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Abstract 
According to the recent report by the Intergovernmental Panel on Climate Change, the decisions made 
about reducing greenhouse gas emissions during the next decade will have a definitive impact on how 
severe the consequences of climate change will become. As all corners of the world have agreed that 
the worst-case scenarios presented by the IPCC and other research institutions are not desirable for 
human well-being, all countries, regions, sectors, companies, and other economic and non-economic 
entities have been or will be required to meet stringent emission reduction targets in the coming decades. 
One sector that will be hit hard by such reduction targets or emission taxes is transportation, since 
avoiding transportation is associated with the undesirable concept of sufficiency, and technological 
advances are costly and tedious. Particularly challenging is the freight transport sector, which due to its 
complexity and cost pressures, presents significant obstacles to decarbonization. As sustainable 
innovations were discovered to diffuse downstream the supply chain, one of the most important actors 
in the decarbonization of transportation is the transportation principal and buyer – which is, for freight 
transportation, the freight owner. This entity determines the importance of logistics indicators such as 
costs, lead time, and emissions. It is exactly because of this reason that this thesis investigates the 
decarbonization of transportation from the industrial perspective which is commonly known as 
industrial logistics. 

Therefore, the aim of this thesis is to close the gap between the well-researched field of Green Supply 
Chain Management and the under-researched field of industrial logistics decarbonization. Answering 
four overarching research questions that were delineated from existing research contributes to the 
scientific body of knowledge regarding strategic and operational perspectives and provides industrial 
logistics practitioners with effective decision-support. Throughout the publications that emerged from 
this thesis, various in-depth research questions were answered, providing nuanced insights in the 
decision-making process in industrial logistics, thereby enhancing the understanding of these processes. 
Subsequently, this increased understanding of strategic and operational decisions that have already been 
made by industry practitioners was utilized to develop several tools that effectively support future 
decisions on this field by practitioners. Conclusively, an approach on how to decarbonize industrial 
logistics most effectively was developed and based on the evidence gathered throughout this thesis. For 
the scientific community, the transdisciplinary studies conducted by the authors brought up research 
gaps and ideas for future directions. 

In brief, this thesis yields scholarly contributions that enable researchers to understand how industrial 
freight owners comprehend and implement decarbonization in transportation. It also provides 
benchmark data from Austria and offers several tools for practitioners to assess decarbonization 
possibilities in their Scope 3 upstream and downstream transportation activities.  

This thesis presents the research context and frame, delineates the overarching research questions, 
summarizes the scholarly publications and their contributions to answering the questions, and 
conclusively presents implications for practitioners and researchers. 
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1. Introduction 
With the summer of 2023 having ended, we can conclude on an outstanding period regarding climate 
change. On the one side, the impacts of climate change have become economically devastating. In 2022, 
severe floods in Pakistan are estimated to have caused $40 billion of losses (Mangi, 2022); draughts in 
America have reduced water levels on the Mississippi, a global bottleneck in food supply chains, costing 
the economy $20 billion (Balbi, 2022); and similar events in Europe caused shipping on the Rhine to 
almost standstill (Thomson, 2022). This trend continued in 2023, as for example hurricane-fueled 
wildfires devastatingly destroyed the Hawaiian city Lahaina (Fuller, 2023); heatwaves in Europe 
threatened economically important touristic activities (Wittels, 2023); or inadequate infrastructure 
combined with an unstable political situation and one night of record rainfall caused 15,000 Libyan 
people being dead or missing (Millan and El Wardany, 2023). All in all, the summer of 2023 was Earth’s 
hottest since records began in 1880 (NASA, 2023). On the other side, positive news has been around 
regarding the mitigation of climate change. The US passed the Inflation Reduction Act – an 
economically motivated program including $370 billion of climate spending (Newburger, 2022). The 
EU reached a provisional political agreement on the Carbon Border Adjustment Mechanism, a tax 
designed to hit low-cost and carbon-intensive imports into the EU (Simões, 2022). Finally, in the last 
hours of the COP27 in Sharm el-Sheikh, the Conference of the Parties decided on a loss-and-damage 
fund that supports developing countries in fighting the impacts of climate change (UNFCCC, 2022). 

Besides these catchy headlines, 2022 and 2023 brought ample scientific evidence for the impacts of 
climate change and possible actions. With the Intergovernmental Panel on Climate Change (IPCC) 
having published its Synthesis Report for the Sixth Assessment Report, about 15,000 pertinent studies 
on the physical science basis of climate change, its impact, and possible adaption and mitigation 
strategies have been collected, analyzed, and synthesized. To conclude on these reports – it is 
unequivocal that the frequency and severity of, e.g., extreme-weather events, rising sea levels, and forest 
fires have increased; that this development is connected to the earth’s rising surface temperature; and 
that those rising temperatures correlate to anthropogenic greenhouse gas (GHG) emissions. In other 
words, humans have – with very high confidence – caused all the impacts they are suffering from right 
now and will have to deeply reduce emissions in the coming decade to prevent more serious damages 
(IPCC, 2021, 2022a, 2022b, 2023). 

1.1. The Need to Reduce Industrial Logistics Emissions  
1.1.1. From the Logistics Perspective 

As rising GHG emissions were proven to correlate with the number and intensity of damages to human-
built infrastructure (IPCC, 2021), emissions from transportation contribute to endangering global 
transport systems (Jaramillo et al., 2022, p. 1057; Koetse and Rietveld, 2009). Evidence exists that all 
modes of transport have already been or will soon be affected by the impacts of climate change. Rising 
sea levels and flooding events, for example, threaten international shipping by increasing challenges for 
ports (Pérez-Morales et al., 2019; Portillo Juan et al., 2022). At the same time, heat-wave-induced low 
water levels and strong winds on inland waterways hinder efficient capacity utilization or navigation at 
all (Liu et al., 2019). Railway tracks expand with high temperatures and cause delays or derailments – 
cumulated economic costs of which are estimated to be 25-60 billion US Dollars in the United States 
until 2100 (Chinowsky et al., 2019). Similarly, volatile and extreme temperatures negatively affect the 
lifetime and quality of road pavements, which increases construction and maintenance costs as well as 
delays in the road transport network (Underwood et al., 2017). 

Nevertheless, some climate-change induced developments also bear potential for transportation. For 
example, decreasing ice levels in the Arctic enables shipping companies to route ships on polar shipping 
routes (Rodrigue, 2020). Conflicting scientific studies exist on its effects on the ecosystem – some report 
on the high sensitivity of Arctic climate on local emissions (Sand et al., 2016), while others report 
temperature cooling effects due to the formation of liquid water clouds and increased albedo 
(Stephenson et al., 2018). This already demonstrates the difficulty of assessing the impact of new 
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practices and technologies on climate and highlights the importance of holistic and grounded 
considerations. 

1.1.2. From the Global Perspective 
In 2019, the sector emitting the highest emissions was the industry, accounting for 24% of direct global 
GHG emissions (Dhakal et al., 2022, p. 237). Besides these direct production-based emissions, the 
importance of accounting for indirect consumption-based emissions is highlighted frequently, e.g., by 
the Greenhouse Gas Protocol. These days, reallocating emissions from heat and electricity is frequently 
done by practitioners (WBCSD and WRI, 2004) and researchers (Dhakal et al., 2022, p. 237) in Scope 
2 reporting. If these emissions are distributed among the other sectors, industry is responsible for 34% 
of GHG emissions (Dhakal et al., 2022, p. 237). Furthermore, the consumption-based perspective 
suggests including Scope 3 emissions that cover the pollutants emitted in the corporate value chain, of 
which up- and downstream transportation and distribution are a core part (WBCSD and WRI, 2011, p. 
33). Globally, the transport sector emits 15% of all GHGs, about one-third of which stems from freight 
transport. Further attributing these emissions to the industry raises the global share by another 5% to 
39% (Dhakal et al., 2022, p. 237; Ritchie and Roser, 2020), making the industry responsible for nearly 
40% of global GHG emissions. This not only highlights the relevance of decarbonizing industrial 
transportation from the global perspective but also from the industries’ perspective per se. 

1.1.3. From the Industrial Perspective 
Transport emissions begin to plateau in Europe, Australia, Japan and New Zealand (Jaramillo et al., 
2022, p. 1055), although transportation demand kept increasing over the last years (ITF, 2019; 
OECD/ITF, 2015). On the one side, these are good news from an environmental perspective – indicating 
that specific transport emissions are decreasing, at least in those regions. On the other side, this also 
implies that all efforts that are currently undertaken only make it for compensating economic growth – 
which is not enough for reducing emissions and reaching ambitious climate goals.  

Furthermore, freight transportation demand is expected to double by 2050 from the 2019 level under 
current policies (ITF, 2021a, p. 61). This is supported by projections of the International Energy 
Agencies’ World Energy Outlook – diving into which reveals an increase in global oil demand for freight 
transportation until 2030 in all scenarios (IEA, 2022b, p. 333). In this respect, it is not to be expected 
that major emission reductions will be achieved in freight transport soon. This is a worrying 
development as it contrasts with developments in passenger transport, the oil demand of which is 
estimated to remain constant at worst (IEA, 2022b, p. 332). 

Especially in Europe, which is a region having one of the highest levels of awareness of climate change 
worldwide (Lee et al., 2015), and, in general, rising awareness for environmental protection in the last 
years (Bacsi, 2020), this will put additional pressure on industrial freight transport due to changing 
institutional environments. Already in 2020, 80% of European citizens believed that “big companies 
and industry” were not doing enough to reduce their environmental impact (European Union, 2020). 
This results in environmentally conscious buying behavior, increased stakeholder pressure, and the 
prospect of new laws for environmental protection. To deal with those pressures, firms are predicted to 
adopt their processes towards more environmentally friendly operations (Latif et al., 2020; Neri et al., 
2018; Collins et al., 2010; Merli et al., 2015). The urgency for those adoptions depends on the proximity 
of the firm to the end customer (Seles et al., 2016), and thus the industrial sector (Maccarrone, 2009). 

1.2. The Need to Foster Research on Industrial Logistics Decarbonization 
Industrial firms impact the environment through a multitude of operations, often categorized into the 
three operations management practices “products”, “processes”, and “logistics”. Understanding barriers, 
drivers, and mechanisms in those practices was shown to be a crucial step towards reducing GHG 
emissions from the industry (Seles et al., 2016). While recent research finds current practices on the 
product and process level to already reduce GHG emissions, measures implemented in in- and outbound 
logistics do not yet reach their expected reduction potential (Lopes de Sousa Jabbour et al., 2021), albeit 
those processes are primary activities for industrial firms (Porter, 1985). Scientific literature has been 
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aware of this problem for more than 30 years – the earliest pertinent study found by the keywords 
“Transport” and “Carbon Emission” on SCOPUS dates to 1991 (Leach, 1991); and at least since the 
mid-2000s, the number of studies hit the roof, as visualized in Figure 1. Similarly, emissions from 
transportation did. The stacked area chart in Figure 1 further visualizes global GHG emissions from 
transportation, increasing steadily with two major exemptions – the economic crisis of 2009 and the 
pandemic of 2020. Although final datasets for 2021 and 2022 are not available by the time of writings, 
all evidence indicates that the rebound from the latest crisis will let emissions hit an all-time high, again 
(IEA, 2022a).  

 

Figure 1. Historic transport emissions and publications on them (own illustration based on data from https://www.scopus.com, 
Minx et al., 2022, and IEA, 2022a)1 

It seems that, in developed countries, research, awareness and incentives for lower-carbon technologies 
and practices in transportation have been high enough to at least offset economic growth in terms of 
emissions. In future, initiatives to reduce specific emissions will have to increase drastically to meet 
ambitious climate goals and withstand rising institutional pressures. Therefore, this thesis aims at 
supporting decision-makers in industrial logistics to make decisions that comply with future 
environmental awareness and regulations – by providing competitive operations at the same time. 

1.3. The Research Exemplified by Austria 
Historic data indicates Europe is slowly reaching a plateau in transport emissions (Jaramillo et al., 2022, 
p. 10). On the one side, these are good news because transportation demand has increased over time 
(ITF, 2019), meaning that specific emissions per passenger and ton have started to decrease. On the 
other side, investigating this finding in more detail reveals another challenge: The low-hanging fruits in 
decarbonization, i.e., measures that are easy to find and implement, are already being implemented on 
a large scale (Mir et al., 2021). Those measures are important, but still, only compensate for the rising 
demand for transportation. Further advancements in transport decarbonization request novel 
technologies and practices – which are often complex and costly and thus neglected by logistics 
companies due to the competitive nature of freight transportation (Rodrigue, 2020).  

 

1 Global transport emission values are calculated based on the finding of IEA (2022a) that in 2021, transportation-
related emissions remained 8% below 2019 levels due to various lockdowns and supply chain disruptions. 
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While the largest long-term decarbonization potentials are seen in non-OECD countries (Taptich et al., 
2016), firms in Europe will be faced with higher degrees of awareness of climate change (Lee et al., 
2015). Thus, the implementation of more costly and complex measures in those firms will be necessary 
in the long-term – highlighting the need to investigate those countries in detail to guide practitioners in 
finding novel and competitive measures and practices to lower carbon emissions. 

Regarding logistics, Austria is thereby an interesting case due to its challenges in freight transportation. 
Geographically, the country is a small land-locked territory in central Europe, having a well-developed 
and maintained land transport infrastructure (Schwab, 2019), a decreasing freight transport volume on 
inland waterways (ITF, 2021b) and no sea access. Regarding emission reduction measures, many low-
hanging fruits are already in use. A fuel-efficient driving style for truck drivers has long been just as 
much a part of good manners as driving bans for trucks with low exhaust emission classes (WKO, 2022a, 
2022b). Shifting transport to rail is, statistically, more common than in the European average, as the 
modal share of rail transport in Austria outstands other European countries (European Union, 2021). 
Regarding zero-emission vehicles, the future regulations and infrastructural development are still 
unclear. Although hydrogen-powered trucks are credited with overcoming some disadvantages of 
battery-electric trucks, a decision on the further roll-out of hydrogen for road transportation is postponed 
to 2024-2026 in the Austrian hydrogen strategy due to the alignment with other European countries 
(Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology, 
2022a). Current fluctuations in electricity prices also increase uncertainties in the Total Cost of 
Ownership calculations of electric trucks (Müller, 2022). In addition, there is a sparse charging 
infrastructure for trucks (Schwendlinger, 2022), an elimination of which would be necessary for the 
efficient operation of trucks in heavy-duty long-distance transport (Unterlohner, 2022). Firms that are 
exposed to such uncertainties tend to mimic other firms (Zsidisin et al., 2005) and thereby reduce 
financial risk rather than environmental risk (Zhu and Sarkis, 2007; Miemczyk, 2008), which hinders 
progress in reaching climate goals. 

Furthermore, to the best of the authors’ knowledge, no empirical evidence exists that sheds light on the 
measures and practices that are currently in practice among Austrian logistics practitioners, in 
comparison to other European countries, e.g., Germany (BVL, 2022), Lithuania (Vienažindienė et al., 
2021), Croatia (Petljak et al., 2018), or Slovakia (Richnák and Gubová, 2021). This increases difficulties 
in conducting meaningful research and developing effective implications for further emission reductions 
in Austrian logistics. 

In conclusion, several challenges exist in formulating actionable recommendations for Austrian 
companies, as it is unclear to what extent measures are already in use in Austria, which sectors should 
be prioritized initially, how to improve modal shift, and what regulations will be in law for alternative 
drives and fuels in the future. 

1.4. The Structure of this Thesis 
In order to meet the modern requirements of international research, especially in the field of Supply 
Chain Management, Industrial Engineering and Logistics, and to guarantee a high quality of studies and 
results, this thesis has been written cumulatively. Therefore, the main purpose of this dissertation is to 
define the framework of the individual publications and to work out their connection and contribution 
to the overarching question. To this end, the object of investigation is precisely defined at the beginning 
of Section 2. This is followed by a review of the current state of policy initiatives and scholarly work, 
from which the four overarching research questions are derived. Section 3 discusses the methodological 
approach of the dissertation, followed by the presentation of the nine academic contributions in Section 
4. These are briefly summarized and their contributions to answering the research question are 
systematically presented. Section 5 describes how additional work beyond the publications has 
contributed to the achievement of the objectives, before section 6 concludes the thesis with a discussion 
and the derivation of recommendations for action. Figure 2 visualizes this structure. 
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Figure 2. The thesis' structure (own illustration)  
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2. Background and Research Questions 
2.1. Definitions and Theoretical Framework 

2.1.1. Industrial Logistics  
Following the definition of logistics made by the Council of Logistics Management (CLM), logistics is 
“that part of the supply chain process that plans, implements, and controls the efficient, effective forward 
and reverse flow and storage of goods, services, and related information between the point of origin and 
the point of consumption to meet customers’ requirements.” (Riopel et al., 2005) Extending this 
definition by the industrial perspective, we understand industrial logistics as the logistics activities 
necessary for industrial firms to plan, implement, control, and continuously optimize “efficient material 
flows and the related information flows to satisfy customer requirements.” (Woschank et al., 2021) 
Different sub-systems of industrial logistics exist, thereby. One approach to distinguish those is having 
in mind the boundaries of the focal firm – i.e., separating inbound, inhouse, and outbound logistics 
(Zsifkovits, 2013). Another, cross-departmental approach to this is the division of industrial logistics 
into its functions, mainly described as transportation, warehousing, packaging, data management, and 
sometimes waste management (Vienažindienė et al., 2021; Centobelli et al., 2017). 

2.1.2. Sustainable, Green, and Decarbonized Logistics 
The topic of this thesis, decarbonization of logistics, can be subordinated to the much broader field of 
“sustainable” logistics. Although “sustainable”, “green”, and “decarbonized” logistics are often used as 
synonyms, “sustainable” logistics includes all aspects of sustainable development, i.e., environmental, 
economic, and human aspects (World Commission on Environment and Development, 1991). 
Operationalizing sustainability is a challenge in all disciplines, for which a lot of research under the 
umbrella term of “sustainability reporting” exists (Lenort et al., 2022; Siew, 2015), and several reporting 
frameworks have been developed (e.g., UNCTAD, 2022; GRI, 2023). “Improving” sustainability 
thereby refers to improving individual metrics in the sustainability scorecard – which, in turn, often 
leads to the deterioration of other metrics. This difficulty of globally “optimizing sustainability” is why 
the research area of multi-criteria decision-making is very prominent in the sustainability debate 
(Lindfors, 2021; Buchert et al., 2015; Ren, 2020). 

“Green” logistics, in our understanding, thereby refers to the multiplicity of environmental impacts of 
logistics, by, first, consuming provisioning services from the ecosystem, i.e., using energy, raw 
materials, water, air and land, and, second, returning emissions in form of pollutants, greenhouse gases, 
waste and noise to the environment (Deckert, 2016).  

Specializing this even further to the emission of GHG allows for the definition of decarbonizing 
logistics, i.e., lowering GHG emissions from logistics. Thus, “decarbonized” logistics is the vision of 
making logistics at least net-zero and refers to all initiatives reducing the use of fossil fuel in logistics. 
As elaborated in the introduction, GHG emissions from industrial logistics account for around 5% of 
global GHG emissions. One of the largest drivers are thereby international supply chains of industrial 
companies that are necessary to transport goods over long distances (McKinnon, 2018). Although 
logistics activities generate several environmental impacts, GHG emissions have become a universal 
metric in describing those impacts (Lohre and Gotthardt, 2016) and are seen as the most urgent one to 
deal with. The main emitter of those emissions in logistics are activities in the transport chain, so this 
thesis solely concentrates on those emissions. Besides emissions from transportation, other logistics 
activities for which green practices are researched are, for example, green warehousing, green 
packaging, green administration and logistics data management, and sustainable waste management 
(Vienažindienė et al., 2021). 

2.1.3. Transportation and its Emissions 
In this subchapter, a brief and non-exhaustive overview of the freight transportation system and its GHG 
emissions is provided, focusing on Austria. Diving deeper into the characteristics and statistics of freight 
transportation would go beyond the scope of this thesis. 
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2.1.3.1. Modes of Transportation 
Transportation, in general, can be described as the change of goods location with technical aids (Pfohl, 
2018). Many different versions of such technical aids, commonly known as vehicles, exist – and can 
broadly be categorized according to the surfaces they use – Land, Water, or Air. The term mode of 
transport refers more specifically to the type of infrastructure required for the means of transport of that 
mode (Rodrigue, 2020). For example, trains are floor-bound means of transportation that require rails. 
Figure 3 provides an overview of modes of transport, types of means of transport, as well as most 
common transport products in global supply chains. 

Mode choice, thereby, depends on the requirements of the transport service, as every mode encompasses 
its characteristics. Trucks, for example, are the most flexible means and usually the cheapest option for 
short to medium distances (Rodrigue, 2020). Trains are capable of cheap mass transportation and higher 
average speeds but need high mass or volumes and long distances to take advantages. Deep-sea ships 
have similar characteristics and need infrastructure to load and unload goods (Wehking and Hager, 2020; 
Rodrigue, 2020).  

 

Figure 3. Surfaces, modes, types of means of freight transport (adapted from Rodrigue, 2020; Wehking and Hager, 2020) 

In intercontinental traffic, different transport activities connected by hub operations are usually carried 
out one after the other – which together form a transport chain. If more than one mode is used in the 
transport chain, transport is referred to as intermodal transportation (Crainic and Kim, 2007). This is 
usually done to exploit the benefits of individual modes, e.g., to consolidate goods for overseas shipping 
while providing a flexible first- and last-mile by trucks. 

Further specification of intermodal transportation exists – the European Union exemplarily defines 
‘combined transportation’ as the combination of truck transportation on the initial or final leg with 
transportation by rail, inland waterways (IWW), or maritime services on the other leg. The peculiarity 
of this definition lies not only in the prohibition of air transport on the main leg, but also in the type of 
handling – the goods themselves may not be manipulated, but only the loading unit, for which only swap 
bodies, containers and semi-trailers are eligible (Council of European Union, 1992).  

Combined transport can further be split up regarding the form of transport, which is unaccompanied or 
accompanied, the geographical scope, i.e., domestic, or international, and the focus of the transport 
chain, i.e., continental, or maritime (UIC, 2020). This highlights the vast number of possibilities to 
transport goods from an origin to a destination and, at the same time, the challenge to describe 
transportation on the conceptional level of transport modes – as many different transportation products 
exist for each mode. 
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2.1.3.2. Products of Transportation 
Transportation products do not refer to products in a physical sense but rather define the characteristics 
of the transport service. For example, products in road haulage can be Less-than-Truckload (LTL) or 
Full-Truckload (FTL) shipments. LTL shipments are usually consolidated with LTL shipments from 
other freight owners to utilize the truck as much as possible. Usually, those consolidation tasks are done 
by the freight forwarder as the logistics service provider. When buying FTL shipments, the freight owner 
or shipper pays for the whole truck to drive from an origin to a destination. Thereby, the buyer of the 
transport service is left to decide how well he utilizes the truck within the legal and safety limits 
(Rodrigue, 2020). It is economically beneficial to utilize the vehicle as well as possible since transport 
costs usually do not depend on the transported quantity in FTL shipments. Similarly, unit trains and 
carloads in rail freight transportation can be distinguished as two possible products in rail transportation 
(Rodrigue, 2020). 

