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Abstract. The recovery of end-of-life ship's components and materials requires a complete demolition process as well as the realization processes of reuse that can guarantee the circularity of raw materials in the perspective of economic and environmental sustainability. Since the introduction of the Ship Recycling Regulation, the European Union legislative framework moves toward opening green markets related to the dismantling of ships. The objective is to value the critical materials and to change the design techniques in shipbuilding aiming at the total recyclability of ships.  The rationale of the research is to develop a systemic model of the market for the circularity of the materials from the recovery of the medium-large ships. The objective of the study focuses on the potentialities of valorization of the members and the materials of the ships in light of the tightening European legislation. In particular, the research, after a careful analysis of the literature on the subject, focuses on the critical examination of the CBM models that want to make a second commodity exchange system more fluid and circulate in the blue economy. The results take interesting considerations, especially for what concerns recognize opportunities for green business and markets in the field of ship-recycling.
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1.1 Introduction
Maritime transport represents the world economy backbone, contributing to nearly 90% of global goods trades, and is physically impossible to replace with another type of transport (Unctad 2019). The current world merchant fleet comprises 99.800 ships (Geneva 2021), of which only 1% - 2% is recycled (Karvelis et al. 2020). Ship recycling refers to the dismantling process of ships with the aim of extracting and recovering materials, in particular steel, which represents around 95% of the material used, hardened steel, hardened copper alloys, titanium, alloys of titanium, aluminum, lead and various electronic equipment that can be reused or disassembled for the recovery of precious materials (Hiremath, Pandey, and Asolekar 2016). About 95% -98% of a ship's LTD weight is made up of recyclable materials (K. P. Jain, Pruyn, and Hopman 2017). Although ship recycling leds to huge economic and environmental benefits from ship recycling, there are some barriers within the current system. The coasts of South Asia bear witness to an industry whose environmental and health balance is urgently in need of a change, such pressures are due to poor quality dismantling techniques and the standards of recycling plants that do not comply with international standards (Devault, Beilvert, and Winterton 2017). 

1.2 Literature review
Table 1 shows the most significant regulatory frameworks to overcome the problems introduced previously.

Table 1. End of Life Ship regulatory frameworks 
	Regulation
	Year
	Description

	Basel Convention
	1992
	Regulates the Control of Movement of Hazardous Wastes (Moen 2008) Offers guidelines on end-of-life ships that guide their destination, but its full application is difficult to control, as end-of-life ships are considered to be both ships and waste dangerous, so they can legally navigate to non-OECD countries (Gregson, Watkins and Calestani 2013)

	Hong Kong Convention
	2009
	Regulates the design, construction, operation, and preparation of ships for sustainable recycling. Prohibits the use of some hazardous materials. Waiting to take effect (Glinski, 2022).

	Regulation (EU) No. 1257/2013
	2013
	Ship recycling regulation. From 31 December 2018, EU-flagged ships over 500 GT must be recycled in safe and environmentally friendly recycling facilities (Article 2). The list includes structures operating in EU and non-EU territory. 44 suitable EU plants and 9 suitable non-EU plants are recognized. No plant located in Southeast Asia is on the list.



The political attempt to induce a globalized California effect in the ship recycling industry has not resulted in the raising of the desired environmental and social standards. The ease of circumventing international law through the practice of flag changing is a common practice. The main routes of destination in the recycling centers of these ships took place in the countries of South Asia with the stranded method. The capacity of recycling facilities located in OECD countries is less than 5% of the demand for recycling ships. Data combining analysis of the economic, environmental and social impact of ship recycling is limited. Furthermore, there are many differences for the recycling markets between the different types of ships (Choi et al. 2016). The main studies on quantifying the impacts of ship recycling, mainly focus on handling hazardous materials and ensuring health and safety during ship recycling activities (Zhou et al. 2021a), proposing green supply chains during ships dismantling (Ozturkoglu, Kazancoglu, and Ozkan-Ozen 2019a). The shipbreaking industry is expected to thrive as the number of ships produced around the world continues to increase (Kong et al. 2022).
The circular economy is the main tool in this sector, opening to the secondary raw materials market (Geissdoerfer et al. 2020).
The present study aims to investigate the opportunity, feasibility and potential effects for the creation of a circular business model for ship recycling in order to improve knowledge on the subject and provide a framework that can be used for future research, analyzing the economic feasibility, the environmental impact, the social aspect, the technology and the regulatory aspect.

