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ABSTRACT

This paper describes the rationale and the development of a structured digital approach for measuring
corporate environmental sustainability using performance metrics.

It is impossible to imagine today's age without the preservation of our environment, not even in the
corporate environment. Currently, sustainability is mostly only rudimentarily considered in companies,
mostly only with written down phrases on the website. This will no longer be sufficient in the future, which
is why companies should record sustainability on a numerical basis. Based on the development of a
workable concept for companies, a small empirical study was carried out, which can be used to
numerically measure the sustainability performance of companies. Two utility analyses were completed.
One of them was supplemented by expert interviews. Well-known practitioners from the business world
were interviewed and asked for their assessment of ecological performance indicators. The result of the
research is an indicator-based concept that can be applied in corporate practice to determine ecological
sustainability performance.
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1. INTRODUCTION

This paper shows the main reasons why companies should urgently measure their sustainability
performance using key performance indicators. Due to this demand, a structured digital approach
was developed within the scope of the empirical study which is supposed to support companies
exactly at this point. With this structured digital approach, especially the ecological sustainability
of companies can be recorded and evaluated in a number-based way.

This article will have the following structure. Starting with the origin of the term sustainability
and its incorporation into the economy will be explained to highlight the motivation and
importance of this topic for companies. Subsequently, more profound reasons for the sustainable
entrepreneurial orientation will be given. Following this, previous approaches to implementing
environmental sustainability in business are highlighted, which are used as the basis for the
research. Next, the research gap identified is emphasised and the research method used to fill the
gap is described. After that, the results of the research, i.e., the key figures and the dashboard
including the structure of the dashboard are shown. Finally, an outlook into the future and the
applicability of this concept in business is given.
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2. ORIGIN OF THE TERM SUSTAINABILITY AND INCORPORATION INTO THE
EcoNOoMY

The word sustainability is one of the most discussed words in recent years and still is. Ulti-
mately, however, no one, not even the companies, know exactly what this word means and what
is hidden behind it [1]. Nevertheless, today attempts are made to label every consumer product,
be it clothing, vehicles, financial investments or food, as "sustainable". Sustainability has now
mutated into an omni-present seal of quality that tries to suggest to the user a consumption free of
guilt [2]. It is visible that stakeholders of companies demand sustainable action, either through
laws of politics or through the increasing demand for "green" products [3].

In the corporate environment and today's globalization, it quickly becomes clear that in the
production processes of the products, ecologically sustainable action by the focal companies is
not sufficient, but the worldwide supply networks in the direction of raw material suppliers must
be considered. Significant changes can already be observed, especially between the focal
company and their 1st-tier suppliers, in the focal company check the ecological sus-tainability of
the 1st-tier suppliers and, if necessary, no longer approve them for tenders. As can be seen in
Figure 1, the pressure for sustainability is being passed on from the end customer/ end producer
to the raw material suppliers.
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Figure 1. Supply network with pressure for sustainability

The origin of the term "sustainability" can be found in the 18th century in forestry. According to
Carl von Carlowitz, the head of Freiberg, only as many trees should be felled in a forest as can
grow back naturally within a certain period. The aim is to preserve the basic functions of a
regenerative and natural system imperishably. This laid the foundation of the ecologically
sustainable understanding. [4]

In 2015, the United Nations enacted the 2030 Agenda. This agenda contains 17 goals around the
topics of people, planet, prosperity, peace and partnership [5]. In December of the same year, 195
countries signed a legally binding global climate protection agreement at the Paris Climate
Change Conference. The long-term goal is to increase the global temperature by a maximum of 2
degrees Celsius compared to pre-industrial levels. [6]

The obligation for German companies, among others, to align themselves sustainably and to
report on this arose in 2017 from the EU-CSR Directive 2014/95/EU. As a result, European
capital market-oriented companies and their equivalent limited liability partnerships and
cooperatives are obliged to expand their management report to include a statement of their non-
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financial activities in accordance with Section 289b of the German Commercial Code (HGB) if
they meet the requirements of Section 267 (3) Sentence 1 of the German Commercial Code
(HGB), are capital market-oriented or have an annual average of more than 500 employees.
Section 267 (3) sentence 1 requires companies to make a non-financial statement if they exceed
two of the following three criteria, namely if their balance sheet total exceeds €20,000,000, their
sales revenue exceeds €40,000,000 and they employ more than 250 people. These non-financial
activities can be topics such as environmental protection, employee protection, respect for human
rights or avoidance of corruption and bribery. [7]

