (Bruhn & Hadwich, 2024b). The KPIs of ecological sus-
tainability measure success based on

e the increase in profit and sales,
o the profitability of sustainable investments and
e the reduction of costs and savings in energy and raw materials

based on the implemented economic goals (Bruhn & Hadwich, 2024b).
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Objectives and questions

The aim of this study is to use an example to examine the service life of an
electrically driven machine (submersible motor pump) from the creation of
the need, along the service life to disposal, and to map the ESG aspects and
link them to the theoretical approaches of ESG. Since the climate crisis has
penetrated the collective awareness, energy and resource efficiency features,
which are also important for professional users (companies), have also come
to the fore due to social pressure and, on the other hand, due to the Supply
Chain Due Diligence Act and other requirements by the legislature
(Schwager et al., 2022). The energy industry’s goal for the future is the de-
centralized and demand-oriented provision of energy and, with the help of
digitalization, only the amount necessary to carry out a specific job (such as
emptying a container) should be used (Jacob, 2023). Changes are often asso-
ciated with significant adjustments in production plants, including changes to
the business model, and therefore offer consistency in the optimization and
efficiency strategy to adapt processes to the existing conditions with the help
of digitalization (Jacob, 2023).

The following example looks at a normal (everyday) process of TEG
(Tsurumi (Europe) GmbH, Diisseldorf, Germany) with the support of the
sales and marketing department. With a few exceptions, depending on the
industry, sales structure and corporate culture, sales processes are organized
very similarly, whereby they are also essentially determined by the customer
decoupling point (Uhe, 2002). The customer decoupling point indicates at
which point in the product creation process a customer can be assigned to the
product in the supply chain (Schenk et al., 2014). This point is at the end of
the process at TEG because almost all products are produced anonymously
to the customer. As a result, the previously formulated goal is illustrated with
the practical example of TEG. Furthermore, an attempt is made to link the
ESG aspects and technical possibilities of digitalization along the product life
cycle in order to identify possible opportunities and risks. The following
questions can be derived from this

e In which phases of the product life cycle can digital technologies help
to reduce CO2 emissions?
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e In the practical example presented here, can positive effects be
achieved between the ESG (Environmental Social Governance) ele-
ments, or can they only be considered in isolation from one another
for the time being?

e (Can possible approaches from the linear economy be found in the
circular economy under the given circumstances?

The following hypothesis can be derived from the questions: digital techno-
logies can extend the useful life of certain products, thereby conserving va-
luable primary raw materials and contributing to ecological sustainability.

Method

In order to answer how digitalization, the Internet of Things and artificial
intelligence relate to the ESG transformation, and which limitations still exist
in practice, a comprehensive and systematic literature research was chosen
as the method. In order to present the theoretical aspects more transparently,
supporting examples from the practice of Tsurumi (Europe) GmbH are used.

Literature research

Systematic literature research is most suitable in this work because the re-
search question has already been defined and relevant sources have been
searched for using selected search terms. Systematic literature research in se-
lected databases is essential in order to take into account the latest state of
research (Doring, 2023), but it is advisable not to consider only the latest
sources in this work. The beginnings of digitalization go back to the middle
of the 20th century with the ENIAC (Electronic Numerical Integrator and
Computer), followed by mainframe computers in the 1960s, personal com-
puters in the 1980s, followed by the Internet and later smartphones, up to
today’s Al applications, which have influenced both the economy and poli-
tics and society ever since (Jaggi, 2023). The search for specialist literature
was carried out using the keywords mentioned in the abstract and other search
terms as listed in Figure 1.
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Number Number ofhits ~ Number = Number of
of hits — — Database of of hits — hits —
Search terms Fernuniversitit =~ the Technical Google Research
Hagen University Scholar Gate
database of Dortmund database database
Digitalization ESG 4 45 85 121
ESG-Transformation 66 70 90 76
CSRD ESG 48 32 66 72
Sustainable development
ESG 24 21 94 70
environmental crisis 28 59 49 80
climate crisis 16 33 91 50
Renewable energy 49 35 73 75
energy efficiency 69 49 68 42
Artificial intelligence 44 21 23 38

Figure 1: Overview of literature search — Search terms absolute distribution
Source: own illustration
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Figure 2: Overview of literature research — search terms relative distribution
Source: own illustration

