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Abstract

Abstract

Since the joint signature of the Kyoto Protocol émgl Paris Agreement, climate protection has
been of official national importance to the contealccountries. The industry sector is one of the
biggest contributors to global warming effects. &hsn this fact, this thesis presents a method
to calculate the corporate carbon footprint at aufecturing enterprise in Austria. The goal of
this study is to identify the environmental impantd main emissions sources of the investigated
company by using carbon dioxide (gCequivalents. Based on the generated results eof th
calculation, individual strategies and possiblerovements are developed to reduce emissions
and pollution.

The carbon footprint is calculated by weighing aiety of factors, in accordance with the
requirements of the Greenhouse Gas Protocol. Befiamting the calculation procedure, the
system boundaries for the specific object of ingasion has to be defined, and an inventory
analysis facilitated a clear input-output analydisnaterial and energy flows. Different methods
of data generation and assumptions, individuallpstdd for the investigated company, are
necessary. The results generated indicated irdpaloaches for future actions that could be
implemented to reduce emissions.

In contrast to the expectations within a manufacturenterprise, the calculation identified
deliveries as the main contributor to greenhousepgdlution, followed by the energy directly
consumed for operations processes. The overalupesiemissions amount is 18.683 tonnes of
COs-equivalents over the one year of the investigatibo use these results as a strategic
management tool, the methods of operational graseh@as management is exemplified.
Furthermore, possible methods to reduce the an@@D,-equivalent emissions are developed
to save energy through modifying employee behayigwesting in renewable energy and
renewals on the shop floor, or developing stratemgéated to how deliveries can be handled in a
more efficient manner.

In summary, carbon footprint calculations are afulsmol to identify internal potential for
improvement in order to take actions in the appaterfields of operations. Because the system
boundaries and the assumptions of a carbon foogmeénot globally fixed, applying this study’s
findings to other companies is currently not pdssitn order to ensure truthful statements,
especially if payments on emissions arise, furth@ndards must be published.
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Introduction

1. Introduction

Climate protection and adaptation to the conseqgené climate change are not only social,
economic, and technological challenges of the pteday but also of the future. Therefore,
identifying options for action is essential (Mahaaun2009, p. 10).

In recent years, climate change has gained impmgtamong governments and new policies have
been set, and thus, the identification and accugatmtification of GHGs have become key
challenges. Corporate actions, such as quantifgiegnhouse gas (GHG) emissions, are an
opportunity for companies to identify or reduceksisdetermine competitive advantages, and
create good business sense. New market-basediveseate provided to reduce emissions, and
guide economic growth along a low-carbon route. famies must consider such policies
concerning future investmen(®RI; WBCSD, 2011, p. 3)

Since the industrial revolution, the energy reqiiifier economic growth increased rapidly, and
furthermore, human activities increasingly affectieel natural balance on earth. The industry is
identified as one of the main contributors to clienahange and causes 21% of the emissions.
Additionally other sectors such as electricity proiibn and the transport are directly linked to
industry and covers in total more 59% of the tatiaount of GHGs. With an increase in the
environmental performance of the industry, alsodtieer sectors profit from this. (IPPC, 2015,
p.88)

Along with awareness for sustainable managemefffereint methods for climate-friendly
business models have been established by varigtitutrons. Common standards and norms
guide companies in the right direction, but thenidfiecation and implementation of the correct
ones are a complicated process with a great vasfatgriables and assumptions to be estimated.
This thesis exemplifies some of these methods mehtompany located in Austria.

1.1.0bjectives

The general objective of this thesis is to deteavdnd visualise the current situation regarding
the environmental impact of Pankl. This impactrialgsed through accounting GHGs, which are
then translated into carbon dioxide equivalents X€qu) to make them comparable. This
accounting is executed in the form of a carbongont calculation; therefore, an appropriate
calculation model has to be chosen and a scopeidndily adjusted for the company under
investigation has to be selected. Based on thétsespportunities for actions are identified and
strategies ensured to enable a sustainable futmwaeded out with a critical reflection of the
company’s activities.
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1.2.Initial Situation

The object of investigation is the company Pankisitering all locations in Austria. Based on
the company structure, five different environmemt@nagement departments exist, as a result
the implementation of new standards is difficulddiionally, uniform data maintenance, data
structure and central data management are not.gilenbase foundation of consideration is an
implemented and certified environmental managersygsiem within the observed company (ISO
14001:2015). The most essential data to fulfil tbéestification are already collected and
visualised in Microsoft Excel sheets, and thisukes primary energy sources. Taking a closer
look to these sheets the method of data collectign for transportations or the nmumber of used
materials, are different from division to divisi@md also not well elaborated. This leads to
falsification of the results and a misinterpretatiof the environmental performance. A
fundamental method of ensuring the success of 8@ [14001:2015 is the continuous
improvement process, which includes a critical-sefliection. This critical self-reflection is based
on a mere presumption linked to the fact that nammgful data are available, which can be
considered cause for thought and the first stepisfthesis. For effective management, essential
statements must be verified with proven data asgdb@n this information the carbon footprint
calculation should deliver the necessary evidence.

1.3.Method

The first milestone of the thesis is intensiveratere research, to identify feasible options lfer t
method of GHG accounting. The objects and requintsnef different standards for the carbon
footprint calculation are compared and rated agaash other. Based on the selected standard,
the necessary data is identified. The sources tsagknerate the data are on the one hand
company’s internal data, which are collected froasi®@ management or electricity invoices and
readings of actual accounts, or rather other rescatoh the other hand, for data that are not
available, not documented at present, or cannotstarced from business partners, a
representative survey is employed to generate ledyd about the individual transport of
employees. For the logistical execution of the syran external company is responsible for, the
guantitative formulated questions by using multigteice or simple numerical responses are sent
to 1036 participants.

Additionally, for the selection of fitting C&equivalents to the generated data, the literature,
manufacturer specifications and information frongamred external cooperation partners are
conducted.

Based on the calculated results, the recommendationl strategies for influencing carbon
footprints positively require second literaturee@sh. Within these steps concrete suggestions
for the leading producers on GHG can work out.



Introduction

1.4 .Structure

Bearing the objectives, the initial situation ahd method in mind, the thesis is divided into two
main parts.

Theoretical Part (Chapter 2, 3, and 4):

The theoretical part provides the foundation foaatious approach based on a literature review.
First, the current global situation is elucidated dlarify the relevance and elementary
environmental processes. Relevant terms are definedsure a common understanding of the
topic. The thesis continues with different envir@mtal agreements, norms, and standards, which
are essential approaches for achieving the obgsctifurthermore, the various methods of
calculating carbon footprints are exemplified anesented.

Practical Part (Chapter 5, 6, and 7):

The practical part transforms the generated thieatéhformation into actions. The first target
of the thesis is to identify the current situatafrthe investigated company, analyse the flow of
data, and understand the existing environmentalagement system. Based on the generated
facts and knowledge gained from the literature, itfddvidual right model of calculation is
identified for the company under observation. katlext step, the system boundary is determined
and the necessary assumptions are set. With tieeddfamework and data generated through
internal notes, external partners, and an emplsyeey, the calculation can be finally executed.
The overall result, which demonstrates the enviremiad impact of the company by means of
CQO; equivalents, is visualised graphically. The lagalgis to identify strategies on how an
enterprise can positively influence its carbon foimit and how the calculation can be used as a
strategic tool.
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2. State of the Art

The term ‘climate change’ is defined accordingRBC (2013, p. 1450) & change in the state

of the climate that can be identified (e.g., byngsitatistical tests) by changes in the mean and/or
the variability of its properties, and that persidor an extended period, typically decades or

longer. Climate change may be due to natural irdeprocesses or external forcings such as

modulations of the solar cycles, volcanic eruptiand persistent anthropogenic changes in the
composition of the atmosphere or in land use.’

The climate system within the changes are happeanegdivided into different categories. IPCC
(2015, p. 121) defines the following componentsa@timate system:

» the atmosphere

« the hydrosphere (oceans and other water bodies)
e the cryosphere (ice and snow)

» the lithosphere (land surface)

« the biosphere (living things)

Humans influence the climate system; starting ftbenindustrial revolution to the present-day,
changes in human and natural systems are visible. r®ason for climate change is that the
climate system is not in balance anymore; the gthmr® and oceans have warmed and huge
amounts of snow and ice have melted, which hawladise in the global sea level and numerous
heavy weather events. Climate change does notaonplify existing risks but also creates new
and possibly unbearable risks. To underline thereaos impact of human activities on climate
change during the last century, the following figgiare presented. (IPCC, 2015, p. 2 ff.)

Figure 1 visualises how earth’s surface temperdtasestatically risen over the last three decades,
and that currently is the warmest period of the 1490 years in the Northern Hemisphere. From
1880 to 2012, a globally averaged temperature asereof land and oceans has resulted in a
surplus of 0.85°C. (IPCC, 2015, p. 2 ff.)
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Figure 1: Globally averaged combined land and oceasurface temperature (according to IPCC, 2015, p.)3
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Additionally, Figure 2 plots the average increassea levels caused by Greenland and Antarctic
ice sheets losing mass, glaciers shrinking, andggnow cover decreasing. Over a century, the
global mean sea level rose by 0.19 m, which is nilba@ the total rise in the previous two
millennia. (IPCC, 2015, p. 2 ff.)
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Figure 2: Globally averaged sea level change (acating to IPCC, 2015, p. 3)
In sum, climate change has affected life on eadntfust 100 to 120 years, humans have caused

irreversible damage to the environment. Therefargreortant aim is to limit further increases in
global warming and rising sea levels.
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2.1.Greenhouse Gases (GHGSs)

Global warming and increasing sea levels accomplamyising concentration of GHGs. GHGs
are gaseous components in the atmosphere thatcanraturally or anthropogenically and have
a direct influence on the greenhouse effect (seose2.2). Anthropogenic GHG emissions are
mainly caused by economic and population growth Ik increased steadily ever since the
preindustrial era. These gases, in combinationelithds and aerosols, absorb and emit terrestrial
radiation that is given off by the Earth’s surfameatmosphere. This leads to a heat-trapping
effect, which makes the Earth’s surface habitalole Humans, other living creatures, and
vegetation. (IPPC, 2013, p. 1455)

Table 1 lists the most important GHGs accordingh® Kyoto Protocol (see subsection 2.3.1),
considering their lifetimes in the atmosphere dairtglobal warming potential (GWP). GWP is
used as an index for measuring the radiative fofesunit mass of a given substance accumulated
over a chosen time horizon, compared with a referesubstance (carbon dioxide). It estimates
the combined effect of substances’ residence tmtheé atmosphere and their effectiveness at
causing radiative forcing. (IPCC, 2015, p. 124)

The first five greenhouse gases@]CQ, N2O, CH,, and Q) are defined as primary GHGs in
the atmosphere, and they can occur naturally alsaseinthropogenically. By contrast, the last
four (Sk, HFCs, PFCs, and Nfare only human-made GHGs (IPPC, et al., 2013448 ff.)

GHG Descriptions GWP100 Lifetime
(years)

Water vapour (H20)

Water vapour is recognised as one an essentiabh@HGs,
but it is not part of the Kyoto Protocol. It origites from
central parts of the water cycle (e.g., oceang@nedion, and - -
precipitation). HO has no direct impact, yet acts as a type of
feedback for the climate.

Carbon dioxide (COy)
COzis the primary greenhouse gas and accounts for &%
the greenhouse effect produced by humans. It camiroc
naturally, such as through volcanic eruptions, and
anthropogenically through burning fossil fuels, damsage
and several industrial processes. It is an odarksd
colourless gas.

1 120
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GHG Descriptions GWP100 Lifetime
(years)

Nitrous oxide (NO)
This is emitted into the atmosphere by nitrogerfeudisers
and factory farming. The concentration within th@asphere

. . ) . o 265 114
is low in comparison with other gases, but the ictpa

higher. It is a colourless gas with a sweetish mel

Methane (CHa)

Methane is one of the most significant natural GHiGss

produced through animal husbandry and agricultaseyell 28 9.15

as by landfill sites and wastewater treatment plahis also
an odourless and colourless gas, but highly flankenab

Ozone (Q)

Ozone has different origins; in the troposphers,steated by
photochemical and natural reactions caused by swingreas
in the stratosphere it is a product of the intéoacbetween 2000
ultraviolet radiation and molecular oxygen. Consadly,
ozone can only be affected indirectly by humans.

Sulphur hexafluoride (SFs)
This is an inorganic chemical compound of sulphod @
fluorine, mainly used in the electrical industry dams
insulation gas, such as for soundproof windows.the GHG
that has the worst impact on the environment.

23,500 3200

Hydrofluorocarbons (HFCs)

These are organic compounds between hydrogen abdrcq
They are used as cooling agents as well as propellaspray] 124-14,800 0.3-270
cans.

)

Perfluorocarbons (PFCs)
These are used for the production of aluminium @and
semiconductors, as well as being extinguishing &sgen fire | 7390-12,200 | 2600-50,000
protection.

Nitrogen trichloride (NF 3)

This consists of ammonia and fluorine and is foomainly in
the electronics industry in the production of lidjuwrystal 16,100 740
displays and solar plants.

Table 1: Greenhouse gases (according to Nunez, 20E&cessed on: 24.04.2019; Umweltbundesamt, 2016,
accessed on: 25.04.2019)
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Presently, the concentration of GHGs in the atmesphas reached the highest point in the last
800,000 years (Nunez, 2019, accessed on: 24.04.2Bifure 3 illustrates the annual GHG
emissions during 197@010; an enormous rise can be identified betwe®0 28d 2010. During
this decade there is an annual increase of 2.28@, seduction is the aspired-to goal. The right-
hand side of Figure 3 shows the same calculati@®i® with CG-equ altered to the actual fifth
assessment report. A change ofQu values through the actual assessment repas e a
change in the total amount of GHG emissions frorto2 Gt. This demonstrates that the correct
assumptions of C£equ have a considerable influence on the ovegalllt of GHG emissions.
(IPCC, 2015, p. 5)

+2.2%yr
2000-2010 52 Gt
96t 22%0a
- +1.3%lyr ?1 0% 5.0% i I

5

27 Gt

~N
o
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€O, Fossll fudl and
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=

65% 62%

-
o

0 v v . .
1970 1975 1980 1985 1990 1995 2000 2005 2010 2010
Year (GWP, , ARS)

Figure 3: Total annual anthropogenic GHG emissionsaccording to IPCC, 2015, p. 5)

GHG emissions can be divided into various sectbes tause them. For a meaningful
interpretation Figure 4, bear in mind that diffdréme horizons can affect the result. This is
because short-lived agents such as €kiry another weight compared with long-lived dgen
and require earlier or rather more stringent, @datement. Figure 4 presents the percentage
values of the contributors of produced GHGs im@ethorizon of 100 years. (IPCC, 2015, p. 88)

The industry sector is the second largest conwibist GHGs, and therefore, offers the highest
potential for enhancement. Considering that if thdustry improves its environmental
performance in the sense of resource input, enesgge, or logistics, other sectors also
automatically gain additional benefits becauseetketricity, heat production, and transportation
sectors are directly connected to the industryosect
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Figure 4: Contributing sectors (own illustration according to IPCC, 2015, p. 88)

In brief, both anthropogenic and natural GHGs canidentified as the main reason for the
changes in the climate system. These gases can thcough various human actions, e.g. the
burning of fuel, agriculture or effects in naturey.evolcanic eruptions. For a meaningful
comparison between gases, GWP and lifetime intiinesphere must be considered. The same
applies to reflect the total amount of GHG emissiand contributing sectors.
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2.2.Greenhouse Effect

The greenhouse effect, which is caused by the imgppf heat through GHGSs, can be divided
into the natural greenhouse effect (subsectiorllp&nd the anthropogenic greenhouse effect
(subsection 2.2.2). The history and definition lois teffect date back to the year 1824. The
mathematician Joseph Fourier was the first persatemonstrate that the temperature on Earth
would be much colder without an atmosphere. Maae ff0 years later in 1896, Swedish scientist
Svante Arrhenius set global warming in referenaearbon dioxide. James E. Hansen proved this
theory and presented his results almost a cenatey. INowadays the term greenhouse effect
stands for a complex system driven by GHG conctotrawhich is not only responsible for the
increasing average temperature but also for extnaether events, rising seas, and shifting
wildlife population. (Nunez, 2019, accessed on024019)

Figure 5 illustrates a schematic of the greenhetfeet, which is explained in more detail in the
following subsections.