The EU Green Deal was adopted in December 2019. The goal is to make the EU greenhouse gas
neutral by 2050 and to decouple economic growth from resource use [8]. As a result of the
German Climate Protection Act 2020, the previous CO2 pricing for the energy sector and energy-
intensive industry will be supplemented by the areas of transport and buildings from 2021. With a
fixed price system, the cost of allowances will gradually increase from the year 2021 with 25
euros per ton of CO2 to the year 2026 to 55-65 euros per ton of CO2. [9] Consumers feel this
CO2 pricing, for example, through increased gasoline prices.

Increasing competitive pressure as well as globalization and the resulting drop in production costs
are forcing companies to focus primarily on their own core competencies. Non-value- adding
activities are therefore increasingly being outsourced to external third parties. As a result, the
depth of value creation in individual companies is decreasing and responsibility must be passed
on to suppliers. In this construct, not only quality, delivery time and costs must be closely
coordinated, sustainable behaviour must also be managed. [10]

3. REASONS FOR THE SUSTAINABLE ENTREPRENEURIAL ORIENTATION

In addition to legal obligations, there are essentially three reasons for anchoring a holistic
sustainable corporate orientation in all corporate activities:

» Companies are generally set up for an indefinite period of time and are intent on offering
customers the greatest possible benefits. Incorporating the holistic sustainable approach
into the management and preparation of decisions improves and increases the acceptance
and credibility of corporate commitment to society. [11]

» Companies are a part of society and should also integrate themselves into society by
meeting the requirements of their stakeholders [12]. "They live from and in this society."
[13] Stakeholders can be shareholders, employees, suppliers, government, site
communities, customers, media, public, NGO's, politics, legal regulations and many more.

» Companies can save money and generate a competitive advantage through sustainable
behaviour. In the meantime, many companies have already recognized that there is a lot of
cost reduction potential in value chains. This includes, among other things, optimized
processes, efficiently used resources and the reduction of waste. Not only these cost
advantages, but also firm customer loyalty through sustainable products generates a unique
selling proposition for companies and, at best, leads to a competitive advantage. [14]

Our economic system is currently in an ever faster spiral of optimization potential [15]. By
restructuring the system, it is now possible to improve all three variables of the magic triangle:
costs, time and quality at the same time [16]. Since then, the operational goals of the company
have been steady growth, shorter product life cycles and the highest possible standardization with
partial differentiation of the products. It is questionable how long this spiral will continue to turn
in this direction and whether new optimization potential can be permanently discovered.
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[17] Or whether other parameters, such as sustainability, will drive the spiral in the future and
expand the magic triangle into a magic square. In this regard, many are certain that everyone will
benefit from the concept of sustainable business. Business itself, its shareholders, society

and the environment. The companies that can convince through a three-dimensional sustainability
of their company and their products and can outperform the competition will be able to secure
social acceptance and sales as well as long-term continuity and success in the long term. [18]

4. IMPLEMENTATION OF ENVIRONMENTAL  SUSTAINABILITY IN
COMPANIES

The pursuit of long-term continuity and success shows that environmental sustainability will be
indispensable for companies in the future and is struggling for transparency, measurability and
comparability. Up to now, companies have reported mainly on a verbal level in text form in a
very subjective way. One way to increase measurability and transparency is to determine
ecological indicators.

There are already various concepts and guidelines that support companies on their way to
sustainable action and make ecological performance partially measurable. These include the UN
Global Compact, the GRI Standards, the Sustainable Development Goals, the OECD Guidelines,
the German Sustainability Code, DIN 1SO 26000, DIN 1SO 14001 and DIN ISO 14031, and the
EMAS EU Eco-Audit. These concepts only partially contain key figures for measuring
environmental sustainability.