The relative distribution of the search results in Figure 2 shows that most
possible sources can be found primarily via Google Scholar and secondly via
ResearchGate. Some sources are often suggested to various databases and in
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most cases the sources can be accessed via a download link directly from the
publisher (Springer Fachmedien, Springer Gabler, Springer Berlin and
Springer Vieweg). The focus of the selection of sources was on processing
the current state of research (Doring, 2023), so the search was specifically for
sources from 2023 and 2024. But older sources are also taken into account in
this work as long as their content is still current and no newer research results
are available, unless they are needed for a historical consideration of the sub-
ject of the study (Berger-Grabner, 2016). A very high number of articles were
identified in this search and therefore the research was initially restricted to
the established publishers mentioned. The publications were then selected
based on the relevance of the title to the topic. A total of 2,004 publications
were found. After removing duplicates and publications that were not avail-
able online, 154 remained. After checking the content of the abstracts, 48
remained.

Case study

The case study of Tsurumi (Europe) GmbH outlined in Chapter 5 does not
represent an independent study within the framework of an empirical inves-
tigation. All information was provided by TEG’s Sales and Marketing Di-
rector, Mr. Birger Schmidt, and Senior Product Manager Mr. Stefan Him-
melsbach as part of the team of CSRD implementation from May 2024. The
aim of applying the case study is to develop practical incentives to identify
opportunities that can achieve improvements within the limits of existing
processes in terms of ecological sustainability, thus shortening the learning
curve for future solutions and accelerating new processes (Bruhn & Had-
wich, 2024a).

The company operating in this case study is the subsidiary of the Jap-
anese manufacturer TMC (Tsurumi Manufacturing Co., Ltd.) with head-
quarters in Kyoto. The European subsidiary sells its products throughout
Europe with the support of five subsidiaries and a very well-organized
dealer network.

The implementation of the CSRD is, on the one hand, a requirement of
the parent company TMC and, on the other hand, a requirement of the CSRD
standard. Since TEG, together with its subsidiaries, meets at least two of the
criteria (total assets and net sales) across Europe, it will therefore be required
to report as early as 2025 (Bruhn & Hadwich, 2024a).
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Procedure of the case study

The approach in the case study consists of comprehensive observation of the
sales process during CSRD implementation. The analysis of the TEG’s busi-
ness model and the strategy towards risks related to ESG aspects along the
supply chain is of great importance because it poses the risk of an increased
material footprint or a threat to security of supply (Has, 2022). Since the TEG
also still follows the structures of the linear economy (production — use —
disposal) because it can always procure resources easily and inexpensively
(Hansen et al., 2021), the risks and opportunities in the phases of the product
life cycle displayed in Figure 3 must be examined and new knowledge con-
verted into benefits for the customer (R. H. Jung et al., 2018).

Installation /
Commissioning

End of application /usage

N
Decision | Maintenance to grant “Operations Safety” and |
for : “Avalablity”? :
product I |
| | |
Customer | - Offer I I Genera overhal
- General overhau
nneeds” | -Order I I Product
- Deliver :
—_— v Extension of product lifespan to save natural ! recycling
- Technical : : resources in sense of ecological sustainability : or |
dlarfication | : disposal :
| | |

-fes an of product

Circular Economy?

Source: Sandor Rostas - own design

Figure 3, Product lifespan of TEG products: own illustration

For products that are essentially made from primary raw materials, the focus
is on long durability and long-term usability (Linne, 2003). The key to suc-
cess is, on the one hand, identifying the ESG factors for the business model
(electricity consumption, water consumption, material consumption) and, on
the other hand, assigning these to one of the ESG areas (environmental, social
or corporate governance) and identifying the corresponding risks and oppor-
tunities and assessing them with the probability of occurrence (Neumann &
Forthmann, 2024). The main ESG risks related to climate change and sus-
tainability are divided into strategic, operational, financial and compliance
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risks (Gleiner & Romeike, 2020). The present case study identifies opera-
tional risks and opportunities, which are then later reflected in the operational
management phase in sustainable business models, establishment of the cir-
cular economy, novel product-service systems and sustainable innovation
(Bruhn & Hadwich, 2024b).