2.1.3.3. Emissions from Transportation in Austria 
In Figure 4, Austria’s total GHG emissions in 2020 are visualized by sector in the pie chart on the left. 
Although mobility was limited during the Corona-related lockdowns, the transportation sector has been 
the largest contributor to greenhouse gases, followed by the industry and the energy sector. 

 

Figure 4. Austrian GHG emissions by sector and subsector of transport (own illustration based on data from Minx et al., 2022; 
BMK, 2022) 

It is noteworthy that the absolute numbers of GHG emissions of transportation found in the international 
reference used by the IPCC (Minx et al., 2022) are slightly higher than official national numbers released 
by the Austrian Ministry for Climate Action, Environment, Energy, Mobility, Innovation, and 
Technology (BMK, 2022). In this work, we used international numbers to investigate the sectoral and 
sub-sectoral emissions, and national numbers to elaborate on the share of freight transport. Regarding 
the latter, data availability is limited. Solely for road transportation numbers are available, as visualized 
in the rightmost bar chart in Figure 3. 40.28% of road emissions stem from freight transportation, while 
passenger transportation accounts for the rest. For other non-road, rail, and air transport, no split between 
the two functions was available, only transportation on IWW can be fully attributed to freight transport 
(0.05%). So, freight transport in Austria accounted for at least 37.8% of total transport emissions in 
2020. Therefore, roughly speaking, we can approximate emissions from freight transport by a little more 
than 1/3 of 1/3 of Austria’s total emissions. 
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Nevertheless, what is not considered in these figures are emissions from hub operations in intermodal 
transport chains. Hub operations emit pollutants when linking transport operations in a chain and 
possibly conducting additional services, e.g., storage of empty and full containers, or maintenance of 
transport means or load carriers (ISO, 2022). In this context, different hubs often show different specific 
emissions per handled good or load carrier – a fact that has not yet fully found its way into emission 
calculations (Dobers et al., 2019) and therefore provides ground for further research and dissemination. 

2.2. Political Initiatives 
2.2.1. The US Inflation Reduction Act 

In August 2022, US President Joe Biden signed the 2022 Inflation Reduction Act into law. The program 
encompasses an investment of $433 billion US Dollars, including $369 billion USD for “Energy 
Security and Climate Change”. Thereby, the Democrats created a climate funding instrument that shall 
help reduce climate emissions by 40% below 2005 levels by 2030, and, at the same time, push the 
economy to hinder a recession (The White House, 2023b). Regarding freight transportation, the act, e.g., 
supports the deployment of clean vehicle technologies by defraying up to 30% of the costs of cleaner 
trucks when replacing Diesel alternatives, granting funding for the development and deployment of 
cleaner transportation fuels like sustainable air fuel (SAF) or higher and advanced biofuel blends, green 
hydrogen, and a decarbonized electricity grid. Industrial decarbonization, in general, is pushed by 
incentivizing emission-intensive sectors to invest in new technologies, such as carbon capture and 
storage (CCS) (The White House, 2023a). At the time of writing this thesis, no statistics on how effective 
the law is existed, yet. Nevertheless, it is a well-operationalized climate funding program with a 
significant investment budget, challenging European supremacy in the field of climate technology. 

The package intends to find a way out of the volatile economic situation caused by the pandemic, the 
US trade war with China, the tense situation in the energy market, and their subsequent supply chain 
disruptions. Similar programs were launched by the European Union, entitled “EU Next Generation” 
and the “Recovery and Resilience Facility” – forcing member states to develop plans how to sustainably 
escape an economic recession. According to recent studies, only the recovery plans of Belgium, Finland, 
Germany, and Hungary will not miss the 37% goal of green investments that the EU agreed upon. 
Anyways, regarding mobility, an 82% share of investments are considered “positive” or “very positive” 
for the green transition and aim at improving railway infrastructure or supporting the private sector in 
deploying electric vehicles. 9% have been assessed as critical due to funding of road networks, aviation, 
or combustion engines (Wuppertal Institute and E3G, 2021). 

2.2.2. European Initiatives  
This subchapter provides an overview of EU programs, initiatives, and legislation relevant to future 
transportation regarding climate change. Clarifying these programs highlights, again, the importance of 
considering the political factors on regional and nation-state levels. 

In Figure 5, a non-exclusive list of EU initiatives and legislations regarding climate change is visualized. 
Its key elements, with a focus on transportation, will be presented in the following sections.  
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Figure 5. EU strategic initiatives (in grey) and legislative actions (in green) regarding climate change (own illustration based 
on the references in section 2.2.2) 

2.2.2.1. The European Green Deal 
By communicating its ambitious Green Deal in 2019, the European Union set sail to becoming “the first 
climate-neutral continent” by 2050 (European Commission). The deal thereby aims at transforming 
economic growth towards sustainable growth – by developing new technologies and business models 
that enable a net-zero economy, aligning those to the principles of circularity to decouple economic 
growth from resource use, and ensuring that every region and citizen is supported in this transition 
(European Commission, 2019). 

Under the umbrella of the Green Deal, several sectoral and cross-sectoral initiatives have been launched 
that specify the Deal’s mission to certain domains, and, together, form the building blocks of the Deal. 
For example, “The New European Bauhaus” aims at aligning building design and construction across 
all application areas, e.g., housing, industrial facilities, or transportation infrastructure, to 
environmentally friendly, aesthetic, and inclusive principles (European Commission, 2021b). The 
“Circular Economy Action Plan” (CEAP), on the other side, focuses on reducing environmental impacts 
from the resources’ perspective and, thus, promotes the use of renewable and recycled materials, the 
reuse and repair of products, the reduction of waste and enhanced waste collection, as well as the 
development of circular supply chains. From the transportation perspective, the action plan mainly 
outlines future revisions of the Battery Directive and the rules on end-of-life vehicles (European 
Commission, 2020a). The EU “Clean Energy Package” is thereby a well-institutionalized set of four 
directives and four regulations, aiming at transforming the EU electricity market towards a more 
sustainable one in a fair way. It includes energy efficiency, renewables, biomass, as well as governance 
aspects – which are, especially regarding future electrified transportation, also of interest to the transport 
sector (Nouicer et al., 2020). 

A cross-sectoral initiative that aims at ensuring that “no one is left behind” during the green 
transformation is the “Just Transition Mechanism”. It aims at the social aspect of the green transition by 
providing, e.g., support for regions that are most affected and supporting reskilling and retraining of 
workers that suffer from climate change-related impacts. A key element thereby is the “Just Transition 
Fund”, which encompasses €19 billion of investments (European Commission, 2023b). 
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One initiative of special interest to this thesis is the “Sustainable and Smart Mobility Strategy”, which 
is discussed in a little more detail in the next paragraphs. 

2.2.2.2. Sustainable and Smart Mobility Strategy 
The Sustainable and Smart Mobility Strategy covers the transportation aspect of the Green Deal, aiming 
at an emission reduction of 90% compared to 2019 by 2050. It outlines three objectives, ten flagships, 
14 milestones, and 82 initiatives that the Commission will follow in the years after its release.  

One of the flagships aims specifically at freight transportation. Eight initiatives and five milestones 
thereby define the ground for future regulative proposals of the Commission. 

Most initiatives aimed at freight transportation focus on modal shifts and making rail freight and IWW 
transportation more attractive to customers. Regarding rail freight, the Commission outlines the 
necessity to revise policy frameworks like the Combined Transport Directive, the regulations governing 
Rail Freight Corridors, TEN-T, and State aid rules. In combination with EU funding and R&D support, 
this should lead to increased use of combined transportation through better data sharing, more 
transparent information, closing the gap in intermodal terminals, and incentivizing sustainable modes of 
transport through internalizing external costs. After all, setting up economic incentives is key for the 
Commission to any changes. Regarding IWW, the Commission wants to put forward the NAIADES III 
program, which helps finance fleet renewal, information exchange, and compliant with environmental 
policies. By implementing these measures, the Commission aims at increasing rail freight by 50% and 
100% by 2030 and 2050, respectively; as well as increasing IWW and short-sea shipping by 25% and 
50%, respectively (European Commission, 2020b). 

Critics of the strategy report mixed feelings - on the one hand, they concede it has some “useful and 
promising approaches”, but on the other hand, they address a lack of implementation strategies, 
insufficiently ambitious goals, and the absence of already known and promising measures (GIZ GmbH, 
2021). 

Some of the mentioned initiatives have, at the time of writing, already been discussed in trilogue 
negotiations, some have been proposed to the EU Council, and some are still just initiatives. Those that 
have already been communicated and targeted especially on freight transportation are presented in the 
next subchapter. 

2.2.2.3. European Climate Law and Fit for 55 
The European Climate Law, for the first time, puts the onus on EU members to meet their climate targets, 
contributing to the EU-wide goal of reducing GHG emissions by 55% compared to 2019 levels in 2030. 
To reach this goal, a set of revisions and updates of EU legislation was proposed by the EU Council, 
which are summarized under the umbrella term “Fit for 55”. Step by step, the packages’ proposals are 
discussed within the EU Council’s working packages, among EU ministers, and with the European 
Parliament (Council of the EU, 2023a). As the Fit for 55 package includes a variety of proposals for all 
sectors, the following paragraphs summarize the main impacts and proposals for the freight transport 
sector.  

Road transport  

By the end of 2022, the European Commission, the European Parliament, and the EU Council reached 
a provisional political agreement on the revision of the European Emission Trading Scheme (EU ETS). 
Before, included sectors have been power and heat generation, as well as energy-intensive industries. 
As of now, the current ETS is extended to cover emissions from offshore vessels larger than 5000 gross 
tons by 2024 – and a separate ETS will cover emissions from fuel use in road transportation and 
buildings from 2027. Furthermore, the emission cap will be lowered, free allowances will be phased out 
for certain sectors, and the Carbon Border Adjustment Mechanism (CBAM) will be phased in gradually 
to price embodied carbon emission in imports (European Commission, 2023c; Council of the EU, 
2023b). 
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In 2022, the EU also strengthened targets for non-ETS sectors by the revision of the Effort Sharing 
Regulation (ESR) to a 40% EU-wide reduction compared to 2005 levels in 2030 (Council of the EU, 
2022e). Until 2027, road transportation is among those sectors. As these savings are cumulative across 
the EU, countries are presented with different targets –for example, the proposed projected target for 
Austria tightens by 12 percentage points to a 48% reduction compared to 2005 levels in 2030 (Council 
of the EU, 2023e). 

One piece of the puzzle to achieve these goals is to raise emissions standards of heavy-duty trucks, as 
recently proposed by the European Commission (European Commission, 2023a). The proposal includes 
the gradual reduction of specific emissions by 45% compared to 2019 from 2030, 65% from 2035 and 
90% from 2040. Besides decarbonization, this should also lead to investment security for truck OEMs 
and infrastructure operators, as the deployment of electric and hydrogen-powered trucks will be forced. 

In line with this, the proposed regulation on alternative fuels infrastructure (AFIR) aims to adapt the 
legislation from the infrastructure’s perspective – and includes, for example, the installation of electric 
charging stations for trucks every 60 km and hydrogen filling stations every 200 km on the TEN-T core 
network. With the focus on road transportation, AFIR highlights EU intentions to supply mobility users 
with alternative fuels, where needed. Regarding freight transportation, the deployment of infrastructure 
for electric heavy-duty trucks is supposed to start in 2025 – whereby coverage of the TEN-T core 
corridors is scheduled for 2030. The deployment of gaseous hydrogen refilling infrastructure is planned 
similarly – but with regular assessments of the sectoral developments and needs (Council of the EU, 
2022b). Negotiations with the Parliament are still pending, as EU member states and the EU Council 
agreed upon a common position on AFIR in June 2022 (Council of the EU, 2022c).  

Maritime transport 

Besides road transportation, AFIR also encompasses infrastructure deployment for the maritime and 
aviation sector, especially regarding the availability of on-shore power supply for deep-sea and inland 
ports, as well as airports (Council of the EU, 2022b, 2022c). In comparison to AFIR, the FuelEU 
Maritime legislation package shall ensure demand for alternative fuels in the maritime sector by 
introducing, e.g., the obligation for on-shore power supply by 2030, more robust calculations for GHG 
intensities, fuel certification mechanisms, and numerical targets for the reduction of carbon intensity in 
maritime transportation (Council of the EU, 2022b, 2022d).  

Aviation 

As of the most recent political agreement between the EU Council and the European Parliament, the EU 
ETS is aligned to the Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA), 
as flights arriving on or departing at a Union airport will fall under CORSIA, while emissions from 
intra-European flights are accounted to the emissions auctioned in the EU ETS. The effectiveness of 
CORSIA will thereby be monitored by the EU in the next years, and the free allocation of EU allowances 
will be reduced in 2024 and 2025 and eliminated as of 2026. Furthermore, stricter monitoring and 
reporting mechanisms of non-CO2 GHGs will be proposed by the Commission. A package of measures 
to shift short flights spanning 1000km or less to alternative modes of transport will be discussed, as 
these contribute disproportionately to emissions from the transport sector (Council of the EU, 2023c, 
2022a, 2023d).  

A package like FuelEU Maritime to foster the supply and demand of sustainable aviation fuel (SAF) – 
named ReFuel EU Aviation – was proposed by the European Parliament and the Council in 2022. 
Aviation fuel suppliers are thereby obliged to blend minimum shares of SAF to aviation fuel, beginning 
with 2% in 2025 and gradually increasing to 63% in 2050. Aircraft operators will then be hindered from 
bunkering low-cost and possibly carbon-intensive fuel from non-EU airports in the aeroplane by 
restricting the annual quantity of aviation fuel uplifted at a Union airport to a minimum of 90% of the 
required fuel quantity. In line with this, stricter reporting obligations for aircraft operators and fuel 
suppliers are proposed. Union airports need to make sure that aviation fuel suppliers can access the 
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airport and meet SAF demand – otherwise aircraft operators may report the unavailability of SAF blends 
to the competent authority of the Member State (Council of the EU, 2022a). 

2.2.2.4. EU Strategy on Adaption to Climate Change 
Away from all efforts to prevent the emission of new GHG emissions, climate science introduced the 
concept of climate change adaption – which aims at making societies, ecosystems, and economies 
resilient to the unavoidable and irreversible effects of climate change (IPCC, 2021). 

Thus, in June 2021, the EU Council approved a Commission proposal to renew the EU’s 2013 adaption 
strategy and form a new EU Strategy on Adaptation to Climate Change. The strategy includes several 
instruments to foster (European Commission, 2021a): 

 “Smarter adoption”, e.g., enhancing knowledge on adaption and climate risk assessment; 
 “More systemic adoption”, e.g., enhancing cooperations across all levels, regions and sectors to 

form new policies and guidelines, supporting ecosystem recovery and protection; 
 “Faster adoption”, e.g., setting up funding for adaption research through a Horizon Europe 

Mission (European Commission, 2021c) and reducing the share of non-insured economic losses 
from climate change; and 

 International support and financing for adoption 

From a transportation perspective, the strategy paper discusses the threat of droughts to inland 
waterways. The presented initiatives aim to create adaptation mechanisms in response (European 
Commission, 2021a).  

2.2.3. Austrian Initiatives 
In 2016, Austria ratified the Paris Climate Agreement (UNFCCC, 2023), committing to delineate its 
own National Determined Contribution (NDC) to mitigate climate change. The initial NDC was 
submitted to the European Union in 2016 and then revised and strengthened in 2020 to meet the EU’s 
goal of reducing emissions by 55% (Meinshausen et al., 2022). Policies to reach the NDC targets are 
developed and enacted frequently across the federal and provincial laws. Thus, it is hard to compile an 
up-to-date list of all policies affecting environmental impacts (Mayer and Wolf, 2023). In general, as a 
member state of the European Union, Austria’s climate policies align with those of its European 
ancestors. The main green legislations affecting transportation from the European perspective have 
already been discussed in Section 2.2.2.  Nevertheless, some Austrian transportation-related legislations 
that extend the European laws are worth mentioning. For instance, Austria introduced the National 
Emission Allowance Trading Act (NEHG) in 2022, which levies a tax on GHG for all sectors not 
obeying to the European ETS, the most affected of which is transportation. This law features a gradual 
increase in the allowance price for emitting one ton of GHG until 2025, beyond which the law introduces 
an emission trading market (Federal Ministry of Finance, 2022). 

An amendment to the Austrian Waste Management Act introduced a gradual tightening of 
environmental requirements for waste transportation. Commencing in 2023, only means of transport 
with pollutant emissions comparable to those of rail transport may be used to transport waste exceeding 
10 tons over a distance greater than 300 kilometres by road. Beginning in 2024, the distance is yearly 
reduced to 100km. Certain exemptions to the regulation are in place to preserve the competitiveness of 
the waste recycling sector (Federal Ministry for Climate Action, Environment, Energy, Mobility, 
Innovation and Technology, 2021b). 

As of January 1, 2023, an amendment to the Austrian fuel ordinance increases the compensation 
amounts that distributors of fossil fuels must pay for each ton of CO2 placed on the market. These 
compensation payments can be reduced if renewable electricity or biogenic fuels are sold in the 
transportation sector. In sum, this amendment aims at increasing the price of fossil fuels and creating 
incentives to build infrastructure for alternative fuels (Federal Ministry for Climate Action, 
Environment, Energy, Mobility, Innovation and Technology, 2022b, 2022c).  
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Most of the initiatives implemented by the Austrian government in recent years are included in Austria's 
2030 Mobility Master Plan. This 68-page document presents a strategic approach to reduce 
transportation-related greenhouse gas emissions and serves as a statement of intent at a high strategic 
level. In addition to the Avoid-Shift-Improve approach, the plan includes incentives for utilizing 
alternative transportation modes and creating citizen awareness. However, the measures within the plan 
are overly general and prioritize passenger transport over freight transport (Federal Ministry for Climate 
Action, Environment, Energy, Mobility, Innovation and Technology, 2021a). 

Similarly, the Austrian hydrogen strategy puts more focus on the use of hydrogen in the energy, than in 
the transportation sector. Although hydrogen’s significant contribution to the emission-free freight 
transport system is acknowledged, it postpones more precise decisions on the use of hydrogen in trucks 
and buses until 2024-2026, justifying this with the need to expand the hydrogen infrastructure in Europe 
in a planned and strategic manner, especially for transit traffic. The strategy mentions the utilization of 
hydrogen in aviation and shipping in more detail. In these areas, the strategy foresees the creation of 
incentives for the construction of production facilities for the manufacture of SAF. By 2030, a cross-
sectoral systemic approach should be in place - providing vehicles, infrastructure, green hydrogen and 
linking the energy and transport sectors (Federal Ministry for Climate Action, Environment, Energy, 
Mobility, Innovation and Technology, 2022a). 

2.3. Scientific State of Research and the Derived Research Questions  
2.3.1. Strategic Perspective 

The management of greening in- and outbound logistics are often discussed in line with greening Supply 
Chain Management (SCM), as logistics is seen as one dimension of SCM (Sarkis et al., 2011) that 
supports SCM effectiveness significantly (Khan et al., 2022). Logistics and SCM are cross-sectional 
functions in manufacturing enterprises – multiple decision-makers on different hierarchical levels are 
involved in these domains. Typically, this is referred to as ‘Hierarchical Decision-Making’ in literature, 
comprising decision makers on the higher levels who decide first, have more power and information, 
and frame the decision-making space of decision makers on the lower levels, who have less power and 
information and decide afterwards (Liu, 2005). The most common framework in this area was presented 
by Anthony, 1981, encompassing three hierarchical levels, i.e., strategic planning, tactical planning, and 
operational control. Those differ in the frequency of the decision-making process and the time horizon 
affected by the decision. Elaborating this framework for SCM, Chopra and Meindl, 2016 assign high-
level decisions affecting several years, e.g., product design, number of service providers, outsourcing 
strategies, or location selection, to the strategic planning level. These decisions thereby influence the 
opportunity space of the tactical planning level, where decisions on, e.g., the number of servers at each 
facility or the number of service tasks to be processed by each facility. Finally, decisions impacting the 
next few minutes up to the next week are assigned to the operational control level. Building on this well-
known framework, Riopel et al., 2005 elaborate on a multitude of decisions that have to be made in 
business logistics. All in all, they define 48 decisions and assign them to three levels, the Strategic 
Planning level, the Network level, and the Operations level. The operations level is further split up into 
nine key functions of business logistics, with one of them being transportation. 

Although Riopel et al., 2005 assign transportation to the operations level, there is a long-term 
perspective in transportation decisions. This is incorporated in a framework for decisions influencing 
emissions of road freight, which was initially created by McKinnon and Woodburn, 1993 and extended 
by Piecyk and McKinnon, 2010. It comprises six main decisive factors determining freight amount and 
freight emissions, which are the structural factor, the commercial factor, the operational factor, the 
functional factor, the product-related factor, as well as the external factor. Decisions on those factors 
determine the nodes of the transport network, the supplier, customer and service provider selection, 
transport order scheduling, and the vehicles used for transportation. Thereby, all those decisions together 
determine, first, the amount of freight transport that is necessary for the focal firm, second, the carbon 
intensity of those transports, and, thus, the carbon emissions resulting from freight transport. Usually, 
several parties contribute to those decisions in industrial logistics (Chopra and Meindl, 2016). Shippers, 
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i.e., industrial firms, commission transports and define the basic structures of the supply chain, whereas 
logistics service providers conduct what the shippers stipulate them to (Pålsson and Kovács, 2014). 

This highlights the importance of investigating the short-term, as well as the long-term perspective in 
logistics decision-making to adjust decisions on the operational and functional, as well as on the 
structural and commercial levels, respectively. Solely by including the contingency of GHG emissions 
into all decision-making levels, deep decarbonization will be possible in a sustainable way, i.e., 
economically viable for the firm. 

To the best of the author's knowledge, a link between specific measures and the decision-making levels, 
i.e., the decision-making parties per se, is still missing in the literature. Whereas extant literature on the 
impacts of specific measures exists, we are not aware of research that connects those measures to the 
hierarchical levels discussed above. Thus, the first research question of this thesis can be defined as 
follows:  

RQ1: Which parties involved in industrial freight transportation are capable of 
implement certain measures? 