1.3 Material and methods
A systematic review was conducted to summarize the investigations and key topics in this area, to report and reflect on the trends and themes of the existing literature for all the clusters under observation. The method applied in this document consists of three stages (Figure 1):
1. The research was conducted on Scopus and Sciencedirect base using "ship recycling" as keywords. 25298 articles were collected. Studies concerning maritime power generation, international trade, ship navigation waste, ship sinking, marine biology etc, and studies prior to 2014 have been eliminated in the skimming phase. 582 articles were valid.
1. The articles are imported into the Mendeley database and revised, through an analysis of the content of the definitions, a coding scheme has been developed and applied to obtain an overview of the types of studies and dimensions. The most cited and useful keywords for further research were extracted from the analysis.
1. (3) The articles included were deepened, summarized, addressed in the various research themes and inserted in a matrix.
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The limitation of the research lies in the low number of studies reviewed; however it can be considered as the first systematic review of ship recycling combined with sustainable development. 

1.4  Results and discussion 
Table 2 is the summary matrix of the systematic review in which the reviewed articles are placed in the reference clusters:

Table 2. Summary matrix
	n°
	Study
	Sustainability

	
	
	Economic
	Social
	Environment
	Technology
	Regulatory

	1
	Ozturkoglu et al., 2019
	✓
	✓
	✓
	✓
	

	2
	[bookmark: _Hlk106756526]Jain et al., 2018
	✓
	
	
	✓
	

	3
	Du et al., 2018
	✓
	✓
	✓
	✓
	

	4
	Ocampo et al., 2019
	✓
	
	
	✓
	✓

	5
	Senavirathna et al., 2022
	✓
	
	✓
	✓
	

	6
	Yujuico, 2014
	✓
	
	
	
	✓

	7
	Kong et al., 2022
	✓
	
	
	✓
	

	8
	Schøyen et al., 2017
	✓
	✓
	✓
	✓
	

	9
	Devaux, 2020
	✓
	
	
	
	✓

	10
	Gregson et al., 2014
	
	✓
	
	
	

	11
	Solakivi et al., 2021
	
	
	
	
	✓

	12
	Zhou et al., 2021
	✓
	
	✓
	✓
	

	13
	Mizanur and Mayer, 2015
	✓
	✓
	
	
	

	14
	Steuer et al., 2021
	✓
	✓
	✓
	
	✓

	15
	Sujauddin et al., 2017
	✓
	✓
	
	
	

	16
	Yan et al., 2022
	✓
	
	
	✓
	

	17
	Argüello, 2016
	
	
	
	
	✓

	18
	Hossain et al., 2016
	✓
	
	✓
	
	

	19
	Jain et al., 2016
	✓
	
	
	✓
	

	20
	Fachry Indianto, 2020
	✓
	
	
	✓
	

	21
	Rizkytama et al., 2020
	✓
	
	
	
	

	22
	Jain et al., 2017
	✓
	
	✓
	✓
	

	23
	Rahman et al., 2016
	✓
	✓
	✓
	
	✓

	24
	Handler et al., 2016
	✓
	✓
	✓
	
	



The review opens to new ideas for a ship recycling industry capable of making the economic, environmental, and social spheres interact, through the use of new technologies and top-down policies. Table 3 shows conclusions per each cluster.