Overview of the product life cycle phases

The following is a summary of the contents of the product life cycle phases
in Figure 3 from the discussions with B. Schmidt and S. Himmelsbach.
When needs for submersible motor pumps arise, end users are often unable
to sufficiently specify the situation for which they need the equipment suffi-
ciently, so that they either order from the product catalogues without prior
technical clarification or they request offers with little or incorrect technical
data. In such cases, there is a risk that the end user will receive incorrect pro-
ducts that are either over- or under-dimensioned. There is a risk that over-
dimensioned devices will have an uncalculated energy requirement and that
under-dimensioned devices will not be able to deliver the required perfor-
mance. In both cases, the wrong product selection has a negative impact on
the service life, energy and material consumption. An appropriate sustaina-
bility marketing concept could offer opportunities to work the relevant mar-
ket, taking ecological and social aspects into account, in such a way that cus-
tomer satisfaction and early detection of needs and their correct assessment
are the focus (Grunwald & Schwill, 2022).

In the technical clarification phase, the risks lie in the communication
skills and the respective communication policy of those involved, which de-
termines a successful outcome. The technical clarification actually only
serves the purpose of determining the right product (with the right technical
properties) based on the technical conditions of the end user. Communication
is considered to be very important, so it also offers an opportunity in this
phase to be able to fairly serve specific needs in the various buyer segments
(Grunwald & Schwill, 2022).

There must be no risks in the customer and supplier relationship during
the phases of product decision, quotation processing, order processing, deliv-
ery and installation & commissioning, provided that no significant questions
remained unanswered in the previous phases and interim changes and un-
foreseen events were communicated correctly and in a timely manner. In this
phase, the supplier is primarily responsible for ensuring the process capability
of its internal processes (Bullinger et al., 2009).
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Risks arise in the usage phase when the operating conditions change,
which also changes the intended use. Further risks arise in this phase when
preventive maintenance work has either not been planned or has not been
planned appropriately for the level of difficulty of the application. As already
mentioned above, from an ecological and economic point of view, the usage
phase should be as long as possible, although these efforts run counter to the
growth targets of the suppliers (Kreipl, 2020).

At the end of the usage phase, the options are to overhaul a device or
to recycle the device and dispose of the remaining parts that cannot be re-
cycled. There is a risk that due to a lack of capacity, a lack of knowledge or
because it is simply uneconomical, devices will be disposed of too quickly
without checking whether these devices can be reintroduced into the usage
process after a general overhaul in the spirit of the circular economy (Han-
sen et al., 2021).

Results

The impact of digitalization on ESG transformation is currently still difficult
to determine for all areas of the industrial sector. It is important to recognize
the differences between digitalization, the Internet of Things and artificial in-
telligence, because these are important with regard to the implementation and
handling of new technologies and the acceptance of change (Henkel, 2023).

Digitalization will make sustainability reporting more transparent for
stakeholders and their measures to reduce greenhouse gas emissions more
comparable, as digital tools will offer the possibility of automatically provid-
ing assessments based on defined criteria to interested parties in the future
(Herzner & Schmidpeter, 2022). In this context, sustainability reporting is an
essential topic for companies that themselves or whose customers are subject
to the CSRD, because not only the legislator, but also investors, banks, cus-
tomers, business partners and other stakeholders can increasingly demand re-
porting (Has, 2022).

Elements of sustainability reporting such as GHG accounting (Scope 1-
3) according to the GHG Protocol (Greenhouse Gas) and LCA (Life Cycle
Assessment) have become increasingly important (Bruhn & Hadwich,
2024a). As already discussed in the example case above, the LCA perspec-
tive plays an important role with the double materiality assessment, in which
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companies assess both their impacts on society and the environment (materi-
ality of impacts) and the impacts of society and the environment on the com-
pany (financial materiality) (Has, 2022). GHG accounting (Scope 1-3) as-
sesses the organizational and corporate level

*  Scope 1 direct GHG emissions from own company processes,

*  Scope 2 indirect emissions from purchased energy and

*  Scope 3 from upstream activities (primary and secondary resources)
and downstream activities (sales and use) and despite different ob-
jects of investigation, LCA or Scope 1-3, environmental or climate
impacts are recorded that go far beyond the pure impacts within the
company; the entire life cycle of the product or the company is taken
into account (Eisele, 2021).

