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Abstract 

Maritime transport is a sector that contributes to global greenhouse gas (GHG) emissions. Within 
this framework, the maritime sector has responded to the global trend of reducing emissions, 
reflected in several regulations aimed at promoting more environmentally friendly development 
within the sector. Since air emissions from ships are strongly related to the concept of ship energy 
efficiency the International Maritime Organization (IMO) has progressively developed a 
comprehensive regulatory framework to improve ship energy efficiency and reduce greenhouse gas 
emissions. From the introduction of the Energy Efficiency Design Index (EEDI) and the Ship Energy 
Efficiency Management Plan (SEEMP) to operational measures such as the Energy Efficiency 
Operational Indicator (EEOI), the Energy Efficiency Existing Ship Index (EEXI), and the Carbon 
Intensity Indicator (CII), these instruments have evolved from voluntary guidance to mandatory and 
increasingly stringent requirements. This paper provides a concise review of this regulatory 
evolution and its main technical and operational issues. Additionally, the paper contextualizes these 
developments within Albania, where initiatives related to ship energy efficiency remain limited, 
presenting significant challenges. By consolidating historical and contemporary regulatory 
measures, this study offers a comprehensive reference for ship operators, policymakers, and 
researchers, supporting the transition toward low-carbon maritime transport. 

Keywords: energy efficiency, IMO regulations, maritime transport, EEDI, EEOI, EEXI. 
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I. INTRODUCTION 

Maritime transport plays a fundamental role in global trade and accounts for more than 80% of 
world trade transport by volume. At the same time, maritime transport represents a significant 
source of greenhouse gas (GHG) emissions because of the fuel consumption associated with the 
main ship propulsion and auxiliary systems. According to the Third and Fourth IMO Greenhouse 
Gas Studies, maritime transport contributes approximately 2–3% of global CO₂ emissions. (IMO, 
2014; IMO, 2020). 

The strong correlation between ship fuel consumption, propulsion performance, and emitted air 
pollutants has placed ship energy efficiency at the center of international regulatory attention. It 
must be emphasized that the ship energy efficiency is a multidimensional concept, that include hull 
form design, propulsion system efficiency, operational practices, and fleet management strategies.  

In order to address the growing environmental concerns and international climate commitments, 
the International Maritime Organization (IMO) has progressively developed a comprehensive 
regulatory framework aimed at improving ship energy efficiency and reducing GHG emissions from 
maritime transport. This framework has evolved over time, transitioning from voluntary guidelines 
and technical recommendations toward mandatory and stringer regulatory instruments. The 
introduction of the Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency 
Management Plan (SEEMP) marked a significant shift integrating energy efficiency considerations 
into ship design and operational management. More recently, the Energy Efficiency Existing Ship 
Index (EEXI) and the Carbon Intensity Indicator (CII) have extended regulatory control to the existing 
fleet, emphasizing continuous performance monitoring and compliance. 

Early studies primarily were focused on quantifying fuel consumption and estimating emissions of 
carbon dioxide, nitrogen oxides, and sulfur oxides from international shipping. Corbett and Koehler 
(2003) provided one of the first comprehensive global assessments of emissions from ocean-going 
vessels, highlighting the significant contribution of shipping to air pollution. Subsequent studies 
refined emission inventories by incorporating improved fleet data and operational profiles 
(Endresen et al., 2007; Buhaug et al., 2009).  

With increasing policy attention on climate change, the literature progressively shifted toward the 
development of ship energy efficiency performance indicators, that express relationships between 
transport work and fuel consumption, applicable to design and operational aspects of the vessel. 
Design-oriented indices are focused on the intrinsic efficiency of the hull of the ship and the 
propulsion system under predefined conditions. In this frame IMO has formalized the Energy 
Efficiency Design Index (EEDI). On the other hand, operational indicators reflect real-world 
performance and are influenced by speed, loading conditions, and voyage planning. The Energy 
Efficiency Operational Indicator (EEOI), introduced by the IMO as a voluntary metric, has been 
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widely applied in academic studies to assess operational efficiency and emission intensity (Faber et 
al., 2012). 

Beyond IMO instruments, the literature contains numerous alternative indicators tailored to 
specific vessel categories. Fuel consumption per nautical mile and emissions per hour of operation 
are frequently used for ferries, fishing vessels, and port service craft, where transport work is 
difficult to define in conventional ton-mile terms. Installed power per displacement and speed–
power relationships are long-established metrics in naval architecture, employed to evaluate hull 
efficiency and propulsion performance during the design stage (Winnes & Fridell, 2010; Larsson & 
Raven, 2010; Molland et al., 2011; FAO, 2012). 

Despite the increasing maturity of the IMO regulatory regime, its applicability remains largely 
limited to ships of 400 gross tonnage (GT) and above engaged in international voyages. 
Consequently, a substantial number of small vessels operating in coastal waters, short-sea shipping 
routes, and domestic services fall outside the scope of mandatory energy efficiency regulation. 
These vessels, including ferries, fishing vessels, port service craft, and workboats, are particularly 
relevant in regional and national contexts, where their cumulative environmental impact and 
energy consumption may be significant. This regulatory gap is especially relevant for countries with 
predominantly small-scale maritime sectors, such as Albania. The Albanian maritime fleet is 
characterized by a limited number of large ocean-going vessels and a prevalence of small and 
medium-sized ships operating on short routes and within port areas. Although Albania has formally 
adopted international maritime conventions, practical implementation of energy efficiency 
measures for ships remains limited, particularly for vessels under 400 GT. 