Table 3. Clusters analysis
	Cluster
	Description

	Economic cluster
	Studies agree that there is an inverse correlation between economic growth and ships sent for scrapping (Kong et al. 2022; Steuer et al., 2021). Studies by (Yujuico 2014) analyze the demand and price of steel, showing that South Asian wreckers offer higher figures for end-of-life ships due to high domestic prices for steel scrap. Material Flow Analysis (MFA) is an important tool for improving the management of materials and waste during the recycling phase, enabling the optimization of resources (such as labor, machinery and equipment) to obtain maximum income (K. P. Jain, Pruyn, and Hopman 2017b). According to (Devaux and Nicolaï 2020b) a possible recycling license for ships flying the European flag could trigger an improvement in the trend in the EU territory. Innovation and investment in demolition plants are difficult to implement (Schøyen, Burki, and Kurian 2017).

	Social cluster
	Ship recycling in Europe is a low-frequency activity. Analyzes of the work situation state that in European construction sites, work fails to attract local labor and instead relies on migrant workers (Gregson et al. 2014). The establishment of industrial networks in a community can establish advanced development conditions aimed at continuous improvement (Mizanur Rahman and Mayer 2015). The license strategy would make it possible to internalize the social costs of ship dismantling (Devaux and Nicolaï 2020). The guidelines for safety on construction sites proposed by (Hossain et al. 2016) can be followed to mitigate the impact that demolition yards have on the environment, as well as to promote sustainable practices for demolition activities.

	Environment cluster
	Current end-of-life management problems exist mainly due to the lack of ecological integration in the design and production processes (Senavirathna et al., 2022). The implementation of a holistic framework for risk management could lead Southeast Asian shipyards to be regulated according to environmental standards, as well as technical (i.e. type of ships) and economic standards (i.e. currency exchange)(Ozturkoglu et al., 2019b). From the LCA on steel recovered from ships conducted by (Rahman and Mayer 2016) emerges that there is a substantial environmental advantage in recycling steel compared to virgin raw material. The outcomes of the green supply chain can help from the point of view of organization, on-site management, technology and equipment, use of clean energy etc. (Zhou et al. 2021b)

	Technology cluster
	The ship is not designed for disassembly and recycling (Du et al. 2018). The high demand for the materials extracted from the ship add value to this activity (Ocampo et al., 2019). Revenues can be increased through a heat treatment plant on construction sites for the transformation of waste into secondary raw materials (Kanu Priya Jain et al., 2018). The installation of facilities such as floating piers, wastewater treatment plants, storage facilities and asbestos pre-treatment, can improve the technical conditions of recycling (Steuer et al., 2021). The quantification of materials to facilitate disassembly through the ship's stability manual and the WBS classification system was found to be a feasible and practicable technique (K. P. Jain et al., 2016)

	Regulatory cluster
	Future global and European demand for ship dismantling has been politically underestimated (Solakivi et al. 2021). International treaties usually do not represent the interests of developing countries and there is a lack of a harmonized definition of naval waste (Rahman, Handler, and Mayer 2016). Local policy makers need to improve local ship recycling rules from the point of view of environmental protection structures and plans, ecological environmental protection etc. (Zhou et al. 2021b). Currently, until the dispute between the waste regime and ship recycling has been resolved, the ships at the end of their operational life will continue to land on the coasts of South Asia (Argüello Moncayo 2016).



1.5 Conclusions
The economic value of a ship's materials at its end of life can be a crucial sector for the creation of secondary markets for critical raw materials. From an eco-neutral perspective, a green ship must have all aspects related to sustainability under control at the end of its life. It would be the result of a circular design, made with advanced methods of using materials and energy, in which all components are designed to be continuously reused in future projects, reducing waste. An incessant disassembly, recovery, and reassembly system, made up of the development of cross-sector green markets and related supply chains, to originate an industry made up of circular flows of resources. In order to guide all the actors towards the path of a system strategy, not only is an extensive network of consultation of the parties involved on the common field of the resources necessary resource value, but it is also necessary to validate their real economic, financial and environmental feasibility, so as to be able to realize a safe new business for the maritime industry.
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