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Abstract

:

Container terminals are the main hubs of the global supply chain but, conversely, they play an important role in energy consumption, environmental pollution and even climate change due to carbon emissions. Assessing the environmental impact of this type of port terminal and choosing appropriate mitigation measures is essential to pursue the goals related to a clean environment and ensuring a good quality of life of the inhabitants of port cities. In this paper the authors present a Terminal Decision Support Tool (TDST) for the development of a container terminal that considers both operation efficiency and environmental impacts. The TDST provides environmental impact mitigation measures based on different levels of evolution of the port’s container traffic. An application of the TDST is conducted on the Port of Augusta (Italy), a port that is planning infrastructural interventions in coming years in order to gain a new role as a reference point for container traffic in the Mediterranean.
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1. Introduction


The recent globalization process has deeply influenced the maritime transport industry, which experienced technological breakthroughs giving rise to containerization and other developments in cargo-handling facilities [1]. Such growth of containerization requires the optimal design of container seaport terminals not only in terms of requirements of space for activities, but also in terms of operations and related equipment. Of course, in the case of port cities such a growth of container units affects the relationship with the close urban areas: the added value created by ports can be mainly attributed to the economic benefits related to the crucial role played by container terminals in global supply chains [2]; while negative impacts are determined by several factors, such as the influence on the environment and the quality of life of a port city’s residents [3].



While the evaluation of the performance of the ports in terms of freight transport efficiency is now fairly standardized worldwide, environmental evaluation standards and tools are still not harmonized and there is no standard procedure for the evaluation of environmental sustainability of port operations [4]. Stojaković and Twrdy [5] developed a Decision Support Tool (DST) that helps terminal operators to determine which part of the terminal should be optimized in order to receive a desired ship size in the port. Nevertheless, nowadays it is no longer conceivable to think about the optimization without considering the impact that each stage of development has on the environment. In this regard both the International Maritime Organization and European Union bodies provide some important guidelines that should be considered before planning any port expansion [6,7,8,9,10].



Several documents and guidelines provide solutions to issues and impacts of environmental pollution caused by maritime transport in port areas; such documents usually aim to solve immediate problems, without focusing on a global approach to tackle with the different environmental issues. Based on this premise, this paper aims at proposing an integration of the evaluation of freight transport efficiency and environmental sustainability within commercial ports through an innovative Terminal DST (TDST) for the planning of a container terminal. The TDST takes into account both optimization of the efficiency terminal, considering the necessary equipment in the event of an increase in freight traffic, and the consequent environmental impacts.



The TDST has been tested on the case study of the port of Augusta, evaluating environmental issues in terms of climate change evaluation, noise pollution assessment and dredging impacts, in order to provide a suggestion for actions and measures for its future development. Nevertheless, the methodology is scalable to ports of different sizes and locations that want to optimize their container terminal capacity.



The remainder of the paper is organized as follows: in the following section state of the art is presented; then the methodology’s steps are illustrated; in the fourth section the methodology is applied to the Port of Augusta; finally, some recommendations for improving environmental issues are given and conclusions are drafted.




2. Literature Review


Efficient container terminals are considered the key factor for success of third generation of ports, due to the cost-effectiveness of transport and the specialization and efficient organization in the associated terminals [11].



An efficient planning of container terminals, considering the allocation of equipment, fuels and facilities is vital to achieving the climate and environmental goal of green port construction [12]. Traditional studies of port emissions are generally applied to existing solution. In this respect, several scholars developed different models in order to evaluate the environmental performance of container terminal. Sakhi et al. [13] evaluated environmental performance of container terminals in term of CO2, SO2, NOx and particle emissions with a model based on French standards and guidelines for emissions evaluations and applied it to the port of Tanger Med; Dong et al. [14] developed a tool based on DEA (Data Envelopment Analysis) to evaluate environmental and operational performance of containers port in terms of CO2 emissions and TEUs (twenty-foot equivalent units); Van Duin and Geerlings [15] and Sim [16] developed simple models to estimate CO2 emissions in container terminals based on type of equipment and transport mode.



Kegalj et al. [4] estimated a composite environmental index and applied it to the container terminal of the Port of Rijeka based on analytic hierarchy process evaluation of several environmental indicators (air and noise emissions, waste, energy consumption, water quality). Martinez-Moja et al. [16] developed a model for the evaluation of energy efficiency and CO2 emissions of port container terminal equipment.