By consolidating regulatory developments and academic contributions, this study aims to support 
policymakers, ship operators, and researchers in advancing the transition toward low-carbon 
maritime transport. 

 

II. METHODOLOGY 

This study adopts a systematic review methodology to examine the evolution of international ship 
energy efficiency regulations and to contextualize their implementation in Albania. The method 
synthesizes academic literature, international maritime policy documents, and national regulatory 
sources to provide a comprehensive understanding of the topic.  

The research followed a three-level analytical framework: 

1. Regulatory Evolution Analysis – following the chronological development of IMO measures, 
from MARPOL Annex VI to the implementation of the CII. 
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2. Literature Synthesis – reviewing and integrating findings from recent peer-reviewed studies 
on ship energy efficiency and emission reduction strategies. 

3. Contextual Assessment – analysis of the ship energy efficiency framework within the 
Albanian context.  

The objective is to identify convergence and gaps between international requirements and Albanian 
practice, emphasizing policy, operational, and technical dimensions.  

 

III. RESULTS 

This section discusses the results of the international evolution of ship energy efficiency regulation 
and the Albanian context. The evolution of regulations regarding ship energy efficiency can be 
divided in four main phases: 

Phase I (1997–2005): Foundation of Environmental Regulation. This phase began with the 
establishment of MARPOL Annex VI in 1997, marking the first international effort to reduce ship 
emissions. It initially aimed to limit SOₓ and NOₓ pollutants.  

Phase II (2008–2013): Introduction of Energy Efficiency Standards. During this phase, main 
instruments regarding ship energy efficiency were introduced, including the Energy Efficiency 
Design Index (EEDI) and Ship Energy Efficiency Management Plan (SEEMP) through MEPC.203(62) 
in 2011. Jimenez et al. (2022) observed that this period changed the way shipbuilders approached 
ship design, leading them to adopt energy efficiency measures such as decarbonization measures, 
emissions reduction strategies, speed management, and alternative energy sources. Issa et al. 
(2022) emphasized that SEEMP can be implemented in various ways, such as improvement of the 
speed of the vessel, changing the course to avoid rough weather, hull cleaning in dry dock, and 
adding heat recovery methods.  

Phase III (2014–2020): Operational and Performance Integration. The SEEMP Part II update 
(MEPC.282(70)) in 2016 has required mandatory collection of fuel consumption data, enabling 
assessment of the global fleet efficiency. During this phase, technological innovations intensified. 
Perčić et al. (2022) described a comprehensive vessel model that evaluates energy efficiency over 
the entire fuel life cycle, showing that alternative power systems, especially full electrification, can 
offer lower emissions and higher efficiency than traditional diesel options. Battaglia et al. (2024) 
conducted an in-depth literature review and identified trends in maritime energy efficiency and 
proposed a structured set of Key Performance Indicators to measure the success of green 
innovations and support sustainability in shipping. 

Phase IV (2021–Present): Comprehensive Decarbonization Framework. The IMO's Initial GHG 
Strategy from 2018 and the MEPC.328(76)/336(76) resolutions represent a commitment to long-
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term decarbonization through EEXI and CII. EEXI retrofits design efficiency standards to older ships, 
modernizing the existing fleet, while CII introduces annual operational ratings from A to E based on 
carbon intensity. These changes indicate a global shift toward monitoring performance and aiming 
for continuous improvement. 

The formal inclusion of energy efficiency into the international maritime regulatory framework 
began with the MARPOL Annex VI amendments in 2011. These amendments introduced mandatory 
energy efficiency measures for ships and took effect in 2013, becoming the first global climate 
regulation that applies to an entire industry. 

The Energy Efficiency Design Index (EEDI) is central to this regulatory framework. The EEDI 
measures theoretical CO₂ emissions per unit of transport work for a ship under standard design 
conditions. It is expressed in grams of CO₂ per tonne-nautical mile and is calculated using propulsion 
power, specific fuel consumption, carbon emission factors, and reference speed. By setting 
increasingly strict EEDI requirements over successive phases, the regulation encourages 
improvements in hull design, propulsion efficiency, and the use of energy-saving technology. 

In addition to the EEDI, the Ship Energy Efficiency Management Plan (SEEMP) focuses on 
operational energy efficiency. Unlike the EEDI, which applies only to new ships, the SEEMP is 
relevant for all ships over 400 GT. It provides a framework to monitor energy use, identifying ways 
to improve efficiency, and promote best operational practices. While the SEEMP does not set 
specific performance targets, it is essential for raising awareness and building a culture of energy 
efficiency in shipping companies. 

In parallel with mandatory measures, the IMO developed voluntary instruments aimed at 
monitoring operational performance. The Energy Efficiency Operational Indicator (EEOI) was 
introduced as a practical tool to evaluate air emission intensity of ships during operation (IMO, 
2009). The EEOI relates total CO₂ emissions to transport work performed over a given period and 
can be applied to individual voyages or aggregated over longer time frames. EEOI allows ship 
operators to track trends in operational efficiency, evaluate the effectiveness of energy-saving 
measures, and benchmark performance across fleets. Consequently, the EEOI has been widely 
adopted in academic studies and industry reports, particularly for assessing speed reduction 
strategies, voyage optimization, and loading practices (Faber et al., 2011). 

Recognizing that a significant portion of future emissions could come from the existing fleet, the 
IMO introduced additional measures to extend regulatory control beyond new buildings. The 
Energy Efficiency Existing Ship Index (EEXI), adopted in 2021 and entering into force in 2023, applies 
EEDI-like requirements retroactively to existing ships of 400 GT and above (IMO, 2021).  
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The EEXI assesses the technical efficiency of ships based on installed power and design parameters, 
requiring compliance through technical modifications such as engine power limitation, propulsion 
upgrades, or energy-saving devices. 

