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Abstract
Purpose – In an era of increasing globalization, given their significant energy consumption, concerns regarding energy efficiency and 
management have come to the fore for the aviation and supply chains (SCs) sectors. The purpose of this study is to present an approach to 
assessing environmental sustainability based on decarbonization for all chains, particularly the aviation, maritime, and shipping sectors. An 
entropy-based approach that can be used effectively in defining the decarbonization responsibility of aviation and SCs, especially in line with the 
global 2050 targets defined in international strategies, is targeted.
Design/methodology/approach – This study primarily focuses on aviation and transportation, evaluating their energy and environmental 
impacts, providing a new perspective to support carbon removal strategies. An entropy-based analytical approach is applied to evaluate energy 
performance, while a newly developed decarbonisation index (DCI) is used to comparatively examine the environmental impacts of aviation and 
other vehicles.
Findings – In aviation, the exergy efficiency of conventional fuels is 25.55% on average, compared to 67.2% for electric alternatives. Fossil fuel- 
powered vehicles and ships have an average exergy efficiency of 31.01%, while electric alternatives are significantly more efficient at 62.12%. 
The exergy destruction potential is 74.45% for fossil fuel-powered units and 37.88% for electric ones. The average fossil fuel-based 
transportation Environmental Performance Index is 0.69, approximately two times higher than for electric alternatives. In high-power aviation, 
the DCI has the lowest value at 0.21 after road vehicles. This shows that improvements are needed for all vehicles including the high-power 
electric alternative.
Originality/value – The highlight of this study is that it provides a new criterion in decision-making processes with the DCI defined to improve the 
decarbonisation perspective. In the comparison, it is seen that especially in aviation, the choice of electric engines has the lowest impact on 
decarbonisation for high powers.
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Nomenclature

_m = Mass flow rate;
_Q = Net heat work;
_W = Net work;
_E = Energy flow rate;
_Ex = Exergy flow rate;

_Ex; dest = Exergy flow rate;
ψ = Flow exergy;
_Sgen = Entropy generation;
EPI = Environment potential index;
ηCarnot = Carnot efficiency;
Sgen;c = Entropy generation for Carnot;
SI = Sustainable Index;
h = Enthalpy;
s = Entropy;
T0 = Surrounding temperature;

ηEx = Exergy efficiency;
_IP = Improvement rate;
_Qk = Heat transfer; and

θ = Energy efficiency rate.

Sub index
in = Input;
out = Output;
dest = Destruction;
kin = Kinetic;
ph = Physical;
ch = Chemical;
pot = Potential; and
0 = Surrounding.

1. Introduction

The evolution of modern trade has been characterised by a 
concerted effort to maintain competitive advantage in the face of 
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intensifying global market competition. Environmental concerns 
have emerged as a pivotal factor in the transformation of supply 
chains (SCs), encompassing aviation, maritime, road and rail 
transportation sectors (Savi et al., 2025; Soonhong et al., 2019; 
Keskin et al., 2025a). The increasingly dynamic and complex 
structure of the global business environment has had a significant 
impact on both air and maritime transportation. The mounting 
pressure to incorporate environmental concerns at each stage of 
SCs, including the aviation sector, has given rise to the concept of 
green supply chain management (Thoo et al., 2015; Koç and 
Erden, 2021). This emerging paradigm has two main pillars: 
efficiency and environment. In this context, the efficiency of the 
basic operations of aviation and maritime, such as all mode of 
transportation, distribution, handling, packaging and storage, 
and the environmentally sensitive management of waste 
generated throughout the SC processes have become pivotal. 
In this context, decision makers have been effective in the 
development of sustainable and environmentally friendly product 
transfer, the development of environmentally sensitive suppliers 
(Oluwafunmilayo et al., 2024). This process, which is now 
commonly referred to as supply logistics, has been precipitated by 
the advent of rapid SCs, such as air transportation, and the 
pursuit of solutions that mitigate environmental degradation 
in SC processes. Furthermore, strategic choices based on 
fuel efficiency have been demonstrated to reduce SC costs 
with operational reliability and to promote environmental 
sustainability, depending on the operational processes in 
question. However, significant inefficiencies and environmental 
pollution develop along with environmental impacts in current 
engine technologies (Ekici et al., 2020). For example, the impact 
of engine inefficiencies in aviation applications gives important 
results in this context (Sohret et al., 2016; Degirmenci et al., 
2023). The environmental negativities that arise in all these 
processes and advances in technology have also led to an 
increased focus on the development of novel engine technologies 
(Milewska and Milewski, 2022; Chao et al., 2023). Specifically, 
studies show that the reinjection technique applied during missed 
approach manoeuvres in standard A320 aircraft can result in fuel 
savings ranging from 55% to 90%, highlighting the operational 
and environmental significance of such innovations (Carmona 
et al., 2024). Improving fuel efficiency in current technologies can 
strengthen the resilience of SC operations in air transportation by 
reducing their vulnerability to rising fuel costs (Ekici et al., 2021). 
Concurrently, this enhancement will streamline compliance with 
mounting regulatory imperatives concerning fossil fuel emissions. 
However, achieving energy efficiency necessitates a multifaceted 
approach. Although engine capacities of transport vehicles and 
vessels vary depending on the mode of transportation, the 
existence of a universal method for evaluating their performance 
facilitates a more holistic assessment. The entropy approach was 
used to conduct a comparative analysis of air, sea and other 
vehicles or vessels based on exergy destruction (Bhaskaran 
Anangapal, 2014; Sogut, 2021, 2024). These vehicles and vessels 
were examined in relation to current fossil fuels and alternative 
electric engine preferences. In the present study, environmental 
impacts were evaluated using the Environmental Performance 
Index (EPI) and the Decarbonisation Index (DCI), according to 
data from all three sectors and defined engine power ranges. This 
process yielded two fundamental issues that guided the 

construction of the study’s logical framework, as delineated by its 
objectives:
• The development of a criterion for corporate sustainability 

and decarbonisation targets in aviation and other sectors is 
the central question of this study.

• In considering aviation and other sector chains, which 
parametric evaluations in terms of energy and environmental 
efficiency should be given priority?

Based on these basic research areas, distance- and payload-based 
energy and environmental performance assessments were carried 
out for all reference vehicles, especially aviation vehicles, produced 
with the corporate model developed by evaluating literature 
examples and current processes. Then, based on the outputs 
obtained from environmental performance energy and exergy 
analyses, the dimensions of irreversibility were evaluated in 
comparison with the literature in terms of entropy production and 
exergy destruction. Based on the findings obtained from these 
assessments, comparative results were developed in terms of 
environmental impact assessment, EPI and Sustainability Index 
(SI) based analyses were performed and the results were examined 
comparatively. Then, the analysis outputs of the vehicles were 
comparatively evaluated using the strategic target DCI. Thus, our 
study pioneers the integration of a DCI adapted to aviation, 
maritime and land transportation modes, enabling comparative 
assessment of carbon reduction potential across these sectors.

2. Aviation’s role in global supply chain 
optimisation

In recent years, the aviation sector has focused on technology- 
based efficiency as a key player in the problematic areas of 
global trade. Especially in the interconnected processes of SCs, 
the speed changes that vehicles have (Torralba-Carnerero et al., 
2024) have developed as a technological criterion. Indeed, the 
criteria brought by technology renewal in aircraft production 
and maintenance processes have supported environmental 
sustainability. Indeed, engine technologies developed in aviation 
not only support energy and environmental efficiency as well 
as managing customer demand in sectoral competition, but 
also can affect environmental sustainability, especially in the SC, 
by up to 15% (Ahlström et al., 2023). This can become a 
widespread practice that increases the efficiency of the supply 
process and creates opportunities and can be managed. Today, 
ensuring the continuity of technological management models of 
aircraft and using information technologies such as machine 
learning and predictive maintenance in decision-making processes 
have supported the development of effective control strategies to 
improve the environmental manageability of aviation (Feliciani 
Merizio et al., 2025). This has also provided areas where efficiency 
can be optimised through energy-efficient management. Artificial 
intelligence-supported predictive maintenance management, 
especially developed for aircraft with technical maintenance 
problems, has also provided cost-effectiveness gains. Within 
this structure, it has become an important facilitator in decision- 
making processes such as developing the ecosystem and 
improving sustainability in important stakeholders of SCs such 
as aviation, maritime transportation and land logistics. Today, 
aviation and other chain vehicles support such mobility in 
line with environmental sustainability. In addition, advanced 
communication and joint problem-solving in stakeholder 
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management can be seen within this framework. These 
approaches are also an important component of rapid decision- 
making in solving problems such as technology-related or 
efficiency. For example, integrated sensor data from aircraft 
components can support predictive maintenance programmes 
(Basri et al., 2017), increasing aircraft engine efficiency and 
supporting environmental sustainability. In addition, these 
structures can produce tools that will facilitate secure and 
transparent transactions such as blockchain in terms of global 
trade, while significantly reducing the risk of fraud. Artificial 
intelligence-supported Internet of things devices placed in 
aircraft systems will support proactive maintenance actions 
by providing traceability and continuous performance monitoring 
throughout the value chain. In aviation, other chain vehicles, 
especially aeroplanes, can be developed to support environmental 
efficiency in line with the sustainability of the portfolio in global 
services. In addition, multidisciplinary orientations support the 
manageability of processes from energy efficiency to route 
management, communication and joint problem-solving. The role 
of aviation in the global SC has been evaluated in all these 
processes, and a framework is presented in Figure 1.

2.1 Technology transition for decarbonisation
It is estimated that the aviation sector accounts for approximately 
2%–3% of all anthropogenic CO2 emissions, thereby constituting 

a substantial contributor to the global carbon footprint. This 
figure is set to rise unless new fuels and technologies are created, 
as air traffic is predicted to double by 2050 (Walker et al., 2024).

This renders the decarbonisation of aviation a matter of utmost 
importance, particularly in the context of global climate targets, 
such as those established within the Paris Agreement (Huang and 
Zhai, 2021). The aviation sector faces specific decarbonisation 
challenges due to its dependence on high-energy-density jet fuels 
and the complexity of large-scale aircraft propulsion systems. The 
transition to a low-carbon future in aviation is driving significant 
technological innovation, with electric propulsion systems 
emerging as an important part of strategies to reduce greenhouse 
gas emissions. As regulatory pressure and global climate action 
commitments intensify, the development and integration of 
electric and hybrid-electric engines have emerged as a promising 
strategy to reduce emissions, particularly in the context of short- 
haul and regional aviation. Nevertheless, the ongoing endeavour 
to achieve electrification, which is propelling transformation 
across all sectors to attain net zero emissions, persists in multiple 
domains to decarbonise aviation (Sustainable Aviation, 2020). 
Electric propulsion systems encompass electric motors that are 
powered by batteries or fuel cells, with the purpose of propelling 
the aircraft. These technological advancements are expected to 
substantially mitigate in-flight emissions of carbon dioxide and 
nitrogen oxides by obviating the need for combustion-based 

Figure 1 The aviation industry’s role in the global supply chain

Source: Developed by the authors
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propulsion systems. The most sophisticated design paradigms 
prioritise distributed electric propulsion, which enhances 
aerodynamic efficiency and facilitates the development of novel 
airframe architectures. Such innovations are anticipated to yield 
additional benefits in terms of fuel economy and noise 
abatement, thereby constituting a critical milestone in the 
trajectory towards aviation decarbonisation.