A literature review shows that there are few studies focusing on the planning of the terminal, and very few papers focus on a comprehensive analysis of environmental issues due to port operation. Based on this premise, in this study the authors decided to propose a simplified framework to help port decision-makers in deciding the best infrastructure provisions to foster the efficiency of container terminals without neglecting environmental impacts.



In summary, our framework is intended to help decision makers answer the question: how should container terminals equip themselves to achieve new container traffic objectives and how can they limit the environmental effects that would be generated by these new port operations? The authors answered to this question by proposing a simplified terminal decision-making tool and showed its use by applying it in the case of the Port of Augusta.




3. Materials and Methods


The methodology will follow these different steps:




	
Description of terminal optimization model



	
Environmental evaluations and measures to reduce environmental impact



	
Definition of a TDST framework








3.1. Terminal Optimization Model


The terminal optimization model is based on a DST to enable container terminals to keep up with the increasing size of container ships, fully developed in Stojaković and Twrdy [5], taking into account the different processes occuring at a container terminal in all the subsystems (Figure 1); the optimization DST is an analytic interactive tool to aid decision-makers in understanding which are the parts of the container terminal that need to be optimized for the reception of a container ship with a desired size. The tool is composed of a flow chart with 6 decision elements that allows us to determine the correct sizing of the terminal components, knowing the capacity of container ships to be received and the characteristics that it requires at the terminal: sea depth evaluation and its potential deepening; optimal quay length assessment; adequate number of quay cranes purchased; size and possible extension of the storage area; land equipment at storage subsystem; connections with hinterland and their optimization. The DST has been tested for 12 ports covering the Black Sea, the western and eastern part of the Mediterranean, for the acceptance of both one and two vessels with 6000 TEUs capacity. For a detailed description of the DST please consult Stojaković and Twrdy [5].



In this paper, the DST developed in Stojaković and Twrdy [5] will be enhanced by the introduction of environmental evaluations and measures to reduce environmental impact.




3.2. Environmental Evaluations and Measures to Reduce Environmental Impact


Each year the European Sea Ports Organisation (ESPO) defines the top 10 high priority environmental issues on which ports are working and sets the framework for guidance and initiatives [6]. The issues are the following: (1) air quality, (2) energy consumption, (3) noise, (4) relationship with the community, (5) ship waste, (6) port development (land), (7) climate change, (8) water quality, (9) dredging operations, (10) garbage disposal (ESPO, 2018). Most of such environmental issues may arise in each of the processes described for the container terminal. In particular, (1) (2) (3) (4) (7) occur in all of the processes, while (5) (8) (9) are more related to the berth subsystem, and (6) (10) to the storage subsystem.



Notwithstanding the importance of all of the aforementioned environmental issues, in this paper we decided to analyse port-related issues that occur due to the realization of a new terminal and the consequent new port operations and that could be computed through an analytic approach: in particular, we decided to exclude social-related issues (e.g., (4) and (6)), and, for the sake of simplicity, we analysed more in-depth air pollution (with a particular focus on climate change emissions), noise pollution and dredging issues, as described in the following.



3.2.1. Air Pollution and Climate Change


Maritime transport emits around 940 million tonnes of CO2 annually and is responsible for about 2.5% of global greenhouse gas (GHG) emissions [10]. Road transport is still the biggest emitter of GHG emissions, and it must be noted its fundamental role when it comes to maritime freight transportation in the final door-to-door delivering service to companies. Carbon emissions are produced at all the stages of container processing, since the arrival of the ship at the port to the final delivery operation by container trailers from port to the hinterland facilities and vice versa. Scholars developed different models to estimate emissions at port terminal facilities, most of which depend on energy used by each mode (kWh or fuel consumption) and emission factors related to each pollutant [17]. These types of methodologies are applicable to any polluting emission into the atmosphere. In the case of CO2 emissions at container terminals, which we decided to analyse more in depth in our paper, a specific methodology is that elaborated by Sim [18]. In Sim [18], total carbon emissions at the container terminal are calculated by the summation of carbon emissions from vessel maneuver, vessel at berth, container loading and unloading, container transportation, and container receiving and delivery. Each of these factors is evaluated according to carbon emission density of vessel/equipment (depending on the activity type) and the amount of containers in TEU, according to Equation (1) [18]:


   E  C O 2   =  ∑  C E  D i  ⋅ T E U    



(1)




where:




	-

	
CEDi = carbon emission density per activity type (kg O2 – e/TEU)




	-

	
TEU = the transported amount of containers









In general, most effective measures of mitigation for air pollutants are those related to the use of alternative fuels for ship propulsion [17,19]. However, site-based measures can be effective at reducing the impact for local communities, e.g., in the case of shore side electrical power (also known as cold ironing), providing an alternative power source to their own engines for vessels at berth; this might be considered a long-term solution with considerable costs of realization. Other economic measures might be effective, such as tax rewards and bonuses for vessels with clean fuel, even if it is important to have that port administrators find stakeholders’ support in its implementation. The first step is, however, the installation of monitoring station to constantly evaluate emissions and air quality.




3.2.2. Noise Pollution


The operational noise assessment considers the noise generated by the container ship entering the port and when berthed, its loading or offloading, and noise from associated container handling plant and vehicles, and impacts on residential properties in the immediate vicinity of the container terminal. Sound power levels according to type of ships can be estimated according to a regression line developed by Witte [20]. The evaluation of noise associated to yard activities (container handling, cranes, vehicles, auxiliary equipment, etc.) requires the knowledge of sources’ location and height, working hours and sound power level. Such data can be obtained by means of direct noise measurements or by using default values and available noise source databases, to be validated with a following direct measurement. Also, traffic-related noise for hinterland delivery should be taken into account; it is mainly influenced by the location of roads and road surface (e.g., asphalt, bricks) and traffic volume and speed in the case of road traffic; location of railway traffic volume, average speed, rail support (wooden or concrete sleepers, etc.) and data on rail tracks (joined rail, switches and crossings, etc.) for rail traffic. Models for noise pollution impact on port communities usually takes into account the sound pressure levels and the distance between the port and the urban area [17]. In this paper we made reference to the formula provided by Lloyd’s Register [21], according to Equation (2):


   L p  =  L w  − 10   log   10   ( 4 π  r 2  )  



(2)




where:




	-

	
Lp: sound pressure level in the receiving position, dB




	-

	
Lw: sound power level of source, dB




	-

	
r: distance between the source and receiver









Mitigation measures for noise impacts might be related to all the port subsystems [22]. Low noise driving training for drivers (ECO-driving) might be a low-cost solution; yard planning (e.g., moving the noisiest activities away from the port border) and change working period hours (e.g., avoiding nighttime operations) might improve impact in port communities; finally, technological measures, such as isolation of sound intensive components and use of softer grounds in terminal building, might result in an effective mitigation.




3.2.3. Dredging Impacts


In the process of designing a new container terminal, dredging is fundamental since water deepening might be required. Costs and methods of disposal will be influenced by the type of dredged material: it can be re-used in reclamation processes (e.g., for industry, roads or housing); sand is the most suitable material together with all granular materials, while clay is generally only suitable as agricultural fill [23]. The method of disposal also depends on the contamination potential of the sediments and an impact assessment should be carried out also in the case of clean material, since the removal of the material in itself has many potential impacts on the environment. Moreover, the method of removal has many potential impacts, such as the creation of a dust plume blocking the sunlight and choking fishes, the dispersion of fines in the water column, the eventual use of blasting techniques, killing marine life indiscriminately in the vicinity of the project.



Impacts of dredging disposal can be minimized by ensuring that the dredged material and the sediments in the receiving area are similar. Of course, monitoring is important to assess impacts and compliance with permit requirements and the condition and changes in the condition of the receiving area.





3.3. Definition of a Terminal Decision Support Tool (TDST) Framework


The comprehensive TDST framework includes both the terminal optimization tool described in Section 3.1 (on the left side) and environmental protection evaluation and mitigation measures presented in Section 3.2 (on the right side). The DST, starting from the one developed in [5], takes into account environmental issues and mitigation measures as described in the previous section (Figure 2).