The Global Compact is the world's largest sustainable business initiative, with more than 8,000
companies and 4,000 non-commercial organizations in over 160 countries participating. [19] It
does not provide companies with environmental metrics but does reference the GRI standards
[20]. The globally recognized Global Reporting Initiatives standards (GRI) were published in
1997 and are guidelines to assist organizations in reporting economic, environmental, and social
impacts. They comprise a very detailed and well-structured collection of indicators for the
various sustainability topics. [21] The United Nations adopted the Sustainable Development
Goals (SDGs) as part of the 2030 Agenda in 2015. The SDGs include 17 globally valid goals for
sustainable development with 169 sub-goals, for which a great number of key figures are
available [22]. The Organisation for Economic Co-operation and Development (OECD) is an
international organization that works for better policies and better lives for people [23]. The total
of 10 thematic areas of the OECD Guidelines with 67 targets do not include any indicators. The
German Sustainability Code (DNK) is an internationally recognized reporting standard that was
developed and tested by the German Council for Sustainability in cooperation with the business
community based on voluntary international reporting standards. Sustainability is defined here as
a joint effort that pays off for everyone. For sustainability it is a matter of economic reason,
ecological necessity and social self-image. [24] The German Institute for Standardization (DIN)
and International Organization for Standardization (ISO) adopted Standard 26000 in 2010 [25].
The aim is to create a common and international understanding of responsible organizational
management based on shared values, principles and rules. DIN 1SO 26000 is not certifiable
because it does not contain any directly controllable and comparable criteria such as key figures.
[26] DIN ISO 14001 has the task of helping organizations to implement a comprehensive
environmental management system. In principle, DIN 1SO 14001 can be certified by an external
organization [27]. For this, organizations must monitor, measure, analyse and evaluate their
environmental performance [28]. To support organizations in their corporate performance
evaluation, DIN ISO 14031 Environmental management - Environmental performance evaluation
- Guidelines was developed, which serves as a mutually complementary tool to DIN 1SO 14001
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[29]. The Eco-Management and Audit Scheme (EMAS certificate) is a domestic and non-
European voluntary award available to any organization from any sector of the economy with the
will to assume responsibility towards the economy and the environment, improve its own
environmental performance and strengthen communication with interested stakeholders [30].

5. RESEARCH GAP AND METHODOLOGY OF GAP FILLING RESEARCH

The current situation in the German economy is that some companies are obliged to consider the
environment and must also report this annually. The available support based on the described
concepts and guidelines still leaves the companies partly floating in the air. The basic attitude of
sustainable business orientation is still very young and must be linked with existing procedures
and experiences to lead entrepreneurs to new topics. The first step into sustainability usually
equals a verbal description of actions, which are thus difficult for stakeholders to understand.
Corporate managers have always been used to managing companies with the help of figures, data
and facts. Now the challenge is to integrate the new topic of environmental sustainability into
existing corporate processes and controlling systems. Only then the consideration for our
environment will be successfully integrated into corporate processes in the long term.

This empirical study addresses this research gap. Environmental sustainability must be made
measurable and accessible to companies. As research method, two utility analyses and therein
integrated guided interviews with subject matter experts were conducted, as shown in Figure 2 in
the blue-coloured paths.

Advantageousness decisions
for a target variable

Quantitative research Utility analysis
methods
Advantageousness decisions
in the case of several target Analytical Hierarchy Process
variables

Multi-Attributive
Nutzertheorie
Research methods
Multi-attribute user theory

Interviews

Guided interview
Qualitative research

methods Observations

Qualitative content analyses

Figure 2. Selection of the research method

Utility analyses are used if there are a large number of aspects to be considered in a decision.
However, the aspects cannot be ranked arbitrarily according to their relevance. Utility analyses
are also used if several people are participating in a decision. These persons may have different
experiences which they can contribute, but which do not necessarily lead to a meaningful result.