2.2 Technology and supply chain for decarbonisation
Logistics dates back to the dawn of human history, but SCs 
(logistics support systems for businesses) emerged only after 
Second World War. Various factors led to their development: 
technology advances, the collapse of the Berlin Wall (White, 
2011), a global culture that homogenises consumer habits, 
economic integrations that remove borders and create large- 
scale markets and the transformation of business manners 
under intense global competition pressures. An effective SC 
system is vital for businesses to survive and compete. It has 
evolved beyond logistics (Luo, 2007; Keskin et al., 2025b). In 
today’s competitive market, having a well-structured and 
efficiently managed SC is not just about profitability − it is 
essential for business survival (Are and Birgit, 2020). SCs 
involve integrated processes where suppliers, manufacturers, 
distributors and retailers collaborate.

Despite their complexity and global reach, SC operations 
revolve around three core functions: procurement, production 
and distribution. Procurement involves sourcing raw materials 
and semi-finished products. Production involves transforming 
these materials into finished goods. Distribution focuses on 
facilitating transactions to ensure products reach consumers. 
Contemporary SC procedures have had a significant impact on 
this evolution thanks to high-tech logistics vehicles and other 
technologies (Kain and Verma, 2018; Omoush, 2022). As SCs 
have evolved into a complex structure encompassing 
multiple disciplines, it has become necessary to manage them 
with professional skills and competence (Jelti et al., 2023). 
Transportation is a primary cost-determining factor in global 
logistics, accounting for approximately 90% of total logistics 
responsibility. The decarbonisation strategy has evolved as a 
sectoral necessity to limit global warming to 1.5�C, as outlined 
in the Paris Agreement (Trafton, 2023). Sectoral projections, 
especially regarding a 50% reduction in emissions by 2050, 
have been established as a target outcome. As illustrated in 
Figure 2, this process involves strategic transformations such as 
improving technological efficiency, electrifying vehicles, 
decarbonising grids by transitioning away from fossil fuels and 
promoting the use of low-carbon fuels.

Since the 2010s, the transportation sector has accounted for 
around 27% of total energy consumption and is projected to 
reach TWh by the 2040s, driven by an annual growth rate of 
1.4% (International Energy Agency, 2021). This sector varies 
across regions depending on development indicators and 
economic sustainability factors, particularly in The 
Organisation for Economic Co-operation and Development 
countries. Given its dependence on fossil fuels, the sector 
exhibits markedly intensified energy consumption patterns, 
especially in economically advanced nations.

As decarbonisation gains prominence, the environmental 
and economic sustainability of energy has become critical 
across all sectors. In logistics, the cost and environmental 

impact of energy are considered fundamental components of 
sustainability within core SC structures. Today, the 
manageability of energy expenditures has emerged as a key 
process in transportation systems relying on land, air and sea 
vehicles. In decarbonisation efforts, where electrification is 
being evaluated from multiple perspectives, energy transition 
and process management are crucial stages. The development 
of energy efficiency measures in the sector is essential for 
ensuring cost-effectiveness and environmental responsibility in 
the flow of goods and services. Although alternative fuel 
options are not always the most cost-effective solution, they 
play a significant role in decarbonisation strategies. However, 
before transitioning directly to full electrification, the sector is 
expected to explore and advance alternative technologies as 
part of its adaptation process. Before switching to full 
electrification, the sector is expected to explore and advance 
alternative technologies. Sectoral studies use various 
approaches, including mathematical modelling, statistical 
analyses and life cycle assessments. The standard methodology 
often relies on emission factors published by the 
intergovernmental panel on climate change (IPCC) (IPCC, 
2018). However, studies on carbon emissions in transportation 
involve both macro-level evaluations and micro-scale analyses. 
These assessments are integral to sustainability evaluations 
within SCs. For instance, aviation and maritime account for an 
estimated 3% of total emissions, while road transportation is 
subject to detailed local and international analyses. These 
evaluations align with global environmental frameworks, 
shaping sector-wide and corporate carbon management 
strategies (UNFCC, 2008: EC, 2008). As carbon management 
evolves, structural assessments of fossil fuel consumption 
continue to drive decarbonisation initiatives. For instance, the 
Carbon Disclosure Project (CDP) (CDP-2011) demonstrated 
that the corporate-scale carbon footprint in SCs exceeded 
initial estimates. While SCs in logistics encompass storage and 
distribution operations, the transportation segment remains a 
key area of concern due to its significant contributions to 
global emissions (Munich Re, 2011). Transportation is a key 
indicator of global trade expansion, so reducing its reliance on 
fossil fuels is vital for reducing global emissions and 
advancing environmental sustainability. The transportation 
sector therefore needs to develop institutional frameworks for 
decarbonisation and adopt comprehensive energy management 
strategies (IPCC, 2018; Ceder, 2016). Research emphasises 
that achieving decarbonisation goals in transportation requires 
reducing fossil fuel-based energy consumption and improving 
energy efficiency through the adoption of alternative fuel and 
technology solutions. Entropy and exergy destruction are 
primary issues that must be addressed regardless of the 
transportation mode. The literature has therefore focused on 
entropy management and decarbonisation strategies for each 
mode of transportation.

To achieve sustainable (green) transportation, it is essential 
to examine pollutants that harm the environment, implement 
zero waste and zero emission strategies and enhance the 
efficiency of entropy management in a way that minimises 
exergy destruction and maximises negentropy. In maritime 
transportation networks, which are interconnected with all 
other transportation modes, the increase in the rate of 
decentralisation leads to a rise in vulnerability, highlighting the 
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importance of entropy management in the context of the green 
transition (Wen et al., 2022).
Although studies have developed a Sustainable Supply Chain 
Framework, it has not reached global acceptance. Consequently, 
different practices are emerging in the green transition, creating 
gaps in logistics responsibilities (Durmaz et al., 2021). Carbon 
dioxide emissions have been identified as the most significant 
determinant criterion in studies to determine the key 
performance indicators for low-efficiency third-party logistics 
providers (Wang et al., 2023). Technological innovations 
significantly contribute to reducing energy consumption and 
enhancing operational efficiency (Xiao et al., 2022). A study 
revealed that companies predominantly invest in low-carbon 
logistics, neglecting low-carbon manufacturing processes and 
products. This is considered a significant challenge for 
decarbonisation efforts (Wanke et al., 2021). SC emissions are 
approximately 5.5 times higher than direct emissions (Zhang 
et al., 2022). Green and digital corridors are critical for IMO’s 
2050 greenhouse gas reduction targets (Song et al., 2023). These 
include zero-emission vehicles, fuels and cargo owners using 
them. Optimising fuel efficiency in green logistics operations can 
enhance SC resilience. This can be done by solving vehicle 
routeing problems, using multi-criteria decision-making methods 
and adopting green practices in storage and packaging. These 
approaches can mitigate the environmental impacts of logistics 
operations (Cos�kun et al., 2022). Recent studies have 
increasingly applied second-law thermodynamic metrics, such as 
exergy analysis and entropy generation, to the evaluation of 
aviation systems. For instance, Aygun et al. (2024) conducted a 
comprehensive analysis of a turbofan engine under various design 
conditions, assessing entropy generation, exergy efficiency and 
sustainability indicators. Their findings highlight the importance 
of thermodynamic evaluation in optimising aircraft propulsion 
systems and reducing environmental impacts. Building upon this 
approach, the present study introduces the DCI as an additional 
metric to facilitate comparative assessment of aviation, maritime 

and ground transportation modes. While extensive studies exist 
on thermodynamic evaluations of individual transportation 
systems, comparative assessments across aviation, maritime and 
ground transport modes using entropy-based and sustainability 
metrics remain scarce. This study aims to address this gap by 
introducing the DCI as a unified comparative metric.

3. Methodological framework

This research presents an exploratory approach to assess how 
fuel efficiency and decarbonisation can increase the resilience 
and sustainability of aviation and other SC operations. It aims 
to develop a model based on a strategic framework to advance 
sustainability in aviation. From an analytical perspective, it 
provides a method to optimise fuel efficiency at different stages 
of SC operations, reducing logistics costs and achieving a more 
sustainable and competitive position in the global market.

This study develops a framework for decision makers to evaluate 
energy and environmental sustainability in direct aviation and 
other SCs. It also examines the most effective approach for 
integrating corporate sustainability and decarbonisation strategies, 
especially with conventional fuel versus electric engine preferences 
for the aviation sector.

The study consists of two sections that include both practical 
and theoretical analyses to address fundamental questions. The 
first section evaluates the performances of direct aviation and 
all logistics operations based on energy and exergy analyses. In 
the second part, an index-based assessment is proposed for the 
practical application of decarbonisation regardless of scale.

In recent times, carbon management has evolved into a 
sectoral and institutional framework. This supports sustainability 
alongside the approach of the circular economy. It enhances 
corporate sustainability and input utilisation in management 
tools. It also improves efficiency in all operational processes. At 
the same time, it facilitates the reduction or prevention of 
emissions and compliance costs. It enables the development of 

Figure 2 CO2-equivalent emissions in 2050 and their mitigation potential, categorised by major transport sectors

Source: Kodjak, 2021
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new strategic models or policies that foster effective competition 
(Tang and Luo, 2014, p. 84).

Companies are becoming more aware of their global 
responsibilities, with sectoral SCs highlighting the need for 
transport management tools to minimise carbon emissions (Ahi 
and Searcy, 2013). This involves all stakeholders in the SC 
participating in carbon reduction activities. Approaches to carbon 
strategies developed in response to global competition emphasise 
sustainability, with a model focusing on suppliers and customers 
(Dahlmann and Röhrich, 2019). This approach triggers new 
mechanisms for circular markets formed around carbon 
management. Technological change is crucial in the fight against 
global climate change, with green and zero-carbon technologies 
replacing fossil fuel technologies (Corbett and Klassen, 2006). 
Technological change is necessary for competitive SCs, 
manageability and sustainability (Vachon and Klassen, 2006).

Structures that consider environmental needs for all 
stakeholders have promoted sustainability. This is also an 
economic method for social structures, supporting value-based 
approaches (Paulraj et al., 2017). Since the Paris Agreement, this 
structure has become an effective pressure tool for all parties, 
transforming environmentally friendly approaches into a strategic 
advantage for all stakeholders (Blome et al., 2017; Sharfman et al., 
2009). The consumer society has turned environmental 
sustainability into a value in the short- and medium-term 
expectations. This can be seen as a change in management tools 
for the labour market, supporting the development of an effective 
carbon management culture for stakeholders (Sarkis et al., 2010). 
As pressures grow, environmental consciousness evolves in terms 
of value culture in life processes, and the process responsibility of 
all stakeholders is perceived as a moral motivation (Montiel, 
2008). This motivation has developed sustainability as a powerful 
force for the labour market, driven by stakeholders’ and SC 
preferences for a value-based approach. Thus, carbon 
management has gained importance as a means of benefit and a 
valuable resource for stakeholders and processes within the SC 
(Blanco et al., 2016). Carbon management shapes itself as a 
quality management tool for all structural cycles. As shown in 
Figure 3, this structure has a system flow focused on four key 
pillars.

A holistic approach in engineering integrates various 
disciplines and perspectives, simplifies problems and resolves 
complex issues. This approach integrates and interacts with 
systems, considering how solutions affect and are affected by 
social, environmental and economic factors. Using systems 
thinking, sustainable engineering practices and human-centred 
design, engineers can develop solutions that meet technical 
requirements and ensure long-term resilience, providing 
benefits to society. This requires an approach to decision 
management that ensures solutions are functional, ethical, 
efficient and sustainable. As seen in Figure 4, the holistic 
approach supports decision-making processes in terms of the 
holistic effects of thermodynamic systems (Close et al., 2024).