In the above case study, both the different perspectives of life cycle assess-
ment and the aspects of GHG accounting can be illustrated. In practice, how-
ever, accounting in both areas still has to contend with major hurdles. The
electrical devices from the manufacturer TMC are delivered to Europe ready
for use and can be made available directly on the market. Calculating the
product-related CO2 footprint is difficult due to information gaps in the sup-
ply chain and the fact that many assumptions have to be made in the calcula-
tion. Therefore, the upstream activities cannot therefore be controlled by the
European subsidiary. Where it can exert influence, however, are the down-
stream activities of sales and use. An appropriate marketing strategy and
measures to extend the product lifespan could help to improve the ecological
footprint. This would not least be the case if measures were established to
reintegrate devices into the usage process after their useful life has expired
due to wear and tear. This would be the first step towards a circular economy,
but it would also change the way production is carried out, the supply chain
would have to be adapted, which at the same time requires a change in the
business model (Kadner et al., 2021).

The establishment of appropriate measures based on reliable eco- and
GHG accounting would ensure that the ecological limits are maintained and
respected by those involved (Bruhn & Hadwich, 2024b). The necessary
changes are fundamentally linked to the problems of changing, designing,
managing and controlling processes, because the individual behaviour of the
people involved is often not taken into account — but these people decide
whether the changes are accepted or boycotted (Bruhn & Hadwich, 2024a).
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This group of people primarily includes the people involved (so-called deci-
sion-makers) who are characterized by aggressive growth strategies and are
less concerned with ecological sustainability and primarily with increasing
sales (Jaggi, 2023).

Discussion

A good opportunity to spark a debate is the question of what opportunities
and risks arise from the interaction between digitalization and the ESG trans-
formation. Here, too, supporters and opponents of digitalization, IoT and Al
face each other, clearly expressing that while they have advantages, they also
pose considerable risks (Jaggi, 2023). A challenge for management is to iden-
tify corresponding demands from the relevant market and to transform them
into a competitive advantage with the necessary speed (Meftert et al., 2024).
Digitalization offers considerable advantages, which are based on the fact
that physical objects, digital objects and people can be networked with one
another (IoT) in order to establish chains of effects and to accelerate the ex-
change of information (Joisten, 2022).

However, the high transformation costs have a disadvantageous effect
on SMEs because there is always the impression that the costs are not pro-
portionate to the benefits and the transformation process is more often char-
acterized by negative future prospects due to political uncertainty and there
are still obstacles to digitalization due to a lack of IT knowledge among em-
ployees (Brockhaus et al., 2020). From a democratic perspective, challenges
in the digital divide are discussed because inequality is justified by the phe-
nomenon of capitalism and technological change, in which the problems of
social inequality are spread through digital instruments (Chen, 2024). The
ESG criteria Environment (GRI300), Social (GRI400) and Governance
(GRI100) are synonymous with sustainable action in the economy for the
presentation and evaluation of sustainability The three criteria are used with-
out taking into account the usual KPIs and without calculation methods as a
basis for the presentation of some of the opportunities and risks in Figure 4
that arise from the TEG case study along the product life cycle in Figure 3.
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Figure 4, ESG opportunities and risks in the TEG context
Source: own illustration

TEG has no influence on the production processes at TMC in Kyoto and
therefore there is no possibility of discussing concepts for reducing the need
for primary and secondary materials and promoting increased use of recycled
materials. There is currently a real opportunity for TEG to extend the life of
devices by determining the right device and taking measures to extend the
life span of the product. Risks in the environmental area arise from outdated
management methods in sales, where no attempt is made to serve the relevant
markets in a needs-oriented manner. Outdated communication models can
lead to these becoming even more prone to errors due to demographic
changes, because the methods and types of communication are constantly
evolving (Bruhn & Hadwich, 2024b).

In the social sector, digitalization, IoT and Al are creating opportunities
for completely new professions and fields of activity, as well as a new attitude
to life through an improved work-life balance, which has also been facilitated
created by the possibilities of mobile work (free location and time manage-
ment). On the other hand, there are risks that traditional professions may be
completely forgotten and die out. Some people also still have to learn how
to handle the large amounts of data that digitalization creates. Otherwise,
employees’ risk being overworked and having higher levels of sick leave.
Another risk factor is age discrimination, because it is assumed that older
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employees are no longer capable and cannot handle the new technology
(Sigl, 2023).