[31] In this specific case, some ecological parameters were evaluated by several experts. The
process of utility value analyses begins with the determination of target criteria and target criteria
weighting and is followed by the evaluation of alternatives. Afterwards, the utility values are
determined, and the advantageousness is assessed. [32]
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The guideline-based interviews were included in the utility analyses and refer to questions with
the aim of questioning existing assumptions or prior considerations [33]. In the context of this
research, seven subject matter experts were interviewed, all of whom have a very successful
career path, such as managing directors or managing consultants in the field of automotive
industry. The experts evaluated ten ecological indicators based on ten criteria. Subsequently, an
interview was conducted with each expert to understand the evaluations and to ask further
questions of understanding.

6. RESULTS OF THE RESEARCH (KEY PERFORMANCE INDICATORS AND
DASHBOARD)

The ten environmental indicators examined with the help of the utility value analyses and the
subject matter experts are assigned to six categories. These include the categories energy,
emissions, materials, waste, water and environmental assessment of suppliers, service pro- viders
and the supply chain. The environmental indicators were measured against the following criteria
on a scale of one to six according to the German school grading system: Data collection/ data
availability, influenceability/ coverage, interpretability, data accuracy/ granularity, quanti-
fiability/ practical measurability, time effort, financial effort, comparability, significance for rel-
evant stakeholders, significance for corporate objectives.

The cumulative result of the research based on the utility analyses and expert interviews re-
sulted in a ranking of the ten ecological indicators:

1. total energy consumption in the company from renewable/ non-renewable sources (energy
category).

2. weight of hazardous/ non-hazardous waste broken down by: Reuse, recycling, composting,
recovery, waste incineration, saline wastewater injection, landfill, on-site storage, other
(waste category)

3. quantity of renewable/ non-renewable materials used by weight or volume (materials
category)

4. total water withdrawal/ return to surface water, groundwater, seawater, produced water,
third- party water (water category)

5. gross volume of indirect energy related GHG emissions (scope 2) including CO2, CH4,
N20, HFC, PKFW, SF6, NF3 (emissions category)

6. gross volume of direct GHG emissions (scope 1) including CO2, CH4, N20, HFC, PKFW,
SF6, NF3 (category emissions)

7. percentage of recycled feedstock used (materials category)

8. number of suppliers identified as having significant actual and potential negative envi-
ronmental impacts (category environmental assessment of suppliers, service providers, and
supply chain)

9. percentage of existing and new suppliers that have been screened for environmental criteria
(category environmental assessment of suppliers, service providers as well as supply chain)

Gross volume of other indirect GHG emissions (Scope 3) including CO2, CH4, N20, HFC,
PKFW, SF6, NF3 (category emissions).

The ecological indicator 'Gross volume of other indirect GHG emissions (Scope 3) including
CO02, CH4, N20, HFC, PKFW, SF6, NF3' is not included in the ranking, as it was not consid-
ered measurable and targetable by the experts.
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The energy category was rated best overall, which means that it is easiest to collect key figures
on energy. The total energy consumption of companies is easy to determine. Based on meter
clocks or invoices and with the corresponding electricity mix, this breakdown by individual
energy sources is easily possible. Nevertheless, a shockingly number of companies do not know
how much energy is consumed in which building or which technical equipment requires how
much energy.

The category of emissions has been assessed on average. In general, it is difficult to determine
emissions precisely, since GHG emissions cannot be measured but must be calculated. Basically,
GHG emissions can be divided into three areas according to the GHG Protocol, the so-called
Scope 1, 2 and 3, as they were also listed and evaluated in the utility analysis each as a separate
indicator.

Scope 1 includes all direct emissions generated within the company itself. This includes the
company facilities and its own vehicle fleet. Scope 2 includes all indirect emissions from pur-
chased electricity, gas, heating and cooling. Scope 3 considers all indirect emissions from
upstream and downstream stages of the business. Toward the downstream, these include
purchased goods and services, capital equipment, fuel and energy, distribution, waste, travel,
employee transportation and assets. In the upstream direction, emissions from transport and
distribution, processing of sold products, use by sold products, product disposal, assets, fran-
chises and investments belong to Scope 3 [34].