Besides this, we are further interested in the state of the art in practice, i.e., which measures are currently 
being adopted among Austrian logistics practitioners to effectively guide further decarbonization. 
Several studies already investigated practitioners across Europe and beyond. For example, evidence 
from Lithuania indicates that eco-driving and intelligent routing are frequently used (Vienažindienė et 
al., 2021). Similarly, evidence from Sweden scores transport planning and eco-driving highest regarding 
their implementation (Pålsson and Johansson, 2016). The importance of eco-driving is underlined by 
similar research from Thailand (Sureeyatanapas et al., 2018). Standing out in this study is the high score 
for alternative fuels – which is contrary to the findings of other studies (Martins et al., 2019; Froio and 
Bezerra, 2021; Vienažindienė et al., 2021). Modal choice scores are mediocre. A study from Brazil 
ranks it among the most frequently used measures, with only 27% of companies using it (Martins et al., 
2019).  This discussion indicates that there is still a lot of potential for many measures – which depends 
on the degree of implementation in the respective country. To the best of our knowledge, there is yet no 
similar study for Austria, indicating that the potential to be exploited in Austria is uncertain. Thus, the 
second main question to be answered is: 

RQ2: How widespread are decarbonization measures in the Austrian transport-
intensive industrial sectors? 

Having discussed the state of the art, we seek a deeper understanding of decarbonization decisions in 
practice. Thereby, a multitude of studies exist that explain organizational decision-making behavior by 
utilizing various organizational and behavioral theories (Sarkis et al., 2011; Touboulic and Walker, 
2015; Carter and Liane Easton, 2011). Some of which seem to be used more frequently, e.g., the 
institutional theory (Miemczyk, 2008; Zhu and Sarkis, 2007; Zsidisin et al., 2005), the stakeholder 
theory (Busse et al., 2017; Gooyert et al., 2017; Siems and Seuring, 2021; Huge-Brodin et al., 2020), or 
the resource-dependency theory (Hofer et al., 2021; Schnittfeld and Busch, 2016; Trujillo-Gallego et 
al., 2021); whilst others are “imported” from other fields of research and thereby less common in 
decarbonizing logistics, e.g., customer value theory (Wagner, 2008), network theory (Gulati et al., 
2000), or event system theory (Morgeson et al., 2015).  

To sum up, on those studies, we can conclude that not many firms are advanced in reducing industrial 
logistics’ emissions. Although a certain movement towards environmentally friendly activities can be 



BACKGROUND AND RESEARCH QUESTIONS 

16  Philipp Miklautsch-Breznik, 2023 

observed by bigger companies (e.g., Volkswagen AG, 2022; Brau Union Österreich AG, 2022), things 
are not getting too serious, yet; many endeavors never made it out of the pilot phase. One reason for this 
might be the absence of significant external pressures on decision-makers in logistics (Touratier-Muller 
and Ortas, 2021). Nevertheless, as elaborated on in Section 2.2, most political initiatives are in their 
infancy and will come into effect in the next few years. Furthermore, evidence shows a movement 
towards European citizens gaining a rising awareness for the environment in general (Bacsi, 2020), and 
for climate change in special (Lee et al., 2015). Paired with the perception that “big companies and 
industry” are not doing enough to protect the environment, environmentally conscious buying behavior 
slowly starts to diffuse upstream in the supply chain, creating a “green bullwhip effect” that will hit 
more upstream industrial firms with a delayed, but stronger impact (Seles et al., 2016). 

Decision-makers in logistics, thereby, need to take action now, because changes in logistics systems 
may take a horizon of up to 15 years (Bretzke and Barkawi, 2013). Introducing changes when they are 
requested by stake- and shareholders might be too late, and companies closing themselves off to change 
might not exist in a changing institutional environment. Thus, decision-makers in industrial logistics 
need evidence on how to successfully and competitively adapt to new contingencies that arise through 
further dependence on carbon emissions. Whereas there is an extending amount of studies investigating 
the diffusion of green practices in the supply chain and how to support those (Seles et al., 2016; Gulati 
et al., 2000; Trujillo-Gallego et al., 2021; Siems and Seuring, 2021), or why single firms act how they 
act (Busse et al., 2017; Shin et al., 2018); we could not find any studies investigating those companies 
that already successfully implement measures. There are indications that some exemplar firms do take 
decarbonization seriously and implement measures not solely as pilot projects or for marketing purposes. 
We are deeply interested in how those companies find consensus on greening their logistics processes 
and what differs from other firms. Simply put, to shed light on these industrial logistics decarbonization 
frontrunners and delineate implications for other industrial companies, we aim to investigate the 
following research question:  

RQ3: What makes organizations, that have successfully implemented initiatives to 
decarbonize industrial logistics an example to follow?  

Summing up the first three research questions we strive to answer in the managerial-oriented part of the 
thesis, we want to investigate how management principles in industrial logistics must change to be 
prepared for unavoidable long-term decarbonization. In this context, various sub-questions that arise 
when discussing the above-stated research questions are, for example: What are managerial success 
factors that ensure the future competitiveness of the logistics operations? Are there already Austrian 
firms that managed the transition exemplarily? If so, how did they adopt it? If not, why not? Answering 
those questions to gain a better understanding of the mechanisms in the Austrian context is the first main 
part of this thesis. 

2.3.2. Operational Perspectives 
Nevertheless, besides the long-term implications for management, the more pressing issue regarding the 
factor of time is how to promptly decarbonize the economy, as an American investor expresses that “the 
timeframes to get our act together on climate are starting to be incompatible with doing things that will 
take decades.” (Bergen, 2023) Scientific evidence outlines that deep reductions in emissions will have 
to happen in the coming decade to prevent a climate disaster (IPCC, 2021). The managerial implications 
we aim for will probably not impact the carbon footprint of real-world processes soon enough to 
contribute to this urgent situation.  

Nevertheless, much progress has been made on the technological and operational aspects of logistics 
decarbonization. In the following paragraphs, a non-exhaustive overview of measures to decarbonize 
transportation is presented according to the well-known “Avoid-Shift-Improve” (ASI) framework, 
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which is used in recent literature (e.g., Dhawan et al., 2022; Zhang and Hanaoka, 2022) and practice 
(e.g., Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology, 
2021a). First introduced for public transportation (Dalkmann and Brannigan, 2007), references 
nowadays frequently cite it as a prioritization and categorization of decarbonization initiatives for freight 
transport, too (Jaramillo et al., 2022). 

2.3.2.1. Avoid 
Avoiding unnecessary transportation while maintaining logistics service levels constitutes the first 
category of actions. This category thereby includes all measures related to minimizing total vehicle 
distance travelled – and thereby reducing emissions from fuel usage. Those measures thereby address 
either the distance between the origin and destination of goods or insufficient utilization of vehicles and 
load carriers – the potentials and barriers of both options are widely recognized. For example, industrial 
firms’ supply networks often span globally and thereby include distances of several thousand kilometres 
(McKinnon, 2018). Restructuring the supply chain thereby bears the potential to avoid transports on a 
large scale through, e.g., the re-location of manufacturing plants. An example of shifting car 
manufacturing closer to the final customers reveals outbound reduction potentials of 80% to 90% 
(Nieuwenhuis et al., 2012) – but cannot be implemented ad hoc due to its widespread effects and 
strategic character. 

Regarding utilization, near-time potentials are still prevalent, as 20% of road freight journeys in the EU 
in 2021 were performed by empty vehicles (Eurostat, 2022). Measures in industrial logistics include, 
for example, the reduction of inbound Just-in-Time transports – or at least the abundance of time 
windows to increase supplier and carrier flexibility (Harris et al., 2010; McKinnon et al., 2010; 
Rogerson, 2017), optimization of packaging and load carriers, or backhauling (Kaack et al., 2018; IEA, 
2017). Increasing capacity utilization of trucks thereby reduces the necessary number of runs and thus 
costs and emissions, at the same time (Jaramillo et al., 2022). Such changes can be hard to implement 
as larger transport volumes increase demand for on-site storage and its cost. At the same time, the 
reduction potential of such measures can be negligibly small in global supply chains with transport legs 
measuring thousands of kilometers (Lin, 2019).  

2.3.2.2. Shift 
Shifting transportation from carbon-intensive modes of transport to lower-carbon ones is the aim of the 
second category’s actions. As the focus is shifting away from carbon-intense modes, research 
investigating continental transportation mainly addresses shifting road transportation to rail (Regmi and 
Hanaoka, 2015; Heinold and Meisel, 2018; Dioha and Kumar, 2020), inland waterways, or short-sea 
shipping (Harris et al., 2018; Svindland and Hjelle, 2019). Regarding intercontinental transport, the 
credo is to avoid air freight and instead use the more environmentally friendly sea freight or, if possible, 
rail transport.  

Investigating the emission intensities of different modes of transport in Figure 6 highlights that a clear 
gradation in the order air-road-inland waterway-sea-rail exists, albeit large spreads in the data indicate 
that mode choice is only one factor determining the emission intensity. 
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Figure 6. The transport modes' emission intensities (own illustration based on data from GLEC, 2022) 

Besides the ecologic aspect, the shift to mass-capable means of transport – for example, from truck to 
train – usually brings economic benefits, as specific freight rates are 30% to 35% lower (Zgonc et al., 
2019; Müller et al., 2021). Nevertheless, challenges arise regarding limited flexibility due to operational 
inefficiencies (Cichosz and Pluta-Zaremba, 2019; Colicchia et al., 2017) or missing infrastructure 
(Regmi and Hanaoka, 2015). Furthermore, especially waterborne transport depends on geographic 
characteristics (Svindland and Hjelle, 2019). 

Although in Europe modal shift was intensely promoted, researched, and incentivized in the last 
decades, the share of road transport has increased drastically in the Union, which is why literature calls 
for further research on intermodal transportation and the shift to rail (Kaack et al., 2018). Recent articles 
thereby indicate one reason are soaring prices for rail electricity – which force railway operators either 
to use Diesel locomotives or lose competition with road transportation (van Leijen, 2022; Geerts, 2022; 
CER and ERFA, 2022). 

2.3.2.3. Improve 
Even if the first two principles become exhaustively utilized, transport emissions will still occur in 
burning fossil fuels in combustion engines. Therefore, is the measures in the last category aim to reduce 
and, at best, prevent these very emissions by changing vehicle properties and technologies. Perhaps the 
most frequently and intensively discussed action is the use of alternative drives and fuels, as several 
low-carbon transport technologies and related energy pathways exist (Jaramillo et al., 2022, p. 1064; 
Breuer et al., 2022). Options include the use of novel fuels in advanced combustion engine vehicles, 
e.g., DAC FT-Diesel, the use of battery electric vehicles, or low-carbon hydrogen generating electricity 
in fuel-cell powered vehicles (Jaramillo et al., 2022, p. 1083). 

The use of hydrogen as an energy carrier in fuel cell electric vehicles (FCEV) is a promising and 
prominently discussed solution as it can be used in many different applications – in transportation alone 
application scenarios for port assets, trucks, trains, ships, or airplanes exist – without direct emissions. 
Nevertheless, achieving emission reduction potentials is bound to the utilization of green hydrogen (Fritz 
et al., 2022) – the availability of which is likely to be scarce by 2030 and uncertain in further future 
(Odenweller et al., 2022). Thus, it will be deployed for applications where no other decarbonization 
options exist. It is questionable whether this will be transportation in the first or second place. The 
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Austrian hydrogen strategy, for example, prioritizes hydrogens’ industrial use above the use in 
transportation (Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and 
Technology, 2022a). Even if an application in transportation is favored, using it for decarbonizing trucks 
is unrealistic in the coming decade, as the demand in aviation and shipping is expected to be higher 
(Jaramillo et al., 2022). Furthermore, hydrogen refueling infrastructure is costly – especially for open 
road networks. The construction of company-owned on-site hydrogen refueling stations may thereby be 
a technological option, but investments for each unit are estimated to be 0.6 – 2 million USD (ICCT, 
2017). Comparing different technological hydrogen production, storage and transportation options for 
Germany reveals the lowest possible filling costs of hydrogen to be around 5 €2020/kg in 2030 (Sens et 
al., 2022). 

Electricity supply from in-vehicle batteries provides another option, being frequently referred to as 
Battery Electric Vehicles (BEV). Whereas electric trucks for short-haul feeder services already reached 
cost parity in most European cities (Basma et al., 2022), long-haul heavy-duty electric trucks impede 
significant costs for the vehicle, the battery, and the infrastructure – which can solely be cost-effective 
in specific settings (Karlsson and Grauers, 2023; Teichert et al., 2023). Frequently discussed challenges 
include the supply of energy from renewables, the sourcing and production of batteries, the scarcity of 
recharging infrastructure for trucks, long recharging times, and short ranges (Mojtaba Lajevardi et al., 
2019; Jahangir Samet et al., 2021; Middela et al., 2022; Shoman et al., 2023). The use of overhead 
catenary or in-road inductive charging facilities, summarized under the umbrella term electric road 
systems (ERS), can remedy this by supplying energy to the vehicles while they are in motion. 
Nevertheless, they necessitate high investments in infrastructure, which only pay off on routes with 
heavy traffic, e.g., freeway axes between conurbations. 

Another option is using negative-emission fuels in combustion engines – enabling near-net-zero 
transportation. As stated in the 2nd EU Renewable Energy Directive, a vast number of such fuels exists, 
using different resources and production pathways. Depending on those characteristics, the fuels entail 
different levels of emission reductions and different challenges in resource sourcing, production, 
storage, and combustion (Breuer et al., 2022; European Parliament, 2018). Eligible fuel alternatives for 
heavy-duty trucks discussed by the latest IPCC report are advanced biofuels from different sources, 
direct air capture Fischer-Tropsch (DAC FT) Diesel, and Ammonia from low-carbon renewables or 
natural gas steam methane reformation. Of those, DAC FT Diesel and low-carbon Ammonia show the 
lowest emission intensities, while the reduction potential of advanced biofuels depends heavily on the 
assessment model used for calculating emissions (Jaramillo et al., 2022, p. 1083). 

This discussion addresses the various actions available to mitigate climate change in transportation, 
along with associated challenges. Manufacturing companies, however, face difficulties addressing these 
challenges as they lie outside their core competencies. Nonetheless, they must comprehend the 
environmental impacts of logistics decisions and their potential contributions to decarbonization. To 
address the urgent need for emissions reduction in the years ahead, we aim to investigate the following 
research question: 

RQ4: How can Austrian manufacturing firms identify the “most promising” measures 
to reduce greenhouse gas emissions from industrial logistics? 

There are several sub-questions raised by this research question, the most important of which is the 
definition of “most promising”. This definition is particularly compelling since all aforementioned 
measures affect multiple logistical dimensions. These dimensions include the technical and operational 
feasibility within the logistics network, economic competitiveness, emission reduction potential, and 
scalability of the solution. This non-exhaustive list of criteria will serve as a starting point for providing 
evidence-based decision-support to manufacturing companies. 
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Thus, in parallel with the strategic part, the thesis’s operational part should enable companies to make a 
measurable and competitive contribution to decarbonization, demonstrate possibilities in Austria that 
exceed the current state, and provide a basis for immediate action. 

To summarize the focus of this thesis, the object under investigation is visualized in Figure 7. 

 

Figure 7. Visual summary of the object of investigation and the research questions (own illustration) 
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3. Applied Research Methodology 
According to Kornmeier, 2007, the purpose of a scientific thesis can be the description, explanation, 
prediction, design, and/or evaluation of the object under investigation. In the theoretical part of this 
doctoral thesis, we, therefore, aim to describe the current situation regarding the decarbonization of 
industrial logistics in Austria, explaining mechanisms underlying the adoption of green practices as well 
as managerial success factors and thereby predicting how long-term logistics competitiveness, 
concerning the dependency on emissions, can be ensured in Austrian industrial firms. Furthermore, in 
the applied part, we aim to develop indications on how to design and evaluate the most promising 
measure regarding short-term decarbonization. 

To do so, we use a triangulative approach, which investigates the object under consideration from three 
sides. First, the current state of the literature is used to provide a view of the research that has already 
been conducted. Subsequently, empirical studies serve on the one hand, to elaborate the practical state 
of the art, and, on the other hand, to provide insights into pioneering companies. The grounding of the 
research in the aforementioned organizational and behavioral theories thereby ensures its quality (Defee 
et al., 2010). In line with Popper’s view of theories as “fishing nets” that capture only parts of reality 
(Popper, 1935), we consider the perspectives of the most prominent theories in the field, e.g., the 
(natural) resource-based view, resource dependency theory, institutional theory, or stakeholder theory.  

This multi-pronged approach ensures that the dissertation considers the research already conducted in 
the field as well as relevant theories. Further, the techno-economic-oriented, interdisciplinary research 
approach guarantees that all necessary dimensions of the object under investigation are included in the 
considerations and that the research does not lose sight of the real world.  

Therefore, we split the research into four work packages, aligned to the four research questions defined 
in Section 2, each utilizing a methodology that is well suited for the aim of the package. Thereby, we 
consider the approaches used in relevant research on the field, as well as methodological and 
epistemological considerations. 

In addition to the work packages presented in Table 1, the results of the paper have been continuously 
disseminated to practitioners. Moreover, there have been accompanying research projects in which the 
knowledge was directly applied. These did not directly contribute to the doctoral thesis or scientific 
literature but consolidated the knowledge of the researchers in the field and transferred relevant findings 
to the industry. Ongoing discussions of the researchers with practitioners and participation in theoretical 
and practical conferences ensured the relevance and rigor of the research. 

The work packages’ results were either published in peer-reviewed scientific journals or presented at 
scientific conferences. This ensures that each part of this doctoral thesis complies with modern scientific 
standards and contributes to the current knowledge in the field. References to these publications are 
made in Table 1 and, in depth, in the next section. 

Table 1. Work packages with their corresponding purpose and method 

RQ Purpose Methods Paper Key Outcomes 

RQ1   

U
nd

er
st

an
di

ng
 

Describe 
Systematic Literature 
Review 

Miklautsch 
and 
Woschank, 
2022a 

Elaborate the state-of-the-
art regarding 
decarbonization measures 
in literature. 

RQ2   Describe 
Analysis of secondary 
data and firm reports 

Miklautsch et 
al., 2022 

Develop an understanding 
of the most pressing 
industrial sectors. 

    Explain Quantitative survey  

Miklautsch 
and 
Woschank, 
2023b 

Elaborate the state-of-the-
art decarbonization 
measures among Austrian 
practitioners. 



APPLIED RESEARCH METHODOLOGY 

22  Philipp Miklautsch-Breznik, 2023 

RQ3   Explain

Qualitative interviews 
with 10 experts from 
exemplary 
organizations 

Miklautsch 
and 
Woschank, 
2022b 

Understand the differences 
in exemplar organizations 
that do already implement 
measures. 

    Predict 

Qualitative interviews 
with 15 experts from 
exemplary 
organizations 

Under Review 

Derive propositions on 
how firms can ensure 
competitiveness in the long 
run. 

RQ4 

Su
pp

or
tin

g 

Evaluate 
Mixed Methods, 
Design Science 
Research 

Miklautsch 
and 
Woschank, 
2023c 

Multi-criteria decision-
making tool for shippers to 
evaluate decarbonization 
measures. 

   Design 
Mathematical 
modelling 

Miklautsch 
and 
Woschank, 
2023a 

Methodology to calculate 
the most promising routes 
in a logistics network for 
utilizing combined road-
rail transportation. 

   Evaluate 
GHG emission 
quantification 

Miklautsch et 
al., 2024 

Scenario-based GHG 
quantification of an 
exemplar combined 
transport chain. 

   Evaluate Simulation 
Miklautsch et 
al., 2023a 

Simulation model for a 
techno-economic 
assessment of combined 
transportation. 
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4. Summary of the Scientific Contributions 
In the following subsections, the research that was conducted to answer the overarching goals of this 
doctoral thesis is summarized. Thereby, the motivation, method, and key findings of all publications are 
presented and their role in answering the research questions is outlined. The detailed contribution of the 
author to those papers is clarified according to the Contributor Roles Taxonomy (CRediT) (Allen et al., 
2019) in a separate table in Appendix 9.10. 

A visual representation on how the specific publications contribute to the thesis research questions can 
be found in Figure 7. To ensure clarity for the reader, we define each contribution using a numbered 
sequence, demonstrating how they form the building blocks of the thesis. This figure further connects 
the scientific contributions to the bachelor theses that were supervised and the master theses that were 
co-supervised, which are summarized in Section 5. Therefore, we emphasize the significance of these 
theses to the central thesis’s outcome. The (co)supervision enhanced understanding of various aspects 
of the object under investigation and provided evidence and inputs for various research works. 
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Qualitative interviews 
(2 papers)

RQ1. Which parties involved 
in industrial freight transport 
are capable of implementing 

certain measures?

RQ2. How widespread are 
decarbonization measures in 

the Austrian transport-
intensive industrial sectors?

RQ3. What makes 
organizations, that have 

successfully implemented 
initiatives to decarbonize 

industrial logistics an 
example to follow?

RQ4. How can Austrian 
manufacturing enterprises 

identify the “most 
promising” measures to 
reduce greenhouse gas 

emissions from industrial 
logistics?

Systematic Literature 
Review on 

decarbonization 
measures

Meta analysis of 
secondary data and 

firm reports

Quantitative survey

Development of a 
multi-criteria decision-
making tool with DSR

Scenario-based 
emission 

quantification of 
combined transport

Development and 
evaluation of a route 
finding algorithm for 
combined transport

Development of a 
novel approach to 

identify measures and 
preliminary evaluation 

by simulation

Journal article Conference 
proceeding Master thesis Bachelor thesis

Strategic perspective Operational perspective

MT HoffelnerBT Dallago

C8.2C7.1C6.1C5.2C3.1C2.1C1.1 C1.2

BT Enthaler BT Roth

MT PachteuBT Lechmann

MT Olipp BT Jöbstl

MT Kostolanska

C4.1C3.2C2.2 C4.2C5.1 C8.1

 

Figure 8. Visual representation of scientific contributions and their connection to the (co-)supervised theses, as well as how they contribute to the research questions (own illustration)
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4.1. Systematic Literature Review (Paper 1) 
4.1.1. Summary of Motivation, Method, and Key Findings 

The purpose of this paper is the synthesize of scientific findings on emission reduction measures in 
transportation. A focus is thereby set on the perspective of shippers, e.g., manufacturing companies, as 
those companies do have a significant impact on industrial logistics emissions. A Systematic Literature 
Review was conducted by searching the SCOPUS database with a predefined search string. A total of 
410 papers were found and their abstracts were screened. Due to preceding defined inclusion and 
exclusion criteria, 281 papers could be excluded, as they did not fit the overarching goal of the paper. 
18 articles could not be retrieved, so 111 were eligible for the full-text analysis. During this phase, a 
further 55 were excluded due to their content, but 25 other articles from a backward search were 
included. In the end, 81 articles were subject to the text full-text analysis, which resulted in 215 
measures, that were clustered into 27 measure categories and nine high-level clusters. Those are 
presented and discussed subsequently in a descriptive analysis of the papers. Besides the presentation 
of the measures and clusters, the emission reduction potentials of the measures were collected from the 
articles and brought together in the analysis phase. Thus, in the discussion, a comparison of different 
measures is possible, concluded by an outlook to further research directions on the field. The hierarchical 
framework by McKinnon and Woodburn, 1996 was extended by two more hierarchical layers to include 
all perspectives of industrial logistics decisions (Miklautsch and Woschank, 2022a). 