New opportunities are emerging for company management through
modern methods and communication tools that allow them to prepare and
distribute information more quickly. Information acquisition is also easier
with the help of digitalization, which means that market changes can be re-
gistered more quickly. The disadvantage is that digitalization is expected to
lead to greater standardization, which can be at the expense of creativity in
development. Another disadvantage that is foreseeable is that the documen-
tation efforts will increase. This will certainly be done digitally, but the sys-
tem must still be kept up to date. The basis of sustainable company manage-
ment is the circular economy with the primary goal of drastically reducing of
waste volumes and minimizing the need for primary and secondary raw ma-
terials and reducing GHG emissions by producing energy-efficient devices
(Lippold, 2024).

Opportunities of digitalization

Digitalization is changing the world of work, and each professional group is
currently affected by the change in different ways and each group learns (Plu-
zhnikova, 2024) and experiences the opportunities that arise from it differ-
ently (Jaggi, 2023). In industry, digitalization is leading to it becoming an
independent production factor and ensuring transparency by linking the phy-
sical and virtual worlds (G148 & Leukert, 2017). It is also a fact that digitali-
zation is endangering jobs and professions (jobs in sales, banking, warehous-
ing, etc.) through innovations, but it is not clear whether jobs with a high
proportion of women or men are more at risk (Jaggi, 2023). In addition to the
negative effects, there are also positive signals from science that the changed
working conditions of employees have a positive impact on their health and
satisfaction (Gethmann et al., 2022). The Baden-Wiirttemberg Minister for
Economic Affairs sees digitalization as a great opportunity to increase re-
source efficiency and climate protection in the manufacturing industry and,
together with Al, it is assigned a key role in climate protection and sustaina-
bility (D. Koch et al., 2022).

The automation of functions and machines is also common practice at
TEG, but automation is reduced to a few variables without the system being
able to meet higher requirements. The term automation stands for the replace-
ment of manual work steps, which is being raised to the level of Industry 4.0
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with digitalization, where the focus is on the intelligent networking of pro-
cesses and machines (Jacob, 2023). In the above case study, an intelligent
system can, as a service life-extending measure with appropriate monitoring,
warn early on of failures due to wear and tear in a networked system. This
would be an advantage in every respect, but it is questionable whether cus-
tomers are already prepared to invest in the infrastructure for communication.

Conclusion

The question of in which phases of the product life cycle digital technologies
can help to reduce CO2 emissions cannot yet be conclusively answered be-
cause the product life cycle and the type of product application are different.
Digitalization can help to reduce CO2 emissions in every phase of the prod-
uct life cycle if appropriate digital technologies are procured and imple-
mented for the relevant company functions. However, it is questionable what
the relationship is between the investments and the hoped-for benefits. In ad-
dition to costs, another key aspect for success is the lived corporate culture,
whether the organization is characterized by an open, innovation-friendly
culture or whether it relies on resistance across the board (M. Jung & Von
Garrel, 2021). For example, traffic systems can be optimized with the use of
IoT and Al by equipping them with intelligent emergency systems and a
charging infrastructure for electric cars from renewable energy sources with
connection the public network systems (Singh et al., 2021).

The second question, whether positive effects can be achieved between
the ESG (Environmental Social Governance) elements in the practical ex-
ample presented here, or whether they can only be considered in isolation
from one another for the time being, cannot be easily answered based on the
example. It must be checked whether a logical connection can be made be-
tween KPIs of the ESG criteria, but it primarily depends on which KPIs are
selected by the company management for the evaluations (Erchinger, 2022).
In the case study, it would be conceivable that the environmental KPI waste
quantity & recycled share could be interrelated with the social KPI expendi-
ture on training and education and the corporate governance KPI ethics &
compliance.

The third question, whether possible approaches from the linear econ-
omy can be found in the circular economy under the given circumstances,
can be easily answered based on the knowledge gained here. For the case
study, there are two approaches for establishing the circular economy. The
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first approach arises at the end of the useful life due to wear and tear. A re-
furbished device can be returned to the cycle, which some manufacturers
(Apple, Dell) already do. The second approach arises at the spare parts level.
If a device has been damaged and cannot be repaired, then there is still the
possibility of returning the well-preserved spare parts to the cycle.

The hypothesis derived from the above questions, that digital technolo-
gies can extend the service life of certain products so that valuable primary
raw materials are conserved and thus contribute to ecological sustainability,
can be confirmed based on the new findings. In the automotive industry,
comparable systems already exist that have proven themselves in practice
and enjoy significant competitive advantages in their market segment.
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