The laws of thermodynamics provide a fundamental 
framework for developing engineering solutions. The first and 
second laws of thermodynamics form the core principles that 
govern energy behaviour within physical systems. The first law, 
often referred to as the law of conservation of energy, asserts 
that energy cannot be created or destroyed, but only converted 
from one form to another. This law reinforces the principle that 

the total energy in an isolated system remains constant. In 
practical terms, it means the amount of energy entering and 
exiting a system must balance the change in the system’s 
internal energy. This principle is crucial for understanding and 
designing systems where energy transformations are central to 
their operation. For instance, in a heat engine, thermal energy is 
converted into mechanical work, yet the total energy remains 
unchanged in line with the first law. The second law of 
thermodynamics introduces the concept of entropy, a measure 
of disorder or randomness within a system. According to this 
law, in any natural thermodynamic process, the total entropy of 
the system and its surroundings will always increase over time.

This indicates that energy transformations are inherently 
inefficient, as some energy is inevitably lost as heat, leading to 
an increase in entropy. Furthermore, the second law 
emphasises the spontaneous direction of processes, suggesting 
that systems naturally evolve towards higher levels of disorder 
and equilibrium. This thermodynamic perspective plays a 
crucial role in the design and optimisation of energy systems, 
helping improve efficiency and deepen our understanding of 
natural processes. The analysis of processes dependent on fossil 
fuels is examined through the lens of mass flow dynamics, as 
explored under steady-state and equilibrium conditions by 
Cengel and Boles (2014) and Moran et al. (2011).

This approach focuses on the flow of energy through various 
processes and cycles across systems. By applying an energy 
balance to identified energy users, valuable insights can be 
gained into the environmental impacts of energy consumption 
in transportation systems:

_Q � _W +
X

_Ein �
X

_Eout = 0 (1) 

where _Q and _W are the net heat and network produced from 
boundaries of the system input and output, respectively. This 
structure is directly related to the quantitative values resulting 
from the defined mass flows. For dead state conditions where 
energy systems exist, the real extent of possible irreversibility is 
related to exergy analyses. For such systems and their 
components, the exergy balance as a function of the dead state 
temperature for each user behaviour is as follows:

X
1 �

T0

Tk

� �

_Qk �
_W +

X
_Exin �

X
_Exout � _Exdest = 0 (2) 

_Qk refers to the heat transfer rate of passing from boundaries of the 
system, Ex states to the exergy flow of the system passing from 
boundaries and _Exdest refers to the exergy destruction of the flow 
related to seeing the limits of the irreversibility. Flow-induced 
exergy flow for the system where there is a physical process (ψ):

ψ = h � h0ð Þ � T0 s � s0ð Þ (3) 

where ψ is the flow exergy (kJ/kg), h is the enthalpy (kJ/kg) of 
the flow, T0 is the surrounding temperature (K or �C) and s 
refers to the entropy (kJ/kg/K). Exergy flow is directly based on 
the enthalpy (h) and the entropy (s) potentials at the 
surrounding temperature (Cornelissen, 1997). The degree of 
irreversibility of the system, which refers to the environmental 
influence in processes, depends directly on the amount of 
entropy produced. The Gouy−Stodola theorem states that the 
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environmental influence for entropy production is directly due 
to the irreversibility in the system and depends on the exergy 
destruction (Moran et al., 2011; Dincer and Rosen, 2012):

_Exdest = T0
_Sgen (4) 

where _Exdest refers to exergy destruction (kW), and _Sgen is the 
entropy generation (kW/K) of the process. All structures 

consume energy, and their environmental performance is a 
function of their efficiency.

In exergy analysis, the performance of systems depends 
directly on the effect of the work produced. In fact, the exergy 
efficiency of a system is defined by the standard exergy 
efficiency, which is developed based on the data obtained at the 
inlet and outlet conditions of the flow process. In this context, 
exergy efficiency is used (Moran et al., 2011):

ηEx =
_Exout

_Exin
= 1 �

_Exdest

_Exin
(5) 

where ηEx is the exergy efficiency, 
P

_Exin is the total exergy input 
(kW) and 

P
_Exout is the total exergy output(kW). All processes 

are subject to an assessment in terms of their operational issues 
and potential for improvement. An important indicator for 
reducing environmental impact is the potential for improvement 
in entropy production. Improvement potential (IP) for these 
processes (Van Gool, 1997):

_IP = 1 � ηExð Þ
X

_Exin �
X

_Exout

� �
(6) 

In combustion technologies, operational processes directly impact 
energy efficiency and management. Associated with flow 
parameters, energy processes in these systems are linked to engine 

Figure 3 Carbon management model for institutional structures

Source: Sogut et al., 2019

Figure 4 Holistic approach for engineering

Source: Torres, 2014
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efficiency and environmental sustainability. Environmental 
impacts are often linked to entropy production. The potential 
environmental impacts of entropy-generated entropy are shaped 
by irreversibility.

In exergy-driven processes, environmental impact potential is 
also dependent on operational efficiency. Entropy production 
influences this potential, along with pollution and operational 
parameters. This effect should be considered continuous in 
engines operating in a cycle. Sectoral assessments often consider 
pollution from fossil fuels, dependent on CO2 emission factors 
developed by the IPCC. From a thermodynamic perspective, the 
use of fossil fuels is generally due to irreversibility. Therefore, the 
potential environmental impact is a form of pollution resulting 
from heat emitted in thermal processes.

However, in terms of emission releases, fossil fuels represent 
a holistic threat, with their impact being influenced by the 
multiplier effect of total consumption. As noted by Sogut 
(2021), for thermal processes, pollution is also a function of the 
entropy production, and the potential effects of this pollution 
reflect the potential of the irreversibility that occurs. In this 
study, an entropy-based structure is proposed alongside the 
EPI and the SI, which are presented as boundary conditions 
(Sogut, 2021). Both criteria highlight an area where the 
possible entropy production between the actual and expected 
process reversals will be evaluated. EPI is:

EPI =
P

Sgen
P

_Exin

 !

�T0 (7) 

EPI is a measure of performance that ranges from zero to a 
maximum value. The environmental impact is positive if it is 
close to zero, but this proximity depends on the reversibility of 
the process. The SI value is a boundary condition for the 
system being analysed. Therefore, the value of EPI directly 
reflects the potential for pollution. All real processes are 
inefficient because they are irreversible. The potential for 
irreversibility, depending on operational parameters, also 
affects pollution. This pollution can be represented as an 
environmental impact in terms of CO2 emissions (Yale Center 
for Environmental Law and Policy, 2024). However, 
considering the improvement effects in all processes, it also 
suggests the development of a goal for engineering studies. This 
boundary condition shows a change dependent on possible 
improvement goals. It can be related to the entropy produced 
under reversibility conditions in the equation developed by Van 
Gool (1997). Accordingly:

IP = ηCarnot � ηııð Þ: _Exin � _Exout

� �
(8) 

The potential impacts for process improvements should be seen as 
an organisational goal for reducing irreversibility. The developed 
metric indices provide a manageable area for evaluation. 
Particularly, in fossil fuel-based processes, the assessment and 
management of operational effects can be viewed as a new 
perspective. For these structures, the SI value serves as a threshold 
for potential reversibility and can be considered as a criterion for 
the optimisation of operational parameters. In this case, 
Thermodynamic Sustainability Index (SI):

SI =
P

Sgen;c
P

_Exin

 !

�T0 (9) 

The surrounding temperature in the conditions of the systems 
varies for all processes of the process and thermophysical 
properties may also change depending on the structural properties 
of the system. However, in this study, for the calculation of EPI 
and SI, fixed reference environmental conditions were used to 
ensure consistency and comparability across scenarios: a 
surrounding temperature of 22�C (295.15K) and an ambient 
pressure of 1atm. These reference values were applied uniformly 
throughout the entire flight process. In thermal processes, energy- 
related irreversibility is the primary cause of environmental 
pollution within the processes. Specifically, exergy destruction, 
which appears in exergy analyses, represents the extent of these 
irreversibility, while the defined entropy production indicates the 
potential for pollution created from the system to the environment. 
Of course, this potential is also an effect of the possible load 
difference in a reversible state. This structure points to an 
efficiency potential that should be considered in corporate energy 
management. Improvement goals should be set with this potential 
in mind. As stated by Sogut (2021), this potential, developed as 
the energy efficiency ratio (EER), is directly related to the two key 
indices mentioned above in relation to the environment. 
Accordingly:

θ =
P

EPI � SIð Þ:IP
P

Exin
(10) 

EER, which is a usable parametric value in the energy 
management process for corporate sustainability, offers an 
applicable structure in this respect. It can be presented as a tool, 
especially in monitoring environmental sustainability and 
evaluating it as a criterion.

The manageability of decarbonisation for corporate models 
is a strategy that has found its direction through electrification. 
In particular, the potential reversibility limits of fossil fuel- 
based resources should also be considered as a boundary 
for environmental manageability. In this context, the DCI 
developed by Sogut provides a manageable tool for businesses’ 
potential strategies. Specifically, the DCI, which creates a 
boundary condition based on reversibility for actual processes, 
can also be used as a model that supports the development of 
potential opportunities. DCI developed for this purpose:

DCI =
P

Eirev �
P

Erev
P

Eirrev
(11) 

Here, Eirrev represents the total energy consumption in actual 
processes, while Erev denotes the energy demand required by the 
system or process under reversible conditions. In analyses, it is 
crucial to consider both the actual consumption under real-world 
conditions and the energy demand under reversible conditions, 
particularly for electric vehicles or processes. In processes where 
multiple fuels are consumed, each consumption factor must be 
considered in reversible processes or systems. The DCI is a 
dimensionless index ranging between 0 and 1, where lower values 
indicate higher decarbonisation potential (i.e. lower entropy 
generation compared to the reference case), and higher values 
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indicate lower decarbonisation performance. Of course, real 
conditions consume high energy due to their irreversibility. This 
value directly means that the system demand moves away from 
zero and takes a value depending on the entropy. In this context, 
the DCI values are evaluated directly with their potential to 
approach zero.

4. Results and discussion

This study aims to develop an institutional perspective on 
decarbonisation strategies in transportation and to provide a 
framework. Initially, the study focused on sectoral scales, such as 
km and tonne-km metrics, and developed thermodynamic 
analyses based on energy consumption data. According to the 
obtained data, environmental indicators for aviation and other 
vehicles were calculated, together with environmental pollution 

levels, and the developed DCI was comparatively evaluated with 
electric vehicles. In particular, the potential of aircraft and 
vehicles for sea and land transport were examined (Schäfer and 
Waitz, 2014; IEA, 2023a; IEA, 2023b; UNCTAD, 2024; DOE, 
2023; FAO, 2023, IEA, 2023c), according to defined threshold 
values, using the consumption data presented in Table 1. In the 
analyses, losses from vehicle usage, viscous and aerodynamic 
effects, irreversibility due to ageing and lifespan effects, as well as 
potential problem points in engines were neglected.