4.1.2. Contribution C1.1 to the Research Question 1 
First, the SLR has revealed the activities in industrial freight transport that emit emissions and the actors 
involved. The entities commissioning transports and parties involved in their execution are crucial to 
decarbonization efforts. Depending on the contract type, many actors can participate in freight transport. 

Second, a comprehensive catalogue of measures to decarbonize industrial freight transport has been 
created. Examining the potential benefits, drawbacks, and connections between these approaches served 
as a foundation for subsequent research. Interestingly, some of the measures identified fall outside of 
the widely established ASI framework and pertain to long-term strategic decisions. This suggests that 
focusing solely on ASI could potentially constrain the ability to reduce emissions in the long run. 

Third, by expanding on the hierarchical framework introduced by McKinnon and Woodburn, 1996, a 
more comprehensive understanding of the role of industrial enterprises in decarbonizing freight 
transport is presented. The distinction between long-term and short-term initiatives, enabled by the 
implementation of two further layers in the framework, thereby ensures that all aspects of logistics 
decision-making are addressed. The first dimension, the management system, defines the decision 
criteria and targets of transportation buying in manufacturing enterprises and, thus, lays the boundaries 
for all further decisions on transportation. Shippers’ management and employees thereby play a major 
role in shaping the long-term success of decarbonization in the shippers’ logistics network. On the 
second new level, the technical level, shippers are, for example, able to modify load carriers and thereby 
reduce weight. Such modifications enable short-term reductions but are limited in their potential. 
Furthermore, the power to decide on specific measures can vary among different hierarchical levels on 
the shippers’ side – depending on the decision to out- or insource transportation. In the first case, the 
decisions are made on a higher hierarchical level in the procurement of transportation services – which 
implies longer decision horizons. Detailed technical or operational decisions are thereby deferred to 
another party. In case transportation is done by the shippers themselves, operational departments on 
lower hierarchical levels inside the company decide on those aspects. 

Fourth, the meta-analysis of emission mitigation potentials from the studies identified throughout the 
SLR highlighted the uncertain reduction potential of several measures. To name the most drastic 
measure, drivetrain technology and fuel selection show a share from nearly zero to nearly 100% 
emission reduction. This high variability reflects the low readiness level of those technologies in 
practice, as the actual emission reduction depends on many operational parameters. 
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4.1.3. Contribution C1.2 to the Research Question 2 
First, the importance of focusing on interdisciplinary research and including approaches from social 
sciences was confirmed by the research – underlining the use of qualitative and quantitative research 
methodologies for the subsequent studies. 

Second, by identifying the key players in industrial logistics and their different types (e.g., shippers 
with/without own vehicles) as well as the comprehensive list of decarbonization measures, this article 
laid the foundation for the definition of the target group as well as the formulated questions for the 
quantitative survey. 

4.1.4. Further Contributions 
The measure with the most robust Interquartile Range is mode selection, i.e., the shift to less carbon-
intensive modes of transport. Half of the values found report a reduction between 23% and 41%. That 
is why, already in the first step of the research, this measure category is identified as one of the most 
promising for the decarbonization of freight transport in the short and medium term. 

4.2. State of the Art-Analysis via Desk Research (Paper 2) 
4.2.1. Summary of Motivation, Method, and Key Findings 

The overarching aim of this publication is the presentation of a methodology that enables the 
identification of a country’s transport-intensive industries and the relative importance of the companies 
to decarbonize logistics. In the first step, the analysis of transportation statistics is suggested to select 
the sectors of the economy that demand most transport. Thereby, a shortlist of sectors is created that 
guides policymakers on which sectors to concentrate on first and challenges the idea of creating policies 
for the whole transport sector. Second, an analysis of sustainability reports of the largest companies in 
the transport-intensive sectors leads to the collection of figures on logistics emissions concerning the 
total emissions of the companies. This indicator thereby presents the relative importance of logistics 
decarbonization in companies as well as the individual reduction potentials. In the second part of the 
paper, the authors apply the developed methodology exemplarily to Austria and thereby find four 
transport-intensive value chains, which are the metal, mineral, food, and wood value chains. 
Transportation of goods from those value chains, together with firms that collect waste and vehicle 
manufacturers, accounts for more than 80% of transportation demand in Austria. The second part of the 
methodology finds companies in the mineral value chain to have the most relative emissions, although 
confidence in this finding is low due to a low number of data points (Miklautsch et al., 2022). 

4.2.2. Contribution C2.1 to the Research Question 2 
Defining the transport-intensive economic sectors in Austria allowed for a more targeted selection of 
companies to participate in the subsequent research questionnaire and a more nuanced evaluation of the 
answers. 

4.2.1. Contribution C2.2 to the Research Question 3 
First, the possibility of clustering the transport-intensive sectors into four value chains highlighted that 
supplier-demander relationships dominate the transportation intensity. This is not a surprising finding, 
but strengthens the proposition of many researchers, that a focus on the supply chain perspective is 
crucial. Studies in the field of SCM, thereby, mostly adopt a social science approach due to the human 
interactions and decisions that influence those relationships. This supports the findings of the first paper, 
and further underlines the importance of the following ones. 

Second, this line of argumentation provides a first indication of how successful “carbon-reducers” might 
decrease emissions in their transport operations. Since transportation emissions are interconnected with 
transportation demand, which, in turn, is connected to supply chain design, a sustainable way to reduce 
emissions is through incorporating transportation into supply chain management. By doing so, the 
impacts of decisions on logistics key performance indicators, including carbon emissions, can be 
evaluated comprehensively. These implications offer a preliminary indication of how to ensure 
sustainable industrial logistics decarbonization in the long term. 
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4.2.2. Further Contributions 
First, to facilitate decarbonization in the near-term, this paper provides recommendations on the initial 
sectors to prioritize in Austria. Emphasis is placed on industries with high levels of logistics emissions, 
as they provide the greatest potential for emission reductions. Notable examples include companies 
involved in glass, clay building products, and cement manufacturing. 

Second, the analysis of the firms’ reports suggests that calculating and reporting emissions is not a 
concern for small businesses. This could be due to the lack of requirements for these companies. 
However, it is to be expected that in the future more regulations and requirements regarding emissions 
reporting will also apply to smaller companies. This highlights the relevance of, first, strategically 
addressing this issue, and second, efficient and effective reporting of logistics emissions supported by 
information technology. 

4.3. State of the Art-Analysis via Quantitative Survey (Paper 3) 
4.3.1. Summary of Motivation, Method, and Key Findings 

This paper reports findings from a survey administered to industrial logistics practitioners in Austria. 
The survey had two main objectives: first, to gather data on the extent to which various green logistics 
measures are currently implemented, and second, to examine the relationships between certain 
organizational factors and the adoption of sustainable logistics practices. This resulted in answering two 
research questions: “RQ1: What are the prevalent practices implemented in Austria to decarbonize 
freight transport?” and “RQ2: How do organizational anchoring, practitioners’ perception, and the 
industry sector affect the level of implementation of decarbonization measures in Austria?”. Results are 
based on 94 responses to the organizational questions and 69 responses to the full questionnaire, 
providing compelling insights into the Austrian industrial logistics sector. Briefly summarized, no 
difference in the level of implementation between industrial sectors could be found, but the 
organizational anchoring was proven to be a significant factor in green logistics adoption. Further, in 
most cases, the perceived potential or barrier correlates positively or negatively to the measures’ 
adoption, respectively (Miklautsch and Woschank, 2023b). 

4.3.2. Contribution C3.1 to the Research Question 2 
First, a low level of industrial logistics decarbonization measures adoption was found across the whole 
industry in Austria. This shows that there is a lot of potential to be tapped, but while the willingness to 
decarbonize is low. 

Second, there were no significant differences found between companies in transport-intensive sectors 
and those in non-transport-intensive sectors. This finding is concerning from an environmental 
perspective since transport-intensive companies make up 80% of transportation demand in Austria. 
However, from a business standpoint, this could impact the future competitiveness of these companies. 
As regulations become stricter, they may be compelled to decarbonize their logistics operations. 

Third, there are indications that practitioners' perceptions of the barriers and potentials of specific 
measures differ from scientifically validated ones. This finding is concerning since perceived potentials 
and barriers are correlated with the level of adoption. Over-estimated measures might thereby lead to 
greenwashing accusations and the potential reduction of under-estimated, but in fact effective measures, 
might be wasted. 

Fourth, it is evident that there are varying levels of implementation among shippers with and without 
their vehicles, as well as logistics service providers. For instance, shippers without their own vehicles 
had uniformly low utilization rates of alternative fuels and drives, which supports the differentiation in 
decision-making levels discussed in paper 1. Conversely, it was discovered that some LSPs utilize these 
measures while others do not – which is, again, a reason to investigate those companies that do. Despite 
a shared interest in the shift to rail, LSPs face numerous barriers, hindering progress. Overall, in Austria, 
companies have widely implemented collaborating with other carriers to reduce unnecessary 
transportation and backhauling. 
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4.3.3. Contribution C3.2 to the Research Question 3 
First, this research highlights the absence of effective reduction measures on a broad scale, but, at the 
same time, the existence of firms that do tackle decarbonization and implement innovative technologies 
and practices. This provides the authors with a reasoning for aiming at understanding how and why these 
exemplary organizations made these decisions and derive propositions on how other companies can 
tackle this challenge. It further enabled the authors to identify companies successful in decarbonizing 
logistics and ensured that the companies contacted for the qualitative interviews formed a solid sample. 

Second, the study proves that the low level of implementation is related to a low organizational 
anchoring of green logistics. This in turn feeds the hypothesis that the successfully decarbonizing 
companies calculate and report emissions, have anchored decarbonization responsibilities in 
organizational role descriptions, train their employees regarding awareness for and knowledge of 
decarbonization measures, and allocate budget pots for decarbonization. 

Third, logistics service providers (LSPs) have been identified as the most consent group in terms of 
potential emission reductions. This might be attributed to their primary focus on transportation and 
results in better-informed decision-making. Therefore, manufacturing companies may require an expert 
group specialized in transportation and/or decarbonization to make effective decarbonization decisions 
in industrial logistics. 

4.3.4. Further Contributions 
This contribution can be considered as the second part of establishing the “state-of-the-art” in 
decarbonizing industrial logistics. The first, literature-based part was presented in Section 4.1. 

4.4. Qualitative Studies (Papers 4 and 5) 
4.4.1. Summary of Motivation, Method, and Key Findings 

Throughout the qualitative research, we interviewed industrial logistics practitioners from companies 
that seriously trying to decarbonize their logistics activities and succeed in this. Therefore, we defined 
an interview guideline through brainstorming and discussions with researchers and practitioners. The 
developed guideline incorporated questions regarding the managerial aspects of decarbonization, 
collecting information on which decarbonization measures have been set, why and how the organization 
found a consensus or dissensus on them, and which problems they faced in decision-making and 
implementation. Besides practitioners from manufacturing companies, we included logistics service 
providers, digital and management consultants, and other scientists to generate a holistic view. The 
results of the qualitative surveys are presented in two papers. The first insight into factors influencing 
the decisions to decarbonize and their interrelationships is derived from ten expert interviews in the first 
paper (Miklautsch and Woschank, 2022b). This article presents factors influencing the willingness to 
adopt low-carbon practices, internal enablers that helped exemplar organizations foster innovation, and 
interrelationships among those factors and enablers. Subsequently, five more interviews have been 
conducted to expand the sample and improve data quality. The grounded theory approach resulted in 
propositions on how to eschew the managerial zero-sum game and guarantee the competitiveness of 
future industrial logistics (Miklautsch et al., 2023b). In the following paragraphs, the contributions of 
both papers are presented together.  

4.4.1. Contribution C4.1 to the Research Question 3 
First, during our interviews, logistics costs were the most frequently mentioned factor. This indicates 
that, even for companies that have successfully reduced their carbon emissions in logistics, the cost is 
the most critical criterion. It is necessary to ensure that low-carbon transportation activities do not 
become more expensive for customers, as most of them are not yet willing to pay more for 
environmentally friendly services. However, we found that successful companies in decarbonization 
invest more resources in the discovery, exploration, and development of new practices and technologies 
for their logistics processes.  
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Second, most initiatives were driven by single key individuals inside the company. If there is intrinsic 
motivation among logistics managers or other key individuals to reduce emissions and improve the 
outlook for future generations, top management of exemplar organizations has generally responded 
positively and earmarked resources to further explore the topic. Thus, we delineate that top management 
commitment and the prevalence of informed and motivated logistics managers and employees is crucial 
for successful decarbonization. 

Third, we identified several aspects that could impact the decision to allocate resources to this topic. 
From our empirical interviews, one factor seems to be the firm’s industrial sector and its proximity to 
the end customer, which several experts indirectly highlighted. For instance, a company in the 
construction materials industry demonstrated little interest in proactively decarbonizing its logistics 
because these activities are not visible enough to attract customers’ attention. Emissions of material 
transportation do not appear to be the determining factor in this market, as material suppliers are 
typically sub- or sub-sub-contractors for construction projects under intense cost pressure. On the 
contrary, a logistics service provider responded that label owners in the white goods industry, 
specifically household electronics, often inquire about decarbonization. We infer that proximity to the 
customer is a crucial factor, given that sustainability is progressively gaining significance in marketing. 
Similar responses from practitioners in the automotive industry indicate that their environmental impact 
is receiving more media attention. Therefore, promoting green logistics, a highly visible aspect of the 
supply chain seems to be imperative for industries close to the end customer. Other research has 
demonstrated the upstream diffusion of sustainable practices in the supply chain (Mir et al., 2021), 
further highlighting the importance of this proposition. Another driving factor behind investment in 
environmentally friendly delivery is mimetic pressure resulting from competitors adopting similar 
practices. 

Lower-carbon solutions have only been implemented on a large scale when abatement costs were equal 
to or less than zero, as previously stated. However, fourth, pioneering companies calculated these costs 
from a supply chain perspective instead of solely considering transportation costs. The management of 
transportation is mainly concerned with the operational aspects of moving goods from point A to point 
B. However, taking a higher-level perspective that considers goods movements as part of the bigger 
picture is necessary to incorporate new technologies or practices. Most of the successful decarbonization 
initiatives in the sample companies were initiated from a supply chain perspective, considering storage, 
transportation, production planning, and all other aspects of good’s movement. This perspective allows 
for specific measures to be taken. For instance, if a change in goods location is the only consideration, 
avoiding the shipment is not a viable option. Expanding the view to the supply chain level, consolidation 
could avoid a single shipment, thereby saving costs and reducing emissions. Moreover, extending the 
boundaries of the cost consideration, such as beyond departments, could result in cost savings rather 
than additional costs for some measures. Implementing a supply chain department that supervises all 
product movements from suppliers to customers enabled an exemplary company to shift transportation 
to rail and inland waterways while increasing service levels. Consequently, integrated planning and 
control of material flows are regarded as crucial factors in achieving competitive and decarbonized 
industrial logistics. 

Fifth, objective understanding of decarbonization measures and knowledge of functioning pilot projects 
of the technology or practice under consideration was observed as a critical factor. From our interviews, 
the transportation industry appears to be somewhat cautious about the use of new technologies. 
However, exemplar organizations were willing to invest resources in a broader roll-out of a measure 
when a positive business case was reported from a pilot project – regardless of whether it was 
implemented inside or outside the company. 

To summarize, the main factors that we discovered that make exemplar organizations exemplar are:  

 The existence of motivated and well-informed key individuals who want to drive a change 
regarding the emission of greenhouse gases. 
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 The organization's increased willingness to allocate resources to the topic, assumingly driven 
by the proximity to the end customer or mimetic pressure. 

 The holistic supply chain perspective on logistics cost and emissions when evaluating novel 
technologies or practices, integrating production planning, storage, and up- and downstream 
transportation. 

 The knowledge of existing pilot projects or other implementations of the measure under 
consideration. 

4.4.2. Contribution C4.2 to the Research Question 4 
First, the results of the interviews suggest that one can base the discussion of alternatively powered 
trucks on the availability of local energy resources. An example from the interviews shows that the use 
of surplus energy from production waste in transportation can lead to a reduction in fuel costs and 
emissions. Other such examples from the waste sector (Gasverbund Mittelland AG, 2022) and public 
transport (Infineon Technologies Austria AG, 2022) underline the benefits of such approaches. The use 
of excess energy from an industrial facility in district heating is established in Austria (Moser and 
Lassacher, 2020) but use in transportation has not been to date. However, our data from the interviews 
show that this is an economically and environmentally promising approach for decarbonizing industrial 
logistics. In this respect, we suggest that manufacturing companies consider whether and how excess or 
waste energy streams can be used for transportation. 

Second, due to the importance of successful implementation projects of specific measures, we suggest 
participating in relevant stakeholder association working groups where knowledge is shared among 
practitioners. Exchanging costs, success factors, and experienced challenges; or even inviting experts 
for a real-world demo of pilot projects may relieve practitioners of their skepticism regarding specific 
measures. As for the industries’ strict data-sharing policies, such working groups might need a 
moderator that controls data exchange and privacy. Besides this, the participation of academics is 
recommendable to validly estimate GHG savings for the discussed measures and real-world pilot 
projects. 

Third, during the research process, various significant factors emerged, which provoked a debate 
regarding logistics decisions. The conflict mainly revolves around whether to prioritize short-term 
operational success or long-term strategic considerations. Decarbonization measures in logistics mostly 
have a direct impact on operations, but their positive influence on the strategic effect is uncertain and 
distant. It is precisely because of these tradeoffs that it seems extremely relevant to us to thoroughly 
comprehend these factors and offer decision support in the field of industrial logistics, especially when 
considering the new contingency of “logistics emissions”. This finding led us to develop the decision-
support tool presented in the next publication. 

4.5. Multi-Criteria Decision-Making Tool (Paper 6) 
4.5.1. Summary of Motivation, Method, and Key Findings 

Intuitive decision-making has been shown to contribute to an organization’s success in many empirical 
studies. Nevertheless, this solely accounts for experienced individuals, who have extensive expertise in 
the decision-making field (Matzler et al., 2014). Non-experts utilizing heuristics may jeopardize their 
decision’s quality. This is particularly concerning during the early stages of development, as ill-informed 
decisions may result in lasting disadvantages. For the field of decarbonization, this is problematic, as 
the broad-scale application of low-carbon technologies and practices is a relatively new field in practice 
– and wrong intuitions might hinder novel technologies from scaling up. Because of these reasons, we 
consolidated the knowledge gained from the preceding literature, qualitative, and quantitative studies 
and developed a multi-criteria decision-making tool that can be used to evaluate potential 
decarbonization measures objectively. During development, we adhered to the Design Science Research 
(DSR) approach and used a well-known decision-support method, PROMETHEE II, to ensure the 
decision-support quality. For the sake of usability, the tool was developed in Microsoft Excel and 
evaluated in a case study with a Styrian industrial company (Miklautsch and Woschank, 2023c).  
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4.5.2. Contribution C5.1 to the Research Question 3 
First, during the development of the tool, we elaborated upon the decision criteria of industrial logistics 
managers when deciding upon decarbonization measures – or more generally, changes made in logistics. 
This was done by collectively analyzing the findings of the qualitative interviews and challenging them 
with findings from other literature. Thereby, we were able to present the decision criteria in a more 
structured way than in the previous studies and conclude with 10 distinct criteria that describe the factors 
influencing the decision to implement a specific measure. The results of the methodological comparisons 
here suggest that the flagship organizations weight the criteria differently when making decisions.  

Second, the very oriented findings from the previous studies are operationalized and made measurable 
in this article. 

4.5.3. Contribution C5.2 to the Research Question 4 
First, managers who apply this tool to support their decisions need to deal with every measure in detail 
and reflect on aspects that may not have been considered so far. During the practical evaluation of the 
tool, this phenomenon was even observed with one very experienced industrial logistics manager who 
did not consider one perspective of a certain measure before evaluating the respective criterion. Thus, 
we delineate that the in-depth consideration of all impactful criteria will lead to enhanced decision-
making quality.  

Second, due to the decision-making methodology, managers to evaluate measures without subjective 
bias. In the end, a ranking of all evaluated measures is presented that reflects the decision-makers’ 
relevance. The calculated rank is not absolute, i.e., it does not reflect how well a certain measure will 
decarbonize logistics, but how well it performs related to the other measures. This, in turn, allows the 
decision-maker to efficiently select the most promising measures for the near-term decarbonization of 
logistics top-down.  

Third, it is imperative to underscore the significance of clearly defined measures in the application of 
the tool. Accurate assessment of measures is contingent upon their precise delineation. For instance, in 
the case of employing alternatively powered trucks, specific details regarding their operational 
parameters such as distance covered, frequency of use, and available infrastructure must be established. 
This necessitates thorough scrutiny of the measures and precludes hasty conclusions. Moreover, a 
meaningful comparison of measures is contingent upon their costs and potentials being realizable within 
a reasonably proximate timeframe. It is illogical to compare technologies with a realistic implementation 
timeline two decades apart from each other, for example.  

In summary, it can be affirmed that the correct utilization of this tool, in conjunction with comparable 
and detailed measures, empowers logistics managers in manufacturing companies to enumerate, 
evaluate, and compare various measures for decarbonizing industrial logistics. If measures that can be 
implemented soon are assessed, the findings presented in this research assist companies in selecting the 
most-promising near-term decarbonization measures for their logistics system.  

4.6. Greenhouse Gas Quantification of Combined Transport (Paper 7) 
To assist companies in choosing the “most promising” near-term decarbonization measures, we have 
chosen to conduct a comprehensive examination of a specific measure: the utilization of combined road-
rail transportation (CRRT). Given that the selection of this measure significantly influences the structure 
and outcomes of this thesis, it warrants a thorough discussion regarding its selection.  

The rationale for opting for CRRT as the focus of investigation is manifold. Within the spectrum of 
decarbonization measures, mode selection emerged as one of the few categories showing solid results 
regarding the emission reduction potential in the SLR. The measure was frequently mentioned during 
the interviews and was associated with both positive and negative connotations. The potential for 
emissions and cost savings in certain cases was seen as positive, while the complexity and operational 
hurdles in suboptimal use cases were viewed as negative. The positive reception of a competitive CRRT 
use case during the demonstration of the Multi-Criteria Decision-Making (MCDM) tool further 
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underscores its operational feasibility. Nevertheless, questionnaire results revealed considerable 
perceived barriers hindering the transition to rail, suggesting a prevalent reluctance among practitioners. 
This empirical evidence underscores the intricate nature of identifying competitive use cases for CRRT, 
despite its robust potential in emissions mitigation.  

Furthermore, the European “Sustainable and Smart Mobility Strategy” has set forth ambitious targets to 
double the volume of freight transported by rail by 2050 (European Commission, 2020b), while the 
Green Deal calls for a transition of 75% of all freight to alternative modes (European Commission, 
2019). These policy directives create expectations for infrastructural advancements and incentives to 
promote the shift to rail. Noteworthy developments in the logistics sector towards CRRT, with numerous 
service providers and freight proprietors transitioning to intermodal transportation, have been widely 
reported in pertinent magazines (e.g., Nallinger, 2023a, 2023b; Jüngst, 2023). Additionally, initiatives 
such as the “Intermodal Coaching” program offered by the Vienna Chamber of Commerce seek to 
alleviate entry barriers for Small and Medium-sized Enterprises (SMEs) venturing into this domain 
(WKO Wien, 2023). 