4. Case Study Application: Towards an Efficient Terminal Container in the Port of Augusta


4.1. Territorial Framework


The situation of ports in Italy has evolved in recent years, particularly from an administrative point of view. In particular, since 2016, the government promoted a rationalization of port management with the introduction of 15 Port Systems Authorities, decision-making centres grouping together different ports considered part of the same territorial system from the point of view of sea traffic; if one single port authority can address the planning and operation of several ports, optimization and performance can be increased through an effective division of tasks. Such division allows the specialization of each port of the systems, such in the case of the Eastern Sicily Port System, which includes the two ports of Catania and Augusta: the first one is a commercial port located close to the city centre, with increasing freight traffic in the last few years but suffering a lack of space for further expansion; the second one is mainly an industrial port with large spaces whose commercial activity has been steady for years and which can be seen as a possible area for development of the maritime transport of goods of Eastern Sicily, starting indeed from container traffic. The Port of Augusta is currently more focused on its industrial activity (being the third port in Italy for liquid bulk), and it is the one with the highest city–port distance [24], which makes it a good candidate to become a major trading port, due to the lower impact that operation at terminal would have on the closest urban community. The upgrade of an effective terminal container in a port that for a long time has been in a deadlock situation should be planned to guarantee freight handling optimization, but must also pass through more sustainable scenarios in line with European Union policies [25,26]. The current situation of the Easter Sicily Port System sees the port of Catania mainly focused on roll on–roll off (Ro-Ro) traffic, which is currently its main business. The future plans cover the shift of container traffic to Augusta where large areas are available and rapid development is possible. In this sense, the upgrade of an effective container terminal in a port that for a long time has been in a deadlock situation represents a great opportunity to relieve the port of Catania and increase container volume, making the terminal the most important one in Sicily. This could allow the port system to cover both segments within the Mediterranean Short Sea Shipping market [27] and to try to gain a role in international maritime traffic. In order to achieve that, an improvement of the current terminal capacities is needed, and attention should be paid to the consequent environmental impact.




4.2. The Port of Augusta in the Eastern Sicily Port System


The Eastern Sicily port system is a public body in charge of the management of the two Sicilian ports of Catania and Augusta. The Port of Catania, a medium-sized city of about 300.000 inhabitants, is an international seaport with a high proximity to the city centre, the airport, the railway station and the main logistic centres. This proximity makes the port of Catania home to a mixed use of its space, ranging from cruise, leisure, yachting activities, vessels’ construction, Ro-Ro and container freight traffic. The Port of Augusta, a small city of about 35.000 inhabitants, is one of the Strategic Ports of the European Union of the TEN-T (Trans-European Transport Network) "CORE" network and the largest natural harbour in the lower Mediterranean area. It is location is very close to an important petroleum centre and a big portion of its harbour is reserved to the industrial port. The port also counts on a military base, a Ro-Ro Terminal, a container terminal and a port/city (Figure 3).



Currently, the only container traffic managed by the Eastern Sicily Port System is held by the Port of Catania and it amounts at 59.746 TEUs/year. The terminal business includes among its clients Maersk, CMA CGM, ZIM and Tarros line services connecting Catania to Italian and Mediterranean ports. Nevertheless, the ship capacity in those services does not exceed 1300 TEU, meaning that the port operates as a small feeder port of regional importance. As mentioned in the introduction, due to the lack of space in the port of Catania, the port of Augusta will undertake the major container traffic, which makes its level of development of crucial importance to preserve the current business and for future plans. The current capacities of the Augusta container terminal are presented in the next section.




4.3. Container Terminal Characteristics and Future Projects


Even though the utilization of the container terminal in the port of Augusta is currently very low, it has huge development possibilities. The biggest advantage of the terminal are its exceptional conditions at the berth and the storage subsystem which makes the acceptance of larger ships possible. At the moment the infrastructural conditions are sufficient to enable the reception of ships that currently are calling at the port of Catania, nevertheless the terminal lacks of appropriate mechanization and good hinterland connections. The detailed characteristics are presented in Table 1, Figure 4 and Figure 5.



The terminal is currently connected to the hinterland by an arterial road linked to the A44 Highway, which gives access to the main logistic centres currently located close to the city of Catania. The port operational plan also outlines a future railway connection with the single rail track connecting the port to the railway logistic terminal Catania Bicocca.



Infrastructure developments from the three-year port operational plan for 2019–2021 [28] outline an expansion strategy for the container terminal of the Port of Augusta (with a current size of about 100.000 m2), of which some work yards are already active; the expansion is structured in different phases and forecasts a total increase of about 116.000 m2 (Figure 4).



This would give the terminal the possibility to increase its capacity and obtain new services, including those with larger ships, which would give the port greater regional importance and the possibility to compete for wider hinterland area. In that case it could became a threat even for the port of Palermo of which traffic was in 2018 estimated at 15,962 TEU and at the moment represents the only competitor to the port of Catania in the container business.