For the analyses performed, unit consumption data for these 
vehicles was taken as a reference, along with defined kJ/km and 
kJ/ton-km values. Both parametric values were then evaluated 
under adiabatic efficiency conditions of 0.85 and 0.95. In 
particular, direct consumption data were developed for electric 
motors, in addition to battery capacity, and an analytical model 
was produced. The reference speed values used in the analyses 

Table 1 Consumption and power values of vehicles in transportation based on parameters

Transport Parameters Power (kW) References

Aviation (Jet A1) Min 230 Air Partner (2025)
Max 38000

Road (diesel trucks/trylers) Min 246 Kuleshov (2005)
Max 391

Railway (diesel) Min 2000 AIP Conf. Proc. (2020)
Max 7000

Ships (diesel) Min 7400 IACS (2022) Sustainable Ships (2022)
Max 80080

Road vehicles (electric) Min 160 EV Database; Wired (2024)
Max 370

Trawlers (electric) (10 knot) Min 148 Oh et al. (2023)
Max 198

Trucks (electric) Min 250 Goering and Rahimi-Eichi (2022), WEVJ 10(2), 22
Max 600

Aviation (electric) Min 657 Mukhopadhaya and Graver (2022); CASA (2017)
Max 2515

Source(s): Derived by authors

Table 2 Reference data for evaluation of the vehicles

Fossil fuels Electricity

Vehicles SFC (kg/s)
Average unit 
cons. (kJ/km)

Average 
unit cons. 

(kJ/ton-km)

Tonnage 
capacity 
(tonne) Vehicles

SFC 
(Wh/km

Average unit 
cons. (kJ/s)

Average unit cons. 
(kJ/ton-km)

Tonnage 
capacity (tonne)

Aviation (Jet A1) Road vehicles (electric)
Min 0.0132 2462.26 3788.09 0.6 Min 150 0 540 1
Max 3.825 73.06 0.609 120 Max 170 13.06 122.4 5
Road (diesel trucks/trylers) Trawlers Electric) (10 knot)
Min 192 33.1 3.31 10 Min 147.65 4.247 265.77 2
Max 226 63335 3166.75 20 Max 168.7 3.915 60.73 10
Railway (diesel) Trucks (electric)
Min 202 289.48 144.75 2000 Min 1.19 84.85 856.8 5
Max 240 1204002 301 4000 Max 1.42 113.5 511.2 10

Ships (diesel) Aviation (electric)
Min 155 2218051 221.81 10000 Min 942.3 215.68 6784.56 0.5
Max 235 36357503 58.07 230000 Max 3491.6 872.46 1256.98 10

Source(s): Derived by authors
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were 60 km/h for fossil fuel vehicles, 12 knots for ships running 
on fossil fuels and 10 knots for electric fishing boats. For 
aircraft, 167.5 m/s reference for 38000 kW was accepted. Based 
on these data, energy and exergy analyses were performed using 
the parametric values defined in Table 2, and the results were 
compared directly with those in the literature.

Nowadays, particularly electric vehicles have been evaluated 
mainly based on land preferences, and their consumption 
behaviours have been assessed in comparative evaluations 
accordingly. Based on these data, the study examines the 
energy and exergy efficiencies for each vehicle according to the 
first and second laws of thermodynamics [based on equations 

(1)–(3) and (5)], with the results provided separately for both 
reference metrics in Figure 5.

The concept of exergy refers to the maximum obtainable 
output for power-generating processes. Accordingly, exergy 
efficiency was analysed based on the environmental 
conditions where the vehicles operate, also known as dead 
state conditions. The study assumes a reference ambient 
temperature of 22�C and a pressure of 1 atm. The exergy 
factor related to engine efficiency was taken as 1.06 for fossil 
fuels.

The evaluation of fuel-based vehicles in transportation was 
conducted based on two reference conditions. In this context, 

Figure 5 Thermodynamics efficiencies of vehicles

Source: Developed by the authors
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the average energy and exergy efficiency for fuel-based vehicles 
were found to be 32.9% and 31%, respectively.

For electric vehicles, under conditions where the adiabatic 
efficiency is assumed to be 0.85, the average energy and exergy 
efficiency were determined to be 67.7% and 62.12%, 
respectively. In particular, when the efficiency is assumed to be 
0.95, the efficiency metric for electric vehicles was observed to 
vary between 75.6% and 69.43%. When considering ton-km 
metrics, the average energy efficiency for fuel-based vehicles 
was found to be 33.6%, while the average exergy efficiency was 
31.67%. For electric vehicles, the average energy efficiency was 
79.6%, and the average exergy efficiency was 73.09%. When 
km and ton-km metrics are taken into account, the impact in 
terms of efficiency distribution corresponds to a ratio of 5.29%. 

These data particularly highlight the significant potential of 
exergy destruction in fuel-based systems. In this context, exergy 
parameters were examined based on both criteria with 
equations (4) and (6), and the distributions are presented in 
Figure 6.

Considering fossil fuel consumption, the consumption- 
related exergy destruction of the aviation sector shows a 
potential of 17.9% higher than the general average, while it 
indicates 8.89% less exergy destruction in electric vehicles. 
Although these conditions are values for the limits defined 
together with instantaneous evaluations, they offer a parametric 
evaluation in terms of fuel preferences in energy management. 
For fossil-fuelled vehicles, the average exergy destruction 
represents a potential of 68.93% in total consumption, whereas 

Figure 6 Exergetic parameters for per km

Source: Developed by the authors
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this rate was found to be 37.88% for electric vehicles. This 
value drops to 31.29% for the value of 0.95. According to this 
data, the exergy destruction for the choice of electric 
technology in aviation was found to be 24.9%. Within this 
potential, the improvement potential (IP) ratio relative to 
exergy destruction was 7.45% for fossil-fuelled vehicles, while 
the average value for electric vehicles was found to be 35.19%. 
However, this potential is particularly important for aviation. In 
contrast, for aerospace technologies in particular, the IP ratio 
ranges from 33.67% at 0.85 to 6.14% at 0.95 performance. 
Regarding these exergy destruction values, entropy generation 
in fossil fuels was found to be 1155.18 kW/K, while for the 
electric structure this ratio was found to be only 1.60 kW/K. 
While this evaluation is 0.95, it shows a 3.97% reduction in the 

total fossil fuel consumption, while for the electric structure this 
value was found to be 23.1%. These analyses were also 
examined within the km-ton framework, and the distributions 
are presented in Figure 7.

The average exergy destruction associated with load was 
found to be 79.90% for fossil fuel-consuming vehicles, 
while this rate was 23.68% for electric vehicles with an 
efficiency of 0.85. In this context, the irreversibility 
potential (IP) rate relative to total exergy destruction was 
calculated as 60.74% for fossil-fuelled vehicles, while the 
IP rate for electric vehicles was defined as 23.68%. In all 
these values, the rate of improvement of aviation over fossil 
fuels in transportation due to reduced exergy destruction is 
also minimal.

Figure 7 Exergetic parameters for per ton-km

Source: Developed by the authors
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This indicates that the entropy-induced environmental impact of 
aviation will yield analogous results. Indeed, the ambient 
temperature was hypothesised to be 25�C for the purposes of 
analysis. In this instance, the lower temperatures of the aeroplanes 
at varying altitudes during flight processes will increase exergy 
efficiency, whilst concomitantly reducing exergy destruction and 
the associated entropy production. In the analysis, the effect of 
combining tonnage with km consumption distribution shows a 
proportional effect for electricity and fossil fuels, while the 
pollution effect of aviation, especially large-capacity aircraft, is 
seen to significantly affect environmental pollution. It is seen that 
this process corresponds to 352.83 vehicles in terms of land 
vehicles. In this respect, the effect of emission management in 

aviation can be seen as an important parameter. In this context, 
the environmental impact assessment was examined and possible 
environmental impacts were evaluated for both criteria. The 
environmental impact of consumption was evaluated using the 
developed EPI and SI values. The performance impact for both 
cases was assessed by using equations (7)–(9), and the 
distributions are presented in Figure 8.

In the study, for fuel-based vehicles, the average EPI value was 
found to be 0.69 based on the entropy production potential in 
irreversible processes. However, for aviation preference, this 
value indicates an average potential of 0.74. For the SI, which 
defines reversibility, the value was found to be 0.25. Meanwhile, 
the EER related to total potential was calculated as 32.93%. 

Figure 8 Environmental impact and energy efficiency rate per km

Source: Developed by the authors
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For electric vehicles operating under adiabatic conditions of less 
than 0.38, the EPI value was found to be 0.38, indicating average 
potential. In contrast, aviation’s preference for electricity 
indicates a potential value of 0.33. In contrast, the average SI 
value for such vehicles was found to be 0.14.

According to these data, the EER for electric vehicles under 
0.85 adiabatic conditions was calculated as 9.62%. In this 
distribution, for 0.95 adiabatic conditions, the EPI value was 
found to be 0.31, while the SI value was determined to be 0.05. 
On the other hand, it shows a potential value of 0.36, which is 
particularly relevant for cases involving a preference for fossil fuels 
in aviation. In contrast, the EER value indicates a potential of 
0.087 for aviation with an electric preference. These analyses 
were evaluated separately for km-ton metrics, and the 
distributions are demonstrated in Figure 9.

In the study, for environmental performance analyzes of 
vehicles based on the ton-km scale, the average EPI for fuel- 
based vehicles was found to be 0.68, while the average SI was 
0.25. According to aviation data, the EPI value for this 
parameter is 0.75 on average, whereas for the choice of electric 
motor, this ratio is 0.21. On the other hand, the EER for these 
potentials was calculated as 32.14%. For electric vehicles under 
0.85 adiabatic conditions, the average EPI value was found to 
be 0.27, and the SI value was 0.14. According to these data, the 
θ value was determined to be 4%. Under 0.95 adiabatic 
conditions for electric vehicles, the EPI value remained similar 
at 0.31, while the SI value was 0.05. As a result, the EER value 
was found to be 8.75%. Based on these results, DCI 
performances used equation (11) were evaluated for sectoral 
assessments, and the distributions are presented in Figure 10.

Figure 9 Environmental impact and energy efficiency rate per ton-km

Source: Developed by the authors
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In the study, an impact assessment was conducted for the 
vehicles examined in the decarbonisation process. Based on 
the km scale, the average DCI for fuel-based vehicles was 
found to be 0.58. In the case of the aviation sector, 
the average was found to be 0.66. This value represents 
the decarbonisation ratio required according to the 
irreversibility scale. For electric vehicles, this potential was 
determined to be 0.14 and the aviation rate was found as 
0.07. Notably, under 0.85 adiabatic conditions for electric 
vehicles, a decarbonisation ratio also emerged.

The corresponding decarbonisation ratio for 0.95 adiabatic 
conditions was found to be 0.25. This result particularly 
highlights the need to improve efficiency in electric vehicles as 
well, especially in terms of consumption. In the study, DCI 

distributions were also examined on the ton-km scale, and the 
distributions are presented in Figure 11.

In the analysis, it was seen that the lowest DCI potential 
among electric vehicles, especially for the value of 0.95, is valid 
for aviation vehicles and gives effective results. Indeed, the 
decarbonisation values of fossil fuel-consuming vehicles are not 
sustainable and contain very high values. In this context, strategic 
solutions that include high-efficiency potentials together with 
alternative fuel data should be developed for these engines.

5. Conclusion

This study presents a comparative analysis of aviation and 
other transportation potentials based on logistic chains, 

Figure 10 DCI impact per km

Source: Developed by the authors
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taking into account the boundary conditions. In particular, the 
study evaluates the performance of aviation in relation to other 
sectoral choices depending on energy resource preference and 
comparative decarbonisation potentials are evaluated.

In this context, an approach that assesses energy and 
environmental sustainability is presented to contribute 
to the development of decarbonisation strategies in aviation 
transportation. In particular, considering the decarbonisation 
processes of transport vehicles supporting the energy transition, 
the following conclusions have been reached:
• Aviation applications have yielded more efficient results 

compared to other chain structures in both fossil fuel and 
electric system preferences.