In conclusion, the complexity coupled with the decarbonization potential led to the determination that 
CRRT merits a more comprehensive investigation. From our perspective, it represents one of the most 
promising near-term strategies for decarbonizing the European transportation system. The challenge of 
establishing competitive use cases, particularly for manufacturing firms, underscores the significance of 
our detailed investigation as a pivotal lever for mitigating climate change and safeguarding the future 
competitiveness of industrial logistics.  

4.6.1. Summary of Motivation, Method, and Key Findings 
The first article subjected specifically to the use of CRRT quantifies the GHG emissions of cement 
transportation from a cement manufacturer to its customers via combined road-rail transportation. The 
use case under study is especially interesting because it utilizes a novel load carrier that was specifically 
designed for intermodal cement transportation. The conventional use of 30-foot silo containers poses 
constraints on train utilization due to weight limits exceeding those of trucks. The novel 22.5-foot 
container enables both trucks and trains to achieve high-capacity utilization – and, thus, competitive 
CRRT on short distances. Nevertheless, the paper does not investigate economic competitiveness, but 
the environmental impact of the intermodal system. According to current norms and standards, the 
energy consumption of the transport chain is modelled in nine different scenarios, assessing different 
drivetrain technologies and fuels for the post-carriage by truck and the transshipment equipment. Results 
indicate on the one side, that any configuration of intermodal transportation is mitigating GHG 
compared to the reference scenario by truck, but that the decarbonization potential varies from 75% to 
93%. Interestingly, as the emissions of the road leg shrink, the transshipment terminals become the 
bottleneck regarding the emission reduction if Diesel-powered equipment is used (Miklautsch et al., 
2024). 

4.6.2. Contribution C6.1 to the Research Question 4 
First, the use case behind the quantification highlights that CRRT can be competitive on short distances 
under certain circumstances, which are mainly high volumes and well-utilized load carriers, trucks, and 
rail wagons. 

Second, the necessity to utilize a specifically designed load carrier to achieve these factors highlights 
the need to invest significantly more resources into planning intermodal transportation in comparison to 
road transportation. This is due to the different regulations and restrictions that apply to each mode, and 
the transshipment operations. For manufacturing companies, this, again, implies that dedicated human 
resources are imperative to develop a positive CRRT business case in the logistics system. If the shifting 
option is only superficially investigated, chances are high that no viable use case is found. 

Third, the scenario-based quantification of GHG emissions highlights the different factors affecting 
GHG emissions from transportation and their impact on the decarbonization potential. Albeit 
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investigating solely the use of combined transport, the authors also integrated a scenario where trucks 
are fueled by Hydrotreated Vegetable Oil (HVO), a second-generation biofuel. The decarbonization 
potential of this scenario amounts to nearly 63% compared to conventional diesel. This represents a 
major lever for rapidly reducing emissions – but is more difficult to implement for manufacturing 
companies. On the one hand, the use of HVO cannot usually be contractually required, and on the other 
hand, the availability and price of HVO prevents its widespread use. Nevertheless, the GHG 
quantification highlights the potential of alternative fuels for road transport.  

4.7. Development of an Algorithm to Suggest Combined Transport Use Cases (Paper 
8) 

4.7.1. Summary of Motivation, Method, and Key Findings 
The article presents a method to identify potential CRRT use cases in the logistics network of a 
manufacturing company. The approach involves dividing the network’s routes into distinct segments 
that do not overlap. Then, all possible combinations of contiguous segments are evaluated based on their 
distance and freight volume per calendar week, enabling the algorithm to identify all potential 
consolidation opportunities in terms of space and time. The identification of the section combinations 
on the Pareto-frontier then highlights all section combinations for which one dimension cannot be 
improved without worsening the other. The proposed algorithm thus provides a list of routes in the 
company network that have potential for a switch to rail based on distance and freight volume. The 
approach was described both informally and formally and demonstrated using logistics data from an 
Austrian manufacturing company (Miklautsch and Woschank, 2023a). The implementation in Python 
is available as an open-source repository (Miklautsch, 2023). 

4.7.1.  Contribution C7.1 to the Research Question 4 
First, the developed approach can be used by industrial logistics practitioners to efficiently analyze their 
logistics network and identify consolidation options for freight transport. Since the application of the 
algorithm is quite simple and the data is usually available, industrial companies can get an initial 
overview of which route sections in their network are busiest. With this knowledge, they can further 
investigate opportunities to shift to CRRT. In this respect, this tool provides an initial assessment of 
possible concrete decarbonization opportunities for the logistics system in the coming years with little 
effort. 

Second, this article presents a comprehensive discussion of factors that must be considered when 
planning to implement CRRT. Besides the distance and the freight amount, the paper briefly discusses 
other factors in the discussion. For practitioners, this brief presentation of factors can be a source of 
information if they plan to implement CRRT. 

4.7.2. Further Contributions 
The development of the algorithm proved to be a captivating process for the authors, requiring detailed 
attention to the operational challenges associated with implementing combined transport. The two 
dimensions assessed have been identified as the primary criteria from the perspective of manufacturing 
companies. In situations where there is insufficient volume within a designated time frame, combined 
transport no longer holds a competitive advantage. In the sample network, we observed that shorter 
distances offer more opportunities for consolidation. However, CRRT is also not attractive for short 
distances. Therefore, we decided to take a Pareto-optimal view of the dimensions of time and freight 
volume. Nevertheless, there are many other factors to be considered for a competitive implementation 
of CRRT, including the availability of terminals and rail connections. To comprehensively evaluate the 
factors, we have developed a detailed assessment of combined road-rail transportation, which is outlined 
in the following section. 
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4.8. Techno-economic Assessment of Combined Transport (Paper 9) 
4.8.1. Summary of Motivation, Method, and Key Findings 

As discussed in the preceding paragraphs, we developed a discrete-event simulation (DES) to evaluate 
the impact of shifting transports to CRRT on the environmental (GHG emissions) and economic (total 
logistics costs) performance of the company. During the development of the simulation, we observed 
that the demand characteristics and the value of the goods impact the total logistics costs, mainly due to 
differences in the time available for scheduling transports and the inventory holding costs of the goods. 
From this observation, we developed the proposition that freight owners’ abatement costs for one 
decarbonization measure differ when goods of different ABC/XYZ categories are transported. The first 
part of this paper, thus, presents a literature review of the mechanisms behind the selection of 
decarbonization measures and delineates the developed proposition. In the second part of the paper, we 
then scrutinize the developed DES for CRRT to exemplarily test the proposition within two case studies 
from Austrian industrial companies. In the analysis of the simulations’ results, we were able to provide 
statistical evidence that abatement costs of goods’ transportation differ between some good categories 
(Miklautsch et al., 2023a). 

As is the approach of this paper, the contributions of it to the thesis’ research questions are twofold. 
While the first aspects relate to the developed proposition and its tests, the second aspects relate to the 
findings generated through simulating CRRT. 

4.8.2. Contribution C8.1 to the Research Question 4 
The theory that is developed in the first part of the paper proposes that one decarbonization measure, 
e.g., CRRT, creates costs of different heights when goods of different ABC/XYZ categories are 
transported. While we were unable to statistically prove a difference across all ABC/XYZ categories, 
we could provide evidence that abatement costs for goods in the X, Y, and Z categories differ.  

First, this implies that when evaluating a decarbonization measure, careful consideration should be 
given to the commodities being transported via these measures. In the case of CRRT, it can be 
demonstrated that the costs of emission reduction are the lowest for X items. This is not contingent on 
the variability of demand itself, but rather on a reliable forecast and, consequently, an extended planning 
horizon for transportation.  

Second, lifting this consideration of differences in abatement costs from one measure to a variety of 
measures suggests that abatement costs of goods in the same category also differ between measures. 
This means that for decarbonization to be cost-effective, the combination of different measures for 
different goods must be considered. Simultaneously, it suggests that within each category of goods, there 
may exist a distinct lowest cost decarbonization measure. This underscores that devising an optimal 
decarbonization strategy in terms of cost entails a nuanced assessment of measures at the level of the 
transported goods. Figure 9 visualizes this theory.  
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Figure 9. The consideration of differing abatement costs for combinations of measures and good categories might lead to the 
most cost-effective decarbonization portfolio (own illustration) 

4.8.3. Contribution C8.2 to the Research Question 4 
Although the impact of inventory holding costs cannot be neglected, in our case studies, it was not the 
decisive factor. The factor that had the biggest lever on abatement costs is the planning horizon, which 
is impacted by the XYZ category. This implies that for the use of CRRT, a stable demand forecast is 
necessary to book time slots for transshipment activities and slots on the rail wagons. 
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5. Summary of Additional Work in the Field 
In parallel to conducting their own research on the decarbonization of Industrial Logistics, the author 
contributed to industrial projects and co-supervised and supervised other master´s and bachelor’s theses 
in the field. In the following subsections, a summary of those activities is highlighted, because working 
on them significantly deepened understanding of the object under investigation and has thus 
substantially enhanced the quality of this work. Again, the author’s contribution is defined by using 
CRediT in Appendix 9.10. 

5.1. Evaluation of Greenhouse Gas Emissions in Logistics Operations 
5.1.1. State of the Art in GHG Emission Calculation of Logistics Sites 

In her bachelor thesis, Lara Jöbstl investigated which standards, scientific methods and guidelines 
regarding GHG calculation and accounting in logistics sites exist. Beginning with commonly accepted 
literature like the Greenhouse Gas Protocol and the GLEC Framework, a search string was formulated 
that was used for a systematic literature research in the SCOPUS database. Thereby, most scientific 
contributions were found to deal with GHG calculation in ports. A research gap was identified for other 
storage or transshipment hubs like intermodal terminals for combined road-rail transport. Existing 
literature further mainly introduced guidelines and suggestions on how emissions should be calculated, 
but does not introduce specific calculation models or software tools (Jöbstl, 2022). 

5.1.2. Development of a GHG Calculator for Intermodal Terminals 
In cooperation with KombiConsult GmbH, a GHG calculation tool for intermodal terminals for 
combined transport was developed by Sandra Pachteu during her master’s thesis. At the beginning of 
the work, scientific studies in the field, current standards and guidelines, and similar projects were 
screened. Therefore, a calculation and data model for the calculation tool was designed from a 
theoretical perspective. During a total of four visits to terminals, practical processes were recorded, 
clustered, and subsequently incorporated into the tool. Thus, the tool represents a combination of 
scientific calculation methods and terminals' general activities. The user of the tool must finally specify 
the energy consumption of the processes, as well as the cargo units handled, and can do so in any detail. 
The result of the calculation is energy consumption as well as emissions per cargo unit handled (e.g., 
swap bodies, ISO containers or semi-trailers), per process (e.g., horizontal handling, vertical handling, 
administration) and for the entire terminal in the period under consideration (Pachteu, 2023).  

The author thereby contributed as the project lead and the co-supervisor of the master thesis. Thus, he 
was involved in defining the calculation model, on-site visits, process definitions, and all organizational 
aspects of the project.  

5.2. Evaluation of Alternative Fuels and Drivetrains for Transport Decarbonization 
5.2.1. An Outlook to Future Electric Truck Battery Technologies 

A frequently discussed problem in the application of battery electric trucks is the storage capacity of the 
on-board batteries. Longer ranges and shorter recharging times are necessary for electric trucks to be 
fully commercialized among freight practitioners. One solution to this problem is the technological 
aspect of the battery, i.e., how the electricity is stored in a truck. In his bachelor thesis, Mario Lechman 
focused on alternatives to the conventional Lithium-Ion batteries which are currently deployed. Using a 
systematic literature research, he identified six battery technologies, which he subsequently assessed for 
their technological parameters, their potential to fulfil freight transportation’s operational requirements 
as well as their technology readiness level. He concluded that two of them, namely solid and liquid 
Lithium-Sulfur batteries, might be ready for commercialization and adoption in battery electric trucks 
until 2030 (Lechmann, 2023). 

5.2.2. Waste-to-Energy for Transportation 
In his bachelor thesis, Konstantin Karl Dallago conducted a narrative and a systematic literature research 
aimed at finding practical applications, as well as research papers regarding the use of Waste-to-Energy 
(WtE) technologies in transportation. First, an overview of WtE technologies that are eligible for use in 
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transportation was given. Following this, a systematic search in SCOPUS was conducted to analyze 
scientific contributions on this topic. To the authors’ surprise, no studies were found that describe or 
assess application scenarios of WtE technologies in logistics, albeit indications for economic and 
environmental potentials of cross-sectoral applications exist in literature. In addition, no practical use 
cases were identified during the analysis. Thus, this thesis highlighted the research gap in the application 
of WtE technologies in logistics and transportation (Dallago, 2022). 

5.2.3. An Investigation of the Potential Future Austrian Heavy-Duty Truck Fleet 
During her employment at the Chair of Industrial Logistics, Nadine Olipp investigated the multiplicity 
of studies that predict future truck fleet compositions. The overarching goal of this research, which she 
summarized in her master’s thesis, was the identification of potential scenarios for the Austrian freight 
transport sector. Besides conducting a systematic literature review on the topic, she included several 
reports and other studies done by different organizations, like the International Energy Agency. After 
thoroughly screening and clustering the studies, she evaluated how applicable the scenarios developed 
in the studies are for Austrian freight transport. This was done based on several official strategic 
documents – including the “Mobilitätsmasterplan” (strategic mobility plan), the “Wasserstoffstrategie” 
(hydrogen strategy) and the general legislative program. The results show that in 2030 in Austria the 
share of battery electric trucks in new registrations will be between 3 and 17%, and that of hydrogen-
powered trucks between 5 and 15%. For 2050, no valid conclusion can yet be drawn (Olipp, 2023).  

5.3. Understanding the Importance of Combined Transportation for 
Decarbonization 

5.3.1. Investigation of the Potentials and Barriers for the Use of Combined Transports in 
the Transport of Dusty Goods  

On behalf of SiloRiedel GmbH, Hana Kostolanska dedicated her master’s thesis to the shift of dust 
transports to rail. In a narrative literature research, basic terms were defined at the beginning, which 
were subsequently used for a systematic literature review. This led to an overview of the potentials, 
barriers and case studies that already exist in the scientific literature for intermodal transportation. 
Subsequently, expert interviews were conducted with various stakeholders in the transportation of 
stowage goods. The results of the research are insights into how intermodal transportation is currently 
used and can be used in future. For example, break-even distances found in literature were doubted by 
the experts – who mention that the distance is not the decisive factor. In contrast, the additional 
organizational effort required to handle intermodal transport was perceived as a more serious barrier. In 
addition, the fact that means of transport do not account for their external costs leads to a distortion of 
competition between them and is detrimental to intermodal transport. In general, large potentials for 
intermodal transportation were discovered in energy-intensive firms that need to transport a large 
amount of freight, e.g., the cement and steel industry (Kostolanska, 2023).   

5.3.2. Simulation for Combined Road-Rail Transportation 
During the development of the optimization algorithm for CRRT routes (Miklautsch and Woschank, 
2023a), the authors defined the key building blocks of a discrete-event simulation that models the 
operations involved in the replenishment process of an industrial company via CRRT. Mario Hoffelner’s 
master thesis expanded on these components to craft a comprehensive simulation capable of assessing 
various CRRT scenarios against direct road transportation. His primary responsibility entailed 
integrating the provided blocks, creating additional mechanisms such as dispatching to rail or road 
services and verifying and validating the simulation and its outcomes. Additionally, an exemplary case 
study was conducted as a demonstration of the simulation’s applicability (Hoffelner, 2023). In the course 
of this thesis, the simulation was further specified and used to evaluate the proposition made in the last 
paper (Miklautsch et al., 2023a). 
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5.4. Supporting Strategic Decisions Regarding Decarbonization 
5.4.1. Framework Conditions for the Decarbonization of Logistics in Austria 

Gregor Enthaler dedicated his bachelor thesis to the framework conditions that logistics-intensive firms 
face in Austria regarding the decarbonization of transportation. Thereby, framework conditions are 
defined as factors that cannot be influenced by the companies but affect decision-making. Depending 
on the current situation of the factor they can either support decarbonization and act as drivers – or 
hinder decarbonization and act as barriers. Factors and their perceived sentiment were created based on 
a literature review and following interviews with logistics experts from Austrian firms. Important drivers 
in Austria were thereby found to be the environmental awareness of the public – motivating firms to 
invest in decarbonization initiatives – and a high technological readiness level – leveraging possibilities 
for decarbonization. Nevertheless, high investment costs and high regulative uncertainty limit 
enthusiasm for the broad-scale implementation of novel technologies and practices (Enthaler, 2023). 

5.4.2. Decision-Support Systems in Production and Logistics 
In her bachelor thesis, Ulrike Elisabeth Roth investigated and defined the state of the art in Decision-
Support Systems (DSS) in production and logistics systems, with a special focus on transportation 
decisions. A preceding narrative literature research led to the definition of search strings for a systematic 
search in SCOPUS. Different types of DSS are presented in the evaluation phase and their application 
in transportation problems is highlighted. Six application areas were identified, of which the commonly 
known vehicle routing problem is the most promising one in transportation research. An investigation 
into how well the studies entitled as “DSS” fit the definition of DSS indicated the appropriate use of the 
term throughout the literature and did not highlight further research needs in this area (Roth, 2022). 
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6. Discussion and Implications 
The present thesis enhances the understanding of the mechanisms underlying the decarbonization of 
industrial logistics. Thereby, its publications add to the body of knowledge and present practical tools 
that support industrial logistics decision-makers on the strategic and operational level in mitigating their 
transportation’s carbon footprint competitively. To do so, a multitude of literature-based, empirical, and 
engineering approaches was combined – each of which has been independently published in scientific 
journals or conference proceedings.  

In detail, the four overarching research questions were answered in Section 4 by elaborating the 
contributions of the individual papers. Briefly spoken, answers to the first question highlight the impact 
of freight owners on the higher-level strategic measures. Their impact on the operational level shrinks, 
the more levels are in between the freight owner and the companies’ owning fleets and carrying out 
transportation. Nevertheless, tendering has a big lever on the operational characteristics of transportation 
– and thus, its emissions. The second question that research was conducted for was the question to which 
extend transport-intensive companies already focus on reducing emissions. Analysis of nonfinancial 
reports of Austrian companies thereby highlighted little standardized logistics emission reporting, and 
the quantitative survey also underlined little awareness for reduction. At the same time a positive 
correlation between green logistics anchoring and the implementation of green practices highlighted the 
first aspects influencing green logistics implementation. This leads to answering the third question, 
investigating what makes companies, that successfully implemented green measures, an example to 
follow. Although costs are still the most important decision criteria in those companies, organizational 
and human factors, as well as tendering strategies, impact the discovery and implementation of green 
measures that eschew the managerial zero-sum game. Finally, the operational perspective of this thesis 
revolves around the question of how companies can identify the most promising measures for 
decarbonizing their logistics system. To support companies in doing so, a multi-criteria decision-making 
tool, an emission quantification spreadsheet, and a techno-economic simulation for evaluating combined 
road-rail transportation economically and ecologically was developed. 

Besides only answering the four questions in detail, implications for practice and science were derived 
from a high-level perspective and are presented in the following sections.  

6.1. Strategic and Operational Implications for Industrial Logistics Practitioners 
For practitioners, the main question for this thesis is how to reduce transportation GHG emissions 
competitively. As all researchers, we are not able to provide the answer to the universe, but we have 
enriched the body of knowledge in this field enough to conclude with a comprehensive suggestion on 
which building blocks a decarbonization strategy for industrial logistics should have to be effective and 
cost-efficient. Figure 10 presents the findings in what we call the “industrial logistics decarbonization 
portico”. In ancient Greek architecture, a portico is a room that leads to the entrance of a building and 
is often decorated with pillars and accessed by a staircase. In the context of this work, the portico is one 
of the entrances through which companies can achieve a GHG reduction in industrial logistics. The steps 
of the staircase form the necessary aspects over which the management must step. The pillars form the 
efficient and effective selection of measures, for which we propose differentiation according to the 
ABC/XYZ analysis. Finally, the roof that protects against environmental influences is formed by top 
management, whose support is urgently needed to keep the door open to reducing emissions even in 
economically or technically difficult times. 
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Figure 10. The industrial logistics decarbonization portico (own illustration) 

Thereby, the organizational aspects and the human factors are managerial aspects that must be 
considered in the long-term. For the first one, two elements should be enabled: 

 The establishment of end-to-end process accountability within the organization: A recurrent 
issue identified in our engagements with the industry pertains to the lack of synchronicity among 
procurement, production, sales, and the cross-functional logistics division. In cases where 
logistics is not integrated into these domains, it results in the formulation of isolated logistical 
strategies that hinder global GHG mitigation. A notable remedy for this issue involves 
instituting a dedicated supply chain department that encompasses all aspects from supplier 
engagement to customer delivery. This department mirrors the fundamental operational 
functions of a manufacturing enterprise and facilitates a comprehensive assessment of 
transportation GHG emissions over the whole supply chain. 

 The establishment of control over transportation activities: This facet primarily pertains to the 
Incoterms negotiated with both suppliers and customers. The greater the extent to which a 
manufacturing company assumes responsibility for transportation, the greater its capacity to 
exert influence over it. The most substantial influence can be wielded in instances involving the 
Incoterm Ex Works (EXW) for inbound logistics and Delivered at Place (DAP) for outbound 
logistics, while the converse holds true in less influential scenarios. It is imperative to bear in 
mind that reporting Scope 3 emissions becomes progressively challenging in cases where there 
is limited internal knowledge about transportation processes within the company. 

Regarding the human factors, two further aspects are to be considered:  

 Granting leeway for innovation to key individuals: While this observation may not appear as a 
revolutionary revelation, we have discerned the presence of pivotal figures within various 
organizational hierarchies who have demonstrated exceptional prowess in mitigating GHG 
emissions. Serving as catalysts for novel ideas, champions of internal endeavors, and catalysts 
for visibility, these individuals play a pivotal role in the successful implementation of GHG 
reduction strategies. Furthermore, it has become evident that the supervisors of such individuals 
must afford them the latitude to innovate, particularly in terms of allocating ample time and 
resources. Without this provision, inherent motivation can swiftly transmute into 
disenchantment. 

 Integrating specialized expertise in logistics: Beyond possessing adeptness in logistics 
processes, the incorporation of specialized knowledge about environmentally sustainable 
alternatives is imperative for identifying efficacious and competitive decarbonization strategies. 
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This may be facilitated through consistent knowledge-sharing mechanisms between a central 
“decarbonization unit” and the geographically dispersed logistics units. Typically, innovative 
ideas originate from process experts, who can garner support from the central office in the stages 
of conception, assessment, and execution. Realizing this necessitates the allocation of temporal 
resources to such an office or procuring such services from pertinent consulting firms. 