Long-wave radiant
energy from the Earth

9.4 eenhouse Ga
Reflected ' _ GF Ses

& Absorbed
<

Reaches S

the surface 85.9 % :
Radiated back
to the surface

Figure 5: Greenhouse gases (according to Prairie i@late Centre, 2018, accessed on: 26.03.2019)

2.2.1. Natural Greenhouse Effect

The natural greenhouse effect is responsible tdrajimean temperature rises fret8 to +14C,

without this effect, life on Earth would not be pitde. This is possible because one specific
characteristic of the Earth’'s atmosphere is thatdtks as a greenhouse, or in other words, a
glasshouse. This phenomenon occurs because dfiys&al characteristic that short wave solar
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radiation can reach the Earth’s surface unhinderedontrast to longwave radiation (infrared
radiation), which is absorbed. (Malberg, 2007,30 B)

Solar radiation is radiation emitted by the surt #raters the Earth’s atmosphere. It consists of
visible light, ultraviolet light, and radiation \kita wavelength between 0.73 and 4.0 pum.
Longwave radiation occurs from the warmed eartfaser both solid and liquid. One part of the
heat goes into space in the form of infrared ramhatwhereas the other returns to earth as
atmospheric counter radiation. The amount of redthermal radiation depends on the density
of the atmosphere; the more GHGs there are, thHeehithe density. On the other side, solar
radiation is reflected by GHGs and cannot reaclictdmth, heating up space. (Ranke, 2019, p. 30)
The gases that produce the natural greenhousé afte}O, CQ, low-lying Oz, CHs, and NQ
(Malberg, 2007, p. 320 1.).

2.2.2. Anthropogenic Greenhouse Effect

Additionally, to the natural greenhouse effect, #m@hropogenic greenhouse effect occurs
through harmful activities of humans because miimeate-relevant trace gases are set free. These
gases are enforced natural GHGs as well as newsoicesas S§- HFCs, or PFCs. This causes a
change in the energy and radiation balance, ragulti more radiation being absorbed. An
increase in the Earth’s surface temperature apd$ghere heat are consequences in response to
these external forces. (IPPC, et al., 2013, p. 1458 equivalent climate impact of gases also
depends on their residence time in the atmosptérieh for anthropogenic gases is many times
higher than for natural gases (Ranke, 2019, p. 42).

Ranke (2019, p. 42) asserted that there are five reasons for anthropogenic climate change:

* increase in GHGs

» deforestation of the rainforest

e urbanisation

« factory farming and intensive use of fertilisers

e excavation of raw materials for technical productio

In sum, the natural greenhouse effect enablesolifeearth, but through human activities the
anthropogenic greenhouse effect occurs, whichsigamsible for global warming. Therefore the
goal of environmental protection is to reduce thi#hepogenic greenhouse to a natural level.

11
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2.3.Legislation

Countries worldwide have acknowledged the probléthe® changing climate and implemented
programmes to avoid harmful effects on the climsystem. The most critical international
climate protection agreement is called the Unitedidths Framework Convention on Climate
Change (UNFCCC), which was founded in 1992 at theltVSummit in Rio de Janeiro. Until
today, 195 countries ratified this framework, whaffers the possibility to work together for the
aim of limiting the temperature rise and prohilgtifurther climate change. The council is
responsible for two issues: the Kyoto Protocol HreParis Agreement, which are explained in
the following two subsections. (European Coundill&, accessed on: 18.04.2019)

2.3.1. Kyoto Protocol

The Kyoto Protocol is an international agreemanitdd to the UNFCCC, to set internationally
binding targets for reducing emissions. It was aeldmn December 11, 1997 in Kyoto, Japan
and entered into force on February 16, 2005. Timeddithe industrialised countries that ratified
it (named in appendix B of the Protocol) is to reelGHG emissions in total by 5.2% from 2008
to 2012 compared with the emissions of 1990. Tintoeol defined six GHG gases as the main
root cause of the global change in climate:,COHs;, N,O, HFCs, PFCs, and §FDetailed
information about these gases and their GWP axitled in section 2.1. The agreed contribution
of the individual industrialised countries dependgheir level of economic development, which
means that developing countries are not consideféd next milestone was the Doha
Amendment to the Kyoto Protocol on December 8, 20iizre new commitments are set, and a
seventh GHG was added, namely nitrogen trifluofidgs). (UNFCCC, 2019a, accessed on:
24.03.2019)

The Kyoto Protocol commits the countries to reasiydts primarily through national measures,
but also offers three mechanisms to meet the wigetase of nonconformance. These are
optional methods intended to help members reacin grescribed reductions on paper and
prevent nonconformance against the Kyoto ProtoCioése flexible mechanisms according to
UNFCCC (2019a, accessed on: 24.03.2019) are:

i. International emission trading

Emission trading allows countries that have ‘emigsicapacity’ left to sell it to other countries.
The aim is to enable them to meet their set targgdgbon can be traded like other goods, and
thus this market is known as the ‘carbon market'.

i.  Clean development mechanism (CDM)

The Kyoto Protocol set no limits on GHG emissiamsiéveloping countries; however, the sum
of emissions is spread over the whole atmosphéie miechanism allows industrialised members
of the Kyoto Protocol to implement an emission-i@in project in developing countries to earn

12
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saleable certified emission-reduction credits (ER@&ich can be used to meet the set Kyoto
targets in the country of origin.

iii.  Joint implementation (JI)

This mechanism allows members of the Kyoto Proteze@arn emission reduction units (ERUS)
for implementing an emission-reduction projectmoier country that is a member of the Kyoto
Protocol. It follows the same principle as the Civthat the ERUs can be used to fulfil the
targets in the country of origin.

These mechanisms are flexible and cost-efficierthats of reaching the targets, but with the
addition that they must be monitored and documeptedisely (UNFCCC, 2019a, accessed on:
2019).

Nevertheless, one of the most significant disachgeg of the Kyoto Protocol is that only
industrialised countries are part of this agreem#ém maximum rate of increase in GHG
emissions results from developing countries. (Bsnuristerium fir Nachhaltigkeit und
Tourismus, 2019, accessed on: 24.03.2019)

2.3.2. Paris Agreement

The Paris agreement is a landmark agreement toatoctitnate change, not only to accelerate
but also to intensify the required actions and $tivents for a sustainable low-carbon future. It
is also linked to the UNFCCC, with the overall go&imaintaining the global temperature rise
below 2C compared with preindustrial times, while simultamglg pursuing efforts to limit the
increase to B°C. This agreement is the successor of the KyotooBobtand came into force on
November 4, 2016; until 2019, 185 parties havdiedtithe convention. As a first approach, the
Paris agreement places the responsibility for ¢inmotection on all nations, with additional
attention to assisting developing countries tooiwlthese methods. (UNFCCC, 2019b, accssed
on: 24.03.2019)

To achieve the overall goal, key aspects are défim¢he agreement. One of them is to reach the
peak of GHG emissions as soon as possible anddramto climate neutrality in the second half
of this century. Furthermore, all parties must presand implement Nationally-Determined
Contributions (NDC) to reduce emissions every figears, with the aim of continuous
improvement. Another point is to adopt plans frqmaafic changes because of climate change
and support developing countries with capacity ding, technology transfer, and financing.
(Bundesministerium fiur Nachhaltigkeit und Tourism@2€19, accessed on: 24.03.2019) An
additional crucial point of the agreement is tomtain transparency of actions and the framework
high. Furthermore, it is used to increase an untaleding by means of actions regarding how to

13
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handle losses and damages caused by climate chacigding extreme weather events and rising
sea levels. Moreover, education, training, andipwdzcess to information about climate change
are enhanced under the Paris Agreement. (UNFCCI®2@&ccessed on: 24.03.2019)

In sum, the selected goals are ambitious and atlieaable with strong commitment from all
ratified countries. However, with the implementatmf flexible mechanisms, a potential path is
paved for reaching the goals. A disadvantage istltieawording of the agreements’ aims is too
vague and not all countries are obliged to mairitaénglobal temperature rise belodC2
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3. Environmental Management Systems

To cover the legislation, specifications and regients signed by a country must be realised
from many contributing parties. For one thing bgiuiduals (e.g., individual road-traffic), but as
already described in Figure 4 (section 2.1), almaost-quarter of emissions is directly caused by
industrial activities, and another quarter is iadity affected through activities caused by the
industry. Therefore, companies must contribute iye&w the success of and compliance with
agreed targets. One possibility to steer compaimiethe right direction is to implement an
environmental management system that offers a fsamefor acting in an environmentally
friendly manner.

An effective environmental management system esstirat the legal situation and formal
requirements used for the protection of the envivent are observed. One of the central points
is the definition of the goals and strategy ofisgdion. For the implementation process, there are
two significant emission permits, namely ISO 14@01L5 and EMAS lII. (Hering & Schulz,
2018, p. 47)

For acting within this system, companies must el attention to sustainable entrepreneurial
acts to ensure a long lasting and clean future.félf®ving chapter deals with the definition of
the term sustainability and its influencing factaed provides detailed descriptions of the two
abovementioned emission permits.

3.1. Sustainability

The definition of sustainability is different frosource to source. One of the most popular
interpretations is that of Hardtke & Prehn (2001,58): ‘Humanity has the ability to make
development sustainable - to ensure that it méetaeeds of the present without compromising
the ability of future generations to meet their avaeds.

Referring to this description, three factors of taumable managemerteconomic,
environmental, and soctalmust be rated. The right balance of these pillanarantees
sustainable development, with this in mind Arn&ad7, p. 36) defined the factors as followed:

e Economic sustainability includes economic growth, economic competitiond am
efficient economic system. This means that withis pillar the economic success of the
company is of particular importance. Nonetheldss protection of economic resources
against exploitation is a significant subcomponent.

e Environmental sustainability is targeted at protecting the environment, preagnt

biodiversity, and reducing emissions for preserviature and the environment for future
generations.
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e Social sustainability aims to ensure a long-term liveable and futurerddd society
characterised by equal opportunities, human ridtgalth care, and education.

Various schematics are used to visualise the agraegt of these factors. The illustration and
approach used vary over time. Figure 6, Figurend, Rigure 8 demonstrate the most popular
methods, including a short description of eachblms occur in the practical usage of the
described methods because it is difficult to defit is equally, more, or less important. The
different motivations and requirements of the iested parties, as well as political, legal, cultura
and religious factors, influence the framework. Toaflict of objectives, short- and long-term

oriented, must be solved by companies. (Raschky, 2tcessed on: 18.04.2019)

I.  Three Pillars of Sustainability

One of the most popular representations is cahlledtiiree pillars of sustainability, where the
pillars are arranged parallel to each other. Adiiaatage of this approach is that one or two
pillars can be removed without the constructionlapes. Based on this, the required
relationships are not provided to ensure a releapstem.

A spatial modification would ensure the requirechrmection between the pillars; however,
applications with this method are unknown. (Kleig@Q9, p. 73 ff.)

SUSTAINABLE
DEVELOPMENT

SOCIAL
ECONOMIC
ENVIRONMENT

Figure 6: Three pillars of sustainability (own illustration according to Kleine, 2009, p. 75)

i. Triangular Model of Sustainable Development

According to an equilateral triangle, every piligon an equal footing, which means that no one
is allowed to be disadvantaged in the course ofltbaussion process (Kleine, 2009, p. 73 ff.). In

contrast to Figure 6, within the method of Figuri¢ i8 not possible to change the weighting of

the factors, and consequently, it is used morenadfteractice.
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ENVIRONMENT

SUSTAINABLE
DEVELOPMENT

SOCIAL ECONOMIC

Figure 7: Triangular model of sustainable developmetn(own illustration according to Kleine, 2009, p. 4)

iii. Integrative Sustainable Model

Environment, social, and economic factors are dgiraportant in case of strategic objectives;

the relationship between them is demonstratedgarEi8 using a Venn diagram. The dimensions
are connected with each other and the intersesghdorms the sustainable development. The
other overlaps are formed between social-econoemgironment—economic, and economic—
social. They offer potential for new approacheadéhke, 2015, accessed on: 18.04.2019)

¥

Figure 8: Integrative sustainable model (own illugation according to Raschke, 2015, accessed on:08.2019)

In sum, all models pursue the same strategy tsustainable. For a company it is difficult to
differentiate between the models within the pradticsage. The company Pankl tries to follow
the integrative sustainable model because thissoffore freedom for practical implementation.
Furthermore, a clear separation of the pillars virenment, social and economic — is often not
possible, which suggests the integrative sustagnataldel. In the end, a successful balancing of
the pillars is more important than to follow onesific mode.
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3.2.1SO 14001:2015

ISO (International Organization for Standardizalios a worldwide federation of national
standard institutions that develops and publishesnational standards. The documents include
requirements, specifications, guidelines, or chargtics for the optimal deployment of
materials, products, processes, and services. 18112015, developed in 1996, is an
established certification for environmental manageimsystems to act environmentally
consciously and sustainably. With an efficient emwvinental management system, the potential
is provided for reducing negative environmentalaicts and raising production efficiency. (TUV
AUSTRIA HOLDING AG , 2019, accessed on: 26.03.2019)

Additionally, it offers a framework for balancindhé three pillars of sustainability. The

environmental management system fulfils not onlg tenhancement of environmental

performance and fulfilment of compliance obligagdut also the achievement of environmental
objectives. (DIN Deutsches Institut fir Normung/e.2015, p. 14)

For a fruitful implementation, a commitment fronhlalvels and functions of the organisation are

essential. For long-term success, a continuousovemnent process based on a Plan-Do-Check-
Act (PDCA) concept is used. The steps within tlyide are defined as stated by DIN Deutsches
Institut fur Normung e. V. (2015, p. 23) as follaive

i.  Plan:
Every process must be planned before an implemente&n be performed; therefore, the status
quo must be analysed and objectives have to beufated.

ii. Do
In this phase, the implementation is conductedamed to reach the set goals.

iii. Check:
The results are reflected, the collected experieace analysed, and data are reported to ensure
traceability.

iv.  Act
The standardisation of successful implemented r&tigth satisfying results are part of this step.
Furthermore, the reflection of processes and itleation of options for following activities lead
to actions for continuous improvement.