• While the average energy efficiency in fuel-based vehicles 
is 32.1% and in electric vehicles it is 62.12%, in aviation 
these values are 25.51% and 67.2%, respectively.

• Analysis of exergy destruction showed that fossil-fuelled 
vehicles experience a potential exergy loss of 67.9%, 
whereas electric vehicles reduce this value to 37.8%.

• The average EPI value for fossil-fuelled vehicles was found 
to be 0.69, while electric vehicles had an EPI distribution 
of 0.38. The SI value for fossil-fuelled vehicles was 0.25. 
Conversely, for electric vehicles under 0.95 adiabatic 
conditions, the EPI value was 0.31, and the average SI 
value was 0.05. On the other hand, the EPI value for the 
aviation sector was found to be 0.72 to 0.25.

Figure 11 DCI impact per ton-km

Source: Developed by the authors

A comparative entropy analysis   

Mehmet Ziya Sogut, Murat Koray and M. Hakan Keskin 

Aircraft Engineering and Aerospace Technology  

Volume 98 · Number 2 · 2026 · 256–275  

271 

Downloaded from http://www.emerald.com/aeat/article-pdf/98/2/256/10086542/aeat-04-2025-0161en.pdf by Istanbul Kent Universitesi user on 24 February 2026



• The developed DCI serves as an evaluation framework, 
with an average DCI of 0.69 for fossil-fuelled vehicles and 
0.27 for electric vehicles under 0.85. But, in aviation 
vehicles these values were found to be 0.66 and 0.21, 
respectively.

• This finding indicates that the environmental performance 
of electric vehicles can also be improved. Moreover, under 
0.95 adiabatic conditions, the SI value could decrease to 
0.66. Under these conditions, the EER for electric vehicles 
indicates a potential of 9.2%.

The findings of this study provide a framework for the transition to 
electrification of the transportation sector, with the aviation chain 
being revealed as an indispensable feature, particularly within the 
context of the SC. Disregarding the financial implications, it is 
evident that aviation will emerge as a more efficient and expeditious 
option for addressing sectoral energy consumption. However, in the 
course of these transformation processes, the transition to 
decarbonisation, primarily for aviation and maritime transportation, 
is seen to have significant efficiency potential for decarbonisation 
when the defined EER value is taken into account.

This study contributes to the literature by addressing the 
identified gap in comparative thermodynamic assessment 
across transport modes and proposes the development of 
sectoral roadmaps and technology management-focused 
strategies for the aviation sector. Moreover, the study can be 
presented in a framework that includes thermo-economic 
analyses along with entropy cost effects. The study can also 
provide a different perspective with time series analyses 
outlining the decarbonisation roadmap for transportation. In 
future work, the DCI can be extended to account for altitude- 
dependent conditions in aircraft operations. This would involve 
calculating entropy generation and exergy destruction at 
different flight phases. Such an approach would enable the 
assessment of the DCI as a dynamic metric across the entire 
flight profile, providing deeper insights into the thermodynamic 
performance and decarbonisation potential of aircraft systems 
under realistic operational conditions.

References

Ahi, P. and Searcy, C. (2013), “A comparative literature 
analysis of definitions for green and sustainable supply chain 
management”, Journal of Cleaner Production, Vol. 52, 
pp. 329-341, doi: 10.1016/j.jclepro.2013.02.018.

Ahlström, J., Jafri, Y., Wetterlund, E. and Furusjö, E. (2023), 
“Sustainable aviation fuels – options for negative emissions and 
high carbon efficiency”, International Journal of Greenhouse Gas 
Control, Vol. 125, p. 103886, doi: 10.1016/j.ijggc.2023.103886.

AIP Conf. Proc. (2020), “Rail traction performance metrics”, 
AIP Conference Proceedings, doi: 10.1063/5.0000106.

Air Partner (2025), “Cargo aircraft”, available at: www. 
airpartner.com/en/aircraft-guide/cargo-aircraft/ (accessed 3 
June 3 2025)

Are, Birgit. (2020), “Emerging theories of consumer-driven 
market innovation, adoption, and diffusion: a selective review 
of consumer-oriented studies”, Journal of Business Research, 
Vol. 116, pp. 561-571, doi: 10.1016/j.jbusres.2020.01.028.

Aygun, H., Sheikhi, M.R. and Caliskan, H. (2024), 
“Thermodynamics, environmental and sustainability 

impacts of a turbofan engine under different design 
conditions considering variable needs in the aviation 
industry”, Global Challenges, Vol. 8 No. 2, p. 2300205, doi: 
10.1002/gch2.202300205.

Basri, E.I., Abdul Razak, I.H., Ab-Samat, H. and Kamaruddin, S. 
(2017), “Preventive maintenance (PM) planning: a review”, 
Journal of Quality in Maintenance Engineering, Vol. 23 No. 2, 
pp. 114-143, doi: 10.1108/JQME-04-2016-0014.

Bhaskaran Anangapal, H. (2014), “Energy and exergy analysis of 
fuels”, International Journal of Energy Sector Management, Vol. 8 
No. 3, pp. 330-340, doi: 10.1108/IJESM-04-2013-0012.

Blanco, C., Caro, F. and Corbett, C.J. (2016), “The state of 
supply chain carbon footprinting: analysis of CDP disclosures 
by US firms”, Journal of Cleaner Production, Vol. 135, 
pp. 1189-1197, doi: 10.1016/j.jclepro.2016.06.132.

Blome, C., Foerstl, K. and Schleper, M.C. (2017), “Antecedents of 
green supplier championing and greenwashing: an empirical 
study on leadership and ethical incentives”, Journal of Cleaner 
Production, Vol. 152, pp. 339-350, doi: 10.1016/j.jclepro.2017. 
03.052.

Carmona, M., Casado González, R., Bermúdez, A., Pérez- 
Francisco, M., Boronat, P. and Calafate, C. (2024), “Fuel 
savings on missed approach through aircraft reinjection”, 
Aircraft Engineering and Aerospace Technology, Vol. 96 No. 2, 
pp. 248-256, doi: 10.1108/AEAT-11-2022-0305.

CASA (2017), “Advisory circular AC 21-38 v2.0, aircraft 
electrical load analysis and power source capacity, Australian 
Government”, Civil Aviation Safety Authority, available at: 
https://consultation.casa.gov.au/regulatory-program/ac21- 
38_v2-0/user_uploads/draft-ac-21-38-v2-2.0.pdf

Ceder, A. (2016), Public Transit Planning and Operation: 
Modeling, Practice and Behavior, CRC Press, Boca Raton, FL, 
doi: 10.1201/b18689.

Cengel, Y.A. and Boles, M.A. (2014), Thermodynamics: An 
Engineering Approach, 8th Edition McGraw-Hill Education, 
New York, NY.

Chao, L., Yongxi, Y., Aoxiang, Z. and Biao, C. (2023), “Fuel 
consumption-reduction investment decisions and 
coordination contracts in fuel vehicle supply chains: a dynamic 
analysis”, Energy Economics, Vol. 125, p. 106799, doi: 10. 
1016/j.eneco.2023.106799.

Close, J., Barnard, J.E., Chew, Y.M.J. and Perera, S. (2024), 
“A holistic approach to improving safety for battery energy 
storage systems”, Journal of Energy Chemistry, Vol. 92, 
pp. 422-439, doi: 10.1016/j.jechem.2024.01.012.

Corbett, C.J. and Klassen, R.D. (2006), “Extending the 
horizons: environmental excellence as key to improving 
operations”, Manufacturing & Service Operations Management, 
Vol. 8 No. 1, pp. 5-22, doi: 10.1287/msom.1060.0095.

Cornelissen, R.L. (1997), “Thermodynamics and sustainable 
development. The use of exergy analysis and the reduction of 
irreversibility”, PhD Thesis, Universiteit Twente, Twente.

Cos�kun, B., Yildiz, M.S. and Bayraktar, M. (2022), “Review of 
supplier evaluation criteria In sustainable supply chain 
management by DEMATEL method and an application in 
the wood sector”, International Journal of Management 
Economics and Business, doi: 10.17130/ijmeb.978939.

Dahlmann, F. and Röhrich, J.K. (2019), “Sustainable supply 
chain management and partner engagement to manage 

A comparative entropy analysis   

Mehmet Ziya Sogut, Murat Koray and M. Hakan Keskin 

Aircraft Engineering and Aerospace Technology  

Volume 98 · Number 2 · 2026 · 256–275  

272 

Downloaded from http://www.emerald.com/aeat/article-pdf/98/2/256/10086542/aeat-04-2025-0161en.pdf by Istanbul Kent Universitesi user on 24 February 2026

http://dx.doi.org/10.1016/j.jclepro.2013.02.018
http://dx.doi.org/10.1016/j.ijggc.2023.103886
http://dx.doi.org/10.1063/5.0000106
http://www.airpartner.com/en/aircraft-guide/cargo-aircraft/
http://www.airpartner.com/en/aircraft-guide/cargo-aircraft/
http://dx.doi.org/10.1016/j.jbusres.2020.01.028
http://dx.doi.org/10.1002/gch2.202300205
http://dx.doi.org/10.1108/JQME-04-2016-0014
http://dx.doi.org/10.1108/IJESM-04-2013-0012
http://dx.doi.org/10.1016/j.jclepro.2016.06.132
http://dx.doi.org/10.1016/j.jclepro.2017.03.052
http://dx.doi.org/10.1016/j.jclepro.2017.03.052
http://dx.doi.org/10.1108/AEAT-11-2022-0305
https://consultation.casa.gov.au/regulatory-program/ac21-38_v2-0/user_uploads/draft-ac-21-38-v2-2.0.pdf
https://consultation.casa.gov.au/regulatory-program/ac21-38_v2-0/user_uploads/draft-ac-21-38-v2-2.0.pdf
http://dx.doi.org/10.1201/b18689
http://dx.doi.org/10.1016/j.eneco.2023.106799
http://dx.doi.org/10.1016/j.eneco.2023.106799
http://dx.doi.org/10.1016/j.jechem.2024.01.012
http://dx.doi.org/10.1287/msom.1060.0095
http://dx.doi.org/10.17130/ijmeb.978939


climate change information”, Business Strategy and the 
Environment., Vol. 28 No. 8, doi: 10.1002/bse.2392.

Dincer, I. and Rosen, M.A. (2012), Exergy: Energy, Environment 
and Sustainable Development, Elsevier.

DOE (2023), “Electric vehicle basics (alternative fuels data 
center)”, U.S. Department of Energy, available at: https:// 
afdc.energy.gov/files/u/publication/electric_vehicles.pdf

Durmaz, A., Demir, H. and Sezen, B. (2021), “The role of 
negative entropy within supply chain sustainability”, 
Sustainable Production and Consumption, Vol. 28, doi: 10. 
1016/j.spc.2021.04.014.

Ekici, S., Ayar, M., Orhan, I. and Karakoc, T.H. (2021), 
“Cruise altitude patterns for minimizing fuel consumption 
and emission: a detailed analysis of five prominent aircraft”, 
Energy, ISSN 0360-5442, Vol. 295, p. 130989, doi: 10.1016/ 
j.energy.2024.130989. 