The category of used materials cannot be evaluated in summary. According to the experts, the
breakdown of materials into renewable and non-renewable materials can be easily understood.
The separation between renewable and non-renewable materials as such can be understood by the
purchasing department. Identifying the percentage of materials used from recycled feedstocks, on
the other hand, is much more complex. In the case of purchased semi-finished parts or
components, for example, this information is only possible if the information on renewable and
non-renewable materials and the percentage of recycled starting materials along the upstream
supply network is known. For companies in the manufacturing sector that have no influence on
the proportion of renewable and non-renewable materials, it may be useful to distinguish between
recyclable and non-recyclable materials.

The second highest score in the utility analysis is for waste. The breakdown of waste types, such
as reuse, recycling, composting, etc., is relatively easy to track based on waste separation and
evidence of disposal costs. In addition, purchasing departments know which materials are used
and their properties.

Water, considered separately according to water extraction and water recycling, ranks in the
upper half of the evaluation. The basic water withdrawal can be read based on invoices and water
meters. However, the breakdown between the different types of water source, such as surface
water, groundwater or third-party water needs to be looked a little more closely.

The environmental rating of suppliers, service providers as well as the supply chain was rated
very poorly by the seven experts and placed second to last in the ranking. In principle, it is
possible to obtain information from suppliers, but it involves a great deal of effort. Only by
building up enormous pressure the data collection from 1st-tier suppliers is possible. Thus,
tracing along the supplier networks is still very difficult today. The only way to get information is
through annual audits of the suppliers.

The overall result of the utility value analysis and the experts justifications clearly show which
topics of ecology can be measured more easily and better with the help of ecological indicators
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and which cannot. This assessment formed the basis for the selection of ecological indicators for
the developed concept with indicator list. In principle, however, it must be mentioned that
ecological sustainability encompasses other subject areas and that these must not be neglected.

7. STRUCTURE OF THE CONCEPT

The structure of the fully developed approach can be seen below in Figure 3. This structure with
the integrated ecological key figures can be used and completed individually for each company.
With application in regular time intervals, both improvements and deterioration of the
environmental performance in the individual subject areas can be recognized.

Measuring the environmental sustainability of 1st-tier suppliers in the manufacturing sector using concepts, guidelines and

metrics.

-Key performance indicator list with dashboard and Pareto charts-

!"‘ / unit to be valued XY GmbH - Building A

Annual turnover [Euro]
Units produced [units]

Cover | Energie | Emissionen | Material =Water | Waste = Supplier_Services = Others | Pivot | Dashboard | Rating scale
Figure 3. Structure of the concept with list of key figures

Each ecological topic such as energy, emissions, materials, water, waste, suppliers, service
providers and other topics form a separate area. This structure serves to keep track of all topics in
the ecology dimension and to reduce the complexity of the dimension. Within each category,
individual parameters of ecological sustainability are recorded numerically and subsequently the
key figures are determined. To explain the procedure in detail, the example of energy is used
here, whereby the procedure is the same for each dimension.
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Measuring the environmental sustainability of 1st-tier suppliers in the manufacturing sector using concepts, guidelines

and metrics.

-Key performance indicator list with dashboard and Pareto charts-

Energy

Business Unit

Production area

Energy source

Biomass (electricity)

Renewable energy source

Origin of the energy source

Corporate Infrastructure

Technical equipment

Energy consumer

Machines of production

Production area

Biomass (electricity)

Renewable energy source

Technical equipment

Compressor

Production area

Biomass (electricity)

Renewable energy source

Heating

Heating system

Production area Biomass (electricity) Renewable energy source Cooling Air conditioning
Production area Biomass (electricity) Renewable energy source Ventilation Ventilation system
Production area Biomass (electricity) Renewable energy source Cleanroom Filter system

Production area

Biomass (electricity)

Renewable energy source

Compressed air

Plant internal e.g. pneumatic of the machine

Production area

Biomass (electricity)

Renewable energy source

Compressed air

Plant external e.g. pneumatic gun

Production area

Biomass (electricity)

Renewable energy source

Light

Light bulbs

Production area

Renewable energy source

Own logistic intern

Electric forklifts

Production area

Biomass (electricity)