5. Application and Results


The application of the framework to the case study of the port of Augusta is based on the following phases:




	
Definition of three future scenarios for the container terminal;



	
Results of the optimization model for the three scenarios;



	
Simplified environmental impacts evaluation, focusing on CO2 emissions and noise pollution;



	
Final DST framework for the Port of Augusta.








5.1. Possible Scenarios


The current berth capacities in the Augusta container terminal are limited to 1200 meters of quay length and 14 meters of draft, while ships are being served by 3 mobile cranes. Furthermore, the storage area is quite large and would enable the reception of large quantities of containers. Our aim is, therefore, to find out which are the optimization measures that the port will have to take to relieve the Catania container business and which are its further development possibilities. The proposed improvement measures have been divided into three phases according to the objective the port wants to achieve (Figure 4):




	
Acceptance of feeder ships (< 3000 TEUs)



	
Acceptance of Panamax ships (< 5000 TEUs)



	
Hub configuration, acceptance of Post-Panamax ships (10,000 TEUs)








These phases are not selected after a demand forecast of the port but have been supposed as baseline for the DTS (aimed to enable container terminals to keep up with the increase in container ships’ size) in the case of a potential improvement of the port attractiveness, as supposed by the Port Authority in their plans.



All the calculation procedures have been performed using Excel software, while spatial representation of impacts is performed with QGIS software.




5.2. Terminal Equipment Results


The first improvement step of the port will have to be at the berth subsystem where at least two Panamax cranes would have to be purchased in order to enable the smooth reception of ship that are now calling Catania port and in case of necessity (acquisition of new services) also larger feeders up to 3000 TEU could be accommodate. Nevertheless, the terminal will still remain a small feeder terminal, so expensive and different land equipment would not be necessary at this stage. The most appropriate solution would therefore be straddle carriers that could be used for transfer purposes of containers from the berth subsystem to the storage area and vice versa as also for the final container stacking manipulations. In the second phase the berth subsystem and the subsystem of the handover area would have to be optimized in order to be able to accommodate Panamax ships up to 5000 TEU at the port. For that purpose, additional one or two Panamax cranes would have to be purchased and a railway track connecting the port to the hinterland zone would have to be constructed. Storage capacities would in that case be sufficient despite the arrival of larger ships and higher fluctuations of containers. This optimization phase would bring the port to the position of the leading container port in Sicily. In case the port operators would in the future want to make even a bigger leap and develop the port into a Hub port of the region, competing with Gioia Tauro and Marsaxlokk, the third optimization phase would be required. In that case the most challenging measures would have to be handled at the berth subsystem where deeper draft and Super Post-Panamax cranes would be needed in order to accommodate the largest ships exceeding 10,000 TEUs. Furthermore, different yard mechanization and enhanced road and rail connections would become a necessity. Nevertheless, this kind of investment in such a small terminal is not expected in the near future. However even a small improvement of the terminal (which would enable the reception of larger feeder ships), would bring significant growth that would increase the annual level (depending on the amount of weekly movements), and consequently greatly improve the ports position among its competitors.



Based on the framework in Figure 2, the optimization for the terminal has been conducted for the three scenarios; results are reported in Figure 6.




5.3. Environmental Evaluation


In this section an environmental evaluation has been conducted for the scenarios presented in the previous section in order to determine which measures should be undertaken by the Augusta container terminal in different development phases.



As already stated in Section 2, a first approximate environmental evaluation was conducted taking into consideration:




	-

	
CO2 emissions for the three scenarios according to Sim [16];




	-

	
noise pollution for the three scenarios according to Witte [20] and Lloyd’s Register [21];




	-

	
dredging activities due to deepening.









5.3.1. CO2 Emissions


According to Sim (2018), the total CO2 emission at a container terminal CDCNTR can be calculated by the summation of carbon emissions from the processes of ship manoeuvre inside the port basin (CDCNTR;M), ship at berth (CDCNTR;B), container loading and unloading (CDCNTR;L), container transportation (CDCNTR;T) and container receiving and delivery (CDCNTR;R). Each of the total components are calculated according to Equation (1), in which carbon emission density of major vessel and equipment activities values are those estimated by Sim [16]. The results of total carbon emission for the terminal container of the Port of Augusta are reported in Table 2.