Ekici, S., Orhan, _I., Karakoç, T.H. and Hepbasli, A. (2020), 
“Milestone of greening the flight path: Alternative fuels”, In: 
Walker, T., Bergantino, A.S., Sprung-Much, N., Loiacono, 
L. (Eds), Sustainable Aviation, Palgrave Macmillan, Cham, 
doi: 10.1007/978-3-030-28661-3_12.

European Commission (2008), “EU emissions trading scheme. 
Office for Official Publications of the European Communities”, 
Belgium, ISBN 978-92-79-12255-2, available at: www.ab.gov. 
tr/files/ardb/evt/1_avrupa_birligi/1_6_raporlar/1_3_diger/ 
environment/eu_emmissions_trading_scheme.pdf

FAO (2023), “Energy use in fisheries and aquaculture: status, 
trends and opportunities for optimization”, Food and 
Agriculture Organization of the United Nations (FAO 
Technical Paper No. 689), available at: https://openknowledge. 
fao.org/server/api/core/bitstreams/9577eca1-4d13-4964-81f1- 
e294da4e6df9/content

Feliciani Merizio, I., Chavarette, F.R. and Fuzaro de Almeida, E. 
(2025), “Machine learning techniques for fault detection in 
rotating mechanical systems”, Engineering Computations, Vol. 42 
No. 3, pp. 1316-1334, doi: 10.1108/EC-09-2024-0896.

Goering, T.A. and Rahimi-Eichi, H. (2022), “Efficiency, cost, 
and emissions analysis of electric trucks in the United States 
market”, World Electric Vehicle Journal, Vol. 10 No. 2, p. 22, 
doi: 10.3390/wevj10020022.

Huang, M.-T. and Zhai, P.-M. (2021), “Achieving Paris 
Agreement temperature goals requires carbon neutrality by 
middle century with far-reaching transitions in the whole 
society”, Advances in Climate Change Research, Vol. 12 No. 2, 
pp. 281-286, doi: 10.1016/j.accre.2021.03.004.

International Energy Agency (2021), “Net zero by 2050: a 
roadmap for the global energy sector (special report)”, 
International Energy Agency, available at: www.iea.org/reports/ 
net-zero-by-2050

International Energy Agency (2023a), “Transport – tracking 
clean energy progress”, available at: www.iea.org/energy- 
system/transport#tracking

International Energy Agency (2023b), “Rail – analysis”, 
available at: www.iea.org/energy-system/transport/rail

International Energy Agency (2023c), “Global EV outlook 
2023: catching up with climate ambitions”, available at: 
https://iea.blob.core.windows.net/assets/dacf14d2-eabc- 
498a-8263-9f97fd5dc327/GEVO2023.pdf

IPCC (2018), Summary for Policymakers. In: Global Warming 
of 1.5�C. An IPCC Special Report on the impacts of global 

warming of 1.5�C above pre-industrial levels and related 
global greenhouse gas emission pathways, in the context of 
strengthening the global response to the threat of climate 
change, sustainable development, and efforts to eradicate 
poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. 
Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma- 
Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. 
Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. 
Tignor and T. Waterfield (Eds), Cambridge University 
Press, Cambridge, UK and New York, NY, pp. 3-24, doi: 
10.1017/9781009157940.001.

Jelti, F., Allouhi, A. and Tabet Aoul, K.A. (2023), “Transition 
paths towards a sustainable transportation system: a 
literature review”, Sustainability, Vol. 15 No. 21, p. 15457, 
doi: 10.3390/su152115457.

Kain, R. and Verma, A. (2018), “Logistics management in supply 
chain – an overview”, Materials Today: Proceedings, Vol. 5 No. 2, 
pp. 3811-3816, doi: 10.1016/j.matpr.2017.11.634.

Keskin, M.H., Kaya, E., Kökyay, F. and Derinkuyu, K. (2025a), 
“Contemporary supply chains shaped by international trade 
trends”, in Intersecting Entrepreneurship, Internationalization, and 
Green Innovation, doi: 10.4018/979-8-3693-9241-6.ch003.

Keskin, M.H., Koray, M., Kaya, E., Fidan, M.M. and Sö�güt, 
M.Z. (2025b), “Additive manufacturing for remedying 
supply chain disruptions and building resilient and 
sustainable logistics support systems”, Sustainability, Vol. 17 
No. 6, p. 2783, doi: 10.3390/su17062783.

Koç, S. and Erden, C. (2021), “Green supply chain 
management in the context of sustainability”, Journal of 
Business and Trade, Vol. 2 No. 1, pp. 1-11, available at: 
https://dergipark. org.tr/en/download/articleile/1931520

Kodjak, D. (2021), “A strategy to decarbonize the global 
transport sector by 2050, explained, ICCT 20 celebrating 
two decades clean transportation policy ”, available at: 
https://theicct.org/a-strategy-to-decarbonize-the-global- 
transport-sector-by-2050-explained/

Kuleshov, A.S. (2005), “Fuel economy and environmental 
performance of heavy-duty diesel vehicles”, SAE Technical 
Paper 2005-01-3550, doi: 10.4271/2005-01-3550.

Luo, Y. (2007), “A coopetition perspective of global 
competition”, Journal of World Business, Vol. 42 No. 2, 
pp. 129-144, doi: 10.1016/j.jwb.2006.08.007.

Milewska, B. and Milewski, D. (2022), “Implications of 
increasing fuel costs for supply chain strategy”, Energies, 
Vol. 15 No. 19, p. 6934, doi: 10.3390/en15196934.

Montiel, I. (2008), “Corporate social responsibility and 
corporate sustainability separate pasts, common futures”, 
Organization & Environment, Vol. 21 No. 3, pp. 245-269, 
doi: 10.1177/1086026608321329.

Moran, M.J., Shapiro, H.N., Boettner, D.D. and Bailey, M.B. 
(2011), Fundamentals of Engineering Thermodynamics, John 
Wiley & Sons Inc, Hoboken, NJ.

Mukhopadhaya, J. and Graver, B. (2022), “Performance 
analysis of regional electric aircraft, International Council on 
Clean Transportation 1500 K Street NW, Suite 650”.

Munich Re (2011), “CDP 2011 investor CDP 2011 
information request – Munich Re. Carbon Disclosure 
Project. Eris�im adresi”, available at: www.munichre.com/ 
content/dam/munichre/contentlounge/website-pieces/ 

A comparative entropy analysis   

Mehmet Ziya Sogut, Murat Koray and M. Hakan Keskin 

Aircraft Engineering and Aerospace Technology  

Volume 98 · Number 2 · 2026 · 256–275  

273 

Downloaded from http://www.emerald.com/aeat/article-pdf/98/2/256/10086542/aeat-04-2025-0161en.pdf by Istanbul Kent Universitesi user on 24 February 2026

http://dx.doi.org/10.1002/bse.2392
https://afdc.energy.gov/files/u/publication/electric_vehicles.pdf
https://afdc.energy.gov/files/u/publication/electric_vehicles.pdf
http://dx.doi.org/10.1016/j.spc.2021.04.014
http://dx.doi.org/10.1016/j.spc.2021.04.014
http://dx.doi.org/10.1016/j.energy.2024.130989
http://dx.doi.org/10.1016/j.energy.2024.130989
http://dx.doi.org/10.1007/978-3-030-28661-3_12
http://www.ab.gov.tr/files/ardb/evt/1_avrupa_birligi/1_6_raporlar/1_3_diger/environment/eu_emmissions_trading_scheme.pdf
http://www.ab.gov.tr/files/ardb/evt/1_avrupa_birligi/1_6_raporlar/1_3_diger/environment/eu_emmissions_trading_scheme.pdf
http://www.ab.gov.tr/files/ardb/evt/1_avrupa_birligi/1_6_raporlar/1_3_diger/environment/eu_emmissions_trading_scheme.pdf
https://openknowledge.fao.org/server/api/core/bitstreams/9577eca1-4d13-4964-81f1-e294da4e6df9/content
https://openknowledge.fao.org/server/api/core/bitstreams/9577eca1-4d13-4964-81f1-e294da4e6df9/content
https://openknowledge.fao.org/server/api/core/bitstreams/9577eca1-4d13-4964-81f1-e294da4e6df9/content
http://dx.doi.org/10.1108/EC-09-2024-0896
http://dx.doi.org/10.3390/wevj10020022
http://dx.doi.org/10.1016/j.accre.2021.03.004
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/energy-system/transport#tracking
https://www.iea.org/energy-system/transport#tracking
https://www.iea.org/energy-system/transport/rail
https://iea.blob.core.windows.net/assets/dacf14d2-eabc-498a-8263-9f97fd5dc327/GEVO2023.pdf
https://iea.blob.core.windows.net/assets/dacf14d2-eabc-498a-8263-9f97fd5dc327/GEVO2023.pdf
http://dx.doi.org/10.1017/9781009157940.001
http://dx.doi.org/10.3390/su152115457
http://dx.doi.org/10.1016/j.matpr.2017.11.634
http://dx.doi.org/10.4018/979-8-3693-9241-6.ch003
http://dx.doi.org/10.3390/su17062783
https://dergipark.org.tr/en/download/article-file/1931520
https://theicct.org/a-strategy-to-decarbonize-the-global-transport-sector-by-2050-explained/
https://theicct.org/a-strategy-to-decarbonize-the-global-transport-sector-by-2050-explained/
http://dx.doi.org/10.4271/2005-01-3550
http://dx.doi.org/10.1016/j.jwb.2006.08.007
http://dx.doi.org/10.3390/en15196934
http://dx.doi.org/10.1177/1086026608321329
http://www.munichre.com/content/dam/munichre/contentlounge/website-pieces/documents/cdp-2011-en.pdf/_jcr_content/renditions/original./cdp-2011-en.pdf
http://www.munichre.com/content/dam/munichre/contentlounge/website-pieces/documents/cdp-2011-en.pdf/_jcr_content/renditions/original./cdp-2011-en.pdf


documents/cdp-2011-en.pdf/_jcr_content/renditions/ 
original./cdp-2011-en.pdf

Oh, S., Choi, H. and Kim, D. (2023), “Performance evaluation 
of electric trawlers”, Journal of Marine Systems, Vol. 104 
No. 1, pp. 88-96.

Oluwafunmilayo, E., Funmilayo, A. and Olufunke, O. (2024), 
“Supply chain integrating sustainability and ethics: strategies 
for modern supply chain management”, World Journal of 
Advanced Research and Reviews, Vol. 22, pp. 1930-1953, doi: 
10.30574/wjarr.2024.22.1.1259.

Omoush, M. (2022), “The impact of the practices of logistic 
management on operational performance: a field study of 
road transport companies”, Journal of Governance and 
Regulation, Vol. 11 No. 4, special issue, pp. 237-245, doi: 10. 
22495/jgrv11i4siart4.

Paulraj, A., Chen, I.J. and Blome, C. (2017), “Motives and 
performance outcomes of sustainable supply chain 
management practices: a multi-theoretical perspective”, 
Journal of Business Ethics, Vol. 145 No. 2, pp. 239-258, 
available at: www. jstor.org/stable/45022243

Sarkis, J., Gonzalez-Torre, P. and Adenso-Diaz, B. (2010), 
“Stakeholder pressure and the adoption of environmental 
practices: the mediating effect of training”, Journal of 
Operations Management, Vol. 28 No. 2, pp. 163-176, doi: 10. 
1016/j.jom.2009.10.001.

Savi, A., Santos, L. and Savi, M. (2025), “Sustainability 
evaluation: assessing supply chain impact on company 
performance”, Sustainability, Vol. 17 No. 3, p. 1158.