Tendering and awarding, in comparison to the other aspects, we see more as a medium-term tactical 
aspect that needs careful consideration and connects the pathways given by the strategic level to the 
operational and functional tasks. By attaching conditions to the awarding of transport services, the 
manufacturing company can have great leverage over the GHG emissions of transportation. We propose 
four aspects that can be implemented immediately: 

 Requiring GHG reporting at shipment level: The integration of emission values into the 
communication between logistics service providers and manufacturing companies sounds easier 
than it is in practice – mainly due to the lack of data and communication standards in logistics. 
Nevertheless, this data can be analyzed and thereby uncover tactical and operational mitigation 
potentials. In addition, Scope 3 reporting will be made available by utilizing emission reporting 
on a shipment level. 

 Requiring compulsory and regular eco-driving training: While instruction in fuel-efficient 
driving techniques may be commonplace in numerous nations, research consistently 
underscores the efficacy and cost-effectiveness of this intervention. Particularly for operators 
hailing from less industrialized nations, this practice can yield enduring reductions in emissions 
and costs. Imposing obligatory driver training as a prerequisite in procurement processes 
represents a straightforward means to forestall superfluous energy consumption and the 
consequent emissions. 

 Requiring the adoption of elevated biodiesel blends: Implementing this measure presents a 
somewhat more nuanced challenge compared to the preceding ones. Numerous truck operators-
initiated experimentation with biofuels several years ago, albeit often encountering unfavorable 
side effects, such as heightened maintenance demands or the emission of a distinct odor during 
cold starts. Presently, biofuels have undergone significant advancements in terms of both 
maintenance requirements and olfactory properties and can be utilized in a diverse range of 
blend ratios. Consequently, an effective strategy for emissions reduction entails stipulating the 
use of slightly elevated biodiesel blends, for instance, B25. The adoption of pure biodiesel, such 
as HVO, remains impractical for most hauliers due to limited availability. Nonetheless, attaining 
higher biodiesel blending ratios is comparatively more feasible. 

 Requiring a modal share from large LSPs: Large logistics service providers in Europe mostly 
utilize combined transport to a certain extent and can integrate a smaller number of LTL or FTL 
shipments into their existing rail network. Requiring larger LSPs for a certain modal share could 
thereby motivate them to increase their intermodal activities and enhance rail transportation. 
Putting this requirement on smaller LSPs might put them at a disadvantage, as they might not 
be able to deal with the complexity of the intermodal system. 

For the selection of other operational measures, referring to the ABC/XYZ classification and 
investigating the transportation activities from the inventory management perspective is proposed. This 
perspective is well-known in most manufacturing enterprises and – as showed in Paper 9 – can facilitate 
the discovery of cost-effective decarbonization measures. 

6.2. Implications for Research on Industrial Logistics Decarbonization 
Being at the end of one research is the starting point for a new one. During the empirical research and 
literature studies, many potential novel research endeavors were discovered. A detailed description of 
many of those ideas can be found in the respective papers –but spanning the arc across all contributions 
and research questions yields some interesting insights, which are presented in the following sections. 
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6.2.1. The Strategic Perspective 
Scientifically, this thesis deepens the understanding of the mechanisms underlying the slow progress in 
decarbonizing the transport sector, especially the Austrian freight transport. Many of these aspects can 
be explained by Green Supply Chain Management theories, as logistics is a key part of it. GSCM in 
general is well researched and many ideas from it can be imported into the more detailed field of 
transport decarbonization – although logistics decarbonization seems to face more operational barriers 
than other areas of GSCM. One important concept that was found can be applied to transport 
decarbonization is the downstream diffusion of green practices – starting with end-customer demand for 
green operations. However, at present, ambivalent results regarding the diffusion of green transportation 
practices in the supply chain were found. As of now, only a minority of companies have allocated a 
budget to greening measures, indicating the industry’s unwillingness to accept additional costs for the 
decarbonization of logistics. The qualitative data from the interviews underline this – especially if costs 
cannot be passed on to customers. This mechanism seems to be less pronounced in industries closer to 
the end customer, which are more in the media spotlight (e.g., automotive, or white goods, where 
sustainable aspects can be partially priced in) than in industries further down the supply chains (e.g., 
suppliers for the construction industry, which are strongly cost-driven). Generally, the threat of increased 
regulatory pressure seems to be the most important reason for adopting green practices. Research 
conducted during this thesis research did not allow to delve deeper into these motivations and, 
especially, their changes over time – which would be interesting insights for predicting decarbonization 
progress. Thus, the importance of all stakeholder roles in the diffusion of lower-carbon practices and 
technologies, as well as how, why, and to what extent these roles may change, could be explored in 
more detail to get a more nuanced view of how to accelerate decarbonization. 

One interesting research method that could help investigating these aspects is the Qualitative 
Comparative Analysis (QCA). Its configurational approach allows for very nuanced insights into the 
object under study. In the case of decarbonizing industrial logistics, different combinations of factors 
could determine how important decarbonization is for a company. Some indications from this thesis are, 
for example the proximity to the end customer paired with brand value. Or the industrial sector paired 
with corporate strategy. By bringing evidence to these indications, QCA could lead to interesting results 
and insights, which is why we propose its application in this research area.  

In addition, Structural Equation Modelling (SEM) would allow researchers to examine similar 
relationships between different scales. However, SEM requires detailed planning and a large sample, 
which is why its application in this area might be critical. There are SEM studies investigating GSCM 
that include logistics or transportation. Although the logistics-specific application would be interesting, 
data collection might be difficult. 

Regarding the country aspects of this thesis, a comparison of the organizational environment between 
Austria and a country known for its green applications, e.g., a Scandinavian country, would be of high 
interest. Shedding light on the question of why other countries are adopting EVs at a higher pace could 
provide the key to EV adoption in Austria, both for passenger and freight transportation. 

6.2.2. The Operational Perspective 
An interesting psychological concept that is applied in some areas is nudging, which should be more 
researched in logistics. A good example of effective nudging is Alibaba’s food delivery service, which 
changed the default packaging option to plastic-free and rewards its customers with “green points” (He 
et al., 2023). More logistics-related companies with direct end-customer interactions could implement 
this, for example, large online retailers. One idea of how this could work is the implementation of a 
traffic-light system, where customers can choose from different modes of delivery. The lights may 
thereby not reflect the delivery time, but the GHG emissions from transportation. In addition to the green 
color, the lowest carbon mode could be selected by default. While this is contrary to current efforts to 
provide large-scale “same day delivery”, it could encourage the use of more environmentally friendly 
modes of transportation like combined transport or deep-sea shipping instead of road or air freight, 
respectively. Besides the B2C area, nudging inside one company should be researched, as well. At first 
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glance, it may seem unlikely that nudging can be effective in companies, as employees are expected to 
make decisions in the best interest of the company. It is indeed unlikely to have a significant impact on 
larger strategic decisions. However, in the case of small, decisions made daily by dispatchers or logistics 
planners, nudging could indeed prove effective. Investigating how and under what conditions this could 
work would be an intriguing interdisciplinary task for researchers.  

Regarding the measure that was opted for investigating in more detail, Combined Road-Rail 
Transportation (CRRT), an avenue for promising research progress lies in providing a more detailed 
examination of the application potential within a manufacturers’ network. While the approach and 
simulation presented in this thesis hold promise in simplifying the CRRT system’s intricacies, a more 
comprehensive and nuanced methodology could potentially diminish obstacles to CRRT adoption to an 
even greater extent. Collaborative efforts with forward-thinking entities in the rail industry, including 
rail service providers, integrated transportation service providers, and other pertinent stakeholders, may 
engender novel insights on strategies to substantially augment the modal share. 

Furthermore, within the specific domain of CRRT, there exists a paucity of data pertaining to European 
emission intensity factors. Diverse transportation routes and equipment contribute to variations in 
energy consumption and emission intensity, consequently influencing specific emission factors. 
Notably, the Global Logistics Emissions Council (GLEC) framework does not furnish comprehensive 
information in this regard. While certain practical tools, such as EcoTransIT World, offer broad factors 
for multimodal transport in the European context, they do not supply the requisite level of granularity. 

In conclusion, establishing a moderated working group that brings together industry professionals and 
researchers to exchange experiences and knowledge in the transportation sector could be a pivotal step. 
Such a collaborative platform would not only facilitate the sharing of insights from pilot projects and 
scientifically validated emission reductions but also foster joint initiatives, thereby raising awareness 
and promoting widespread implementation. Emphasizing the strides made by logistics and 
manufacturing enterprises in decarbonizing logistics further has the potential to drive competitive peers 
toward accelerated adoption of sustainable practices. Thus the creation of such a group and the careful 
selection of participants could speed up decarbonization.  
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7. Conclusion 
The energy and transport sectors are growing ever closer together, which is why decarbonization of 
freight transport is an important part of achieving climate targets and will not be possible without 
decarbonizing the energy sector. Vice versa, the energy transition may be threatened by negative 
developments in logistics. Therefore, to hinder more severe impacts on the environment, the next decade 
of development must be dedicated to zero-carbon production, transportation, and energy systems.  

Although manufacturing companies often do not see it as their responsibility to reduce emissions from 
transportation, they are the transportation principals – and therefore set the pace in terms of costs and 
emissions. In addition to influencing logistics service providers through green tendering and awarding 
practices to improve the technical and operational emission intensity, numerous tactical and strategic 
measures can be taken within the logistics network to avoid or shift transportation. 

This thesis aimed to investigate the industrial logistics system towards the existing decarbonization 
practices in detail. Thereby, recent advances in academic literature and nonfinancial reports from 
transport-intensive manufacturing companies were studied, expert interviews with decarbonization 
frontiers and surveys of the Austrian industrial logistics landscape were conducted, and decision-support 
tools and a novel perspective to investigate decarbonization practices developed. All in all, the 
contributions are presented in six journal papers of which one is under review at the time of writing 
these lines, and three conference proceedings of which one was an industry conference and the other 
two scientific conferences. 

While the articles published throughout this thesis contribute to the scholarly knowledge of the 
respective fields and provide nuanced suggestions for practitioners, the focal thesis as a summary work 
combines this collective knowledge and provides a bigger picture on the overall research questions. 
Researchers might benefit from this picture as a spur for novel research ideas, while practitioners can 
comprehensively derive suggestions on how to integrate the knowledge in their firms. 

To sum up the work of the last years, the most stringent challenge for companies seems to be choosing 
the right speed in the adoption of new technologies. Oversleeping developments in this high-paced area 
is likely to be as dangerous as investing in the wrong technology too early – which was evident in the 
application of LNG trucks in middle Europe. Regarding future truck technologies, the use of zero-
emission vehicles will be unavoidable, but impossible on a large scale at the moment. Thus, the most 
promising measures in the coming years are, from the authors’ perspective, the use of combined 
transport, intelligent planning systems and higher biofuel blends. 

Conclusively, it is to be optimistic that decarbonization of transportation will proceed in Europe in the 
coming decade at a high pace. Novel technologies and advanced planning techniques will impact the 
movement of goods – and customers will probably not even recognize how severely the transportation 
system changed, albeit being spammed with advertisements of the companies achieving “zero-carbon 
logistics”. 

  



  REFERENCES 

Philipp Miklautsch-Breznik, 2023  45 

8. References 
Allen, L., O’Connell, A. and Kiermer, V. (2019), “How can we ensure visibility and diversity in 

research contributions? How the Contributor Role Taxonomy (CRediT) is helping the shift from 
authorship to contributorship”, Learned Publishing, Vol. 32 No. 1, pp. 71–74. 

Anthony, R.N. (1981), Planning and control systems: A framework for analysis, Studies in 
management control, 11. pr, Harvard Univ, Boston. 

Bacsi, Z. (2020), “Environmental Awareness in Different European Cultures”, Visegrad Journal on 
Bioeconomy and Sustainable Development, Vol. 9 No. 2, pp. 47–54. 

Balbi, D. (2022), “A Shrinking Mississippi River Could Lead to a $20 Billion Economic Hit”, 
available at: https://www.bloomberg.com/news/newsletters/2022-11-10/big-take-what-mississippi-
river-droughts-mean-for-the-global-food-supply-chain (accessed 2 January 2023). 

Basma, H., Rodríguez, F., Hildermeier, J. and Jahn, A. (2022), Electrifying last-mile delivery: A total 
cost of ownership comparison of battery-electric and diesel trucks in Europe, Washington, 
Brussels. 

Bergen, M. (2023), “Europe Needs a Climate Tech Plan to Compete With the US, an Early Tesla 
Investor Says”, Bloomberg News, 27 January, available at: https://www.bnnbloomberg.ca/europe-
needs-a-climate-tech-plan-to-compete-with-the-us-an-early-tesla-investor-says-1.1875671 
(accessed 22 August 2023). 

BMK (2022), Fortschrittsbericht 2022: nach § 6 Klimaschutzgesetz, Wien. 
Brau Union Österreich AG (2022), “DER NACHHALTIGKEITSBERICHT 2021”, available at: 

https://www.brauunion.at/wp-content/uploads/2022/10/NHB_BUOE_2021.pdf (accessed 3 
January 2023). 

Bretzke, W.-R. and Barkawi, K. (Eds.) (2013), Sustainable Logistics, Lecture Notes in Logistics, 
Springer Berlin Heidelberg, Berlin, Heidelberg. 

Breuer, J., Scholten, J., Koj, J., Schorn, F., Fiebrandt, M., Samsun, R., Albus, R., Görner, K., Stolten, 
D. and Peters, R. (2022), “An Overview of Promising Alternative Fuels for Road, Rail, Air, and 
Inland Waterway Transport in Germany”, Energies, Vol. 15 No. 4, p. 1443. 

Buchert, T., Neugebauer, S., Schenker, S., Lindow, K. and Stark, R. (2015), “Multi-criteria Decision 
Making as a Tool for Sustainable Product Development – Benefits and Obstacles”, Procedia 
CIRP, Vol. 26, pp. 70–75. 

Busse, C., Regelmann, A., Chithambaram, H. and Wagner, S.M. (2017), “Managerial perceptions of 
energy in logistics”, International Journal of Physical Distribution & Logistics Management, Vol. 
47 No. 6, pp. 447–471. 

BVL (2022), Sustainability in transport logistics – fleets and alternative drives: Study on CO2 
accounting, alternative drives and actions for sustainability in B2B-transport logistics. 

Carter, C.R. and Liane Easton, P. (2011), “Sustainable supply chain management: evolution and future 
directions”, International Journal of Physical Distribution & Logistics Management, Vol. 41 No. 
1, pp. 46–62. 

Centobelli, P., Cerchione, R. and Esposito, E. (2017), “Developing the WH 2 framework for 
environmental sustainability in logistics service providers: A taxonomy of green initiatives”, 
Journal of Cleaner Production, Vol. 165, pp. 1063–1077. 

CER and ERFA (2022), “Supply and Pricing of Energy Threaten Europe’s Modal Shift Objectives”, 
available at: 
http://www.cer.be/sites/default/files/publication/220914_JointPositionPaper_Energy%20Supply%
20and%20Pricing.pdf (accessed 16 February 2023). 

Chinowsky, P., Helman, J., Gulati, S., Neumann, J. and Martinich, J. (2019), “Impacts of climate 
change on operation of the US rail network”, Transport Policy, Vol. 75, pp. 183–191. 

Chopra, S. and Meindl, P. (2016), Supply chain management: Strategy, planning, and operation, 
Always learning, Sixth edition, global edition, Pearson, Boston, Columbus, Indianapolis, New 
York, San Francisco, Amsterdam, Cape Town, Dubai, London, Madrid, Milan, Munich, Paris, 
Montréal, Toronto, Delhi, Mexico City, São Paulo, Sydney, Hong Kong, Seoul, Singapore, Taipai, 
Tokyo. 



REFERENCES 

46  Philipp Miklautsch-Breznik, 2023 

Cichosz, M. and Pluta-Zaremba, A. (2019), “How to improve freight transport emissions' 
management?”, Logforum, Vol. 15 No. 1, pp. 93–105. 

Colicchia, C., Creazza, A. and Dallari, F. (2017), “Lean and green supply chain management through 
intermodal transport: insights from the fast moving consumer goods industry”, Production 
Planning & Control, Vol. 28 No. 4, pp. 321–334. 

Collins, E., Roper, J. and Lawrence, S. (2010), “Sustainability practices: trends in New Zealand 
businesses”, Business Strategy and the Environment, Vol. 19 No. 8, pp. 479–494. 

Council of European Union (1992), Council directive 92/106/EEC. 
Council of the EU (2022a), Proposal for a Regulation of the European Parliament and of the Council 

on ensuring a level playing field for sustainable air transport – ‘ReFuelEU Aviation, Brussels. 
Council of the EU (2022b), Fit for 55 package: Council adopts its position on three texts relating to 

the transport sector. 
Council of the EU (2022c), “Fit for 55: towards more sustainable transport”, available at: 

https://www.consilium.europa.eu/en/infographics/fit-for-55-afir-alternative-fuels-infrastructure-
regulation/ (accessed 23 February 2023). 

Council of the EU (2022d), “Fit for 55: increasing the uptake of greener fuels in the aviation and 
maritime sectors”, available at: https://www.consilium.europa.eu/en/infographics/fit-for-55-effort-
sharing-regulation/. 

Council of the EU (2022e), ‘Fit for 55’: EU strengthens emission reduction targets for member states. 
Council of the EU (2023a), “Fit for 55”, available at: 

https://www.consilium.europa.eu/en/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-
transition/ (accessed 23 February 2023). 

Council of the EU (2023b), 'Fit for 55': Council and Parliament reach provisional deal on EU 
emissions trading system and the Social Climate Fund. 

Council of the EU (2023c), Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND 
OF THE COUNCIL amending Directive 2003/87/EC as regards aviation's contribution to the 
Union’s economy-wide emission reduction target and appropriately implementing a global 
market-based measure - Letter to the Chair of the European Parliament Committee on the 
Environment, Public Health and Food Safety (ENVI), Brussels. 

Council of the EU (2023d), ETS aviation: Council and Parliament strike provisional deal to reduce 
flight emissions. 

Council of the EU (2023e), “Fit for 55: reducing emissions from transport, buildings, agriculture and 
waste”, available at: https://www.consilium.europa.eu/en/infographics/fit-for-55-effort-sharing-
regulation/. 

Crainic, T.G. and Kim, K.H. (2007), “Chapter 8 Intermodal Transportation”, in Transportation, 
Handbooks in Operations Research and Management Science, Vol. 14, Elsevier, pp. 467–537. 

Dalkmann, H. and Brannigan, C. (2007), Transport and Climate Change. Module 5e: Sustainable 
transport: A Sourcebook for Policy-makers in developing Cities, Eschborn. 

Dallago, K.K. (2022), “Identifikation von Potentialen und Anwendungen von Waste-to-Energy 
Technologien in der Transportlogistik. Eine systematische Literaturrecherche”, Bachelor Thesis, 
Lehrstuhl für Industrielogistik, Montanuniversität Leoben, Leoben, 2022. 

Deckert, C. (Ed.) (2016), CSR und Logistik: Spannungsfelder Green Logistics und City-Logistik, 
Management-Reihe Corporate Social Responsibility, 1. Aufl. 2016, Springer Berlin Heidelberg, 
Berlin, Heidelberg. 

Defee, C., Williams, B., Randall, W.S. and Thomas, R. (2010), “An inventory of theory in logistics 
and SCM research”, The International Journal of Logistics Management, Vol. 21 No. 3, pp. 404–
489. 

Dhakal, S., Minx, J.C., Toth, F.L., Abdel-Aziz, A., Figueroa Meza, M.J., Hubacek, K., Jonckheere, I., 
Yong-Gun, K., Nemet, G.F., Pachauri, S., Tan, X.C. and Wiedmann, T. (2022), “Emissions Trends 
and Drivers”, in IPCC (Ed.), Climate Change 2022: Mitigation of Climate Change: Contribution 
of Working Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate 
Change, Cambridge. 



  REFERENCES 

Philipp Miklautsch-Breznik, 2023  47 

Dhawan, K., Tookey, J.E., GhaffarianHoseini, A. and GhaffarianHoseini, A. (2022), “Greening 
Construction Transport as a Sustainability Enabler for New Zealand: A Research Framework”, 
Frontiers in Built Environment, Vol. 8. 

Dioha, M.O. and Kumar, A. (2020), “Sustainable energy pathways for land transport in Nigeria”, 
Utilities Policy, Vol. 64, p. 101034. 

Dobers, K., Rüdiger, D. and Jarmer, J.-P. (2019), Guide for greenhouse gas emissions accounting at 
logistics sites, Fraunhofer-Gesellschaft. 

Enthaler, G. (2023), “Dekarbonisierung der Logistik - Eine qualitative Analyse der 
Rahmenbedingungen”, Bachelor Thesis, Lehrstuhl für Industrielogistik, Montanuniversität 
Leoben, Leoben, 2023. 

European Commission, “A European Green Deal. Striving to be the first climate-neutral continent”, 
available at: https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-
green-deal_en (accessed 23 February 2023). 

European Commission (2019), Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the Committee of the Regions: The 
European Green Deal, Publications Office of the European Union, Brussels. 

European Commission (2020a), Communication from the Commission to the European Parliament, 
the Council, the European Economic and Social Committee and the Committee of the Regions: A 
new Circular Economy Action Plan for a cleaner and more competitive Europe, Publications 
Office of the European Union, Brussels. 

European Commission (2020b), Communication from the Commission to the European Parliament, 
the Council, the European Economic and Social Committee and the Committee of the Regions: 
Sustainable and Smart Mobility Strategy – putting European transport on track for the future, 
Publications Office of the European Union, Brussels. 

European Commission (2021a), Communication from the Commission to the European Parliament, 
the Council, the European Economic and Social Committee and the Committee of the Regions: 
Forging a climate-resilient Europe - the new EU Strategy on Adaptation to Climate Change, 
Publications Office of the European Union, Luxembourg. 

European Commission (2021b), Communication from the Commission to the European Parliament, 
the Council, the European Economic and Social Committee and the Committee of the Regions: 
New European Bauhaus, Publications Office of the European Union, Luxembourg. 

European Commission (2021c), Communication from the Commission to the European Parliament, 
the Council, the European Economic and Social Committee and the Committee of the Regions on 
European missions, Publications Office of the European Union, Luxembourg. 

European Commission (2023a), Proposal for a regulation of the European Parliament and of the 
Council amending Regulation (EU) 2019/1242 as regards strengthening the CO₂ emission 
performance standards for new heavy-duty vehicles and integrating reporting obligations, and 
repealing Regulation (EU) 2018/956, Publications Office of the European Union, Strasbourg. 

European Commission (2023b), “The Just Transition Mechanism. making sure no one is left behind”, 
available at: https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-
green-deal/finance-and-green-deal/just-transition-mechanism_en (accessed Feburary 23, 2023). 