Figure 9 presents a PCDA cycle, where it is cruoidetermine a system boundary. The boundary
considers not only external but also internal iss@s well as the needs and expectations of
interested parties. The aim is that the intendeidomoes of the environmental management
system meet the requirements. Crucial for the POi@éle is that the organisational units,
functions, and physical boundaries, as well avidies, products and services, must be defined
to ensure the applicability of the environmentahagement system. (DIN Deutsches Institut fir
Normung e. V., 2015, p. 23)
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Figure 9: PDCA cycle (own illustration according toDIN Deutsches Institut fir Normung e. V., 2015, p11)

The certification is governed by specific condigotihat include documentation or rather an
integration of the environmental management syséenwell as an existing register of all legal
obligations, and all authorised representativesiatermined. (TUV AUSTRIA HOLDING AG

, 2019, accessed on: 26.03.2019)
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3.3.EMAS Il

Developed in 1993, EMAS (Eco-Management and Audhe®ne) is a voluntary system for
companies and other organisations, which want irgtbe environmental performance. This
method is possible for all member states of theofean Union. All member states have to
prepare an environmental statement, a presentatitite company’s environmental policy and
environment programme. Furthermore, the environaténtpact of the company is evaluated,
and goals for improving environmental protectioa stated. (Umweltbundesamt, 2019, accessed
on: 23.03.2019)

Generally, the aims of EMAS Il are the same as 189001:2015; it only uses other approaches
to reach them. However, the following goals shdauddreached using EMAS Il according to
Bayrisches Landesamt fur Umwelt (2018, p. 3):

» continuous improvement of environmental aspects

e including employees in the process

» internal and external communication about enviromiadeprotection
e identifying emergency plans

wnterne

Environmental programm
(goals and actions)

environmental policy Development of an
(zmdlines and cperatiomnal environmental
principle) mangagement system

\gu—
=3

ves
— —_
*

IMPLEMENTATION PHASE

VALIDATION PHASE

externs

Figure 10: EMAS (own illustration according to Holze, 2004, p. 266)
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As it is presented in Figure 10 the system congétevo different phases. The first is the
implementation phase, which is part of a continuoyzovement process and the company is
internally responsible for it. The second is thdidagion phase, wherein the environmental

performance is checked. After passing the valigattbe company is registered in the list of
EMAS.
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3.4.General Information about ISO 14001 and EMAS

For analysing the status quo of the audited compdingct and indirect environmental aspects
must be defined, the most crucial of which areetisin Table 2. Furthermore, the legal basis
concerning environmental issues must be proofeccangpany internal responsibilities must be
set.

Direct environmental aspects Indirect environmental aspects

» Usage of resources, raw materials, and| « Product- or process-related emissions.
energy. » Environmental performance of

» Emissions through production, wasted suppliers.
water, and waste. * Capital investments.

» Traffic based on deliveries. » Technology standards in foreign

* Environmental impacts based on markets.
emergency scenarios. * Assessments from a competent

* Land usage of the company. authority.

Table 2: Direct and indirect environmental aspectsdwn illustration according to Bayrisches Landesamtur
Umwelt, 2018, p. 4)

As mentioned in Figure 9 as well as in Figure h@,environmental and process objectives must
be specified. This includes a definition of the iemvmental policy with guidelines, principles,
and overall goals, as well as the environmentabnamme with concrete short-term goals
formulated.

The environmental statement includes the followiogre indicators for environmental
performance referencing to Bayrisches Landesamtfinvelt (2018, p. 4 ff.):

« Energy efficiency: annual usage of energy with pasate marking of renewable
energy sources

* Material efficiency: annual mass flux of individuahterials

* Water: annual water usage

« Waste: annual waste generation, differentiatedhatonful and harmless

* Biological diversity: land usage

« Emissions: annual emissions considering greenhgases and others

Table 3 provides a short overview of the main défees between ISO 14001:2015 and EMAS
Il to visualise the presented information. As angl rule, parties certificated with EMAS
automatically fulfil the ISO standard.
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ISO 14001:2015 EMAS Il

Worldwide Europe-wide

Legal status Norm, private commercial Current EU law
agreements

Criteria * Anenvironmental statement ¢ The environmental statement
(recommended) (compulsory)
e Determining direct e Classification into direct and
environmental aspects indirect environmental aspects

Legal Called for an evaluation of Compliance with environmental
compliance compliance with environmental legal regulations necessary
legislation

Inspection Certification of the environmental Validation of the environmental
management system statement

Audit * Repeat audit every three years « Revalidation every three years
e Annual monitoring audit e Yearly examination of the
environmental statement

Table 3: Differences ISO14001/EMAS (own illustratioraccording to Stadt Graz Umweltamt, 2019, accessed:o
06.03.2019)

In general, both methods offer an ideal framewank dcting environmentally friendly. The
advantage of ISO 14001:2015 is its worldwide véfidange and the lesser bureaucratic effort,
whereas EMAS llI convinces with detailed considerabf the aspects and follows the current
law. The decision between the presented systenendspn the requirements of the company
and the industrial settlement of customers, oreratsuppliers.
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4. Carbon Footprint

This chapter deals with the definition of the tecarbon footprint, including the history and
various objects of reflection. It includes diffetanethods of calculation, the framework within
the calculation is implemented, and how the scém®sideration can be staked out.

4.1.Definition

As described in section 2.1, GHGs have differerdratteristics regarding their impact and
lifetimes. To ensure that the right values of impae used, C&equ values are used according
to the following definition of IPCC (2007, p. 36 GHGs differ in their warming influence
(radiative forcing) on the global climate systenedo their different radiative properties and
lifetimes in the atmosphere. These warming inflasrmmay be expressed through a common
metric based on the radiative forcing of €@ O-equ emission is the amount of £&nission
that would cause the same time-integrated radidfveing, over a given time horizon, as an
emitted amount of a long-lived GHG or a mixtureGHGs. The equivalent G@&mission is
obtained by multiplying the emission of a GHG kyGtobal Warming Potential (GWP) for the
given time horizon. For a mix of GHGs, it is obtdnby summing the equivalent £€nissions
of each gas. The equivalent &@nission is a standard and useful metric for cammgeemissions
of different GHGs but does not imply the same d¢knechange responses.’

Literature offers no uniform definition for carb@wotprint. Experts vary not only in their wording
but also in their scope of involvement. For thisdils, the most widely used terms and most exact
definitions are selected.

Historically, the nomenclature of carbon footprgtems from the concept of the ‘ecological
footprint’ of Wackernagel and Rees in the year 1984emonstrates how much biologically
productive land and sea is required to enable ithstyle of one person permanently. This
assumption is expressed as global hectares. Irtithés period, the calculation of the carbon
footprint also referred to the land area requieadsimilate the emitted GOOver time, the
carbon footprint disassociated from the ecologfoatprint and changes to a global warming
indicator. (Pandey, et al., 2010, p. 137) In subsatgyears, only C£&emissions were considered,
during which time a popular definition from Wiednme& Minx (2007, p. 4) was publishedfhe
carbon footprint is a measure of the exclusiveltataount of carbon dioxide emissions that are
directly and indirectly caused by an activity oriscumulated over the life stages of a product.’
Directly emitted emissions are caused by the psoEburning fuels, whereas indirect emissions
are generated by upstream or rather downstreanegses (Pandey, et al., 2010, p. 137). Later,
GHG emissions were included in the calculation,nfgans of translating them into €€qu
values (Wiedmann & Minx, 2007, p. 3). Based on,tMsithu (2016, p.131) mentioned a new
definition: a carbon footprint ighe quantity of GHGs expressed in terms ob-€Qu, emitted
into the atmosphere by an individual, organisatipmpcess, product, or event from within a
specified boundary
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Independent of its definition, the carbon footpgan always be divided into different sections
with other core areas of consideration. The mastial are the personal carbon footprint, the
product carbon footprint (PCF), and the corporatban footprint (CCF). They will be described
on the basis of their main characteristics.

i.  Personal Carbon Footprint

The personal carbon footprint considers the impdidhe individuum, it is divided into the
following segments as reported by Schachtele &IBI€P0O07, accessed on: 26.04.2019):

* Living (e.g., space heating, warm water, and ensagyces)
» Mobility (e.g., cars and air traffic)

e Nutrition

* Private consumption

* General usage

The values of the produced emissions depend osdbge of the balance sheet, which varies
within different frameworks (Schéchtele & Hertl®@, accessed on: 26.04.2019).

ii.  Product Carbon Footprint

The PCEF illustrates all GHGs that one product peeduin the course of its life phases. The
consideration starts with the raw material extm@gticontinues with the different stages of
production and the usage of the product by theooust, and is finalised with disposal and
recycling. In other words, a cradle-to-gate perpeds used, and as visualised in Figure 11, all
stages of the processes are passed. (BASF SE, &@¥%sed on: 28.03.2019)

The approach enables identification of the deriwttors that have the potential for

improvement. Furthermore, customers are increasingking at the environmental impact of a

product as a part of their purchase decision. (Bamgnisterium fir Umwelt, Naturschutz und

nukleare Sicherheit, 2016, accessed on: 26.04.201i8)eads to the exaptation that in the future
a competitive advantage can be gained by an emagatally friendly method of production.

Raw material Pre- . S Recycling /

Figure 11: PCF (own illustration according to BASFSE, 2019, accessed on: 28.03.2018)
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iii. Corporate Carbon Footprint

The CCF is used for the G®alance sheets of a company or organisation.dalsulated by
adding all GHGs that are produced directly or iedity by an organisation or company. As
opposed to the PCF, the CCF follows a gate-to-gatepective where only directly produced
emissions are compulsory for the calculation; seigment is marked in Figure 11 in dark grey.
The upstream and downstream processes are obligatmt vary according to the system
boundary, which is marked in Figure 11 in lightygréNertinger, 2014, p. 132)

el Bl
Lt | L |

Fakultative element of CCFY Obligatory- Fakultativeelementof CCF{
elementof CCHY

F

k4

Figure 12: CCF (own illustration according to BASFSE, 2019, accessed on: 28.03.2018)
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4.2.Calculation Models

Before starting the calculation, the level of detaiist be defined, as an in-depth understanding
of the contributing factors is essential. Theretfie Pareto principle can be applied. The Pareto
principle was named after its inventor, Vilfreda€ta, who discovered it in 1897 and associated
results with effort. The so-called ‘80-20 rule’ iodtes that 80% of the work causes 20% of
results, and 20% of the work determines 80% of risults. (Russel-Walling, 2011, p. 68)
Therefore it is clever to choose a strategic degfeabstraction to avoid an unmanageable
additional expense.

According to DFGE (2012, p. 4), an experienced afpercan reduce its effort significantly with
only a small loss of accuracy but with massive rsgwiin time and effort using a top-down
approach. The strategy is to concentrate on iteittsashuge impact, which are called sensitive
elements. According to an evaluation of total bedariurther items are compared, assessed, and
prioritised to sensitive elements. One advantagesofg this strategy is that a dynamic process
is possible, which is an implementation with suffit data accuracy. However, this type of
process requires much experience from the opetatguarantee that 80% of the emissions are
covered and no essential emission sources arengiasd ‘green washing’ or a misinterpretation
of the result is the consequence.

By contrast, the bottom-up approach only describeglata collected and processed at the local
level of a location; other partners are not pairthefconsideration. The greatest disadvantage of
this calculation method is that the data accurapedds on the responsible person and varies
over time. This method is predominantly used atdimallest local sites because of the huge
amount of work involved at larger locations. (Nitbs, 2015, accessed on: 30.04.2019)

The top-down and bottom-up approaches are visukilis€igure 13. The level of detail and the
level of effort are described within this figure.
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TopDown

Increasing level of detalil

<

BottomUp

By a TopDown-approach itis possible to
BottomUp allows to detect 90% of the harmful detect 80% of the effectively emitted
substances with 100% effort substances with only 20% of the effort

Figure 13: Bottom-up and top-down approaches ( aceding to DFGE, 2012, p. 4)

To ensure that the carbon footprint calculatiores @mparable, different norms and standards
have been published. The most accepted standardaltwlating the CCF are the Greenhouse
Gas Protocol and ISO 14064-1,-2-3 in combinatiothwsO 14044, whereas for the PCF, 1SO

14067 is primary used. The latter concept is n@ise®ed in detail in this thesis because the
practical part only deals with the CCF, based attie focus lies on the CCF.

The aforementioned standards overlap in most af plaets but vary significantly in its approach.
Nevertheless, all follow the same principles foe#fective GHG balance sheet. The most critical
characteristics according to Nertinger (2014, R)£3e:

» Relevance

e Completeness
» Consistency

* Accuracy

e Transparency

Considering these five aspects, the main differdmegveen the standards is that the GHG
Protocol explains how and why to do the GHG acdagnivhereas ISO 14064 establishes what
to do. (Wintergreen & Delaney, 2007, p. 1 ff.).
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4.2.1. Greenhouse Gas Protocol

The Greenhouse Gas Protocol is a multi-stakehglaienership of businesses, nongovernmental
organisation and governments. The internationabstad has the aim of reaching a low emissions
economy worldwide, and was developed in 1998 byWeld Resource Institute (WRI) and
World Business Council for Sustainable DevelopnféfB8CSD). It provides companies with the
possibility of identifying their emissions-relateidks and allows them to switch their focus to
relevant areas. (WRI; WBCSD, 2011, p. 3 ff.)

The GHGs observed from the GHG protocol are sin#ne gases defined in the Kyoto Protocol
(see subsection 2.3.1). For an effective and tamesp calculation, the GHG Protocol implements
three ‘scopes’ (scope 1, 2, and 3) to clarify direed indirect emissions. Direct emissions are
owned and controlled by the company itself, whenedsect emissions are related to others and
only occur through activities from its own compa8gtting a clear boundary where the included
operations are defined is a pivotal step in enguttimt two or more companies do not conduct
double accounting with the same emissions. (WRI,G8B, 2004, p. 25)

Figure 14 indicates the most important steps inctileulations of this method, divided into the
aforementioned scopes as well as into upstreandawdstream activities.