Schäfer, A.W. and Waitz, I.A. (2014), “Air transportation and 
the environment”, Transport Policy, Vol. 34, pp. 1-4, doi: 10. 
1016/j.tranpol.2014.02.013.

Sharfman, M.P., Shaft, T.M. and Anex, R.P. (2009), “The road to 
cooperative supply-chain environmental management: trust and 
uncertainty among proactive firms”, Business Strategy and the 
Environment, Vol. 18 No. 1, pp. 1-13, doi: 10.1002/bse. 
580MDPI.

Sogut, M.Z. (2021), “Environmental assessment of entropy 
control in flight process”, Aircraft Engineering and Aerospace 
Technology, Vol. 93 No. 8, pp. 1358-1366, doi: 10.1108/ 
AEAT-02-2021-0053.

Sogut, M.Z. (2024), “Assessment of altitude effects based on the 
consumption behavior of a piston-prop engine by entropy 
approach”, Aircraft Engineering and Aerospace Technology, Vol. 96 
No. 7, pp. 945-953, doi: 10.1108/AEAT-02-2024-0028.

Sogut, M.Z., Yalcin, E. and Karakoc, T.H. (2019), 
“Sustainable carbon management in corporate governance: a 
case study”, Energy Procedia, Vol. 158, pp. 3302-3307, doi: 
10.1016/j.egypro.2019.01.978.

Sohret, Y., Sogut, M.Z., Karakoc, T.H. and Turan, O. (2016), 
“Customised application of exergy analysis method to 
PW120A turboprop engine for performance evaluation”, 
International Journal of Exergy, Vol. 20 No. 1, pp. 48-65.

Song, Z.Y., Chhetri, P., Ye, G. and Lee, P.T.W. (2023), “Green 
maritime logistics coalition by green shipping corridors: a new 
paradigm for the decarbonisation of the maritime industry”, 
International Journal of Logistics Research and Applications, 
Vol. 28 No. 4, doi: 10.1080/13675567.2023.2256243.

Soonhong, M., Zach, G.Z. and Carlo, D.S. (2019), “Defining 
supply chain management: in the past, present, and future”, 
Journal Business Logistics, Vol. 40, pp. 44-55.

Sustainable Aviation (2020), “Decarbonisation roadmap: a path 
to net zero”, available at: www.sustainableaviation.co.uk/wp- 
content/uploads/2020/02/SustainableAviation_CarbonReport_ 
20200203.pdf

Sustainable Ships (2022), “Specific fuel consumption [g/kWh] 
for marine engines”, Sustainable Ships, available at: www. 
sustainable-hips.org/stories/2022/sfc (accessed 3 June 2025).

Tang, Q. and Luo, L. (2014), “Carbon management systems 
and carbon mitigation”, Australian Accounting Review, 
Vol. 24 No. 1, pp. 84-98.

Thoo, A.C., Huam, H.T. and Zuraidah, S. (2015), “Green 
supply chain management, environmental collaboration and 
sustainability performance”, Procedia CIRP, Vol. 26, 
pp. 695-699, doi: 10.1016/j.procir.2014.07.035.

Torralba-Carnerero, G., García-Nieto, M., Ramón-Jerónimo, 
J.M. and Flórez-López, R. (2024), “Supply chain 
management control in the aerospace sector: an empirical 
approach”, Logistics, Vol. 8 No. 4, p. 132, doi: 10.3390/ 
logistics8040132.

Torres, S. (2014), “Next-generation MRM: getting a big bang from 
breaking down traditional silos”, Talking Logistics, available at: 
https://talkinglogistics.com/2014/05/15/next-generation-mrm- 
getting-big-bang-breakingtraditional-silos/ (accessed 23 August 
2024).

Trafton, A. (2023), “Explained: a climate benchmark we’re not 
on track to meet”, MIT News, available at: https://news.mit. 
edu/2023/explained-climate-benchmark-rising-temperatures- 
0827 (accessed 2 May 2025).

UNCTAD (2024), “Review of maritime transport 2024”, United 
Nations Conference on Trade and Development, available at: https:// 
unctad.org/system/files/official-document/rmt2024_en.pdf

United Nations Framework Convention on Climate Change 
(UNFCC) (2008), “Kyoto Protocol reference manual on 
accounting of emissions and assigned amount”, available at: 
https://unfccc.int/resource/docs/publications/08_unfccc_kp_ref_ 
manual.pdf

Vachon, S. and Klassen, R.D. (2006), “Extending green 
practices across the supply chain”, International Journal of 
Operations & Production Management, Vol. 26 No. 7, 
pp. 795-821, doi: 10.1108/01443570610672248.

Van Gool, W. (1997), “Energy policy: fairy tales and 
factualities”, Innovation and Technology Strategies and Policies, 
pp. 93-105.

Walker, T.K., Tatsutani, M. and Lewis, J. (2024), 
“Decarbonizing aviation: enabling technologies for a net- 
zero future”, Clean Air Task Force, available at: www.catf. 
us/resource/decarbonizing-aviation-enabling-technologies- 
for-a-net-zero-future/

Wang, C.N., Nguyen, N.A.T. and Dang, T.T. (2023), 
“Sustainable evaluation of major third-party logistics 
providers: a framework of an MCDM-based entropy 
objective weighting method”, Mathematics, Vol. 11 No. 19, 
doi: 10.3390/math11194203.

Wanke, P.F., Chiappetta Jabbour, C.J., Moreira Antunes, J.J., 
Lopes de Sousa Jabbour, A.B., Roubaud, D., Sobreiro, V.A. 
and Santibanez Gonzalez, E.D. (2021), “An original 
information entropy-based quantitative evaluation model for 
low-carbon operations in an emerging market”, International 
Journal of Production Economics, Vol. 234, doi: 10.1016/j.ijpe. 
2021.108061.

A comparative entropy analysis   

Mehmet Ziya Sogut, Murat Koray and M. Hakan Keskin 

Aircraft Engineering and Aerospace Technology  

Volume 98 · Number 2 · 2026 · 256–275  

274 

Downloaded from http://www.emerald.com/aeat/article-pdf/98/2/256/10086542/aeat-04-2025-0161en.pdf by Istanbul Kent Universitesi user on 24 February 2026

http://www.munichre.com/content/dam/munichre/contentlounge/website-pieces/documents/cdp-2011-en.pdf/_jcr_content/renditions/original./cdp-2011-en.pdf
http://www.munichre.com/content/dam/munichre/contentlounge/website-pieces/documents/cdp-2011-en.pdf/_jcr_content/renditions/original./cdp-2011-en.pdf
http://dx.doi.org/10.30574/wjarr.2024.22.1.1259
http://dx.doi.org/10.22495/jgrv11i4siart4
http://dx.doi.org/10.22495/jgrv11i4siart4
https://www.jstor.org/stable/45022243
http://dx.doi.org/10.1016/j.jom.2009.10.001
http://dx.doi.org/10.1016/j.jom.2009.10.001
http://dx.doi.org/10.1016/j.tranpol.2014.02.013
http://dx.doi.org/10.1016/j.tranpol.2014.02.013
http://dx.doi.org/10.1002/bse.580MDPI
http://dx.doi.org/10.1002/bse.580MDPI
http://dx.doi.org/10.1108/AEAT-02-2021-0053
http://dx.doi.org/10.1108/AEAT-02-2021-0053
http://dx.doi.org/10.1108/AEAT-02-2024-0028
http://dx.doi.org/10.1016/j.egypro.2019.01.978
http://dx.doi.org/10.1080/13675567.2023.2256243
http://www.sustainableaviation.co.uk/wp-content/uploads/2020/02/SustainableAviation_CarbonReport_20200203.pdf
http://www.sustainableaviation.co.uk/wp-content/uploads/2020/02/SustainableAviation_CarbonReport_20200203.pdf
http://www.sustainableaviation.co.uk/wp-content/uploads/2020/02/SustainableAviation_CarbonReport_20200203.pdf
https://www.sustainable-ships.org/stories/2022/sfc
https://www.sustainable-ships.org/stories/2022/sfc
http://dx.doi.org/10.1016/j.procir.2014.07.035
http://dx.doi.org/10.3390/logistics8040132
http://dx.doi.org/10.3390/logistics8040132
https://talkinglogistics.com/2014/05/15/next-generation-mrm-getting-big-bang-breakingtraditional-silos/
https://talkinglogistics.com/2014/05/15/next-generation-mrm-getting-big-bang-breakingtraditional-silos/
https://news.mit.edu/2023/explained-climate-benchmark-rising-temperatures-0827
https://news.mit.edu/2023/explained-climate-benchmark-rising-temperatures-0827
https://news.mit.edu/2023/explained-climate-benchmark-rising-temperatures-0827
https://unctad.org/system/files/official-document/rmt2024_en.pdf
https://unctad.org/system/files/official-document/rmt2024_en.pdf
https://unfccc.int/resource/docs/publications/08_unfccc_kp_ref_manual.pdf
https://unfccc.int/resource/docs/publications/08_unfccc_kp_ref_manual.pdf
http://dx.doi.org/10.1108/01443570610672248
http://www.catf.us/resource/decarbonizing-aviation-enabling-technologies-for-a-net-zero-future/
http://www.catf.us/resource/decarbonizing-aviation-enabling-technologies-for-a-net-zero-future/
http://www.catf.us/resource/decarbonizing-aviation-enabling-technologies-for-a-net-zero-future/
http://dx.doi.org/10.3390/math11194203
http://dx.doi.org/10.1016/j.ijpe.2021.108061
http://dx.doi.org/10.1016/j.ijpe.2021.108061


Wen, T., Gao, Q., Chen, Y. W. and Cheong, K.H. (2022), 
“Exploring the vulnerability of transportation networks by 
entropy: a case study of Asia–Europe maritime transportation 
network”, Reliability Engineering & System Safety, Vol. 226, 
p. 108578, doi: 10.1016/J.RESS.2022.108578.

White, T. (2011), “The fall of the Berlin wall: the counterrevolution 
in soviet foreign policy and the end of communism”, After the 
Berlin Wall: Germany and Beyond, Palgrave Macmillan, 
Publisher, pp. 127-147, doi: 10.1057/9780230337756_7.

Wired (2020), “The 18 best EVs coming in 2024”, Wired, 
available at: www.wired.com/story/best-evs-2024/ (accessed 
20 August 2025).

Xiao, B., Yang, W., Wu, J., Walker, P.D. and Zhang, N. (2022), 
“Energy management strategy via maximum entropy 
reinforcement learning for an extended range logistics vehicle”, 
Energy, Vol. 253, doi: 10.1016/j.energy.2022.124105.

Yale Center for Environmental Law & Policy (2024), “2024 
Environmental Performance Index”, available at: https://epi. 
yale.edu/downloads/2024-epi-report-20250106.pdf

Zhang, A., Alvi, M.F., Gong, Y. and Wang, J.X. (2022), 
“Overcoming barriers to supply chain decarbonization: case 
studies of first movers”, Resources, Conservation and Recycling, 
Vol. 186, doi: 10.1016/j.resconrec.2022.106536.

Further reading

Brogen (2025a), “100kW/200kW electric truck motor for 14- 
Ton to 18-Ton electric trucks”, available at: https:// 
brogenevsolution.com/100kw-200kw-electric-truck-motor- 
for-14-ton-to-18-ton-electric-trucks/ (accessed 3 June 2025).

Brogen (2025b), “250kW/500kW electric truck motor for 
heavy electric trucks”, available at: https://brogenevsolution. 
com/250kw-500kw-electric-truck-motor-for-electric-heavy- 
trucks/ (accessed 3 June 2025).