In parallel, the Carbon Intensity Indicator (CII) was introduced as an operational measure to monitor 
and regulate annual carbon intensity performance. The CII gives ships a rating from A to E based on 
their carbon intensity relative to predefined thresholds. Ships rated D or E must implement 
corrective action plans, establishing a direct link between operational performance and regulatory 
requirements. 

The combined introduction of EEXI and CII strengthens the IMO energy efficiency framework. For 
the first time, existing ships must meet both technical and operational efficiency requirements, 
reflecting a move toward life-cycle-based regulation. However, concerns exist about using speed 
reduction as a primary compliance strategy and its broader economic and safety impacts (Lindstad 
& Eskeland, 2016). 

Furthermore, the regulatory framework remains largely the same across different ship types and 
operating profiles, which could affect its effectiveness in some situations. The exclusion of vessels 
under 400 GT shows a limitation in the current system, leaving a significant part of the maritime 
sector without energy efficiency regulations. This issue is especially important for national and 
regional fleets, where small vessels dominate and operations differ greatly from large ocean-going 
ships. 

These considerations provide the basis for the subsequent analysis of energy efficiency indicators 
applicable to small vessels and their relevance to the Albanian maritime sector. 

Albania ratified MARPOL Annex VI in 2020 (Low nr 9/2020 date 03/02/202). However, practical 
implementation remains limited. The Albanian maritime sector has relatively few large ocean-going 
vessels and many small and medium-sized ships that operate along the coast and in domestic 
services. Maritime activities are mainly focused along the Adriatic and Ionian coasts, with major 
ports like Durrës, Vlorë, Sarandë, and Shengjin serving key roles in passenger transport, short-sea 
shipping, fishing, and port services. 

The national fleet structure reflects Albania’s geographical and economic characteristics. Passenger 
ferries operating on short international routes, fishing vessels, tugboats, pilot boats, and various 
port service craft represent the majority of active vessels. Many of these vessels are under the 400 
GT limit and are not covered by mandatory IMO energy efficiency regulations. As a result, energy 
efficiency considerations for this segment are largely driven by operational cost concerns rather 
than regulatory compliance. Fuel consumption remains a major operational expense for Albanian 
ship operators, particularly in the context of fluctuating fuel prices. However, systematic 
monitoring of energy efficiency and emissions is not yet common practice across the sector. 
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IV. DISCUSSION 

The results show a steady global trend toward better maritime energy efficiency and reduced 
carbon intensity. They also highlight significant differences between developed and developing 
maritime nations. The IMO's regulatory path, from EEDI and SEEMP to EEXI and CII, shows an 
evolution in governance that balances technical design standards with operational performance 
monitoring. However, this trend poses challenges for smaller economies like Albania, where 
institutional capacity and infrastructure are still underdeveloped.   

The international maritime community has increasingly adopted a systems-based approach to 
decarbonization. The EEDI and EEXI are strict design regulations that impact ship construction and 
retrofitting. In contrast, the SEEMP and CII serve as flexible operational frameworks that focus on 
behavior and monitoring. 

Technological innovation is key to maritime decarbonization. Research indicates a clear shift toward 
alternative fuels, digital optimization, and hybrid propulsion systems. Perčić et al. (2022) propose 
integration of life-cycle assessment models that account for both upstream and downstream 
emissions of alternative fuels.  

Albania is a member of the International Maritime Organization and has accepted most 
international conventions related to maritime safety and environmental protection, including 
MARPOL. At the national level, there is no specific regulatory framework to address ship energy 
efficiency beyond international requirements. Energy efficiency factors are not routinely included 
in fleet management practices, port operations, or maritime policies. Responsibilities related to 
environmental monitoring, maritime administration, and port management are scattered, making 
coordinated action more difficult. 

The lack of specific guidance or incentives for small vessels is a structural limitation. While there 
are compliance mechanisms for larger ships involved in international trade, smaller operators do 
not have the regulatory drivers or technical support to implement energy efficiency measures.  

The Albanian maritime sector faces several challenges in improving ship energy efficiency. First, the 
fleet is relatively old, especially for small commercial and fishing vessels. Older ships typically show 
lower propulsion efficiency and limited compatibility with modern energy-saving technologies. 
Second, data gaps and limited digitalization hinder performance monitoring and benchmarking. 
Without reliable fuel consumption and operational data, even basic energy efficiency indicators are 
hard to use consistently. Third, financial limitations and a lack of technical expertise make it difficult 
for small operators to invest in retrofitting or renewing their fleets. Without clear regulatory signals 
or economic incentives, improvements in energy efficiency may be seen as less urgent than 
immediate operational needs. At the same time, there are some opportunities that could facilitate 
the progress. The relatively small size of the national fleet allows for targeted and manageable 
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interventions, such as pilot projects focusing on specific vessel categories. Furthermore, alignment 
with European Union environmental policies and funding mechanisms could support capacity 
building and technology adoption. 

From a policy perspective, the introduction of simplified energy efficiency indicators for small 
vessels, such as fuel consumption per nautical mile or per hour of operation, could provide a 
pragmatic starting point. These indicators require limited data, are easy to interpret, and can raise 
awareness among operators. Over time, such measures could be complemented by more advanced 
indicators and voluntary performance targets, allowing for a gradual and reasonable integration of 
energy efficiency considerations into the Albanian maritime sector. 