Scope 2 Scope 1
INDIRECT DIRECT
Scope 3 Scope 3
& JINDIRECT INDIRECT
& -
purchas ed _ L ==
goodsand -q #: transportation - .
il archased electricicy, sceam & - 9 ) et G e nvestmes I
(__t Ee;:in;&wu]ing forown use ! -ﬂ : E: i nts
leosed st company o m
Facilities
capital * f J J
goods !4 !..m franchises
employee processing of = i
Fuel and ommuking sold products 9 'n
energy related F& g [ — k .i
leased assets

use of sold
products

achivities S
'ﬂ"' Er el company
trarsportation vehicles
and distribution waste end-of-life

generated in treatment of
operations sold products

Upstream activites Reporting company Downstream activites

Figure 14: Overview of GHG Protocol scopes (accordg to WRI; WBCSD, 2011, p. 5)
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To enable a better understanding of the specibpes, the parts that belong to each scope are
described below in detail, and furthermore, theviddal methods of data generation are listed.
(WRI; WBCSD, 2004, p. 25 ff.; EnergieArgentur.NRR2Q19, accessed on: 30.04.2019; WRI;
WBCSD, 2011, p. 29)

Scope lis defined as direct GHG emissions that occur frommpany-owned or
controlled sources, and this includes the follownaegvities:

* Generation of electricity, heat, or steam
Data sources: Quantity used from primary energyurcas, delivery
documents, invoices, and meter readings

e Physical or chemical processing
Data sources: Estimating production data/quaaispmed and meter readings

« Transportation of materials, products, waste, angdleyees in company-owned or
controlled mobile combustion sources
Data sources: Amount of fuels, driven kilometreisyvoices, delivery
documents, fuel cards, and mileage status

« Fugitive emissions as a result of internal or exdkreleases
Data sources: Determination of leakages andirgfitjuantity

Scope 2considers indirect GHG emissions from the genematif purchased electricity
consumed by the company or controlled equipmenbaedations.

« Use of purchased electricity, steam heating oriogol
Data source: Amount of purchased goods, invoeed,meter readings

Scope 3is optional (in contrast to the others) and immats indirect GHG emissions
similar to scope 2. It is classified into upstreamissions, which include all activities for
gathering goods or services, and downstream emgssighich consider all events after
the production of good and services.

« Extraction and production of purchased materialg@yds (upstreaming process)
Data source: Amount of purchased goods, and iegoic

* Means of production and fixed assets (upstreamiaggss)
Data source: Amount can be requested in purchasmsssions can be

requested by manufacturer

e Deliveries (can be an upstreaming and a downstreppriocess)
Data source: Amount of fuels, driven kilometregyvaices, delivery
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documents, fuel cards, mileage status, weightjazfds, and
travel expense accounting

e Transport-related activities such as business ltrared individual transport
(upstreaming process)
Data source: Amount of fuels, driven kilometregyvaices, delivery
documents, fuel cards, mileage status, travepemse
accounting, and employee survey

* Leased assets, franchises, and outsourced adifdi®vnstreaming process)
Data source: invoices and leases

e« Use of sold products and services (downstreaming ocgss)
Data source: Amount of products sold, energy dem@amnasage, assumptions
about user behaviour, and durability of thedpici

e Waste disposal (downstreaming process)
Data source: Invoices, delivery documents, weighipunt of products sold
and their packaging, and assumptions aboutliagydisposal

The sum of all these aspects forms the total cafbotprint of a company. Separation into the
abovementioned scopes paves the way for plannitignacin the right area with the most
potential for improvement. In addition, a cleawstured framework offers the possibility for
making the results comparable.

4.2.2. I1SO 14044:2018

The 1SO, with the norm 14044:2018 ‘Environmental fdgement-Life cycle assessment -
Requirements and Guidelines’, provides a framearknproving environmental performance.

It allows interested parties to identify criticdlgses along the value chain of a product, process,
or service. It includes organisational aspectd) siscthe involvement of critical review processes,
as well as technical aspects of a project. (GrH26dr7, p. 98 ff.)
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Figure 15: Four stages of life cycle assessment ¢acding to Grésser, 2017, p. 99)

As visualised in Figure 15, the life cycle assessnaecording to ISO 14044:2018 is conducted
in four stages; the most critical characteristicev@ry stage are presented as follows:

The first stageis called Goal and Scope definition, where, ag th@me suggests, the
goal of the study is defined and system boundarieset. It can be executed as ‘Cradle-
to-Grave’ or ‘Cradle-to-Cradle’ version; howevar,reality it is a compromise between
feasibility and integrity. (Bretzke, 2014, p. 1¥F0rthermore, the functional unit is chosen
within this step; it is used to quantify the pradita production system and is classified
as a reference value for the input and output aealyfOberosterreichische Zukunfts
Akademie, 2014, p. 3).

The second stagéncludes the inventory analysis within all datattlross the system
boundary being collected. The inputs and outpute®bystem are presented in the form
of a balance sheet. This balance sheet includemhpthe used energy and raw materials
but also the emissions released into the atmospimetevater. (Grésser, 2017, p. 98 ff.)

The third stageis named Impact Assessment and works with thefdatathe inventory
analysis. Life Cycle Impact Assessment is the tginan to the data that are transformed
into impacts on various human and terrestrial estesys. One possibility for illustrating
this impact is the carbon footprint calculationt yeveral other methods exist to indicate
this, such as eutrophication, acidification, or fplcbemical ozone formation. (Grosser,
2017, p. 98 ff.)

The fourth and last stageis the interpretation and summarisation of theltesvith the
generated data from the three previous stagesodiceme of this stage is the input for
decision-making in an environmentally friendly manand leads to changes. Pollution-
intensive processes are figured out, and withtiterateps, solutions are implemented.
(Grosser, 2017, p. 98 ff.)
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4.2.3. I1SO 14064:2018

ISO 14064:2018 is responsible for definitions of tiequirements of an organisation’s GHG
inventory; this includes design, development, manant, reporting and verification. The norm
is split into three parts, each of which is relatednother technical focus. As stated in ISO (2018
p. VII) the parts are listed below:

i. Part 1is titled ‘Specification with guidance at the onggation level for quantification
and reporting of greenhouse gas emissions and edsioun this part the GHG
inventories of organisations or corporations atéected, consolidated, and quantified.

ii. Part 2 deals with ‘Specification with guidance at thejpob level for quantification and
reporting of greenhouse gas emissions and removaneements’ and includes the
requirements for planning, identifying, and selegtiGHG projects as well as the
abovementioned activities.

ii. Part 3 is named ‘Specification with guidance for the #@ation and verification of
greenhouse gas assertions’, in which the veriboadf a GHG statement is implemented.
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Figure 16: 1ISO 14064 (according to 1SO, 2018, acaesl on: 04.03.2019)

Wintergreen and Delaney (2007, p. 1 ff.) provideke key aspects for the successful analysis
of an organisation:

I.  Setting inventory boundaries
Two types of boundaries exist, namely organisatitwoandaries and operational boundaries.
Organisational boundaries define which facilitiee part of the organisation, and this can be
defined as control or as equity share. The comtpproach consists of financial or operational
policies through which the organisation have cdraker GHG emissions, whereas the equity
share approach comes from facilities with sometgdaterest. Operational boundaries clarify
which operational activities are included, indeprtdrom direct or indirect emissions.
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i.  Quantifying GHGs
In this step the collection of required data withhe system boundary is usual and the
identification of accurate emission factors is dofie identification of the necessary data is
performed with the same method as used by the Goeise Gas Protocol (see subsection 4.2.1).
The emissions are also summarised separately égt@ind indirect sources.

iii. Reporting GHGs
The report should include the boundaries and catiedlemissions as well as explain the inventory
components.

In sum, not only different variants of carbon faitps exist but also various methods of standards
for calculation. The most crucial factor that aletimods possess is the definition of system
boundaries and the level of abstraction. Only aralescription of the contributing factors enables
a transparent calculation and leads to sustainedess. In contrast, the decision on which

standard the calculation is based on, is not stialrhecause they mesh.
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5. Object of Investigation

As mentioned in the title of the thesis, a casdystinalysis of environmental impact is conducted
in cooperation with Pankl Racing Systems AG. Irs tbhapter, relevant facts and data for
calculating the carbon footprint of the investightmmpany are listed. Additionally, the actual
environmental management system is demonstratedf@nos the foundation for further
assumptions.

5.1.Company Description

Pankl Racing Systems AG has its headquater in Kapfg, Austria. It is a global acting company
that develops, maintains, and distributes in thi¢h field for dynamic components applied in
the worldwide niche markets of motor racing, luxatomobiles, and the aviation industry. The
goal of the company is to be the leading innovaithtin all its business units and corporate fields
when new products and materials are launched.uidirgy principles throughout all areas are
high tech, high speed, and high quality. (PankliRacSystems AG, 2019a, accessed on:
03.04.2019)

The traditional Austrian company has subsidiaratmns worldwide, including in the USA,
Germany, UK, Slovakia, and Japan. Together with tfamagement of Pankl, the object of
investigation for this thesis is limited strictly the Austrian plants. This restriction is absdiute
necessary on the basis of different legislatiorsidet of Austria, and because the currently
available data are more comprehensive and moreaeat Pankl’'s homebase. Based on this, all
presented data in Table 5 and the following catmnda include only data generated within
Austria. (Pankl Racing Systems AG, 2019a, accesse@3.04.2019)

Pankl was founded in 1985 by Gerold Pankl, andeculy, the company structure is split into
three main divisions: ‘Racing’, ‘Aerospace’, andgH Performance’. The division ‘Racing’ dates
from the founder of the company and is at presehdisided into ‘Engine’ and ‘Drivetrain’
applications. The ‘Aerospace’ division was impleteehin 1994 and the ‘High Performance’
sector has been successfully expanded over théelastears. The latter is also subdivided into
two sections, the eponymous ‘High Performance’ d&uaiging’ subdivisions. (Pankl Racing
Systems AG, 2019a, accessed on: 03.04.2019)

Figure 17 illustrates the above mentioned infororativith some examples of the individual
produced parts, but the subdivision ‘Forging’ i$ explicit mentioned.
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Figure 17: Pankl Divisional Organisation (according to Pankl Racing Systems AG, 2019a, accessed
on:03.04.2019)

A divisional organisation is characterised by theicture of the company being related to

products or divisions. This form of organisatiomaiy has a diversified product range, as is the
case with Pankl. The individual divisions are selponsible for business operations and only
underlie top management in strategic decisionifirhen, et al., 2018, p. 342) Table 4 compares
the advantages and disadvantages of this forngahosation to enable a common understanding.

Advantages Disadvantages

» Distinct responsibilities » Competition between divisions

» High flexibility » Duplication of activities and resources

* Managerial specialisation * High personal and management
» Easily recognisable product success requirements

« Discharge of top management » Short-term thinking can occur

Table 4: Divisional Organisation (according to Thommae, 2018, p. 342)

To comprehend the strategic position of the compBigure 18 provides an overview. Generally
speaking, different methods exist for companieaduieve a competitive advantage, which can
be separated using Porter’s generic strategieorditg to Porter, three main business strategies
exist: cost leadership, differentiation, and fodsst leadership is successful in having the lowest
prices in the target market, whereas differentmtiocuses on non-price sensitive, specific
customers’ needs, which often come in the forrmade or brands. The focus strategy gains an
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advantage through product innovation and speaiglisi selected market segments. (Goldman &
Nieuwenhuizen, 2006, p. 75 ff)

Transferring these strategies to the company Rarkiconsidering the abovementioned guiding
principles, it is unambiguous that Pankl is reaglarcompetitive advantage with its policy focus.
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Figure 18: Porter’s generic strategies (accordingat Wikipedia, 2019 modified, accessed on: 04.04.2019

As previously mentioned, environmentally friendlyoguction is gaining importance among
customers. This is why it is so important for tleenpany, especially with the chosen strategic
position, to develop a sustainable managementagdttknown as a green company.

After presenting the company’s main products amgwisational structure, Table 5 lists the hard
facts of the company. The data, which will be usedipcoming calculations, are divided into
the abovementioned divisions and generated fardlendar year 2018. A difference between the
sum of the divisions and total amount can occuwugh unclear allocations of the object. These
values are crucial not only for conveying the sitzéhe company but also as important reference
values for later in this thesis.
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Operating 61,379| 30,858| 12,982 15,523| 13,668 134,412
performance [Tsd€]

Number of working 662,968, 244,030 85,101 95,432| 69,144| 1,156,675

hours [h]

Number of 374 225 114 96 102 1036
employees[#]

Shop floor area 9,648 12,588| 9,206 4,267 2,940 38,649
[m?]

Table 5: Hard facts 2018 (according to company interal data; Pankl Racing Systems AG, 2019b, accessemut
03.04.2019)

As outlined in Table 5, the size of the individdalisions is varying significantly. Therefore a
separate consideration and assignment of impaittréais inevitable.

Next, Pankl is analysed regarding its structuratasgy, and business data. The following section
examine Pankl’s existing and approved managemeaigrsy

39



Object of Investigation

5.2.Environmental Management at Pankl

Pankl has its own environmental management teanevery division, this team is a part of
Pankl’'s quality management department. The compasyalready an implemeted environmental
management system, they are using ISO 14001:2@¥5sextion 3.2 ). The main advantage of
ISO 14001:2015 over EMAS (see section 3.3) isttietertification has a worldwide legal force,
whereas EMAS is only valid in Europe. Based onfétoe that Pankl has locations and customers
worldwide, this is a critical characteristic. Pretbg the environmental management system is
implemented successfully in the company and resameeessary support from top management
and other responsible employees.

As mentioned in the description of ISO 14001:2G16pntinuous improvement of the process is
essential. This thesis can be seen and used &t stee within this planned cycle. Although the

system is proven and works successfully, the ctusiuation causes operational problems for
the organisation. One significant disadvantageaisdling the enormous amount of data and
keeping it actual, which costs much extra effont fbe responsible team of employees.
Furthermore, and referring to subsection 5.1, @higllenging to implement one standard of data
maintenance and presentation of results throughibdivisions at Pankl.

Currently, the environmental management team wgrkmarily with two self-generated
Microsoft Excel files. These sheets are used asfdbadation for formulating the general
environmental targets for the upcoming quarters yéar.

The first Excel document is internally called ‘Umteeckpit’, which basically collects data from
other Excel sheets and presents the environmeatidrmance of each division. The collected
data, which are completed periodically at everyisitim, consist of: electricity, gas, stored
compressed air through the measurement of leakagese products, and metal recycling. At
some divisions, an inpubutput analysis of material has been started bsinbayet been rolled
out across the whole company throughout all divisicAn extract of this Excel file is shown in
the Appendix. The general problem with this dataeslis that the continuous data maintenance
is time-consuming and failures can occur becausm@fmany data sources and subsequent
duplicate datasets.

The second file is called ‘Umweltaspekte Matrixdaan example is provided in the Appendix
(page 8). It uses the risk priority number (RPN)aimodified manner to demonstrate which
operational part of the company has the most sagmif need for actions to reduce the
environmental impact. The RPN is not calculatedaaght in the literature, by Perry & Bacon
(2006; p. 263 ff.), of a failure mode and effeatsigsis (FMEA) with ratings of the following
three questions from-10:

* The likelihood that a failure occurs

e The likelihood that a failure will not be detected

« The amount of harm or damage the failure mode naasse to a person or item of
equipment
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RPN = Occurence * Detection * Severty < 1000

Equation 1: RPN (according to Perry & Bacon, 2006, p263 ff.)