Renewable energy source

Own logistic intern

Electric hoists

Production area

Biomass (electricity)

Renewable energy source

Own logistic intern

Electric pallet trucks

Production area

Biomass (electricity)

Renewable energy source

Own logistic intern

Autonomously driving logistics robots

Production area

Biomass (electricity)

Renewable energy source

Own logistic intern

Conveyor belts

RFID technology
Computers and monitors

Production area Biomass (electricity)
Biomass (electricity)
Biomass (electricity)
Biomass (electricity)

Biomass (electricity)

Renewable energy source
Renewable energy source
Renewable energy source
Renewable energy source
Renewable energy source

Electrical production monitoring
Electrical production monitoring
Finished parts warehouse Cooling

Finished parts warehouse Hand scanners / tablets / computers
Finished parts warehouse Electrified high bay technology

Production area

Production area

Production area

(
(
(
(
(
(
(
(
(
Biomass (electricity)
(
(
(
(
(
(
(
(
(

Production area

Figure 4. Detailed view of the Energy category - Basic data

In the energy dimension, the goal is to identify and evaluate all energy consumers of a company.
As can be seen in Figure 4, the company is divided into different business units, such as the
production area and the administrative area to reduce complexity. Subsequently, the energy
source is differentiated between biomass, cogeneration, oil, natural gas, oil, district heating,
liquefied petroleum gas, geothermal energy, nuclear energy, coal, photovoltaics, solar energy,
hydropower, wind power and others, with each energy source being assigned to the categories
renewable energy or non-renewable energy. Consequently, the operational infrastructure is listed,
which in turn is supplied with the energy consumers.

Energy
Energv- e ) consumption per - . Evaluation of B GREETS)
e consumption absolute Reference |Unit reference thousand euros of |Unit relative the energy ST
[=absolute key e value size sales key figure carrier -6l
figure] [=relative key [1-6]
figure]
Measurements / Calculation kwh per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kwh per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kwh per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kwh per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales 3
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales E]
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales E]
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales E]
Measurements / Calculation kW per year Euro annual turnover kWh per TEuro sales E]
Measurements / Calculation kWh per year Euro annul turnover kWh per TEuro sales 32
Measurements / Calculation [kWh per year Euro annul turnover kWh per TEuro sales 32
Measurements / Calculation [kWh per year Euro annul turnover kWh per TEuro sales 32
Measurements / Calculation [kWh per year Euro annul turnover kWh per TEuro sales 32
Measurements / Calculation kWh per year Euro annual turnover kWh per TEuro sales 2
Measurements / Calculation kWh per year Euro annual turnover kWh per TEuro sales 2

Figure 5. Detailed view of the Energy category - Determination of the energy consumption
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Figure 5 shows the next step, where the actual energy consumption is determined for each energy
consumer by calculation, individual measurement, receipts, vehicle mileage and other references.
Each number is assigned a corresponding unit. Consequently, energy consumption is referenced
using annual sales in euros and sales in thousands of euros to create comparability. Subsequently,
an individual evaluation is made by P3 automotive GmbH. Based on empirical values, both, the
energy consumer and the relative energy consumption per thousand euros are evaluated on a
school grade scale from 1 to 6. Here, 1 is the best rating and 6 the worst.

Soft Factor

Soft factors (qualitative assessment) Assessment Valuation factor | Measures to imp
[1-6]