 

V. CONCLUSION, RECOMMENDATIONS AND DIRECTIONS FOR FUTURE RESEARCH 

Based on the findings of this study, several recommendations can be formulated. First, Albanian 
policymakers should consider the development of adaptive energy efficiency frameworks tailored 
to small vessels, drawing on indicators already established in the literature. Second, capacity 
building in data collection and performance monitoring should be prioritized, since reliable 
operational data are a prerequisite for any meaningful assessment. Third, pilot projects focusing on 
specific vessel categories or routes could serve as testbeds for technical and operational solutions, 
including hybridization and partial electrification. 

From a research perspective, further research work is needed to refine composite and multi-criteria 
energy efficiency indicators that balance simplicity, comparability, and analytical robustness. 
Empirical studies based on real world operational data from small vessels would significantly 
expand the data base and support the decision-making process. In addition, future research could 
explore the integration of small-vessel energy efficiency measures into regional and port-level 
emission reduction strategies. 

In conclusion, while international ship energy efficiency regulation has made substantial progress 
over the past decade, its effectiveness will ultimately depend on the ability to address all segments 
of the maritime sector. By linking international regulatory developments with context-specific 
analyses, this document contributes to a more inclusive and practical understanding of energy 
efficiency in maritime transport, supporting the transition to a more sustainable and low-carbon 
future. 

 

 

REFERENCES 



 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

28 

Faber, J., Nelissen, D., Hon, G., Wang, H., & Tsimplis, M. (2012). Regulated slow steaming in 
maritime transport: An assessment of options, costs and benefits. International Maritime 
Organization. 

FAO. (2012). Fuel saving for small fishing vessels. Food and Agriculture Organization of the United 
Nations. 

Endresen, Ø., Sørgård, E., Behrens, H. L., Brett, P. O., & Isaksen, I. S. A. (2007). A historical 
reconstruction of ships’ fuel consumption and emissions. Journal of Geophysical Research: 
Atmospheres, 112(D12). https://doi.org/10.1029/2006JD007630  

IMO. (2009). Guidelines for voluntary use of the Energy Efficiency Operational Indicator (EEOI) 
(MEPC.1/Circ.684). International Maritime Organization. 

IMO. (2011). Amendments to MARPOL Annex VI (Resolution MEPC.203(62)). International 
Maritime Organization. 

IMO. (2014). Third IMO greenhouse gas study 2014. International Maritime Organization. 

IMO. (2020). Fourth IMO greenhouse gas study 2020. International Maritime Organization. 

IMO. (2018). Initial IMO strategy on reduction of GHG emissions from ships. (Resolution 
MEPC.304(72). 

IMO. (2021). Amendments to MARPOL Annex VI on EEXI and CII (Resolution MEPC.328(76)). 
International Maritime Organization. 

Issa, M., Ilinca, A., & Martini, F. (2022). Ship energy efficiency and maritime sector initiatives to 
reduce carbon emissions. Energies, 15(21), 7910. 

Jimenez, V. J., Kim, H., & Munim, Z. H. (2022). A review of ship energy efficiency research and 
directions towards emission reduction in the maritime industry. Journal of Cleaner 
Production, 366, 132888. 

Larsson, L., & Raven, H. (2010). Ship resistance and flow. Society of Naval Architects and Marine 
Engineers. 

Lindstad, H., & Eskeland, G. S. (2016). Environmental regulations in shipping: Policies leaning 
towards globalization of scrubbers deserve scrutiny. Transportation Research Part D: 
Transport and Environment, 47, 67–76. https://doi.org/10.1016/j.trd.2016.05.004  

Molland, A. F., Turnock, S. R., & Hudson, D. A. (2011). Ship resistance and propulsion: Practical 
estimation of ship propulsive power. Cambridge University Press. 

https://doi.org/10.1029/2006JD007630
https://doi.org/10.1016/j.trd.2016.05.004


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

29 

Winnes, H., & Fridell, E. (2010). Emissions of NOX and particles from maneuvering ships. 
Transportation Research Part D: Transport and Environment, 15(4), 204–211. 
https://doi.org/10.1016/j.trd.2010.02.003  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.trd.2010.02.003


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

478 

 

https://github.com/ultralytics/ultralyticsStallkamp,%20J.,%20Schlipsing,%20M.,%20Salmen,%20J.,%20&%20Igel,%20C.%20(2012).%20Man%20vs.%20computer:%20Benchmarking%20machine%20learning%20algorithms%20for%20traffic%20sign%20recognition.%20Neural%20Networks,%2032,%20323%E2%80%93332.Neuhold,%20G.,%20Ollmann,%20T.,%20Rota%20Bulo,%20S.,%20&%20Kontschieder,%20P.%20(2017).%20The%20Mapillary%20Vistas%20Dataset%20for%20semantic%20understanding%20of%20street%20scenes.%20Proceedings%20of%20the%20IEEE%20International%20Conference%20on%20Computer%20Vision%20(ICCV).Sermanet,%20P.,%20&%20LeCun,%20Y.%20(2011).%20Traffic%20sign%20recognition%20with%20multi-scale%20convolutional%20networks.%20Proceedings%20of%20the%20International%20Joint%20Conference%20on%20Neural%20Networks%20(IJCNN).Bochkovskiy,%20A.,%20Wang,%20C.%20Y.,%20&%20Liao,%20H.%20Y.%20M.%20(2020).%20YOLOv4:%20Optimal%20speed%20and%20accuracy%20of%20object%20detection.%20arXiv%20preprint%20arXiv:2004.10934.Zhu,%20Z.,%20Liang,%20D.,%20Zhang,%20S.,%20Huang,%20X.,%20Li,%20B.,%20&%20Hu,%20S.%20(2016).%20Traffic%20sign%20detection%20and%20recognition%20using%20fully%20convolutional%20networks.%20IEEE%20Transactions%20on%20Intelligent%20Transportation%20Systems,%2017(7),%202051%E2%80%932062.T.-Y.%20Lin,%20M.%20Maire,%20S.%20Belongie,%20L.%20Bourdev,%20R.%20Girshick,%20J.%20Hays,%20P.%20Perona,%20D.%20Ramanan,%20C.%20L.%20Zitnick,%20and%20P.%20Doll%C3%A1r,%20%E2%80%9CMicrosoft%20COCO:%20Common%20objects%20in%20context,%E2%80%9D%20arXiv%20preprint%20arXiv:1405.0312,%202014.