In the style of the RPN mentioned in Equation hkPanodified the object of investigation. The
RPN of the ‘Umweltaspektematrix’ is calculated layimg every individual process following
aspects 44. The rating is not based on concrete values barsdlde processes, it is executed by
an experienced employee. The multiplication of ¢h&xctors results in the RPN of Pankl’s
environmental aspects.

« UPR: The number of resources that are used, dkddgiito energy sources and raw
materials

« UPE: The amount of emissions that are releasedviater, the atmosphere, and the
immediate surroundings

e UPA: The amount of waste produced

¢ UPBV: Whether binding commitments exist for theqass step

RPN = UPR * UPE « UPA * UPBV < 256

Equation 2: RPN— Environmental Management by Pankl (according to company internal data)

A single result greater than 100 leads to a clogasideration of the subject and forms the central
focus for the environmental target definition. Tgreblem with this methodological method is
that the rating is subjective without being baseddatasets and no meaningful comparison
throughout the divisions is possible.

The two presented Excel sheets form the initialagion of this thesis. The included datasets are
used for pursuing calculations, and the files angpkemented-or rather reorganisedin the
course of this thesis. In the end the abovementiggreblems should no longer be relevant.
Additionally, it is aimed at implementing the sufggent calculated footprint as a strategic tool in
the environmental management system.
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6. Calculation

This chapter deals with the calculation of the GEPankl. The structure is inspired by the life

cycle assessment of products, processes or seadcesding to ISO 14044:2018, but transferred
from the product level to company observations. ddresideration starts with the scope definition
and clarifies the essential assumptions for a gheasentation. Subsequently, the inventory
analysis, which represents the most critical makemd energy flows of the whole company, is
analysed. The central part of this chapter is dalitg the CCF, which is conducted using the
GHG Protocol. The decision not to use ISO 1406428based on the fact that the GHG Protocol
is the original source, whereas 1ISO 14064:2018 ngzbn the other. To fulfil the framework, the

interpretation of the results ends the chapter.

6.1.Scope Definition and Assumptions

The scope of the environmental impact analysisuohes all activities within Pankl as well as all
activities related to or controlled by the compahke following list provides an overview of
what is taken into consideration within the systbyn utilising the steps of the life cycle
assessment; general assumptions of the stagesesmtdoned. Furthermore it is a top-down
approach for data generation chosen, because amnezhin section 4.2, it is more time efficient
and the level of abstraction can be modified ithferr steps.

i.  Supply chain
Pankl is in most cases not responsible for thecBeteof suppliers and materials, predominant
regulations are prescribed by customers. Moredased on the niche market orientation, the
products or rather the materials must fulfil thghaist technical and quality-related standards. A
modification in the material selection is fundanardnd not possible without changing the
finished product’s characteristics. Therefore,gtpply chain is not part of the consideration.

i.  Delivery
Deliveries of raw materials or other goods from @igos to the company are in most cases
organised and controlled by Pankl's subsuppliessaAesult, they are not in the area of scope
and responsibility of Pankl, and thus are not idetliin the calculation.

iii. Manufacturing
The manufacturing process is not subdivided inthvidual products or single processes; the
whole company Pankl is seen as a so-called ‘blagk bnly subdivided into the aforementioned
divisions. This decision is made to generate amwiee about the whole company. Moreover,
the variety of products and processes does notiparonsideration of every individual, and for
an extrapolation with representative values theycts are too diverse.

To ensure that the majority of the influencing éastare still covered without creating senseless
guantity of data, only the three most used raw naseare part of the scope for every division.
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For auxiliary materials, lubricants, or oils andegs, only the main groups are mentioned and no
separate classification is used because otherwsevdriety would be too high. With these
adaptations, the most significant factors affecthmgresult are incorporated into the calculation

As mentioned in subsection 4.2.2, defining the umitrucial, and with this supposition the
comparableness between the mass flows can be ¢eedathis makes the analysis independent
of a specific product. As units for the input ofwanaterials, auxiliary materials, lubricants, or
oils and gases, as well as the outputs from finigh@ods, waste, or emissions are defined as
mass[t], whereas the functional unit for energyreesiis energy [KWh].

Some processes are outsourced from Pankl, butawifispdata about the production processes
are available for such external work. Moreover, tdoenpany has no supervision over their
external processes or environmental performanceretbre, it is not part of the scope.
Nevertheless, the transportation of goods to ad the partner company is part of the inspection
because this is under the responsibility of Pankl.

iv.  Delivery
As opposed to the delivery of raw materials, thatimshed goods from the company to the
customer are organised by Pankl. Because of thds dés also part of the impact analysis.

v.  Product use and end of life treatment/waste
The company has no information available abouttistomers’ product use because it produces
components for a product with a huge number ofviddial parts. Therefore, an assignment to
each single component is not possible. Furthernb@eause of the high-end clientele in different
market segments no data generation is possiblédmkl. Additionally the costumers have
partially a considerable degree of confidentiality.

As mentioned, no data are available about prodset and consequently no information exists
about the end-life treatment of Pankl products. Sifwation for the waste, which is generated
during the production processes, is different. €hergy sources used for end-life treatment of
the company’s internal waste are part of the camatibn. This is indeed part of the calculation
because the company can influence the producedrarobwaste and method of disposal.

As can be seen, the individual definition of thepeis a crucial step for enabling a transparent
further calculation. At this point, only the gereessumptions along the value chain are
mentioned, and necessary adoptions for the indaidategories are listed separately.
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6.2.Inventory Analysis

As explained in subsection 4.2.2, a vital step IO 14044:2018 is an inventory analysis. It is
used to generate an overview of the amount of sypotl outputs that cross the defined system
boundary. Figure 19 presents a schematic of alemahtand energy flows applied to Pankl,
illustrated as a ‘black box'.

Finished product
Raw Material >
* Raw material
* Oil / Lubricants
* Auxiliary material Waste
* Water >
Inventory « Material
Anal SiS * Oil / Lubricants
Eneray Yy . Waste wate
« Electricity icgi
 oons Emissions -
« Compressed Ai « Water e Dust i
* Air * Smell
* Noise * Waste

Figure 19: Inventory Analysis (own illustration)

The applied model represents the results of thenitory analysis in Table 7. For a meaningful
comparison between the amounts of inputs and aytpaine further assumptions must be set.

i.  The input data of raw materials and energy sowaade extracted from the purchasing
department using invoices, direct or indirect met¢adings, or other delivery documents,
whereas the output data for finished products ateasy to generate.

The first problem with data generation of the fivéid products is that only the weight of
the whole product is stored and no separation different materials is possible, or

integrated bought-in components are included is ¥hiue. The second problem is that
the waste is not sorted by a single material spation but is classified into waste

numbers and recyclable metals and not further cheriaed. Notwithstanding the weight

of the waste is known and can be extracted fromwiige invoices.

Based on this, the product weight is calculatechgqusad back calculation from the

generated waste and input material.

Finished products [t] = Raw Material [t] — Waste [t]

Equation 3: Weight of finished products
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This approach has one main disadvantage: the dléiaished products can only be
approximated, and the classification into singleéanals gets lost because of the missing
degree of detail from the waste data.

The approach shown in point (i) cannot be adopteddixiliary materials, oil/lubricants,
and gases because the waste products are dilutedvaier or consumed during the
process. Based on the variety of processes, thargrb clean or filtered water cannot
be completely tracked. Therefore, the contaminetatgr is deposed of as acid waste.

It is assumed that input process water is as almirataoutput water; losses through
evaporation or other manufacturing processes assified as negligible.

Table 7 includes only one part of emissions, naraglgollution. This value is comprised
of emissions directly produced by Pankl, which éeéned as Scope 1 of the Carbon
Footprint Calculation (see subsection 4.2.1). Tlemtioned emissions are anticipated
from subsection 6.3.1 and not further explainedhi point. Because no data are
available for the other forms of emissions, anrafitve approach has to be chosen.
Instead of data, significant questions about thesgions (noise, surface shaking, dust,
smell and waste heat) should provide an overviethisftopic. Another reason for this
procedure is that different locations of Pankl @anave different critical values. The
divisions located in Kapfenberg are part of an sidal area, where (for example) noise
and surface shaking are smaller problems compardgtuck an der Mur, where the
company is in a residential neighbourhood.

This study defined the following three questiongédplace the absolute values. These
question are answered for every emission categognkexpert within the company.

* Are there any complaints or incidents that aresaltef the emissions?
» Are there any preventative measures set?
* Does the company have a possible direct influendd® produced emissions?

A classification system where the categories afmel# in an explicit manner ensures
that the assessment is based on facts. The lionigatf this approach is that it cannot be
included in the inventory analysis because no &inghe form of functional units are
available.
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Aluminium 5 23 2 1817 131 1978
Steel 487 181 694 95 1457
Titan 112 3 1 4 120
Graphite 27 27
Copper 1 1
2‘:;2?38 1.2 0.3 81.1 82.7
flilb/ricants 32.9 9.3 16,6 0.3 2.0 61.1
Gases 63.5 0,2 268.8 1,4 0.1 334.0

Compressed

963,832| 104,450
ailr

Electricity 6,794,578 3,514,043 4,949,240

Gas 860,055 559,347| 26,6845

Table 6: Inventory Analysis — Input (according to canpany internal data)
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Recycling
Waste
materials

Table 7: Inventory Analysis - Output (according to ompany internal data)

Haven taken all these factors into account, thatsypnd outputs of the company Pankl are from
now on clear. The interpretation of the resultda@scribed in section 6.4.1, but the way for the
CCEF calculation is levelled.
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6.3.Carbon Footprint Calculation

The following subchapters demonstrate in detailcddeulation of the carbon footprint using the
Greenhouse Gas Protocol method (see subsectidn. 4 Be calculation is split into three scopes,
and the individual values are presented using $afilee units defined as tons [t] for emissions
remain unchanged, but the input units can varyumecaf different forms of data generation. All
used units and conversion factors are explicithntiomed in the tables to ensure transparent
calculations.

The CQ-equ values used for the calculation are predoniaecording to the GHG calculator of
Umweltbundesamt Austria (Umweltbundesamt, 201 7es&®ed on: 28.01.2019) or the web portal
ProBas, which is part of Umweltbundesamt Germanyidltbundesamt, 2015, accessed on:
28.01.2019). If another source is used, the apatepreference is mentioned separately. A
specific focus lies on the selection of the £Qu values on public sources so as to not be
influenced by the private industry.

6.3.1. Scope 1

As mentioned in the description of the GHG Protp&uope 1 is used to report the company-
owned or directly controlled sources. The followjprgparation of specifications must be done
to clarify the calculated values.

i. Gas
The data for the used gas can be extracted frommtb&es of the gas supplier. These values are
given in [KWh], but the calculation of Gequ is according to Umweltbundesamt (2017, acdesse
on: 28.01.2019) executed with burned volume [m3s&l on this, a recalculation must be
conducted. The conversion factor from energy [k\Witd volume [m?], suitable with the market
area ost, is the volumetric energy density witltoaversion ratio according to E-Control (2019,
accessed on: 04.08.218) bf,30 kWh/m3The values used for the calculation in Table 8 are
hence converted into [m3].

[KWh]

11,3

3

Equation 4: Conversion factor [kWh] into [m?] (according to E-Control, 2019, accessed on: 04.2019)

i. Company cars
Pankl has a carpool with 34 cars. The-@Qu are based on the manufacturer specificatibns o
the individual cars, and are given in passengeniettre (Pkm). In Table 8, the average of these
values is stated, but the calculation is execuiddtive exact values. Furthermore, the information
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about annually driven kilometres is gathered frbmleasing contract partner, which is based on
mileage status. The cars are available for the evboinpany and divisions. Therefore, a specific
assignment into divisions is not possible. Nevded® for generating an overall picture, a
separation is performed using the employee nunibeesach division (see Table 5).

Gas 2748[4] 209.15| 136.03| 64.89 843.02| 58.30| 1311.39
Carpool | 130,2[-] 70.04| 42.14| 21.35 17.98| 19.10| 170.61
Total 279.20| 178.16] 86.24|  861.00| 77.40| 1482.00
scope 1

Table 8: Scope 1 (according to company internal dafdJmweltbundesamt, 2017, accessed on: 28.01.2019)

6.3.2. Scope 2

The generation of purchased electricity is parsadpe 2, this includes for the consideration of
Pankl the used electricity and compressed air. iGiliat compressed air is part of the overall
used electricity, these values are subtracteddaalouble counting.

i.  Electricity
Electricity generation is conducted by the so-chlienergy generation Austria’. The specific
CO»-equ values therefore are used. The quantity offfaged electricity can be read from the
invoices of the electricity supplier.

ii. Compressed air
The used compressed air is considered separatetpltolate the additional environmental
impact. The amount of used electricity can be cedim the form of meter readings. The £0
equ value for compressed air is given in the liglmweltbundesamt, 2015) in units of [g/m3].
Therefore, Equation 4 has to be used to convertkivito [m3], because the meter readings of
compressed air are given in [kWh]. The mentionddeshave already been transferred into the
correct unit. Consider that declared ££9u for compressed air does not only include gexlu
electricity, but also the upstream chain and theraye use on lubricating oils. Therefore, is an
exact assignment to scope 2 not possible, bubgglisgation unnecessary complicate the overall
result.
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Compressed 75.3[4] 820.1 88.8 153.1| 38.0| 1362.2

air m?

Electricity | 248[-L]| 16850 871.4 1052.4| 358.6| 5195.0
Table 9: Scope 2 (according to company internal dafaUmweltbundesamt, 2017, accessed on: 28.01.2019;
Umweltbundesamt, 2015, accessed on 28.01.2019)

6.3.3. Scope 3

Because the system boundary only includes compeamga or self-controlled processes, not all
categories of scope 3 (named in subsection 4.2&lihaluded in the calculation. Additionally, it
is also not further subdivided into upstreaming do@nstreaming activities as mentioned in the
Greenhouse Gas Protocol because the system bownddingles most activities.

i.  Business trips

The data for business trips can be divided intogextions: business trips driven with company
cars and international business trips by air. Titet fype are part of scope 1 because driven
kilometres are included in the consideration of tbepany-owned cars, and at this point they
are not counted for a second time. For the secgmel the data generation is more complex.
Every employee who going on a business trip hasrtigr own frequent flyer programme (Pankl

uses ‘miles and more’) account. On this accouhtekdvant data are stored but only the individual
employee has access to it. That is why the condesmgployees are asked for their personal flight
data. As a result, the data of business trips atdully completed, but it is assumed that the

majority are covered following the 80/20 rule. Besa an exact assignment into divisions is not
possible within this method of data generationisiperformed according to the number of

employees.

Plane 416.8 158.0 95.0 48.1 40.5 43.1| 384.8

Table 10: Business trips (according to company interal data, Umweltbundesamt, 2018, accessed on:
28.01.2019)
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il. Individual transport

Data acquisition according to the individual modetransport of employees on their daily
commute to work is conducted using an employeeesurihis topic is added as an element of an
Austria-wide employee survey of Pankl conductethia 2018 to be used for the present thesis.
An external company called Medicon is responsibiethe execution of the survey, but the
precise questioning and evaluation is an integaetl @f this thesis.