European Commission (2023c), European Green Deal: EU agrees to strengthen and expand 
emissions trading, and creates a Social Climate Fund to help people in the transition*. 

European Parliament (2018), “DIRECTIVE (EU) 2018/2001 OF THE EUROPEAN PARLIAMENT 
AND OF THE COUNCIL of 11 December 2018 on the promotion of the use of energy from 
renewable sources”, Official Journal of the European Union. 

European Union (2020), Attitudes of Europeans towards the Environment. 
European Union (2021), EU transport in figures: Statistical pocketbook 2021, Transport in figures, 

Vol. 2021, Publications Office of the European Union, Luxembourg. 
Eurostat (2022), Road freight transport by journey characteristics. 



REFERENCES 

48  Philipp Miklautsch-Breznik, 2023 

Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology 
(2021a), Austria’s 2030 Mobility Master Plan: The new climate action framework for the 
transport sector: sustainable – resilient – digital, Vienna. 

Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology 
(2021b), Bundesgesetz, mit dem das Abfallwirtschaftsgesetz 2002 geändert wird (AWG-Novelle 
Kreislaufwirtschaftspaket) (BGBl. I. Nr. 200/2021). 

Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology 
(2022a), Wasserstoffstrategie für Österreich, Wien. 

Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology 
(2022b), Verordnung der Bundesministerin für Klimaschutz, Umwelt, Energie, Mobilität, 
Innovation und Technologie, mit der die Kraftstoffverordnung 2012 geändert wird. 

Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology 
(2022c), Novelle der Kraftstoffverordnung. 

Federal Ministry of Finance (2022), Bundesgesetz über einen nationalen Zertifikatehandel für 
Treibhausgasemissionen (Nationales Emissionszertifikatehandelsgesetz 2022 – NEHG 2022): 
ÖkoStRefG 2022. 

Fritz, D., Heinfellner, H. and Lambert, S. (2022), Die Ökobilanz von schweren Nutzfahrzeugen und 
Bussen: Bewertung ausgesuchter Anwendungsfälle alternativer Antriebskonzepte hinsichtlich 
Reduktionspotenzial von CO₂-Emissionen und Energieverbrauch, Report / Umweltbundesamt, 
[Neue Folge], 801, Umweltbundesamt, Wien. 

Froio, P.J. and Bezerra, B.S. (2021), “Environmental sustainability initiatives adopted by logistics 
service providers in a developing country – an overview in the Brazilian context”, Journal of 
Cleaner Production, Vol. 304, p. 126989. 

Fuller, T. (2023), “Maui Town Is Devastated by Deadliest Wildfire to Strike Hawaii”, available at: 
https://www.nytimes.com/2023/08/09/us/hurricane-dora-hawaii-wildfires.html (accessed 2 
November 2023). 

Gasverbund Mittelland AG (2022), “60 Biogas-LKW schliessen Kreislauf”, available at: 
https://www.cng-mobility.ch/beitrag/60-biogas-lkw-schliessen-kreislauf/ (accessed 30 October 
2023). 

Geerts, E. (2022), “French electricity price for rail will increase 745 percent”, available at: 
https://www.railtech.com/all/2022/12/19/french-electricity-price-for-rail-will-grow-by-850-
percent/?gdpr=accept (accessed 16 February 2023). 

GIZ GmbH (2021), “The Sustainable and Smart Mobility Strategy of the European Commission – A 
critical assessment”, available at: https://www.changing-transport.org/wp-content/uploads/EU-
Mobility-Strategy.pdf (accessed 24 February 2023). 

GLEC (2022), “Global Logistics Emissions Council Framework for Logistics Emissions Accounting 
and Reporting”, available at: https://www.smartfreightcentre.org/en/how-to-implement-
items/what-is-glec-framework/58/ (accessed 15 February 2023). 

Gooyert, V. de, Rouwette, E., van Kranenburg, H. and Freeman, E. (2017), “Reviewing the role of 
stakeholders in Operational Research: A stakeholder theory perspective”, European Journal of 
Operational Research, Vol. 262 No. 2, pp. 402–410. 

GRI (2023), “GRI Standards”, available at: https://www.globalreporting.org/how-to-use-the-gri-
standards/gri-standards-english-language/ (accessed 17 February 2023). 

Gulati, R., Nohria, N. and Zaheer, A. (2000), “Strategic networks”, Strategic Management Journal, 
Vol. 21 No. 3, pp. 203–215. 

Harris, I., Sanchez Rodrigues, V., Naim, M. and Mumford, C. (2010), “Restructuring of logistics 
systems and supply chains”, in McKinnon, A.C. (Ed.), Green logistics: Improving the 
environmental sustainability of logistics, Reprinted., Kogan Page, London, 101-123. 

Harris, I., Sanchez Rodrigues, V., Pettit, S., Beresford, A. and Liashko, R. (2018), “The impact of 
alternative routeing and packaging scenarios on carbon and sulphate emissions in international 
wine distribution”, Transportation Research Part D: Transport and Environment, Vol. 58, pp. 
261–279. 



  REFERENCES 

Philipp Miklautsch-Breznik, 2023  49 

He, G., Pan, Y., Park, A., Sawada, Y. and Tan, E.S. (2023), “Reducing single-use cutlery with green 
nudges: Evidence from China's food-delivery industry”, Science (New York, N.Y.), Vol. 381 No. 
6662, eadd9884. 

Heinold, A. and Meisel, F. (2018), “Emission rates of intermodal rail/road and road-only 
transportation in Europe: A comprehensive simulation study”, Transportation Research Part D: 
Transport and Environment, Vol. 65, pp. 421–437. 

Hofer, A.R., Jin, Y.H. and Knemeyer, A.M. (2021), “Environmental uncertainty and cross-buying in 
logistics outsourcing arrangements: a resource dependence perspective”, International Journal of 
Physical Distribution & Logistics Management, Vol. 51 No. 3, pp. 236–258. 

Hoffelner, M. (2023), “Erstellung eines generischen Simulationsframeworks zur Bewertung des 
Einsatzes kombinierter Verkehre in den vor- und nachgelagerten Transportprozessen 
produzierender Unternehmen”, Master Thesis, Lehrstuhl für Industrielogistik, Montanuniversität 
Leoben, Leoben, 2023. 

Huge-Brodin, M., Sweeney, E. and Evangelista, P. (2020), “Environmental alignment between 
logistics service providers and shippers – a supply chain perspective”, The International Journal of 
Logistics Management, Vol. 31 No. 3, pp. 575–605. 

ICCT (2017), Developing hydrogen fueling infrastructure for fuel cell vehicles: A status update. 
IEA (2017), The Future of Trucks, OECD. 
IEA (2022a), Global Energy Review: CO2 Emissions in 2021: Global emissions rebound sharply to 

highest ever level. 
IEA (2022b), World Energy Outlook 2022. 
Infineon Technologies Austria AG (2022), Fünf Wasserstoffbusse starten ab Dezember in den 

Linienbetrieb. 
IPCC (Ed.) (2021), Climate Change 2021: The Physical Science Basis: Contribution of Working 

Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, 
Cambridge University Press, Cambridge. 

IPCC (Ed.) (2022a), Climate Change 2021: Impacts, Adaptation and Vulnerability: Contribution of 
Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate 
Change, Cambridge University Press, Cambridge. 

IPCC (Ed.) (2022b), Climate Change 2022: Mitigation of Climate Change: Contribution of Working 
Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, 
Cambridge. 

IPCC (Ed.) (2023), Climate Change 2023: Synthesis Report: Contribution of Working Groups I, II and 
III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Geneva. 

ISO (2022), Greenhouse gases - Quantification and reporting of greenhouse gas emissions arising 
from transport chain operations, ICS 13.020.40 14083:2022. 

ITF (2019), Transport Outlook 2019, OECD. 
ITF (2021a), ITF Transport Outlook 2021, OECD Publishing, Paris. 
ITF (2021b), “OECD.Stat”, available at: 

https://stats.oecd.org/Index.aspx?&datasetcode=ITF_GOODS_TRANSPORT. 
Jahangir Samet, M., Liimatainen, H., van Vliet, O.P.R. and Pöllänen, M. (2021), “Road Freight 

Transport Electrification Potential by Using Battery Electric Trucks in Finland and Switzerland”, 
Energies, Vol. 14 No. 4, p. 823. 

Jaramillo, P., Kahn Ribeiro, S., Newman, P., Whitehead, J., Hammer Strømman, A., Ou, X., Nugroho, 
S.B., Lee, D.S., Kajino, T., Diemuodeke, O.E. and Dhar, S. (2022), “Transport”, in IPCC (Ed.), 
Climate Change 2022: Mitigation of Climate Change: Contribution of Working Group III to the 
Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge. 

Jöbstl, L. (2022), “Berechnungs und Bilanzierungsmethoden für Treibhausgase in Logistikzentren. 
State of the Art und zukünftige Entwicklungen”, Bachelor Thesis, Lehrstuhl für Industrielogistik, 
Montanuniversität Leoben, Leoben, 2022. 



REFERENCES 

50  Philipp Miklautsch-Breznik, 2023 

Jüngst, I. (2023), “Täglich Regensburg-Ungarn”, eurotransport, 23 October, available at: 
https://www.eurotransport.de/artikel/helrom-trailer-wagen-im-bayernhafen-taeglich-regensburg-
ungarn-11231618.html (accessed 31 October 2023). 

Kaack, L.H., Vaishnav, P., Morgan, M.G., Azevedo, I.L. and Rai, S. (2018), “Decarbonizing 
intraregional freight systems with a focus on modal shift”, Environmental Research Letters, Vol. 
13 No. 8, p. 83001. 

Karlsson, J. and Grauers, A. (2023), “Case Study of Cost-Effective Electrification of Long-Distance 
Line-Haul Trucks”, Energies, Vol. 16 No. 6, p. 2793. 

Khan, M., Ajmal, M.M., Jabeen, F., Talwar, S. and Dhir, A. (2022), “Green supply chain management 
in manufacturing firms: A resource‐based viewpoint”, Business Strategy and the Environment. 

Koetse, M.J. and Rietveld, P. (2009), “The impact of climate change and weather on transport: An 
overview of empirical findings”, Transportation Research Part D: Transport and Environment, 
Vol. 14 No. 3, pp. 205–221. 

Kornmeier, M. (2007), Wissenschaftstheorie und wissenschaftliches Arbeiten: Eine Einführung für 
Wirtschaftswissenschaftler, BA kompakt, Physica-Verl., Heidelberg. 

Kostolanska, H. (2023), “Erarbeiten von ökonomischen und ökologischen Potentialen und 
Herausforderungen des Intermodalverkehrs im Staubguttransport”, Master Thesis, Lehrstuhl für 
Industrielogistik, Montanuniversität Leoben, Leoben, 2023. 

Latif, B., Mahmood, Z., Tze San, O., Mohd Said, R. and Bakhsh, A. (2020), “Coercive, Normative 
and Mimetic Pressures as Drivers of Environmental Management Accounting Adoption”, 
Sustainability, Vol. 12 No. 11, p. 4506. 

Leach, G. (1991), “Policies to reduce energy use and carbon emissions in the UK”, Energy Policy, 
Vol. 19 No. 10, pp. 918–925. 

Lechmann, M. (2023), “Batterietechnologien der Zukunft im E-LKW. Alternativen zur Lithium-
Ionen-Batterie”, Bachelor Thesis, Lehrstuhl für Industrielogistik, Montanuniversität Leoben, 
Leoben, 2023. 

Lee, T.M., Markowitz, E.M., Howe, P.D., Ko, C.-Y. and Leiserowitz, A.A. (2015), “Predictors of 
public climate change awareness and risk perception around the world”, Nature Climate Change, 
Vol. 5 No. 11, pp. 1014–1020. 

Lenort, R., Wicher, P., Samolejova, A., Zsifkovits, H., Raith, C., Miklautsch, P. and Pelikanova, J. 
(2022), “SELECTING SUSTAINABILITY KEY PERFORMANCE INDICATORS FOR SMART 
LOGISTICS ASSESSMENT”, Acta logistica, Vol. 09 No. 04, pp. 467–478. 

Lin, N. (2019), “CO2 emissions mitigation potential of buyer consolidation and rail-based intermodal 
transport in the China-Europe container supply chains”, Journal of Cleaner Production, Vol. 240, 
p. 118121. 

Lindfors, A. (2021), “Assessing sustainability with multi-criteria methods: A methodologically 
focused literature review”, Environmental and Sustainability Indicators, Vol. 12, p. 100149. 

Liu, L., Wen, Y., Liang, Y., Zhang, F. and Yang, T. (2019), “Extreme Weather Impacts on Inland 
Waterways Transport of Yangtze River”, Atmosphere, Vol. 10 No. 3, p. 133. 

Liu, X. (2005), “Hierarchical Decision Making with Supply Chain Applications”, Dissertation, Drexel 
University, 2005. 

Lohre, D. and Gotthardt, R. (2016), “Carbon Footprinting in einer nachhaltig ausgerichteten Logistik”, 
in Deckert, C. (Ed.), CSR und Logistik, Management-Reihe Corporate Social Responsibility, 
Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 45–66. 

Lopes de Sousa Jabbour, A.B., Chiappetta Jabbour, C.J., Sarkis, J., Latan, H., Roubaud, D., Godinho 
Filho, M. and Queiroz, M. (2021), “Fostering low-carbon production and logistics systems: 
framework and empirical evidence”, International Journal of Production Research, Vol. 59 No. 
23, pp. 7106–7125. 

Maccarrone, P. (2009), “Factors influencing the attitude towards corporate social responsibility: some 
empirical evidence from Italy”, Corporate Governance: The international journal of business in 
society, Vol. 9 No. 2, pp. 103–119. 



  REFERENCES 

Philipp Miklautsch-Breznik, 2023  51 

Mangi, F. (2022), “Flood Losses Now Estimated at $40 Billion: Pakistan Officials”, available at: 
https://www.bloomberg.com/news/articles/2022-10-19/flood-losses-now-estimated-at-40-billion-
pakistan-officals-say (accessed 2 January 2023). 

Martins, V., Anholon, R., Quelhas, O.L.G. and Filho, W. (2019), “Sustainable Practices in Logistics 
Systems: An Overview of Companies in Brazil”, Sustainability, Vol. 11 No. 15, p. 4140. 

Matzler, K., Uzelac, B. and Bauer, F. (2014), “Intuition: the missing ingredient for good managerial 
decision-making”, Journal of Business Strategy, Vol. 35 No. 6, pp. 31–40. 

Mayer, J. and Wolf, S. (2023), Key developments in Austrian environment and climate change law in 
2022: part one – legislation. 

McKinnon, A., Allen, J. and Woodburn, A. (2010), “Development of greener vehicles, aircraft and 
ships”, in McKinnon, A.C. (Ed.), Green logistics: Improving the environmental sustainability of 
logistics, Reprinted., Kogan Page, London, pp. 140–166. 

McKinnon, A. and Woodburn, A. (1993), “Logistical perspective on the growth of lorry traffic”, 
Traffic Engineering and Control, Vol. 34 No. 10, pp. 466–471. 

McKinnon, A. and Woodburn, A. (1996), “Logistical restructuring and road freight traffic growth”, 
Transportation, Vol. 23 No. 2. 

McKinnon, A.C. (2018), Decarbonizing logistics: Distributing goods in a low carbon world, Kogan 
Page Limited, London, United Kingdom, New York, NY. 

Meinshausen, M., Lewis, J., Guetschow, J., Nicholls, Z. and Burdon, R. (2022), “NDC Factsheets. 
version 13th March 2023”, available at: https://www.climate-
resource.com/tools/ndcs/countries/aut?version=13Mar2023 (accessed 23 August 2023). 

Merli, R., Preziosi, M. and Massa, I. (2015), “Social Values and Sustainability: A Survey on Drivers, 
Barriers and Benefits of SA8000 Certification in Italian Firms”, Sustainability, Vol. 7 No. 4, pp. 
4120–4130. 

Middela, M.S., Mahesh, S., Kancharla, S.R., Ramadurai, G., Perme, R., Sripada, S.K. and Devi, G. 
(2022), “Complete LCA of battery electric and conventional fuel vehicles for freight trips”, 
Transportation Research Part D: Transport and Environment, Vol. 110, p. 103398. 

Miemczyk, J. (2008), “An exploration of institutional constraints on developing end-of-life product 
recovery capabilities”, International Journal of Production Economics, Vol. 115 No. 2, pp. 272–
282. 

Miklautsch, P. (2023), “CRRT Route Finder”, available at: https://github.com/MUL-Chair-of-
Industrial-Logistics/crrt-route-finder. 

Miklautsch, P., Hoffelner, M. and Woschank, M. (2023a), “A Novel Approach to Identify Industrial 
Logistics Decarbonization Opportunities: Method Development and Preliminary Validation”, 
Applied Sciences, Vol. 13. 

Miklautsch, P., König, A. and Woschank, M. (2022), “Identifying a Country’s Freight Transport-
Intensive Economic Sectors and Their Logistics Emissions—Method Development and Exemplary 
Evaluation with Austria”, Sustainability, Vol. 14 No. 22, p. 15050. 

Miklautsch, P. and Woschank, M. (2022a), “A framework of measures to mitigate greenhouse gas 
emissions in freight transport: Systematic literature review from a Manufacturer's perspective”, 
Journal of Cleaner Production, Vol. 366, p. 132883. 

Miklautsch, P. and Woschank, M. (2022b), “Decarbonizing Industrial Logistics”, IEEE Engineering 
Management Review, Vol. 50 No. 3, pp. 149–156. 

Miklautsch, P. and Woschank, M. (2023a), “Decarbonizing Industrial Logistics through a GIS-based 
Approach for identifying Pareto-optimal combined Road-Rail Transport Routes”, Bolzano. 

Miklautsch, P. and Woschank, M. (2023b), “The adoption of industrial logistics decarbonization 
practices: Evidence from Austria”, Transportation Research Interdisciplinary Perspectives, Vol. 
21, p. 100857. 

Miklautsch, P. and Woschank, M. (2023c), “The Missing Link: How to Bridge the Gap to Zero-
Carbon Logistics”, in Posch, W., Vorbach, S., Zsifkovits, H. and Feichtinger, G. (Eds.), Erfolg 
durch nachhaltiges Energie- und Ressourcenmanagement: Beitrag akzeptiert., pp. 25–40. 



REFERENCES 

52  Philipp Miklautsch-Breznik, 2023 

Miklautsch, P., Woschank, M. and Heißenberger, J. (2024), “Decarbonizing Construction Material 
Supply Chains: An Innovative Approach to Intermodal Transportation”, in Fottner, J., Nübel, K. 
and Matt, D. (Eds.), Construction Logistics, Equipment, and Robotics, Lecture Notes in Civil 
Engineering, Vol. 390, Springer Nature Switzerland, Cham, pp. 123–136. 

Miklautsch, P., Woschank, M. and Sarkis, J. (2023b), “Eschewing the Managerial Zero-Sum 
Perspective to Support Freight Transport Decarbonization Adoption. (under review)”, 
Transportation Planning and Technology. 

Millan, L. and El Wardany, S. (2023), “How War and Aging Dams Left Libya Exposed to a Climate 
Superstorm”, available at: https://www.bloomberg.com/news/features/2023-09-24/what-caused-
the-high-death-toll-from-libya-s-floods#xj4y7vzkg (accessed 2 November 2023). 

Minx, J.C., William F. Lamb, Robbie M. Andrew, Josep G. Canadell, Monica Crippa, Niklas 
Döbbeling, Piers Forster, Diego Guizzardi, Jos Olivier, Julia Pongratz, Andy Reisinger, Matthew 
Rigby, Glen Peters, Marielle Saunois, Steven J. Smith, Efisio Solazzo and Hanqin Tian (2022), A 
comprehensive and synthetic dataset for global, regional and national greenhouse gas emissions 
by sector 1970-2018 with an extension to 2019, Zenodo. 

Mir, S., Fugate, B.S., Johnson, J.L. and Blessley, M. (2021), “What should you be talking about? The 
communication pathway to sustainable supply chain contagion”, International Journal of Physical 
Distribution & Logistics Management, Vol. 51 No. 7, pp. 711–737. 

Mojtaba Lajevardi, S., Axsen, J. and Crawford, C. (2019), “Comparing alternative heavy-duty 
drivetrains based on GHG emissions, ownership and abatement costs: Simulations of freight routes 
in British Columbia”, Transportation Research Part D: Transport and Environment, Vol. 76, pp. 
19–55. 

Morgeson, F.P., Mitchell, T.R. and Liu, D. (2015), “Event System Theory: An Event-Oriented 
Approach to the Organizational Sciences”, Academy of Management Review, Vol. 40 No. 4, pp. 
515–537. 

Moser, S. and Lassacher, S. (2020), “External use of industrial waste heat - An analysis of existing 
implementations in Austria”, Journal of Cleaner Production, Vol. 264, p. 121531. 

Müller, J.P., Elbert, R. and Emde, S. (2021), “Integrating vehicle routing into intermodal service 
network design with stochastic transit times”, EURO Journal on Transportation and Logistics, 
Vol. 10, p. 100046. 

Müller, W. (2022), Zero Emission LKW & Energiepreise, CNL / IEA Workshop. 
Nallinger, C. (2023a), “Höchste Eisenbahn für Waberer’s. Mehrheit an Petrolsped übernommen”, 

eurotransport, 7 August, available at: https://www.eurotransport.de/artikel/mehrheit-an-
petrolsped-uebernommen-hoechste-eisenbahn-fuer-waberer-s-11228651.html (accessed 31 
October 2023). 

Nallinger, C. (2023b), “20.000. Sattelauflieger on Tour. Girteka mit Cargobeamer im KV unterwegs”, 
eurotransport, 24 October, available at: https://www.eurotransport.de/artikel/girteka-mit-
cargobeamer-im-kv-unterwegs-20-000-sattelauflieger-on-tour-11231658.html (accessed 31 
October 2023). 

NASA (2023), NASA Announces Summer 2023 Hottest on Record. 
Neri, A., Cagno, E., Di Sebastiano, G. and Trianni, A. (2018), “Industrial sustainability: Modelling 

drivers and mechanisms with barriers”, Journal of Cleaner Production, Vol. 194, pp. 452–472. 
Newburger, E. (2022), “Inflation Reduction Act could curb climate damages by up to $1.9 trillion, 

White House says”, available at: https://www.cnbc.com/2022/08/24/inflation-reduction-act-could-
cut-climate-damages-by-1point9-trillion.html (accessed 2 January 2023). 

Nieuwenhuis, P., Beresford, A. and Choi, A.K.-Y. (2012), “Shipping or local production? CO2 impact 
of a strategic decision: An automotive industry case study”, International Journal of Production 
Economics, Vol. 140 No. 1, pp. 138–148. 

Nouicer, A., Kehoe, A.M., Nysten, J., Fouquet, D., Hancher, L. and Meeus, L. (2020), The EU clean 
energy package (ed. 2020), European University Institute. 