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

479 

 
 

https://github.com/ultralytics/ultralyticsStallkamp,%20J.,%20Schlipsing,%20M.,%20Salmen,%20J.,%20&%20Igel,%20C.%20(2012).%20Man%20vs.%20computer:%20Benchmarking%20machine%20learning%20algorithms%20for%20traffic%20sign%20recognition.%20Neural%20Networks,%2032,%20323%E2%80%93332.Neuhold,%20G.,%20Ollmann,%20T.,%20Rota%20Bulo,%20S.,%20&%20Kontschieder,%20P.%20(2017).%20The%20Mapillary%20Vistas%20Dataset%20for%20semantic%20understanding%20of%20street%20scenes.%20Proceedings%20of%20the%20IEEE%20International%20Conference%20on%20Computer%20Vision%20(ICCV).Sermanet,%20P.,%20&%20LeCun,%20Y.%20(2011).%20Traffic%20sign%20recognition%20with%20multi-scale%20convolutional%20networks.%20Proceedings%20of%20the%20International%20Joint%20Conference%20on%20Neural%20Networks%20(IJCNN).Bochkovskiy,%20A.,%20Wang,%20C.%20Y.,%20&%20Liao,%20H.%20Y.%20M.%20(2020).%20YOLOv4:%20Optimal%20speed%20and%20accuracy%20of%20object%20detection.%20arXiv%20preprint%20arXiv:2004.10934.Zhu,%20Z.,%20Liang,%20D.,%20Zhang,%20S.,%20Huang,%20X.,%20Li,%20B.,%20&%20Hu,%20S.%20(2016).%20Traffic%20sign%20detection%20and%20recognition%20using%20fully%20convolutional%20networks.%20IEEE%20Transactions%20on%20Intelligent%20Transportation%20Systems,%2017(7),%202051%E2%80%932062.T.-Y.%20Lin,%20M.%20Maire,%20S.%20Belongie,%20L.%20Bourdev,%20R.%20Girshick,%20J.%20Hays,%20P.%20Perona,%20D.%20Ramanan,%20C.%20L.%20Zitnick,%20and%20P.%20Doll%C3%A1r,%20%E2%80%9CMicrosoft%20COCO:%20Common%20objects%20in%20context,%E2%80%9D%20arXiv%20preprint%20arXiv:1405.0312,%202014.
https://github.com/ultralytics/ultralyticsStallkamp,%20J.,%20Schlipsing,%20M.,%20Salmen,%20J.,%20&%20Igel,%20C.%20(2012).%20Man%20vs.%20computer:%20Benchmarking%20machine%20learning%20algorithms%20for%20traffic%20sign%20recognition.%20Neural%20Networks,%2032,%20323%E2%80%93332.Neuhold,%20G.,%20Ollmann,%20T.,%20Rota%20Bulo,%20S.,%20&%20Kontschieder,%20P.%20(2017).%20The%20Mapillary%20Vistas%20Dataset%20for%20semantic%20understanding%20of%20street%20scenes.%20Proceedings%20of%20the%20IEEE%20International%20Conference%20on%20Computer%20Vision%20(ICCV).Sermanet,%20P.,%20&%20LeCun,%20Y.%20(2011).%20Traffic%20sign%20recognition%20with%20multi-scale%20convolutional%20networks.%20Proceedings%20of%20the%20International%20Joint%20Conference%20on%20Neural%20Networks%20(IJCNN).Bochkovskiy,%20A.,%20Wang,%20C.%20Y.,%20&%20Liao,%20H.%20Y.%20M.%20(2020).%20YOLOv4:%20Optimal%20speed%20and%20accuracy%20of%20object%20detection.%20arXiv%20preprint%20arXiv:2004.10934.Zhu,%20Z.,%20Liang,%20D.,%20Zhang,%20S.,%20Huang,%20X.,%20Li,%20B.,%20&%20Hu,%20S.%20(2016).%20Traffic%20sign%20detection%20and%20recognition%20using%20fully%20convolutional%20networks.%20IEEE%20Transactions%20on%20Intelligent%20Transportation%20Systems,%2017(7),%202051%E2%80%932062.T.-Y.%20Lin,%20M.%20Maire,%20S.%20Belongie,%20L.%20Bourdev,%20R.%20Girshick,%20J.%20Hays,%20P.%20Perona,%20D.%20Ramanan,%20C.%20L.%20Zitnick,%20and%20P.%20Doll%C3%A1r,%20%E2%80%9CMicrosoft%20COCO:%20Common%20objects%20in%20context,%E2%80%9D%20arXiv%20preprint%20arXiv:1405.0312,%202014.