Brooker, A., Gonder, J., Wang, L., Wood, E., Lopp, S. and 
Ramroth, L. (2015), “FASTSim: a model to estimate vehicle 
efficiency, cost and performance”, SAE Technical Paper 
2015-01-0973, 2015, doi: 10.4271/2015-01-0973.

Caterpillar (2018), “Marine power solutions”, available at: 
www.pon-cat.com/application/files/9315/3908/2588/ 
LEDM3457-23.pdf (accessed 3 June 2025).

Choi, M., Cha, J. and Song, J. (2025), “Impact of lightweighting 
and driving conditions on electric vehicle energy consumption: 
in-depth analysis using real-world testing and simulation”, 
Energy, ISSN 0360-5442, Vol. 323, p. 135746, doi: 10.1016/j. 
energy.2025.135746.

Daimler Truck (2023), “Mercedes-Benz trucks celebrates 
world premiere of the battery electric long-haul truck eActros 
600”, available at: www.daimlertruck.com/en/newsroom/ 
pressrelease/mercedes-benz-trucks-celebrates-world- 
premiere-of-the-battery-electric-long-haul-truck-eactros- 
600-52428265 (accessed 3 June 2025).

Degirmenci, H., Uludag, A., Ekici, S. and Karakoc, T.H. 
(2023), “Challenges, prospects and potential future 
orientation of hydrogen aviation and the airport hydrogen 

supply network: a state-of-art review”, Progress in Aerospace 
Sciences, ISSN 0376-0421, Vol. 141, p. 100923, doi: 10. 
1016/j.paerosci.2023.100923.

FAA (2017), “Aircraft capacity and utilization factors, analysis 
of responses to FAA’s general aviation and part 135 activity 
survey CY 2017”, available at: www.faa.gov/sites/faa.gov/ 
files/regulations_policies/policy_guidance/benefit_cost/econ- 
value-section-3-capacity.pdf

Food and Agriculture Organization of the United Nations 
(2023), “Energy use in fisheries and aquaculture: status, trends 
and opportunities for optimization (FAO technical paper No. 
689)”, available at: https://openknowledge.fao.org/server/api/ 
core/bitstreams/9577eca113-81f1294da4e6df9/

Keskin, M.H. (2020), “Warehousing, explained for making 
money, principles, policies and practices, sharp and sharp 
publishing, Istanbul and London”, available at: www.amazon. 
co.uk/WAREHOUSING-explained-making-money- 
Principles/dp/B08B35SBMX

Mishchenko, A., Dalkıran, A., Novakovska, I., Skrypnyk, L. 
and Ishchenko, N. (2023), “Environmentally sustainable 
airport development: Ukrainian case of decarbonization”, 
Aircraft Engineering and Aerospace Technology, Vol. 95 No. 3, 
pp. 488-500, doi: 10.1108/AEAT-06-2022-0154.

MTU (2025), “Diesel engines series 4000 R04 for push-pull 
trains and locomotives EU stage IIIB, MTU Friedrichshafen 
GmbH I MTU Asia Pte Ltd I MTU America Inc. Part of the 
Rolls-Royce group”, available at: www.mtu-solutions.com/ 
content/dam/mtu/ReportsAssets/1726/3239961_MTU_Rail_ 
spec_4000R54_St3B.pdf/_jcr_content/renditions/original./32 
39961_MTU_Rail_spec_4000R54_St3B.pdf (accessed 3 
June 2025).

Nam, E.K., Fulper, C., Warila, J.E., Michaels, H. and 
Giannelli, R.A. (2005), “Fuel consumption modeling of 
conventional and advanced technology vehicles in the 
physical emission rate estimator (PERE)”, SAE Technical 
Paper No. 2005-01-3549. 10.4271/2005-01-3549

Rohacs, D. (2023), “Technology and solution-driven trends in 
sustainable aviation”, Aircraft Engineering and Aerospace 
Technology, Vol. 95 No. 3, pp. 416-430, doi: 10.1108/ 
AEAT-07-2022-0185.

TURASAS (2025), “Locomotives, Oguzlar District Ceyhun 
Atuf Kansu Street No:61/1 Balgat, Türkiye”, available at: 
www.turasas.gov.tr/images/kurumsal/pdf/a4f204fa-7355- 
44b0-a04e-e81a7bc3ca5a.pdf

Wartsila (2006), “The world’s most powerful engine enters 
service”, available at: www.wartsila.com/media/news/12-09- 
2006-the-world’s-most-powerful-engine-enters-service
(accessed 3 June 2025).

Washington, DC (2005), available at: https://theicct.org/ 
wpontent/uploads/2022/07/global-aviation-performance- 
analysis-regional-electric-aircraft-jul22-1.pdf-1.pdf

Corresponding author
Mehmet Ziya Sogut can be contacted at: mzsogut@gmail. 
com; mzsogut@pirireis.edu.tr

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

A comparative entropy analysis   

Mehmet Ziya Sogut, Murat Koray and M. Hakan Keskin 

Aircraft Engineering and Aerospace Technology  

Volume 98 · Number 2 · 2026 · 256–275  

275 

Downloaded from http://www.emerald.com/aeat/article-pdf/98/2/256/10086542/aeat-04-2025-0161en.pdf by Istanbul Kent Universitesi user on 24 February 2026

http://dx.doi.org/10.1016/J.RESS.2022.108578
http://dx.doi.org/10.1057/9780230337756_7
http://www.wired.com/story/best-evs-2024/
http://dx.doi.org/10.1016/j.energy.2022.124105
https://epi.yale.edu/downloads/2024-epi-report-20250106.pdf
https://epi.yale.edu/downloads/2024-epi-report-20250106.pdf
http://dx.doi.org/10.1016/j.resconrec.2022.106536
https://brogenevsolution.com/100kw-200kw-electric-truck-motor-for-14-ton-to-18-ton-electric-trucks/
https://brogenevsolution.com/100kw-200kw-electric-truck-motor-for-14-ton-to-18-ton-electric-trucks/
https://brogenevsolution.com/100kw-200kw-electric-truck-motor-for-14-ton-to-18-ton-electric-trucks/
https://brogenevsolution.com/250kw-500kw-electric-truck-motor-for-electric-heavy-trucks/
https://brogenevsolution.com/250kw-500kw-electric-truck-motor-for-electric-heavy-trucks/
https://brogenevsolution.com/250kw-500kw-electric-truck-motor-for-electric-heavy-trucks/
http://dx.doi.org/10.4271/2015-01-0973
http://www.pon-cat.com/application/files/9315/3908/2588/LEDM3457-23.pdf
http://www.pon-cat.com/application/files/9315/3908/2588/LEDM3457-23.pdf
http://dx.doi.org/10.1016/j.energy.2025.135746
http://dx.doi.org/10.1016/j.energy.2025.135746
http://www.daimlertruck.com/en/newsroom/pressrelease/mercedes-benz-trucks-celebrates-world-premiere-of-the-battery-electric-long-haul-truck-eactros-600-52428265
http://www.daimlertruck.com/en/newsroom/pressrelease/mercedes-benz-trucks-celebrates-world-premiere-of-the-battery-electric-long-haul-truck-eactros-600-52428265
http://www.daimlertruck.com/en/newsroom/pressrelease/mercedes-benz-trucks-celebrates-world-premiere-of-the-battery-electric-long-haul-truck-eactros-600-52428265
http://www.daimlertruck.com/en/newsroom/pressrelease/mercedes-benz-trucks-celebrates-world-premiere-of-the-battery-electric-long-haul-truck-eactros-600-52428265
http://dx.doi.org/10.1016/j.paerosci.2023.100923
http://dx.doi.org/10.1016/j.paerosci.2023.100923
http://www.faa.gov/sites/faa.gov/files/regulations_policies/policy_guidance/benefit_cost/econ-value-section-3-capacity.pdf
http://www.faa.gov/sites/faa.gov/files/regulations_policies/policy_guidance/benefit_cost/econ-value-section-3-capacity.pdf
http://www.faa.gov/sites/faa.gov/files/regulations_policies/policy_guidance/benefit_cost/econ-value-section-3-capacity.pdf
https://openknowledge.fao.org/server/api/core/bitstreams/9577eca1-4d13-4964-81f1-e294da4e6df9/
https://openknowledge.fao.org/server/api/core/bitstreams/9577eca1-4d13-4964-81f1-e294da4e6df9/
http://www.amazon.co.uk/WAREHOUSING-explained-making-money-Principles/dp/B08B35SBMX
http://www.amazon.co.uk/WAREHOUSING-explained-making-money-Principles/dp/B08B35SBMX
http://www.amazon.co.uk/WAREHOUSING-explained-making-money-Principles/dp/B08B35SBMX
http://dx.doi.org/10.1108/AEAT-06-2022-0154
http://www.mtu-solutions.com/content/dam/mtu/ReportsAssets/1726/3239961_MTU_Rail_spec_4000R54_St3B.pdf/_jcr_content/renditions/original./3239961_MTU_Rail_spec_4000R54_St3B.pdf
http://www.mtu-solutions.com/content/dam/mtu/ReportsAssets/1726/3239961_MTU_Rail_spec_4000R54_St3B.pdf/_jcr_content/renditions/original./3239961_MTU_Rail_spec_4000R54_St3B.pdf
http://www.mtu-solutions.com/content/dam/mtu/ReportsAssets/1726/3239961_MTU_Rail_spec_4000R54_St3B.pdf/_jcr_content/renditions/original./3239961_MTU_Rail_spec_4000R54_St3B.pdf
http://www.mtu-solutions.com/content/dam/mtu/ReportsAssets/1726/3239961_MTU_Rail_spec_4000R54_St3B.pdf/_jcr_content/renditions/original./3239961_MTU_Rail_spec_4000R54_St3B.pdf
http://dx.doi.org/10.4271/2005-01-3549
http://dx.doi.org/10.1108/AEAT-07-2022-0185
http://dx.doi.org/10.1108/AEAT-07-2022-0185
http://www.turasas.gov.tr/images/kurumsal/pdf/a4f204fa-7355-44b0-a04e-e81a7bc3ca5a.pdf
http://www.turasas.gov.tr/images/kurumsal/pdf/a4f204fa-7355-44b0-a04e-e81a7bc3ca5a.pdf
http://www.wartsila.com/media/news/12-09-2006-the-world&hx2019;s-most-powerful-engine-enters-service
http://www.wartsila.com/media/news/12-09-2006-the-world&hx2019;s-most-powerful-engine-enters-service
https://theicct.org/wp-content/uploads/2022/07/global-aviation-performance-analysis-regional-electric-aircraft-jul22-1.pdf-1.pdf
https://theicct.org/wp-content/uploads/2022/07/global-aviation-performance-analysis-regional-electric-aircraft-jul22-1.pdf-1.pdf
https://theicct.org/wp-content/uploads/2022/07/global-aviation-performance-analysis-regional-electric-aircraft-jul22-1.pdf-1.pdf
mailto:mzsogut@gmail.com
mailto:mzsogut@gmail.com
mailto:mzsogut@pirireis.edu.tr
http://www.emeraldgrouppublishing.com/licensing/reprints.htm
http://www.permissions@emeraldinsight.com

	A comparative entropy analysis in aviation and supply chains for decarbonization
	Nomenclature
	Sub index

	Introduction
	Aviation’s role in global supply chain optimisation
	Technology transition for decarbonisation
	Technology and supply chain for decarbonisation

	Methodological framework
	Results and discussion
	Conclusion
	References