For the generation of specific data about the agefael type of the private car, carpooling, and
means of transport, a quantitative formulation aéstions with multiple choice answers is
chosen, whereas the driving distance are an opestiqn with a simple, numeric response
possibility. The specific formulation of the questican be found in the Appendix (page 9).

The survey is sent to 1036 employees, of whichatéZadequately returned. Because the return
rate is approximately 45.5%, exploration of thetotumber of employees is permitted.

The question concerning the means of transporttegkin a percentage distribution (Figure 20).
As expected, the most significant mode of transigdte car which covers 92 %. of Only 14.63%
from the car users are driving a carpool togethéh wther employees regularly. In the
calculation, a worst case scenario is assumed hwh@ans that in one carpool there are only two
people. Furthermore, considering vacation, weekand, legal holidays, the total number of
working days is set to 227 in 2018.

Means of transport
2,43% _4,319%

0,75%

14,63%

mcar

® carpool

= motorcycle

® public transport
m bicycle / by foot

Figure 20: Means of transport (own illustration acording to company internal data)
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For a more useful overview, cars are divided iretygd and diesel engines and further into older
cars (built before 2009) and younger cars (buikra2009). This split is useful because a radical
change in C@equ values is mentioned in this period. The edeiva for Table 11 are generated
as the mean value for new licensed cars in the $ipams 2002009 and 2012016, they are
given in passenger-kilometre [Pkm]. (BundesminigtarNachhaltigkeit und Tourismus, 2018,
p.19f.)

petrol > 2009 17.80% 130.7| 4399.8| 1,997,510.7
Car petrol < 2009 13.98% 165.4| 3251.5| 1,476,179.8 1693.1
diesel > 2009 40.68% 133.9| 12,716.9] 5,773,462.2
diesel < 2009 27.33% 160.6| 5688.6| 2,582,621.4
Bus 52.51 908.1 412,258.1] 21.65
Motorcycle 77 128.3 58,233.8 4.5
Total individual transport 27,093.1 12,300,266.1 1719.2

Table 11: Individual transport (according to companyinternal data; Bundesministerium Nachhaltigkeit und
Tourismus, 2018, p. 19 f.)

iii. Waste

Pankl commissions the contracted company Saubeendoh waste disposal. The G@qu
emissions for this downstream process are spediallgulated for Pankl and utilises waste
numbers and their related weights. A detailed lieak of the calculation including the relevant
COx-equ values is provided in the Appendix. Generdhg, emission calculation is according to
the assumption of how much energy in [KWh] is reggiito destroy one ton of the specific
material. Saubermacher mentions that if wastead @ material or thermal recycling, the saved
energy input in comparison to raw material extracts calculated and can be seen as saved CO
equ.

Total waste 80.3 53.9 53.8 34.5 77.0 299.5

Table 12: Total waste (according to company internadlata)
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iv.  Delivery

The delivery aspect includes the transportatiotade and method from the company to the
customer as well as to the external services amrngtto the company. According to the
geographic location of the customer or businestearthe delivery is made by truck, train, or
plane. As a general policy, deliveries within CahtEurope are by truck, whereas overseas
exports are by plane. Transportation by ship ispossible because of the enormous time delay
between shipping and receiving goods at the custeme:

The value of C@equ is given in tonne-kilometre [Tkm], which medhat calculation considers
the weight of the sent products, but not everyvaeyi weighs exactly one ton. Furthermore, the
occupancy rate of the trucks is unknown, and thssification of the truck considers that age,
size, and technical data are unknown factors; hewdvis assumed that a mean value for heavy
international transports can be applied. Theretbeyalue is an approximation, because a closer
observation of logistical transport managementas expedient. Table 13 is divided into the
different means of transport to visualise their &tis.

Plane 531 4233.7 738.1 27.1 335.1| 5333.9
Truck 86.8 3704 71.4 14.4 2429.8 19.4| 2905.4
Train 5.5 1.1 1.1
Total delivery 4604.0 810.7 41.5 2429.8| 354.4| 8240.4

Table 13: Delivery (according to company internal dea; Umweltbundesamt, 2018, accessed on 28.01.2008p-

Institut e.V., 2011, accessed on: 23.04.2019)

The summarisation of all these aspects mentioraed foint (i.) to point (iv.) results in scope 3;
Table 13 provides an overview.

. ) 9
Business trips | [yl 158.0| 95.0 48.1 405| 43.1| 3848
N .

IEHMeIEL el 705.8| 4246 2151 181.2| 192.5| 1719.2
transport

Delivery -] | 46040 810.7| 415 2429.8| 354.4| 8240.4
Waste [t 80.3| 539/ 538 345| 77.0| 2995
Total scope 3 5548.0| 1384.2| 358.6| 2686.0| 667.0| 10643.9

Table 14: Scope 3 (according to company internal daj}
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Having considered all these factors, the overalF@ankl is calculated for the defined system
boundary. A modification in the range of considerated to a change in the results. The engaged
assumptions are only valid for the investigated many and cannot be generalised. A
visualisation and summary of the scopes are mesdiomsubsection 6.4.2.
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6.4.Interpretation

This chapter summarises the inventory analysiscanioon footprint calculation. The results are
visualised with different methodical approaches amihterpretation of the results rounds out the
calculation, as mentioned in the theory of thisihe

6.4.1. Interpretation - Inventory Analysis

With the data generated from the inventory analyie foundation for the carbon footprint
calculation is set. These data offers the possilidi calculate the material efficiency. To reach a
high material efficiency is not only a key envirogmtal aspect but also an important economic
factor. The formula for calculating the materidi@éncy is directly connected between material
input and output.

. o Output Finished Products
Material ef ficiency = Input Raw Materil * 100

Equation 5: Material efficiency (according to Engelfied, 2012, p. 20)

As Figure 21 shows, a high material efficiency &sxibut this consideration only examines the
production efficiency and does not incorporate ptigé savings in the design of the products.

material efficency
10006, 2761%  9621%  9479%  96,73%

87,17%

80% 78,23%
b -
60% -
40% -
20% -
0% -

\,%Q) & o & >

&
S S &
> S Na $

XD
&0

Figure 21: Material efficiency (own illustration according to company internal data)
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The material efficiency is in most divisions sigcéitly above 90%, only the sector Aerospace
does not reach this value. Based on the fact kimaaibalysis of causes for this low value goes
beyond the bounds of this thesis, it is not furéseamined.

To calculating the efficiency of auxiliary mategaloils/lubricants, and gases is not possible
because these goods are diluted with water, amdfthe, their value would not be meaningful.

6.4.2. Interpretation - Carbon Footprint

Gathering all categories together, the sum of tdopes result in the total CCF of the company.
The individual scopes are listed again in Tablddlprovide an enhanced visualisation of total
amounts.

Scope 1 279.2 178.2 86.2 861.0 77.4 1482.0
Scope 2 2505.1 960.3| 1489.4 1205.5 396.7 6557.3
Scope 3 5548.0 1384.2 358.6 2686.0 667.0 10,643.9
Total 8332.4 2522.7| 1934.2 4752.6 1141.2 18,683.2
COz-equ

Table 15: Overall carbon footprint (according to conpany internal data)

Figure 22 illustrates the orders of magnitude efitidividual scopes, or rather categories of the
scopes. The most significant component in the taiom of the carbon footprint according to
the Greenhouse Gas Protocol is Scope 3, whichaause of its wide range of consideration.
Against the expectations in a manufacturing enisgphe category delivery is identified as the
main contributor to the GHG emissions and cover$%4of the overall amount. This category is
followed by the electricity with a quantity of 2%@8of GHG emissions translated into £€3ju.
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Carbon Footprint
— 20000 Waste
& 18000
()
&5 16000 _
S 14000 Delivery
12000
Indiviudal
10000 Compress_ed transport .
air
8000 Business
6000 o trips
Electricity
4000 Carpool
2000 Gas
0 i
Total Scope 1 Scope 2 Scope 3

Figure 22: Overall Carbon Footprint (own illustrati on according to company internal data)

Figure 23 presents a different perspective by Visng the absolute values of the company

divided into divisions instead of scopes. To ensuoennection to the other figures, the colours
help to differentiate the scopes: the blue tornasdsfor scope 1, the violet tones symbolise scope
2, and the green ones represent scope 3.

Carbon Footprint divided into division
= 9000
:’.)- 8000 :
i waste
S 7000 e
O 6000 elivery
5000 mindiviudal transport
4000 mbusiness trips
3000 m electricity
2000 . compressed air
1000 . . carpool
ENGINE DRIVE HIGH FORGING AEROS
PER

Figure 23: Carbon footprint division (own illustration according to company internal data)
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The interpretation of Figure 23 allows for the sgths and weaknesses of every division to be
identified. Striking differences can be observedH®ytopic of deliveries in contrast to electricity
which is approximately evenly distributed. Furthers it is remarkable that scope 1 only takes
up a small percentage compared with scope 3. Bas#tese results, individual strategies can be
defined and the prioritising of improvement measwan be executed.

Nonetheless, a comparison of the division by uaimgplute values is not meaningful, because of
the different sizes of the divisions. Thereforatigk values are created by setting the absolute
amount of emissions in reference to company-smeddita. Gas, which is used for heating, is
associated with the built-up area of the comparmyn@essed air, electricity, deliveries, and
waste are related to the number of working hourdividual transport is combined with the
number of employees; the same applies for businipssand company cars. The corresponding
values for this approach are part of Table 5.

At first glance, when considering the absolute galitom Figure 24, the division ‘Engine’ covers
44.6% of the overall produced emissions, whereaglithision ‘Forging’ is responsible for 25.6%
of them. These divisions seem to be the worst mokuof CQ-equ emissions at Pankl. After
transformation into relative values, the divisiappear in a different light. Concentrating the
relative values, the ‘Engine’ division is not léagourable than the others and results in a reativ
value of 16.4%, whereas the ‘Forging’ division egists impact on the overall view and every
individual scope. Considering the relative valuerging’ is responsible for 45% of the emissions.
Bear in mind that the divisions require differemesgy and material inputs in case of their
production steps; therefore, the result that a natehanging process has a larger impact than a
mechanical-processing step is not unexpected.

Carbon footprint comparison absolute / relativ

Total absolute I
Total relative [N I

Scope 1 absolutelli
Scope 1 relative I

Scope 2 absolute [N T
Scope 2 relative H

Scope 3 absolute I
Scope 3 relative EEE e
0% 25% 50% 75% 100%

m ENGINE DRIVE mHIGH PER = FORGING AEROS

Figure 24: Carbon footprint absolute / relative (own illustration according to company internal data)
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7. Strategies for Minimising a Carbon Footprint

This chapter discusses the results presented ptash@ and creates potential strategies based on
the CCF calculation. It starts with a short introtilon on how a carbon footprint can be used as
a strategic management tool, and then delineatgegies for how environmental impact can be
directly and positively influenced by the comparanil.

It has to be kept in mind that every new investnemroducts to reduce emissions might create
new emissions. These emissions occur as a resthie ohanufacturing process, which requires
e.g. raw materials and energy sources. Furtherrtioag,occur through the waste disposal of the
eliminated product.

7.1.0Operational GHG Management

Operational GHG management is a continuous devedopand improvement process. It is based
on impact assessments and executed in the casmkifuding CCF calculations. In this process,

methods and strategies for climate protection rhagilanned, coordinated, and documented for
all parts of the value chain, starting with funo@b areas, top management, products, and
processes toward the supply chain. The best methedsuring successful implementation that

is comparable to many other areas is the PDCA cY¥tle steps in the PDCA cycle are described
according to Brinekl (2017, p. 108 ff.) as follows:

i. Plan
The first step is to generate a status-quo analyiere the identification and quantification of
GHGs is executed. Also crucial in this procesigénerate an understanding of why and in
which form climate change is relevant for the comypand where the climate-relevant processes
can be found. Based on the results, which includetiaal reflection of the company, goals and
strategies to reach the targets must be defined.

i. Do
This step involves the execution of the selectedsuees. In case of predominant high investment
costs in the area for improving environmental pen@nce, the use of pilot projects is common.
This approach has the advantage that potentialrégilcan be minimised and false investments
reduced. Successful projects can be extended thooitighe whole company without high risks,
but an intensive exchange of experiences betwedaniblved persons and divisions is necessary.

iii. Check
The third step deals with the review and possilberection of the implemented actions.
Measurement and monitoring data are collectedmigtamllected but also analysed. For example,
a comparison of the energy usage before and afet action provides information about the
effectiveness. This evaluation is inter alia a sieci-maker if a pilot project is executed.
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iv. Act
For a continuous improvement process, a proof@ttdncept must be performed in defined time
spans. If the concept has weaknesses, plans arsdiras&ave to be adjusted, then documentation
of the set actions is part of this stage. If huggnges in the GHG balance are expected, a renewed
check must be considered.

Operational GHG management is aimed at economaessdhrough climate protection methods.
This success can be divided into internal succedenpals, which are relayed within the
company, and external success potentials, whicldiegetly affected through the company. A
clear separation into the correct category is swnest not possible. (Brinekl, 2017, p. 227 ff.)

Internal success potentials External success potentials

* Minimising costs e Superior competitive position

* Reduction of material and energy flowg « Enhanced image

* Reduction of environmental impact » Decrease of business risks

* Increase of innovation » Satisfying external stakeholders
* Increase of employee motivation » Differential potential

» Ethical and moral behaviour

Table 16: Success Potential (according to Brinekl 047, p. 227 f.)

Applying this policy to the company Pankl, the fiistep in the right direction is taken through
this thesis. The analysis of the status quo is @recin Chapter 6 and possible strategies are
mentioned in the present chapter. The next steppsove the practicability of the strategies and
request offers so that necessary investments cplabred. The expressed success potentials in
Table 16 can motivate companies to make largesinvents if not only the climate protection is
the sense of achievement.
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7.2.Individual Transport

As mentioned in subsection 6.3.3, the data on iddal transport are collected using an employee
survey. The first part of the questionnaire death the general means of individual transport
and the distance covered in a single day of trenge(for further details see page 51). The results
are that every employee on average travels more2@&m in each direction, which leads to an
overall result of 52,113 km every day for Panklaaghole. This is approximately 1.33 times

around the Earth every day using personal cars frome to work and back. Compared with

other emission factors at Pankl, individual tramspacounts for 9% of the overall result not the
biggest sector, but with huge potential for improeat.

7.2.1. Public Transport

In the second part of the survey, employees aredasky they do not use public transport. To
do so, a quantitative method is selected in the fof multiple choice questions. As Figure 25
shows, the main reasons for not using public trarsye missing connections followed by losing
flexibility.

Reasons for not changing to public transport
100%
80%
79,74%
0,

60% 63,23%
40%

20% 25,89%

0%

missing connections  tickets are too loosing flexibility generally not
expensive interested

Figure 25: Reasons for not using public transportdwn illustration according to company internal datg
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The train arrivals at Kapfenberg shows that attleagery hour a train from Graz and
Mirzzuschlag (OBB-Personenverkehrs AG, 2019a, secesn: 15.04.2019) arrives; however,
the closest train station to the plant involveariinute walk (Google Maps, 2019a, accessed
on: 15.04.2019). By contrast, the nearest busostatith acceptable arrival frequency (OBB-
Personenverkehrs AG, 2019b, accessed on: 15.04.0d8ly a 11 minute walk from the plant
(Google Maps, 2019b, accessed on: 15.04.2019).