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

480 

 

https://github.com/ultralytics/ultralyticsStallkamp,%20J.,%20Schlipsing,%20M.,%20Salmen,%20J.,%20&%20Igel,%20C.%20(2012).%20Man%20vs.%20computer:%20Benchmarking%20machine%20learning%20algorithms%20for%20traffic%20sign%20recognition.%20Neural%20Networks,%2032,%20323%E2%80%93332.Neuhold,%20G.,%20Ollmann,%20T.,%20Rota%20Bulo,%20S.,%20&%20Kontschieder,%20P.%20(2017).%20The%20Mapillary%20Vistas%20Dataset%20for%20semantic%20understanding%20of%20street%20scenes.%20Proceedings%20of%20the%20IEEE%20International%20Conference%20on%20Computer%20Vision%20(ICCV).Sermanet,%20P.,%20&%20LeCun,%20Y.%20(2011).%20Traffic%20sign%20recognition%20with%20multi-scale%20convolutional%20networks.%20Proceedings%20of%20the%20International%20Joint%20Conference%20on%20Neural%20Networks%20(IJCNN).Bochkovskiy,%20A.,%20Wang,%20C.%20Y.,%20&%20Liao,%20H.%20Y.%20M.%20(2020).%20YOLOv4:%20Optimal%20speed%20and%20accuracy%20of%20object%20detection.%20arXiv%20preprint%20arXiv:2004.10934.Zhu,%20Z.,%20Liang,%20D.,%20Zhang,%20S.,%20Huang,%20X.,%20Li,%20B.,%20&%20Hu,%20S.%20(2016).%20Traffic%20sign%20detection%20and%20recognition%20using%20fully%20convolutional%20networks.%20IEEE%20Transactions%20on%20Intelligent%20Transportation%20Systems,%2017(7),%202051%E2%80%932062.T.-Y.%20Lin,%20M.%20Maire,%20S.%20Belongie,%20L.%20Bourdev,%20R.%20Girshick,%20J.%20Hays,%20P.%20Perona,%20D.%20Ramanan,%20C.%20L.%20Zitnick,%20and%20P.%20Doll%C3%A1r,%20%E2%80%9CMicrosoft%20COCO:%20Common%20objects%20in%20context,%E2%80%9D%20arXiv%20preprint%20arXiv:1405.0312,%202014.


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

481 

 

https://github.com/ultralytics/ultralyticsStallkamp,%20J.,%20Schlipsing,%20M.,%20Salmen,%20J.,%20&%20Igel,%20C.%20(2012).%20Man%20vs.%20computer:%20Benchmarking%20machine%20learning%20algorithms%20for%20traffic%20sign%20recognition.%20Neural%20Networks,%2032,%20323%E2%80%93332.Neuhold,%20G.,%20Ollmann,%20T.,%20Rota%20Bulo,%20S.,%20&%20Kontschieder,%20P.%20(2017).%20The%20Mapillary%20Vistas%20Dataset%20for%20semantic%20understanding%20of%20street%20scenes.%20Proceedings%20of%20the%20IEEE%20International%20Conference%20on%20Computer%20Vision%20(ICCV).Sermanet,%20P.,%20&%20LeCun,%20Y.%20(2011).%20Traffic%20sign%20recognition%20with%20multi-scale%20convolutional%20networks.%20Proceedings%20of%20the%20International%20Joint%20Conference%20on%20Neural%20Networks%20(IJCNN).Bochkovskiy,%20A.,%20Wang,%20C.%20Y.,%20&%20Liao,%20H.%20Y.%20M.%20(2020).%20YOLOv4:%20Optimal%20speed%20and%20accuracy%20of%20object%20detection.%20arXiv%20preprint%20arXiv:2004.10934.Zhu,%20Z.,%20Liang,%20D.,%20Zhang,%20S.,%20Huang,%20X.,%20Li,%20B.,%20&%20Hu,%20S.%20(2016).%20Traffic%20sign%20detection%20and%20recognition%20using%20fully%20convolutional%20networks.%20IEEE%20Transactions%20on%20Intelligent%20Transportation%20Systems,%2017(7),%202051%E2%80%932062.T.-Y.%20Lin,%20M.%20Maire,%20S.%20Belongie,%20L.%20Bourdev,%20R.%20Girshick,%20J.%20Hays,%20P.%20Perona,%20D.%20Ramanan,%20C.%20L.%20Zitnick,%20and%20P.%20Doll%C3%A1r,%20%E2%80%9CMicrosoft%20COCO:%20Common%20objects%20in%20context,%E2%80%9D%20arXiv%20preprint%20arXiv:1405.0312,%202014.


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

482 

 