Odenweller, A., Ueckerdt, F., Nemet, G.F., Jensterle, M. and Luderer, G. (2022), “Probabilistic 
feasibility space of scaling up green hydrogen supply”, Nature Energy, Vol. 7 No. 9, pp. 854–865. 



  REFERENCES 

Philipp Miklautsch-Breznik, 2023  53 

OECD/ITF (2015), “The Carbon Footprint of Global Trade. Tackling Emissions from International 
Freight Transport”, available at: https://www.itf-oecd.org/carbon-footprint-global-trade (accessed 
4 April 2022). 

Olipp, N. (2023), “Dekarbonisierung des Straßengüterverkehrs in Österreich: Systematische Analyse 
einer zukünftigen Flottenzusammensetzung”, Master Thesis, Lehrstuhl für Industrielogistik, 
Montanuniversität Leoben, Leoben, 2023. 

Pachteu, S. (2023), “Modellierung von Treibhausgasemissionen in Intermodalterminals”, Master 
Thesis, Lehrstuhl für Industrielogistik, Montanuniversität Leoben, Leoben, 2023. 

Pålsson, H. and Johansson, O. (2016), “Reducing transportation emissions”, Benchmarking: An 
International Journal, Vol. 23 No. 3, pp. 674–703. 

Pålsson, H. and Kovács, G. (2014), “Reducing transportation emissions”, International Journal of 
Physical Distribution & Logistics Management, Vol. 44 No. 4, pp. 283–304. 

Pérez-Morales, A., Gomariz-Castillo, F. and Pardo-Zaragoza, P. (2019), “Vulnerability of Transport 
Networks to Multi-Scenario Flooding and Optimum Location of Emergency Management 
Centers”, Water, Vol. 11 No. 6, p. 1197. 

Petljak, K., Zulauf, K., Štulec, I., Seuring, S. and Wagner, R. (2018), “Green supply chain 
management in food retailing: survey-based evidence in Croatia”, Supply Chain Management: An 
International Journal, Vol. 23 No. 1, pp. 1–15. 

Pfohl, H.-C. (2018), Logistiksysteme: Betriebswirtschaftliche Grundlagen, 9. Aufl. 2018, Springer 
Berlin Heidelberg, Berlin, Heidelberg. 

Piecyk, M.I. and McKinnon, A.C. (2010), “Forecasting the carbon footprint of road freight transport in 
2020”, International Journal of Production Economics, Vol. 128 No. 1, pp. 31–42. 

Popper, K. (1935), Logik der Forschung: Zur Erkenntnistheorie der Modernen Naturwissenschaft, 
Schriften zur Wissenschaftlichen Weltauffassung, Springer Vienna, Vienna, s.l. 

Porter, M.E. (1985), Competitive advantage: Creating and sustaining superior performance, Free 
Press, New York. 

Portillo Juan, N., Negro Valdecantos, V. and Del Campo, J.M. (2022), “Review of the Impacts of 
Climate Change on Ports and Harbours and Their Adaptation in Spain”, Sustainability, Vol. 14 
No. 12, p. 7507. 

Regmi, M.B. and Hanaoka, S. (2015), “Assessment of Modal Shift and Emissions along a Freight 
Transport Corridor Between Laos and Thailand”, International Journal of Sustainable 
Transportation, Vol. 9 No. 3, pp. 192–202. 

Ren, J. (2020), “Specialty Grand Challenge: Multi-Criteria Decision Making for Better 
Sustainability”, Frontiers in Sustainability, Vol. 1. 

Richnák, P. and Gubová, K. (2021), “Green and Reverse Logistics in Conditions of Sustainable 
Development in Enterprises in Slovakia”, Sustainability, Vol. 13 No. 2, p. 581. 

Riopel, D., Langevin, A. and Campbell, J.F. (2005), “The Network of Logistics Decisions”, in 
Langevin, A. and Riopel, D. (Eds.), Logistics Systems: Design and Optimization, Springer-Verlag, 
New York, pp. 1–38. 

Ritchie, H. and Roser, M. (2020), “CO₂ and Greenhouse Gas Emissions”, Our World in Data. 
Rodrigue, J.-P. (2020), The Geography of Transport Systems, Routledge, Fifth edition. | Abingdon, 

Oxon, New York, NY Routledge, 2020. 
Rogerson, S. (2017), “Influence of freight transport purchasing processes on logistical variables 

related to CO 2 emissions: a case study in Sweden”, International Journal of Logistics Research 
and Applications, Vol. 20 No. 6, pp. 604–623. 

Roth, U.E. (2022), “Eine systematische Literaturrecherche zum aktuellen Entwicklungsstand von 
Decision Support Systemen in der Transportlogistik”, Bachelor Thesis, Lehrstuhl für 
Industrielogistik, Montanuniversität Leoben, Leoben, 2022. 

Sand, M., Berntsen, T.K., Salzen, K. von, Flanner, M.G., Langner, J. and Victor, D.G. (2016), 
“Response of Arctic temperature to changes in emissions of short-lived climate forcers”, Nature 
Climate Change, Vol. 6 No. 3, pp. 286–289. 



REFERENCES 

54  Philipp Miklautsch-Breznik, 2023 

Sarkis, J., Zhu, Q. and Lai, K. (2011), “An organizational theoretic review of green supply chain 
management literature”, International Journal of Production Economics, Vol. 130 No. 1, pp. 1–15. 

Schnittfeld, N.L. and Busch, T. (2016), “Sustainability Management within Supply Chains - A 
Resource Dependence View”, Business Strategy and the Environment, Vol. 25 No. 5, pp. 337–
354. 

Schwab, K. (Ed.) (2019), The global competitiveness report 2019, Geneva. 
Schwendlinger, M. (2022), “Infrastruktur für erdölfreien Lkw-Verkehr planen”, available at: 

https://vcoe.at/publikationen/vcoe-factsheets/detail/infrastruktur-fuer-erdoelfreien-lkw-verkehr-
planen (accessed 4 January 2022). 

Seles, B.M.R.P., Sousa Jabbour, A.B.L. de, Jabbour, C.J.C. and Dangelico, R.M. (2016), “The green 
bullwhip effect, the diffusion of green supply chain practices, and institutional pressures: Evidence 
from the automotive sector”, International Journal of Production Economics, Vol. 182, pp. 342–
355. 

Sens, L., Neuling, U., Wilbrand, K. and Kaltschmitt, M. (2022), “Conditioned hydrogen for a green 
hydrogen supply for heavy duty-vehicles in 2030 and 2050 – A techno-economic well-to-tank 
assessment of various supply chains”, International Journal of Hydrogen Energy. 

Shin, H., Ellinger, A.E., Nolan, H.H., DeCoster, T.D. and Lane, F. (2018), “An Assessment of the 
Association Between Renewable Energy Utilization and Firm Financial Performance”, Journal of 
Business Ethics, Vol. 151 No. 4, pp. 1121–1138. 

Shoman, W., Yeh, S., Sprei, F., Plötz, P. and Speth, D. (2023), “Battery electric long-haul trucks in 
Europe: Public charging, energy, and power requirements”, Transportation Research Part D: 
Transport and Environment, Vol. 121, p. 103825. 

Siems, E. and Seuring, S. (2021), “Stakeholder management in sustainable supply chains: A case 
study of the bioenergy industry”, Business Strategy and the Environment, Vol. 30 No. 7, pp. 3105–
3119. 

Siew, R.Y.J. (2015), “A review of corporate sustainability reporting tools (SRTs)”, Journal of 
environmental management, Vol. 164, pp. 180–195. 

Simões, H. (2022), “Carbon border adjustment mechanism as part of the European green deal”, 
available at: https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-
carbon-border-adjustment-mechanism (accessed 2 January 2023). 

Stephenson, S.R., Wang, W., Zender, C.S., Wang, H., Davis, S.J. and Rasch, P.J. (2018), “Climatic 
Responses to Future Trans-Arctic Shipping”, Geophysical research letters, Vol. 45 No. 18, pp. 
9898–9908. 

Sureeyatanapas, P., Poophiukhok, P. and Pathumnakul, S. (2018), “Green initiatives for logistics 
service providers: An investigation of antecedent factors and the contributions to corporate goals”, 
Journal of Cleaner Production, Vol. 191, pp. 1–14. 

Svindland, M. and Hjelle, H.M. (2019), “The comparative CO2 efficiency of short sea container 
transport”, Transportation Research Part D: Transport and Environment, Vol. 77, pp. 11–20. 

Taptich, M.N., Horvath, A. and Chester, M.V. (2016), “Worldwide Greenhouse Gas Reduction 
Potentials in Transportation by 2050”, Journal of Industrial Ecology, Vol. 20 No. 2, pp. 329–340. 

Teichert, O., Link, S., Schneider, J., Wolff, S. and Lienkamp, M. (2023), “Techno-economic cell 
selection for battery-electric long-haul trucks”, eTransportation, Vol. 16, p. 100225. 

The White House (2023a), Building a Clean Energy Economy: A Guidebook to the Inflation Reduction 
Act's Investments in Clean Energy and Climate Action, Washington, DC. 

The White House (2023b), “Inflation Reduction Act Guidebook”, available at: 
https://www.whitehouse.gov/cleanenergy/inflation-reduction-act-guidebook/ (accessed 10 
February 2023). 

Thomson, E. (2022), “Droughts are creating new supply chain problems. This is what you need to 
know”, available at: https://www.weforum.org/agenda/2022/11/drought-trade-rivers-supply-chain/ 
(accessed 2 January 2023). 



  REFERENCES 

Philipp Miklautsch-Breznik, 2023  55 

Touboulic, A. and Walker, H. (2015), “Theories in sustainable supply chain management: a structured 
literature review”, International Journal of Physical Distribution & Logistics Management, Vol. 
45 1/2, pp. 16–42. 

Touratier-Muller, N. and Ortas, E. (2021), “Factors driving shippers' compliance with a voluntary 
sustainable freight programme in France”, Journal of Cleaner Production, Vol. 318, p. 128397. 

Trujillo-Gallego, M., Sarache, W. and Sellitto, M.A. (2021), “Identification of practices that facilitate 
manufacturing companies’ environmental collaboration and their influence on sustainable 
production”, Sustainable Production and Consumption, Vol. 27, pp. 1372–1391. 

UIC (2020), 2020 Report on Combined Transport in Europe. 
UNCTAD (2022), Guidance on Core Indicators for Sustainability and SDG Impact Reporting. 
Underwood, B.S., Guido, Z., Gudipudi, P. and Feinberg, Y. (2017), “Increased costs to US pavement 

infrastructure from future temperature rise”, Nature Climate Change, Vol. 7 No. 10, pp. 704–707. 
UNFCCC (2022), “Funding arrangements for responding to loss and damage associated with the 

adverse effects of climate change, including a focus on addressing loss and damage”, available at: 
https://unfccc.int/documents/624440 (accessed 2 January 2023). 

UNFCCC (2023), “Austria”, available at: https://unfccc.int/node/28581 (accessed 23 August 2023). 
Unterlohner, F. (2022), Electric trucks take charge: Study on the techno-economic uptake potential of 

zero emission trucks, CNL / IEA Workshop. 
van Leijen, M. (2022), “Energy prices reach new record high, this is how rail freight adapts”, available 

at: https://www.railfreight.com/specials/2022/06/03/energy-prices-reach-new-record-high-this-is-
how-rail-freight-adapts/?gdpr=accept (accessed 16 February 2023). 

Vienažindienė, M., Tamulienė, V. and Zaleckienė, J. (2021), “Green Logistics Practices Seeking 
Development of Sustainability: Evidence from Lithuanian Transportation and Logistics 
Companies”, Energies, Vol. 14 No. 22, p. 7500. 

Volkswagen AG (2022), “Sustainability Report 2021”, available at: 
https://www.volkswagenag.com/presence/nachhaltigkeit/documents/sustainability-
report/2021/Nonfinancial_Report_2021_e.pdf (accessed 3 August 2022). 

Wagner, S.M. (2008), “INNOVATION MANAGEMENT IN THE GERMAN TRANSPORTATION 
INDUSTRY”, Journal of Business Logistics, Vol. 29 No. 2, pp. 215–231. 

WBCSD and WRI (2004), The greenhouse gas protocol: A corporate accounting and reporting 
standard, revised ed., World Resources Institute and World Business Council for Sustainable 
Development, o.O. 

WBCSD and WRI (2011), Corporate value chain (Scope 3) accounting and reporting standard: 
Supplement to the GHG protocol corporate accounting and reporting standard, Greenhouse gas 
protocol, World Resources Institute [u.a.], Washington, DC. 

Wehking, K.-H. and Hager, H.-J. (2020), “Verkehrstechnik”, in Wehking, K.-H. (Ed.), Technisches 
Handbuch Logistik 1, Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 741–790. 

Wittels, J. (2023), “Extreme Heat Threatens Europe's $2 Trillion Travel Industry”, available at: 
https://www.bloomberg.com/news/features/2023-07-25/rhodes-wildfires-extreme-weather-
threaten-europe-s-travel-industry#xj4y7vzkg (accessed 2 November 2023). 

WKO (2022a), “Handbuch für Tankwagenfahrer”, available at: 
https://www.wko.at/branchen/industrie/mineraloelindustrie/handbuch-tankwagenfahrer-lpg.pdf. 

WKO (2022b), “Kurzinformation Abgasplakette für LKW”, available at: 
https://www.wko.at/service/verkehr-betriebsstandort/Kurzinformation-Abgasplakette.html. 

WKO Wien (2023), KMU goes Intermodal. 
World Commission on Environment and Development (1991), Our common future, Oxford 

paperbacks, 13. impr, Univ. Press, Oxford. 
Woschank, M., Kaiblinger, A. and Miklautsch, P. (2021), “Digitalization in industrial logistics: 

Contemporary evidence and future directions”, in Proceedings of the 11th Annual International 
Conference on Industrial Engineering and Operations Management, Singapore, March 7-11, 
2021, IEOM Society International, Southfield, Michigan, USA, pp. 1322–1333. 



REFERENCES 

56  Philipp Miklautsch-Breznik, 2023 

Wuppertal Institute and E3G (2021), EU Recovery: How green is Recovery Spending in Different 
Sectors?: Taking Stock: Where are we on Green Recovery at the end of 2021?, Wuppertal, Berlin. 

Zgonc, B., Tekavčič, M. and Jakšič, M. (2019), “The impact of distance on mode choice in freight 
transport”, European Transport Research Review, Vol. 11 No. 1. 

Zhang, R. and Hanaoka, T. (2022), “Cross-cutting scenarios and strategies for designing 
decarbonization pathways in the transport sector toward carbon neutrality”, Nature 
communications, Vol. 13 No. 1, p. 3629. 

Zhu, Q. and Sarkis, J. (2007), “The moderating effects of institutional pressures on emergent green 
supply chain practices and performance”, International Journal of Production Research, Vol. 45 
18-19, pp. 4333–4355. 

Zsidisin, G.A., Melnyk, S.A. and Ragatz, G.L. (2005), “An institutional theory perspective of business 
continuity planning for purchasing and supply management”, International Journal of Production 
Research, Vol. 43 No. 16, pp. 3401–3420. 

Zsifkovits, H.E. (2013), Logistik, Reihe Grundwissen der Ökonomik, Vol. 3673, UVK-Verl.-Ges; 
UVK/Lucius, Konstanz, München. 

  



  APPENDIX 

Philipp Miklautsch-Breznik, 2023  57 

9. Appendix 
9.1. Paper 1 

The original paper is available at https://doi.org/10.1016/j.jclepro.2022.132883. 
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9.2. Paper 2 
The original paper is available at https://doi.org/10.3390/su142215050. 
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9.3. Paper 3 
The original paper is available at https://doi.org/10.1016/j.trip.2023.100857. 
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9.4. Paper 4 
The original paper is available at https://doi.org/10.1109/EMR.2022.3186738. 
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9.5. Paper 5 
At the time of writing, this paper is still under review at the Taylor & Francis Journal “Transportation 
Planning & Technology”. 

9.6. Paper 6 
Due to copyright restrictions, we can only insert the title page of this contribution in the thesis. The full 
contribution is available at https://doi.org/10.5771/9783957104311-25. 
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9.7. Paper 7 
Due to copyright restrictions, we can only insert the title page of this contribution in the thesis. The full 
contribution is available at https://doi.org/10.1007/978-3-031-44021-2_14. 
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9.8. Paper 8 
Due to copyright restrictions, we can only insert the title page of this contribution in the thesis. The full 
contribution is available at https://doi.org/10.1007/978-3-031-38274-1_31. 
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9.9. Paper 9 
The original paper is available at https://doi.org/10.3390/app132212277. 
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9.10. CRediT Author statement 
Table 2 clarifies the author contributions to the publications mentioned in Section 4 in line with CRediT. 
Further, Table 3 presents the authors’ contribution to the bachelor and master theses which have been 
discussed in Section 5.
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Table 2. CRediT author contribution statements of the publications (PM: Philipp Miklautsch, MW: Manuel Woschank, AK: Alexander König, JS: Joseph Sarkis, MH: Mario Hoffelner, BZ: Bernd M. 
Zunk, JH: Julia Heißenberger, NO: Nadine Olipp, GE: Gregor Enthaler) 

CRediT term CRediT definition Paper 1 Paper 2 Paper 3 Paper 4 Paper 5 Paper 6 Paper 7 Paper 8 Paper 9 

Conceptualization 
Ideas; formulation or evolution of overarching research goals 
and aims PM PM, BZ PM PM, JS PM PM PM, JH PM 

PM, 
MH 

Methodology Development or design of methodology; creation of models 
PM, 
MW 

PM, 
MW 

PM, 
MW PM, MW PM, MW PM PM PM 

PM, 
MH 

Software 
Programming, software development; designing computer 
programs; implementation of the computer code and supporting 
algorithms; testing of existing code components           PM PM PM 

PM, 
MH 

Validation 
Verification, whether as a part of the activity or separate, of the 
overall replication/reproducibility of results/experiments and 
other research outputs           

PM, 
ADW PM, JH PM 

PM, 
MH 

Formal analysis 
Application of statistical, mathematical, computational, or other 
formal techniques to analyse or synthesize study data  PM PM 

PM, 
MW  PM PM     PM PM 

Investigation 
Conducting a research and investigation process, specifically 
performing the experiments, or data/evidence collection PM PM, AK PM PM PM, GE     PM   

Resources 
Provision of study materials, reagents, materials, patients, 
laboratory samples, animals, instrumentation, computing 
resources, or other analysis tools             JH     

Data curation 

Management activities to annotate (produce metadata), scrub 
data and maintain research data (including software code, where 
it is necessary for interpreting the data itself) for initial use and 
later re-use     PM         PM 

PM, 
MH 

Writing – original 
draft 

Preparation, creation and/or presentation of the published work, 
specifically writing the initial draft (including substantive 
translation) PM PM, AK PM PM PM, JS PM PM PM PM 

Writing – review 
and editing 

Preparation, creation and/or presentation of the published work 
by those from the original research group, specifically critical 
review, commentary or revision – including pre- or post-
publication stages 

PM, 
MW 

PM, 
AK, 
MW 

PM, 
MW PM tbd   PM PM 

PM, 
MW, 
MH, 
NO 

Visualization 
Preparation, creation and/or presentation of the published work, 
specifically visualization/data presentation PM PM, AK PM PM PM PM PM PM PM 

Supervision 
Oversight and leadership responsibility for the research activity 
planning and execution, including mentorship external to the 
core team MW MW MW MW MW, JS MW MW MW MW 

Project 
administration 

Management and coordination responsibility for the research 
activity planning and execution PM PM PM PM PM PM PM PM PM 

Funding 
acquisition 

Acquisition of the financial support for the project leading to 
this publication PM PM PM PM PM PM PM PM MW 
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Table 3. CRediT author contribution statements of the theses (PM: Philipp Miklautsch, MW: Manuel Woschank, MH: Mario Hoffelner, LJ: Lara Jöbstl, KD: Konstantin Karl Dallago, NO: Nadine 
Olipp, HK: Hana Kostolanska, JH: Julia Heißenberger (SiloRiedel), GE: Gregor Enthaler, CR: Chiara Raith, UR: Ulrike Elisabeth Roth) 

CRediT term CRediT definition 
BA 
Jöbstl 

MA 
Pachteu 

BA 
Lechmann 

BA 
Dallago 

MA 
Olipp MA Kostolanska 

MA 
Hoffelner 

BA 
Enthaler BA Roth 

Conceptualizatio
n 

Ideas; formulation or 
evolution of overarching 
research goals and aims PM PM, SP PM, ML PM PM, NO 

PM, HK, MW, 
JH PM, MH PM, GE PM, CR 

Methodology 
Development or design 
of methodology; creation 
of models PM, LJ PM, SP PM, ML PM, KD PM, NO PM, HK, MW PM, MH PM, GE 

PM, CR, 
UR 

Software 

Programming, software 
development; designing 
computer programs; 
implementation of the 
computer code and 
supporting algorithms; 
testing of existing code 
components   PM, SP         PM, MH     

Validation 

Verification, whether as a 
part of the activity or 
separate, of the overall 
replication/reproducibilit
y of results/experiments 
and other research 
outputs   SP         MH     

Formal analysis 

Application of statistical, 
mathematical, 
computational, or other 
formal techniques to 
analyse or synthesize 
study data                   

Investigation 

Conducting a research 
and investigation process, 
specifically performing 
the experiments, or 
data/evidence collection LJ PM, SP ML KD NO HK MH GE UR 
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Table 3 (continued) 

Resources 

Provision of study 
materials, reagents, 
materials, patients, 
laboratory samples, 
animals, instrumentation, 
computing resources, or 
other analysis tools           JH PM     

Data curation 

Management activities to 
annotate (produce 
metadata), scrub data and 
maintain research data 
(including software code, 
where it is necessary for 
interpreting the data 
itself) for initial use and 
later re-use               GE   

Writing – 
original draft 

Preparation, creation 
and/or presentation of the 
published work, 
specifically writing the 
initial draft (including 
substantive translation) LJ SP ML KD NO HK MH GE UR 

Writing – review 
and editing 

Preparation, creation 
and/or presentation of the 
published work by those 
from the original research 
group, specifically 
critical review, 
commentary or revision – 
including pre- or post-
publication stages LJ, PM SP, PM ML, PM KD, PM NO, PM HK, PM, MW MH, PM GE, PM UR, PM 

Visualization 

Preparation, creation 
and/or presentation of the 
published work, 
specifically 
visualization/data 
presentation LJ SP ML KD NO   MH GE UR 
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Table 3 (continued) 

Supervision 

Oversight and leadership 
responsibility for the 
research activity planning 
and execution, including 
mentorship external to 
the core team PM PM, MW PM PM PM, MW PM, MW PM, MW PM PM, CR 

Project 
administration 

Management and 
coordination 
responsibility for the 
research activity planning 
and execution   PM     PM MW PM     

Funding 
acquisition 

Acquisition of the 
financial support for the 
project leading to this 
publication   PM     PM MW PM PM   

 

 