At Bruck an der Mur, a bus stops directly in frofithe company; however, the first bus arrives
as early as half-past 8 (OBB-Personenverkehrs AE9€, accessed on: 15.04.2019) and Pankl’'s
core work time starts at 8 o’clock sharp. If an éayipe switches to the next bus station with more
frequent arrivals, he or she must accept an additivalking distance of 18 minutes (Google
Maps, 2019c, accessed on: 15.04.2019).

Considering the abovementioned aspects, the fallpwolutions are suggested:

i.  Talk with the respective mayors in charge of thigesito increase the bus arrival
frequency or change the arrival time to shift-chatimes; these are 6 a.m., 2 p.m., and
10 p.m. for Pankl workers. Bearing in mind that nemployees have flexible working
time agreements, proposing arrival times around.rB. and 5 p.m. could be a
compromise, particularly for the location at Brudigt. Examining the bus route of
Kapfenberg, the bus clearly changes direction leefeaching the Pankl plant; therefore,
establishing an additional stop could be a posfibfdr creating an acceptable situation
for the employees.

ii.  Another alternative is to implement a bike-shasggtem where company-owned bikes
or E-bikes are available at the train and busastatiwhich can be used to reach the
company faster, and vice versa. Modern bikes cannbecked via QR codes that are
scanned by an app, and thus do not need to bectiBded stations. This is possible
through integrating GPS trackers into bikes, whaffers an additional two advantages:
this first is that the nearest free bike can bated using an app, and the second is free
usage within the allowed area.

In sum, missing connections or stations that apeféan away are currently a problem for the
employees, and represent a barrier to transitiotongore eco-friendly individual transport to
work. This problem can be alleviated through insesbarrivals and the implementation of a bike-
sharing system. Additionally, the employees wileddo be motivated in another way to lose
some of their current flexibility, which can be @ligh financial incentives or any other reward.
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7.2.2. Electric Vehicles

Additionally to the driving behaviour of the empé®s, the third part of the employee survey is
dealing with the topic of electric vehicles. Therefis also a quantitative method for questioning
selected and is executed in the form of multipleich questions The aim of this additional
questions is to identify if the employees are eséed to change to electric vehicles in the
foreseeable future. This is asked with the motorato prove whether the construction of charging
stations in front of the company is necessary lfd fbe needs of the employees.

Reasons for not buying an electric vehicle
100%
80%
60% 68,74%
40%
38,64% 37,86%
20% 25,24%
0%
missing charging loosing flexibility the electric vehicle generally not
stations (charging times andprices are too high interested
reach)

Figure 26: Reasons for not buying an electric vehlie (own illustration according to company internaldata)

The results in Figure 26 show that more than twashof employees will not buy an electric
vehicle in the foreseeable future because thegrarently too expensive. According to the results
for means of transport, only two electric vehickesd one hybrid car are presently held by
employees. Based on the results, at this point#tallation of charging stations is not necessary
at Pankl locations because the level of employtsast does not justify the investment.

Changing the point of consideration, Pankl couldasgood example by investing in electric
vehicles as future company cars. This would hawe riarketing advantage of an image
improvement to stakeholders, as well as a redudiigirect emissions. Additionally, employees
would have the chance to experience this form afigport and may lose their scepticism.
However, contradictory to what | said before, thisuld essentially require the construction of
charging stations near the company.
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7.2.3. Carpooling

Pankl is already encouraging the merger of emp®yea carpool with a financial subsidy, but

as the results show, the offering is hardly useatp@oling is a simple but efficient method to

reduce emissions; referring to the analysed da&#®3% of Pankl employees who are using a
carpool presently are saving more than 122 tonh€©Og-equ every year.

Therefore, Pankl has to teach employees aboutehefits of carpooling. The employees will
save money by sharing gas consumption and eartiaddimoney from Pankl for sharing cars;
moreover, the loss they will experience in persdleiibility is much smaller compared with
switching to public transport. The transfer of imf@tion can be done in the form of an email to
all employees, reminders on the notice board, thércourse of the annual performance review.
The goal is to inform employees of this possibjlapd in the best case, to motivate them to start
carpooling.
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7.3.Deliveries

Austria’s GHG balance sheet shows that trafficcisoantable for 29% of total GHG emissions,
which corresponds to 23.7 million tonnes of &Qu emissions. Although Austria is trying to
minimise the total emissions by approximately 36842030 compared with 2005, an annual
increase in traffic of 2.9% per year is predictdmweltbundesamt, 2019, accessed on:
23.04.2019)

Pankl is also reporting a significant increaserimssions created by deliveries; exactly 44% of
the produced C&equ can be assigned to deliveries. However, thst leomplicated transport
from A to B presents numerous variables that affecdit to determine. The main influencing
factors for such a consideration are accordingreizBe (2014, p. 129):

« classification of vehicle type (e.g., size, age] type, number of axes, and wheel type)
¢ shipment weight

« the occupancy rate of the vehicle

e route length

e average driving speed

« external factors (e.g., road conditions, weatlamperature, and traffic)

Regarding these points, only a small percentagmfbfences is accountable directly to the
company. Other than the method of distribution, Weight and route length are under full
responsibility of the company, whereas the occupamate can only be partially assigned.
Considering the core values of Pankl, which arenHigch, High Speed, and High Quality (Pankl
Racing Systems AG, 2019), fast distribution is@drof their success. Based on this, there are
two main strategies for the company:

i.  Bundle deliveries wherever possible, so that thet &nd last mile of transport are not
done more often than necessary; furthermore, tigares a higher occupancy rate of the
vehicle. To enable a bundled delivery, producti@mping must consider this aspect, but
with the addition that many other factors influertice production plan and the priority
of deliveries in this case must be defined.

ii. Identify a more environmentally friendly methodmbving goods from A to B. One way
to determine the optimal method is EcoTransIT Woruldhich is developed by the
Institute for Energy and Environmental Researchftéeidelberg, the Oko-Institut from
Berlin, and Rail Management Consultants GmbH. lised by companies of different
sizes to plan worldwide routes with multiple tranpservices. The tool compares the
environmental impact of the selected modes of partation, and finally the user can
select the individual best routes and transporat@riant. The tool considers possible
trans-shipments at frontier crossings and the typdoading locations, as well as
particular criteria for each country. It has anyet@suse interface that shows where the
starting point, weight, and end point must be ex@teand diagrams present the generated
results. Using the tool is generally free of cham@éough business licences are also
available. The advantage of the business versighas numerous shipments can be
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calculated at once without manual handling effofft§E mbH, 2018, accessed on:
23.04.2019)

In sum, influencing deliveries in an environmentdtiendly manner is a complicated process
with many unknown contributing factors. The majpf the impact relies on logistic partners
and whether they are already using an effectivesasthinable distribution system. Pankl can
only affect the number of deliveries to reduce fire mile and select the right logistic partner

with the most environmentally friendly vehicles.

66



Strategies for Minimising a Carbon Footprint

7.4.Energy

Purchased electricity is the second largest gemreditCQ-equ pollution within the company
Pankl. As demonstrated in Figure 22, this areaskgsficant potential for improvement. Pankl
has already started projects to identify its endrglyspots. In one of these analysing activities,
which is hamed ‘energy monitoring’, the daily enempnsumption is recorded and energy-
intensive processes can consequently be identifted.system has the advantage of enabling the
detection of peaks in the energy usage and allothi@egompany to space out usage evenly if this
is necessary and reasonable. The main goal offipsoach is to minimise the energy costs,
starting with the highest single sources, becawselassification is done by sequencing by the
maximum values. A method to minimise the impaatlettricity consumption is to convert from
expended to renewable energy sources. In the folfpgections, two relevant possibilities are
described; furthermore, different strategies fornimising the energy consumption are
mentioned.

7.4.1. Renewable Energy

A method to minimise the impact of electricity congtion without restructures within the
company processes, is the change to renewableyesmugces. In this section, two possibilities
are presented how renewable energy can be implechenthe company.

i.  Change the electricity supplier:

The first method to minimise the impact of the gatien of purchased electricity is to change
the electricity supply to a renewable energy saulrtehe case of Pankl, this means changing
from the current provider, ‘energy generation Qsieh’, to the environmental label ‘green
energy’. With this adaptation, a reduction of mttveén 92% of the emissions would be possible.
However, this reduction of CO2 emissions would comilh a massive increase in electricity
costs, because green energy is significantly mgperesive than traditional energy. Table 17
presents the differences between the energy sotocésghlight the impact of the energy
generation.

Energy supply COzequ [k%] Total [t]
Energy generation Austria 0.248 3558
Green energy 0.018 258

Table 17: Energy supply (according to company interniadata; Umweltbundesamt, 2017, accessed on:
28.01.2019)
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ii.  Photovoltaic Systems

Instead of purchasing all the used energy, Pankttidavest in photovoltaic systems and produce
its own energy in future. Such systems have adgastand disadvantages, the most important of
which are listed in Table 18.

Advantages Disadvantages

* CO,emissions can be reduced, and | « The system loses power generation capacity
energy that is invested in the producti over its lifetime. A 10% reduction
of the system is amortised after fi (approximately) is expected within the first
years of usage 10 years, followed by an additional 10%

during the next ten years of usage.
» The solar energy can be seen as

inexhaustible resource » High investment costs, which are amortised
after an average lifetime period of 10 —|15
 Flexible systems and modul years

construction are possible
« Not all roof surfaces are suitable for
 The life expectancy of the system installation, because construction 4dnd

between 20 — 25 years orientation have to be approved

« No uniform power output can be ensured,
because weather and daytime haours
influence the power generation

Table 18: Advantages/Disadvantages Photovoltaic Sgshs (own illustration according to Mértel, 2019, acessed
on: 01.05.2019)

Weighing the listed advantages and disadvantagestexnative energy specialist should explore
the possibility of investing in photovoltaic systergiven the present boundaries at Pankl.
Nevertheless, only a small percentage of the dveomsumption of Pankl could possibly be

covered by this alternative method because an g@grhotovoltaic system can only produce
approximately 128 kWh per square meter of coveoefisurface (Bundesverband Photovoltaic
Austria, 2019, accessed on: 01.05.2019). Factats &1 system power, building orientation, and
plant location could considerably influence thisuea Additionally, the original power supply

would have to be maintained, because the photovalyatem cannot work when there is no sun.
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7.4.2. Energy Saving Potential

In contrast to the strategic decision of changmgreen energy, this section discusses how to
minimise power consumption. Different methods appraaches for saving energy consumption
are discussed.

Within a manufacturing enterprise, the power constion of the office is generally low in
contrast to the operational processes, but thie iexcuse for not taking actions in this field as
well. According to Griindig (2013, p. 28) there isgh energy-saving potential throughout the
whole company. The presented values in Figure @ ¢altected from all sectors of economy and
present the saving potentials of individual mecbiasi.

Lighting Compressed  Pumping Refrigeration Heating Ventilation
Air Systems Plant Supply Systems

Figure 27: Energy-Saving Potential (according to Gridig, 2013, p. 28 translated)

i User Motivation

One aspect of energy-saving potential can be hdndigout any further investments, as it is
directly connected to employees’ behaviour. En@ay be saved with very simple methods by
using the four steps of user motivation, as staye@razer Energieagentur GmbH & Umweltamt
Graz (2019, accessed on: 24.04.2019):

e First step: creating awareness
This step can be addressed by posing short questibout energy saving behaviour in
employees’ daily lives to demonstrate how enerdjgieht they currently are.

» Second step: information
Giving employees concrete instructions on how tteay be more energy efficient by providing
short descriptions of suggestions and their impaga can increase employees’ effectivity at
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saving energy. If an innovative design and animaethents are leveraged, employees will
remember the information. Additional email remirglaran help keep the topic in mind.
Furthermore, reminders in the form of notices @gample, on light switches or desktops) can
help. Some examples of simple saving potentighéndaily office routine are listed below:

0 switching off one’s PC every evening

o the last employee leaving turns all lights off;hlig can also be switched off

during the day when external light sources arenecessary

o intelligent use of heating and climate

o sufficient air exchange

0 thinking before printing

These are only a few thought-provoking opportusjti®it they can have a huge impact.

e Third step: motivation
The most important factor is to combine environrakattions with fun and personal feelings.
Employees can be motivated to be energy efficiemiugh a competition, with an anonymised
ranking list or personalised recognition.

* Fourth step: feedback
Evaluating energy savings with a visualisationha tesults is an important step. Informing the
interested parties of what has changed in the gharitder review enables continued future
success.

ii.  Lighting Technology

The consumption of energy that is used for eletifglting depends on different factors: on the
one hand, room size and room height, and on ther bdmd, the light fixture type, reflectors, and
light output. Simple methods with high savings patd include installing motion detectors in
less frequented rooms, using daylight sensorgiihathe light, and switching from conventional
light bulbs to LED-lamps or eco-halogen lamps. Heogvethe replacement of all functional light
bulbs is not only associated with high investmentts; the future disposal cost also has to be
taken into consideration. Over the course of anlgimg renovation, it is also useful to paint the
walls white and to reduce lamp heights. Another w@yincrease light output without any
investment costs is to clean lights at regular timervals. (VPRESS. GmbH, 2019, accessed on:
24.04.2019)

70



Strategies for Minimising a Carbon Footprint

iii. Compressed Air

Plants requiring compressed air for operationay @ue often not in mind by the thoughts of
energy efficiency, but as seen in the recent caliar, the usage of compressed air produces
approximately 48 tons of G&equ annually. Pankl has taken appropriate fiegissto save energy

in this area. Annual leakage monitoring conductgdah external assessor with subsequent
maintenance is taking place, but other influenéamgors include the age and ultimately the type
of the compressor in operation as well as the ndtvad services. Other opportunities for
improvement in this area are related to the econasige of compressed air and the economic
usage of end-devices. Possible savings can beeshsirough efficient compressor control
systems or process optimisation, but the greatgsct is related to the usage of the compressors’
wasted heat, which can be used for the generafiamaomn water or so-called process heat.
(VPRESS. GmbH, 2019, accessed on: 24.04.2019)

iv.  Pumping Systems, Plant Refrigeration, Heating Supgland Ventilation Systems

The previously mentioned systems have the potetttistduce energy consumption, but they

often come with high investment costs. The amo@ienergy that can be saved depends on the
age of the system, the type of network serviced, anether the wasted heat can be used or
recycled. Subject to the actual conditions of tlgeteam, an investment might make sense

economically in a few years, but to fully understdhe actual circumstances, a specialist needs
to be consulted. (vPRESS. GmbH , 2019, accesse24dim.2019)

7.4.3. ISO 50001:2018

As is many other areas, the International Orgainirdbr Standardization provides a certificate

for systematic energy management, with the airmgdfléementing a continuous improvement

process for energy efficiency. This certificati@placed the DIN EN 16001 in June 2011 and is
now internationally valid. An advantage of an athga-existing environmental management
system, such as Pankl has the ISO 14001:2015tisite implementation of a new system or the
advancement to an updated revision of the exisysgem is easier to handle. It is important to
implement individual management systems in an nateg way, instead of in parallel, to save
staff, time, and resources. An interaction betwepargy, safety, quality, and environmental

protection enables high potential for success. @sministerium fur Umwelt, Naturschutz und

Reaktorsicherheit, 2012, p. 10 ff.).