https://github.com/ultralytics/ultralyticsStallkamp,%20J.,%20Schlipsing,%20M.,%20Salmen,%20J.,%20&%20Igel,%20C.%20(2012).%20Man%20vs.%20computer:%20Benchmarking%20machine%20learning%20algorithms%20for%20traffic%20sign%20recognition.%20Neural%20Networks,%2032,%20323%E2%80%93332.Neuhold,%20G.,%20Ollmann,%20T.,%20Rota%20Bulo,%20S.,%20&%20Kontschieder,%20P.%20(2017).%20The%20Mapillary%20Vistas%20Dataset%20for%20semantic%20understanding%20of%20street%20scenes.%20Proceedings%20of%20the%20IEEE%20International%20Conference%20on%20Computer%20Vision%20(ICCV).Sermanet,%20P.,%20&%20LeCun,%20Y.%20(2011).%20Traffic%20sign%20recognition%20with%20multi-scale%20convolutional%20networks.%20Proceedings%20of%20the%20International%20Joint%20Conference%20on%20Neural%20Networks%20(IJCNN).Bochkovskiy,%20A.,%20Wang,%20C.%20Y.,%20&%20Liao,%20H.%20Y.%20M.%20(2020).%20YOLOv4:%20Optimal%20speed%20and%20accuracy%20of%20object%20detection.%20arXiv%20preprint%20arXiv:2004.10934.Zhu,%20Z.,%20Liang,%20D.,%20Zhang,%20S.,%20Huang,%20X.,%20Li,%20B.,%20&%20Hu,%20S.%20(2016).%20Traffic%20sign%20detection%20and%20recognition%20using%20fully%20convolutional%20networks.%20IEEE%20Transactions%20on%20Intelligent%20Transportation%20Systems,%2017(7),%202051%E2%80%932062.T.-Y.%20Lin,%20M.%20Maire,%20S.%20Belongie,%20L.%20Bourdev,%20R.%20Girshick,%20J.%20Hays,%20P.%20Perona,%20D.%20Ramanan,%20C.%20L.%20Zitnick,%20and%20P.%20Doll%C3%A1r,%20%E2%80%9CMicrosoft%20COCO:%20Common%20objects%20in%20context,%E2%80%9D%20arXiv%20preprint%20arXiv:1405.0312,%202014.


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

483 

 

https://github.com/ultralytics/ultralyticsStallkamp,%20J.,%20Schlipsing,%20M.,%20Salmen,%20J.,%20&%20Igel,%20C.%20(2012).%20Man%20vs.%20computer:%20Benchmarking%20machine%20learning%20algorithms%20for%20traffic%20sign%20recognition.%20Neural%20Networks,%2032,%20323%E2%80%93332.Neuhold,%20G.,%20Ollmann,%20T.,%20Rota%20Bulo,%20S.,%20&%20Kontschieder,%20P.%20(2017).%20The%20Mapillary%20Vistas%20Dataset%20for%20semantic%20understanding%20of%20street%20scenes.%20Proceedings%20of%20the%20IEEE%20International%20Conference%20on%20Computer%20Vision%20(ICCV).Sermanet,%20P.,%20&%20LeCun,%20Y.%20(2011).%20Traffic%20sign%20recognition%20with%20multi-scale%20convolutional%20networks.%20Proceedings%20of%20the%20International%20Joint%20Conference%20on%20Neural%20Networks%20(IJCNN).Bochkovskiy,%20A.,%20Wang,%20C.%20Y.,%20&%20Liao,%20H.%20Y.%20M.%20(2020).%20YOLOv4:%20Optimal%20speed%20and%20accuracy%20of%20object%20detection.%20arXiv%20preprint%20arXiv:2004.10934.Zhu,%20Z.,%20Liang,%20D.,%20Zhang,%20S.,%20Huang,%20X.,%20Li,%20B.,%20&%20Hu,%20S.%20(2016).%20Traffic%20sign%20detection%20and%20recognition%20using%20fully%20convolutional%20networks.%20IEEE%20Transactions%20on%20Intelligent%20Transportation%20Systems,%2017(7),%202051%E2%80%932062.T.-Y.%20Lin,%20M.%20Maire,%20S.%20Belongie,%20L.%20Bourdev,%20R.%20Girshick,%20J.%20Hays,%20P.%20Perona,%20D.%20Ramanan,%20C.%20L.%20Zitnick,%20and%20P.%20Doll%C3%A1r,%20%E2%80%9CMicrosoft%20COCO:%20Common%20objects%20in%20context,%E2%80%9D%20arXiv%20preprint%20arXiv:1405.0312,%202014.


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

484 

 