Regular maintenance, age of the machine, energy efficiency  Chieck energy efficiency / optimize utilization
waste heat utilization, running time change to €02 neutral heating source / building renovation of insulation and fsolation
Room temperature properly set, properly ventilated, insulation and isolation of the building Change to €02 neutral heating source / building renovation of insulation and isolation
Room temperature properly set, properly ventilated, insulation and isolation of the building (Check system efficiency / renovation of building insulation and isolation
Airlocks functional, maintenance of filters Check plant efficiency / renovation of insulation and building / use energy recovery by machines
Leakage test (Check plant efficiency / building renovation of insulation / use energy recovery by machines
Checking for tightness Check and optimize plant settings and hydraulics
Checking for tightness increase environmental awareness among employees through training o that consumption can be reduced
LED or halogen light bulbs, on/off cycles, timer, motion detectors switch to LED lamps / install timers and motion detectors
Regular battery maintenance, charging cycles, utilization, route planning Optimize utilization and logistics processes / no empty runs
Regular battery maintenance, charging cycles, utilization, route planning optimize utilization and logistics processes / no empty runs
Regular battery maintenance, charging cycles, utilization, route planning optimize utilization and logistics processes / no empty runs
Regular battery maintenance, charging cycles, utilization, route planning Optimize utilization and logistics processes
Motion sensors present and functioning [Regular maintenance
Readers with power or batteries Operate readers with green power
Standby mode on/off (Observe energy efficiency / use standby mode
Temperature control necessary, locks present Building renovation of insulation / avoid cold loss through open doors and gates / check sensible warehousing
Duration of product use
Regular maintenance Logistikprozessoptmierung / regelmagige Wartung

Figure 6. Detailed view of the Energy category — Soft factors and recommendations for improvement

In the area of sustainability, the soft factors should not be completely disregarded and can have a
significant influence here in the collection of key figures as it’s shown in Figure 6. Thus, an

extra field is available for each energy source to take other factors into account. For example, the
age or regular maintenance of mechanical production facilities can be decisive. These soft factors
are also evaluated using the school scale from 1 to 6. Finally, the three ratings (energy source,
relative energy consumption and soft factors) are added together. This is the basis for the creation
of a Pareto diagram and for suggestions for improvement. The Pareto diagrams per dimension
can be found in the dashboard of the approach.

This scheme is applied to each category as mentioned. The results of the individual categories are
summarized in the dashboard. With the dashboard, the most important environmental key figures
can be clearly presented to the management and investors and be used as motivation to initiate
measures to improve environmental performance. In this way, the leap from information key
figures to management key figures can be made and environmental goals can be linked to
corporate goals.

8. REVIEW, APPLICATION IN BUSINESS AND OUTLOOK

The structured digital approach including key performance indicators developed and explained in
this article is already very mature and practical. Nevertheless, on the scientific side of the
research, there are still one or two opportunities for improvement. At best, the dimensions should
be subjected to further validation with the help of case studies, for example. In addition, the
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linkage between the different dimensions could be strengthened. This tool forms an excellent
basis for further development and improvement in the field of scientific work.

However, increasing pressure from stakeholders, especially national and international legislation
and society, is leading to more and more pressure for sustainable business practices. This
pressure for better environmental sustainability of the companies is directly passed on to the 1st-
tier suppliers in the supply network, in the opposite direction to the supply direction. The 1st-tier
suppliers are thus forced to review their own business and communicate environmental
sustainability.

Environmental sustainability is an indispensable part of our current age. Natural disasters and
extreme weather stresses are taking a toll on the world's population. If we cannot keep within the
2-degree limit of global warming by 2050, these phenomena will increase significantly. People
will continue to lose their homes along the coasts, and whole swaths of land could be flooded. On
the other hand, we will be faced with countless climate refugees from regions close to the
equator. These threats clearly show that each one of our world's population, especially
companies, must begin to act. In doing so, the developed tool offers the possibility to create
numbers, data and facts.

Due to the high potential of this approach in relation to further legal regulations in Germany and
the EU, it will be pushed further by the developed individuals. This excel-based tool will be
digitalized by P3 automotive GmbH in the following step. Then it will be possible to link the
ecological key figures with further economic key figures in the producing sector, such as the
production output and OEE. In addition, the perspective will be expanded from the
manufacturing sector to the entire supply chain, for example regarding the German Supply Chain
Act, which was passed in June 2021.

This in turn supports decision-making in companies. In conclusion, it remains to be said that
while ecology is an increasingly important topic in the corporate environment, the dimension of
economics will probably always remain the leading issue. Only in conjunction with economic
efficiency and value creation will ecology find its way into the corporate world. This can be
demonstrated with the key figures. Especially in the current situation of the economic downturn
and the Covid 19 pandemic, companies are forced not to lose their profitability to secure jobs.
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