Energy management includes the sum of all congldgystems which have to be planned and
executed to function with minimal energy input vehgienerating a maximal output. This includes
not only organisational aspects but also techigsales that capture all flows of energy. The aim
is to implement an energy policy, define strategials, define supporting systems, and to
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determine how these systems can be captured amdifqgch The most important aspects to
ensure effective energy management are documamtatiwonitoring, information, and
organisation (Bundesministerium fur Umwelt, Natimsz und Reaktorsicherheit, 2012, p. 10
ff.).

Arguments for and against an implementation atedig the Table 19.

Advantages Disadvantages

* Reduce costs by the way of increas| « The certification is expensive
energy efficiency

e System implementation and maintenance

e Protect environment are time intensive
» Act sustainably from the perspective off « Increased bureaucracy through
resource efficiency documentation

» Image, with a certification the plausibili{ «  The theory is often difficult to practice
to act energetic efficient is given

* Use simplifications in legislation

e Look ahead in sense of climate policy

Table 19: Advantages/Disadvantages of implementingD 50001:2018 (according to Bundesministerium fir
Umwelt, Naturschutz und Reaktorsicherheit, 2012, p18)

In sum, the implementation of an additional staddarables a company to establish a basis for
constant internal and external pressure for imprarg. However, with a motivated team and a
set of environmentally friendly company policiese tsame goals can be reached without the
bureaucratic demands and costs of a certification.
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8. Outlook

As mentioned in Chapter 2.3.1, it is possible fimpanies to trade emissions certificates to reach
the defined greenhouse gas reduction goals. Thisariés called the Europe Emissions Trading
System (ETS) in Europe. Energy-intensive industaes energy suppliers have to pay for
emission certificates according to their amountprofluced emissions. This system works uses
the ‘cap and trade’ principle. The number of cixifes is fixed before the trading period starts,
and certificates are allocated to the plants adegrob energy usage. WKO (2017, accessed on:
24.04.2019) mentioned that nowadays the followmtystry sectors are included in the emissions
trading system:

e iron and steel smelting

e coking plants

» refineries and crackers

« cement and limestone production

e (glass, ceramics, and brick industries
* paper and cellulose production

The limit values that are relevant for the amoureroission certificates refer to the capacity and
performance of the production. If the existing ifiedtes are not sufficient for their volume of
emissions, companies must pay penalties for ewddlifianal tonne of C@ Another possibility

is that taxes are levied on emissions; the produmesequently has to bear these costs. Taxes can
also impact weak economic groups, but with an iefficuse of the earned money a compensation
can be created. (WKO, 2017, accessed on: 24.04.2019

To sum up, a redesign of this emission trading gjinds or the implementation of taxes for
emissions could also take other industry sectors account. Therefore, the reduction of
emissions can be seen as a long-term plan faeklsfof operation to avoid future problems. The
political background is clear: measures have tedbd¢o reach climate goals. The exact design of
these measures is not currently defined but with gaportance in the future.
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9. Conclusion

This thesis aimed to identify the environmental éwipof the company Pankl by using the method
of carbon footprint. The calculation model inclugesnpany-related and controlled activities in
conformity with the GHG Protocol. Therefore relev&@HG are accounted and translated into
fitting CO2-equ. During the year of investigation (01.01.2@1812.2018), the overall amount on
produced GHGs resultin 18.683 tons of£qu. Against the expectation within a manufacwrin
enterprise, the used electricity covers only theosd largest part with 27.8% of the overall
amount of GHG gases. As the most significant cbuatar is the delivery identified, which covers
44.1% of the impact.

In addition, the present findings are used to emadblcomparison of the environmental

performance of the five individual divisions withime company. An inspection of the calculated
values identifies the division ‘Engine’ as critidecause it covers 44.6% of the total amount of
emissions, followed by the division ‘Forging’ witb.6%. Setting the activities defined in the

GHG Protocol in connection with reference valueg, eumber employees, number of working

hours and manufacturing space, the results argygfarBased on the division size the division

‘Engine’ is losing importance to 16,4% of the tos@hount of emissions, whereas the division
‘Forging’ is increasing to a critical level of 45%.

These results provide a basis for potential stiasep influence the environmental impact in a
positive way. Conceivable solutions for saving ggeaare renewals on the shop floor, investing
in renewable energy sources and motivate employeesct sustainably. Furthermore, an
improvement in the sector of deliveries is feasiblg bundle the deliveries and changing the
mode of transportation whenever possible.

In summary, the calculated result of the carbonpidat depended mainly on the defined system
boundaries and defined assumptions. Core issuegdioect calculations not only include
generating data and fulfilling the requirementsdata accuracy but also the selection of the
process- and product-specific €8qu. To ensure comparability between differentocar
footprints, the requirements have to be defined more precise way, because key factors are
currently not sufficiently described. Based on tHie validity of the external examination of the
carbon footprint of Pankl is not yet sufficient. \Mever, the current carbon footprint is still a
useful tool for measuring environmental performawithin a company. Intensive examination
of emission sources and an operational GHG managecam result in an economic success
through the methods of climate protection. Furtteenthe key polluters are already identified,
and therefore an individual catalogue of measuaese elaborated upon and executed.

In the future, the identification and measuremdmmissions will gain even higher political and
financial importance. The emission trading systenafl sections or other alternative methods to
keep producers accountable will come sooner ar. [akeerefore, an early analysis of the situation,
with the possibility of developing long-term strgite actions to reduce emissions, may help
companies avoid undesirable penalty payments ifutinee.
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Appendix

Employee Survey

medicon.cc

( ()ym edicon

Arbeitsmedizinisches Zentrum

Zusatz-Thema: Individualverkehr

71 | Bitte geben Sie die Lange lhres Arbeitsweges in Kilometer an:
54 km
Z2 | Wie kommen Sie Uberwiegend zur Arbeit? (nur eine Antwort maglich)
55 | Oy Auto FILTER {wenn Auto gewahlt, dann weiter mit Frage 56, ansonsten weiter mit KFZA)
3z Moped
s offentliches Verkehrsmittel
24 Fahrrad / 2u Fu
Z3 Mit welchem Kraftstoff wird |hr Fahrzeug betrieben? (nur eine Antwort moglich)
56 24 Benzin
2 Diesel
Daandere
Welches Baujahr hat lhr Fahrzeug? (nur eine Antwort méglich)
57 24 Baujahr 2009 oder alter
32 Baujahr 2010 oder jinger
Dzich weill es nicht
Niitzen Sie eine Fahrgemeinschaft? (nur eine Antwart moglich)
58 Mja
2z nein
Wenn Sie an lhren taglichen Weg zur Arbeit denken, welche Griinde halten Sie davon ab, auf
ein offentliches Verkehrsmittel umzusteigen? (mehrere Antworten moglich)
59 1 fehlende Busverbindungen oder zu hoher Zeitverlust durch Wartezeiten
D:die Ticketpreise der offentlichen Verkehrsmittel sind mir zu hoch
23 Verlust der Flexibilitat
s ich bin generell nicht an einem Umstieg interessiert
Wenn Sie an |hren téglichen Weg zur Arbeit denken, welche Grinde halten Sie davon ab ein
Elektroauto umzusteigen? (mehrere Antworten maglich)
60 O tehlende Ladestationan vor Ort hindarn mich an einem Umstieg zu einem Elekiroauto
D2 Verlust der Flexibilitat durch geringere Reichweite und langere Ladezeiten
23 die Anschaffungskosten sind mir zu hoch
4 ich bin generell nicht an einem Umstieg interessiert
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Allgemeine Hinweise:
1) Die Berechnung des CO2-AusstoRes erfolgt gemaRk dem durchschnittlichen CO2-Austoss der Industrie pro kWh Energieverbrauch von
2017 (die 2018-Werte sind noch nicht verfligbar, diirften aber sehr dhnlich sein)
2) GemaR 1) betragt der Wert fiir 2017: ca. 21 Mio. To CO2 und 330 Petajoule Energie (91666 Mio. kWh) -> 0,23 kg/kWh (Quelle:

"Umweltbundesamt - Anteile THG-Emmissionen im Jahr 2017" und "Ministerium Tourismus & Nachhaltigkeit & Tourismus - Energie in
3) Wenn Abfille verwertet werden (thermisch oder stofflich), so wird jeweils der eingesparte Energieeinsatz gegeniber einer

Rohstoffgewinnung aus der Natur berechnet.

Standort Pankl Engine Bruck a.d. Mur

Artikel |Bezeichnung Schliissel-\Menge |[Energieeinsatz|Energieeinsatz|CO2- CO2- Anmerkung
Nr. (to) bzw. - bzw. - Generierung|Einsparung
gewinnungin [gewinnungin ((To) (To)
kWh/to kWh
10020|Gewerbemdill 91101 1,6 1,44|Ersatzbrennstofferzeugung
gegeniiber gleichwertiger
Verbrennung
70030[{Aktenvernichtung 18718 5,6 3,36|Stoffliche Verwertung

130010(Altpapier 18718 19,8 17,82|Stoffliche Verwertung

200030|Laugen- und Laugengemische n 52404 1,2 12 14,4 0,003312

200040|Laugen- und Laugengemische 52402 14,8 12 177,6 0,040848

200070|Sauren und Sduregemische 52102 25,5 22 561 0,12903

210080| Emulsion (Bohr- und Schleifél) 54402 242,4 12 2908,8 0,669024

220640|Schleifmittel 31444 2,5 13 32,5 0,007475

240150|Werkstattenabfall 54930 21,1 18,99|Ersatzbrennstofferzeugung
gegeniiber gleichwertiger
Verbrennung

240210|Filtertiicher, -sédcke 58202 2,8 13 36,4 0,008372

150150(Kunststoffverpackungen 91207 7,9 39,50|Stoffliche Verwertung

Summe 0,858061 81,11

CO2-Bilanzsumme (Einsparung - Generierung) CO2-EinsparunginTo in 2018| 80,25

a1Se/\
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Standort Pankl Forging Kapfenberg

Artikel [Bezeichnung Schliissel-{Menge (tdEnergieeinsatz|Energieeinsatz(CO2- CO2- Anmerkung
bzw. - bzw. - Generierung|Einsparung
gewinnungin |gewinnungin |(To) (To)
kWh/to kWh
10020|Gewerbemill 91101 1 0,90|Ersatzbrennstofferzeugung
gegenlber gleichwertiger
Verbrennung
20060|Bauschutt 31409 1,2 5 6 0,00138
20310(Strahmittelriickstande nicht sch 31451 6,9 13 89,7 0,020631
200040|Laugen- und Laugengemische 52402 20,5 12 246 0,05658
200070|Sduren und Sduregemische 52102 13 22 286 0,06578
200100({Wassrige Konzentrate 52725 6,3 50 315 0,07245
210020|Schlamm aus Behalterreinigun 54715 2,7 13 35,1 0,008073
210130|0I-Wassergemische 54408 33,6 12 403,2 0,092736
220470|Metallhydroxitschlamme 51113 18,1 13 235,3 0,054119
220700(Strahmittelriickstande schadlic 31440 2,6 15 39 0,00897
240150|Werkstattenabfall 54930 3,5 3,15|Ersatzbrennstofferzeugung
gegenlber gleichwertiger
Verbrennung
260010|Olabscheiderinhalte 58202 4 13 52 0,01196
130010|Altpapier 18718 18,2 16,38|Stoffliche Verwertung
150150|Kunststoffverpackungen 91207 2,9 14,50|Stoffliche Verwertung
Summe 0,392679 34,93
CO2-Bilanzsumme (Einsparung - Generierung) CO2-Einsparungin To in 2018| 34,54
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Standort Pankl High Performance Kapfenberg

Artikel [Bezeichnung Schliissel- Menge (tdEnergieeinsatz|Energieeinsatz|CO2- CO2- Anmerkung

bzw. - bzw. - Generierung|Einsparung

gewinnungin |gewinnungin ((To) (To)

kWh/to kWh
170050|Altholz unbehandelt 17201 0,7 0,49|Stoffliche Verwertung
200040|Laugen- und Laugengemische 52402 3,4 12 40,8 0,009384
200070|Sauren und Sauregemische 52102 13 22 286 0,06578
200100|Wassrige Konzentrate 52725 5,6 50 280 0,0644
210080| Emulsion (Bohr- und Schleifél) 54402 45,6 12 547,2 0,125856
210130|Ol-Wassergemische 54408 2,3 12 27,6 0,006348
240150|Werkstattenabfall 54930 11,7 10,53|Ersatzbrennstofferzeugung

gegeniiber gleichwertiger
Verbrennung

240170|Eisenmetallemballagen 35106 1,3 15 19,5 0,004485
250180|Laborabfalle und Chemikalienr 59305 2 20 40 0,0092
120020|Karton 91201 13,5 12,15|Stoffliche Verwertung
130010|Altpapier 18718 9,3 8,37|Stoffliche Verwertung
150150(Kunststoffverpackungen 91207 45 22,50|Stoffliche Verwertung
Summe 0,285453 54,04
CO2-Bilanzsumme (Einsparung - Generierung) CO2-EinsparunginToin 2018| 53,75
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Standort Pankl Drivetrain Kapfenberg

Artikel |Bezeichnung Schliissel-|Menge |Energieeinsatz|Energieeinsatz|CO2- CO2- Anmerkung
Nr. (to) bzw. - bzw. - Generierung|Einsparung
gewinnungin |gewinnungin ((To) (To)
kWh/to kWh
170050|Altholz unbehandelt 17201 21,1 14,77|Stoffliche Verwertung
180020|Alt6le gem. AWG 54102 2,2 2,20(Stoffliche Verwertung
200030|Laugen- und Laugengemische n| 52404 1,8 12 21,6 0,004968
200040|Laugen- und Laugengemische 52402 2,4 12 28,8 0,006624
200130|Spiil- und Waschwasser 52714 2,4 50 120 0,0276
210080| Emulsion (Bohr- und Schleifol) 54402 136 12 1632 0,37536
240130|Spraydosen 59803 1,7 12 20,4 0,004692
240150|Werkstattenabfall 54930 7,1 6,39|Ersatzbrennstofferzeugung
gegeniber gleichwertiger
Verbrennung
130010|Altpapier 18718 25,1 22,59|Stoffliche Verwertung
150150(Kunststoffverpackungen 91207 6,3 31,50|Stoffliche Verwertung
Summe 0,419244 77,45

CO2-Bilanzsumme (Einsparung - Generierung)

CO2-EinsparunginToin 2018|

77,03

Xipuaddy