	1. POLITICAL AND REGULATORY FRAMEWORK
	RENEWABLE ENERGY PROCUREMENT (CPPA) AND TRANSPORT ELECTRIFICATION: EUROPEAN PERSPECTIVES AND ALBANIAN CHALLENGE
	REVIEW OF THE EVOLUTION OF INTERNATIONAL SHIP ENERGY EFFICIENCY REGULATIONS AND THE ALBANIAN CONTEXT
	THE EUROPEAN GREEN DEAL AND ITS NATIONAL IMPLEMENTATION: FROM STRATEGY TO PRACTICE
	THE CURRENT STATUS OF AUTONOMOUS VEHICLE TECHNOLOGY ADOPTION IN THE BALKAN REGION
	INTEGRATING EVENT DATA RECORDER (EDR) TECHNOLOGY INTO SUSTAINABLE ROAD SAFETY FRAMEWORKS WITHIN THE EUROPEAN GREEN DEAL
	INFRASTRUCTURE READINESS FOR SUSTAINABLE MOBILITY: EU FRAMEWORKS AND THE CASE OF ALBANIA
	FROM PREDICTION TO REGULATION: EVIDENCE PRODUCTION APPROACHES IN AUTONOMOUS MOBILITY RESEARCH AND THEIR POLICY IMPLICATIONS
	REVIEWING THE EUROPEAN GREEN DEAL IN ENERGY, MOBILITY AND INDUSTRY
	2. TECHNOLOGICAL INNOVATIONS
	AUTOMOTIVE COOLING SYSTEMS SUSTAINABILITY: A FOCUS ON THE EXPANSION TANK
	EMPIRICAL COMPARATIVE STUDY OF STRUCTURAL CFRP SANDWICH STRUCTURE INSERTS FOR OUT-OF-PLANE LOADS
	LIQUID COOLING SYSTEMS FOR ELECTRIC VEHICLE BATTERIES: IMPROVING SAFETY, PERFORMANCE AND SUSTAINABILITY
	DESIGN AND DEVELOPMENT OF A CONSTANT-VOLUME COMBUSTION CHAMBER FOR OPTICAL INVESTIGATION OF HYDROGEN AND WATER INJECTION UNDER ENGINE-LIKE CONDITIONS
	ANALYSIS OF BATTERY CHARGING AND DISCHARGING BEHAVIOR FOR ELECTRIC VEHICLE APPLICATIONS
	IMPACT OF HEAT PUMP SYSTEMS ON WINTER ENERGY USE AND DRIVING RANGE IN BATTERY ELECTRIC VEHICLES
	THE ROLE OF INTERMODAL TRANSPORTATION FOR THE SUSTAINABLE MOBILITY
	EMISSION REDUCTION OF MARINE PROPULSION SYSTEMS IN SECA ZONES THROUGH THE INTEGRATION OF HYDROGEN TECHNOLOGIES
	A COMPREHENSIVE ANALYSIS OF VENTILATION SYSTEM FOR ENHANCED ENERGY EFFICIENCY IN MARINE PROPULSION APPLICATIONS
	DESIGN AND TOPOLOGY OPTIMIZATION OF A LIGHTWEIGHT CHAIN SPROCKET FOR ELECTRIC MOTORCYCLE APPLICATIONS
	3. ECONOMIC AND BUSINESS PRESPECTIVE
	FEASIBILITY OF ELECTRIC BUS DEPLOYMENT IN MONTENEGRO: A CASE STUDY OF BUDVA
	MANAGING RENEWABLE ENERGY RESOURCES AS A FOUNDATION FOR SUSTAINABLE MOBILITY TRANSITIONS
	4. SOCIAL AND ENVIRONMENTAL IMPACT
	SMART MOBILITY TECHNOLOGIES AND THEIR IMPACT ON URBAN SUSTAINABILITY: INSIGHTS FROM EUROPEAN AND WESTERN BALKAN CITIES
	THE DISAPPEARING SQUARES: SOCIAL AND ENVIRONMENTAL IMPACTS OF URBAN MOBILITY PLANNING IN DURRËS
	THE CITY THAT DEMANDS CONTINUOUS MOVEMENT: THE DISAPPEARANCE OF THE RIGHT NOT TO MOVE WITHIN THE FRAMEWORK OF SUSTAINABLE MOBILITY
	COMPARISON OF LIFECYCLE EMISSIONS OF A SUV WITH FUEL CELL AND BATTERY ELECTRIC POWERTRAINS
	BETWEEN RHETORIC AND REALITY: DISCURSIVE FRAMINGS, GREENWASHING AND OUTCOMES IN SUSTAINABLE MOBILITY
	TOWARDS SUSTAINABLE TRANSPORT: A COMPARATIVE ANALYSIS OF ELECTRIC VEHICLE ADOPTION IN MONTENEGRO AND ALBANIA
	LINKING MORPHOLOGY, PERCEIVED SAFETY, AND SUSTAINABLE MOBILITY IN POST-SOCIALIST URBAN CONTEXTS
	5. CONTROVERSIES AND CHALLENGES
	THE ADOPTION OF ELECTRIC VEHICLES IN ALBANIA: A COMPARATIVE STUDY WITH OTHER WESTERN BALKAN COUNTRIES
	APPLICATION OF QUALITY TOOLS IN THE ANALYSIS OF FACTORS INFLUENCING THE DEVELOPMENT OF ELECTROMOBILITY IN MONTENEGRO
	6. CASE STUDIES AND GOOD PRACTICES
	CHILDREN PATHS AS AN URBAN REGENERATION STRATEGY: NAIM FRASHËRI’S CASE STUDY
	7. FUTURE SCENARIOS
	GENAI LITERACY AS A TRANSVERSAL SKILL FOR EMERGING PROFESSIONALS: IMPLICATIONS FOR SUSTAINABILITY-CRITICAL KNOWLEDGE WORK
	CYBERSECURITY VULNERABILITIES IN ELECTRIC VEHICLE OPERATING SYSTEMS: A GLOBAL AWARENESS ANALYSIS
	CYBERSECURITY CHALLENGES IN MODERN VEHICULAR COMMUNICATION NETWORKS
	MAPPING DISTANCE AND TIME: LEVERAGING ISOCHRONE INTELLIGENCE IN EMERGING CITIES
	THE HISTORICAL DEVELOPMENT OF ARTIFICIAL INTELLIGENCE AND ITS INFLUENCE ON THE JOB MARKET IN AUTOMOTIVE ENGINEERING
	GREEN TRANSITION IN ALBANIA: CHALLENGES AND FUTURE ACTIONS
	OPTIMIZING PUBLIC TRANSPORT CORRIDORS USING AI-BASED SCENARIO MODELLING: A CASE STUDY ON TIRANA’S RING ROAD
	USE OF AI IN THE PROCESS OF GREEN TRANSFORMATION AND IMPACT ON PUBLIC HEALTH
	EFFECTS OF TECHNICAL TRAFFIC CALMING MEASURES
	CAN AI DEVELOP ITS OWN “TASTE” AUTOMOTIVE DESIGN?
	THREAT LANDSCAPE AND MULTI-LAYERED PROTECTION MECHANISMS FOR AUTONOMOUS AND ELECTRIC VEHICLE SYSTEMS
	DEVELOPMENT OF A RISK ASSESSMENT MODEL FOR THE TRANSPORT OF HAZARDOUS MATERIALS USING ALOHA AND GIS SOFTWARE TOOLS
	DEVELOPMENT OF AN AUTOMATIC TRAFFIC SIGN DETECTION SYSTEM USING YOLOV8