5.3.2. Noise Pollution


Sound pressure level in the receiving position (Lp) has been evaluated according to Lloyd’s Register (2010), with Lw based on regression line between DWT and sound power level for the different scenario’s ships [20]. The results for distance between the source and receiver of 500 m (LP500) and 1000 m (LP1000) in comparison to conservative limits for noise pollution (Lmax(dB(A))) according to the European legislation [8] are reported in Table 3.



Results show that in any of the scenarios conservative limits for emissions are touched, but not overcome; moreover, as shown in Figure 7, the urban centre of the city of Augusta is located at distances greater than 1000 m, and the impact of noise emissions would be even lower. However, there are some small conurbations close to the port area which could be impacted by the operation; for this reason, it was nevertheless decided to include some measures to reduce noise emissions in the TDST.






6. Discussion: An TDST Framework for the Container Terminal Port of Augusta


Based on the analysis of the environmental impacts and the possible mitigation measures presented in the previous sections, a proposal for the TDST with recommendation for the three phases of the case study is reported in Figure 8.



Scenario 1 (1. Phase) can be considered as a baseline scenario, since new operations never performed at the terminal are implemented. The start-up of the terminal’s activities will generate new CO2 and noise emissions: for these reasons, proper training of drivers on ECO driving behaviours and the installation of emission monitoring units are recommended as first mitigation measures. Scenario 2 (2. Phase) will see an increase in activities at the terminal and consequently in the related emissions; this will also translate into an increase in trade (and revenues) that could allow the implementation of more incisive mitigation measures, such as a different planning of the yard and a modification of working hours for the most impactful operations. Finally, in the Hub configuration, in addition to the implementation of even more incisive mitigation measures for noise and atmospheric emissions (softer ground at terminal and cold ironing), planning of the appropriate reception site for waste material due to dredging operations should be envisaged.




7. Conclusions and Future Research


In recent years, the maritime transport of freight has been undergoing an exponential growth, in particular thanks to the development of containerization. In order to maintain a good level of competitiveness, ports must necessarily equip their infrastructures and their terminals in order to receive container ships that are becoming increasingly large and to handle the goods transported efficiently. If the infrastructural improvement leads to an increase in port traffic, and therefore to a greater economic development of the region, it is important not to underestimate the environmental impact that these new port activities exert in the communities to which they belong, especially in the case of port cities.



This paper presents a comprehensive decision support framework for port terminal planning that aims at an efficient handling of goods transported by container ships, while guaranteeing a minimization of the environmental footprint linked to these port activities, calculating their impact. The framework was applied to the case study of the port of Augusta, whose administration is planning infrastructural improvements to allow it to enter the container traffic market. Different ship reception scenarios have been analyzed through the framework, with infrastructural improvements that allow the port to progressively accept Feeder and Panamax ships and also aspire to become a Hub port. The results of an initial analysis of the environmental impact carried out demonstrate an increase in CO2 emissions and noise emissions that will inevitably impact the community of the town of Augusta. Of course, a proper demand forecast for the port [29] would help to correctly estimate the environmental impact of future infrastructure projects. Attention should be paid also to other impacts that have not been investigated in depth in this paper (e.g., waste and garbage disposal); in future research a qualitative approach could be developed to take into account social-related issues concerning the construction of a new container terminal. Moreover, a proper estimation of economic costs for both new terminal equipment and infrastructure and environmental measures should be performed to verify the balance with the benefits associated to the improvements. However, the adoption of this simplified framework to the case study provides a first suggestion of impact mitigation measures that can be of help to port administrators in making their own decisions.
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Figure 1. Processes at a container terminal [5]. 
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Figure 2. Comprehensive Decision Support Tool (DST) framework. 
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Figure 3. Port of Augusta layout (source: https://www.adspmaresiciliaorientale.it/porto-di-augusta/. accessed on 28 February 2021). 
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Figure 4. Current layout of terminal container and planned expansion (own elaboration). 
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Figure 5. Hinterland connection opportunities. 
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Figure 6. Optimization model result for the three scenarios. 
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Figure 7. The 500 m and 1000 m buffers from the planned container terminal. 
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Figure 8. Terminal Decision Support Tool’s (TDST) result for the three scenarios. 
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Table 1. Port of Augusta container terminal characteristics.






Table 1. Port of Augusta container terminal characteristics.





	Characteristic
	Input Value





	Sea depth
	14 m



	Berth length
	1200 m



	Quay cranes
	3 mobile cranes



	Storage area
	30 ha



	Land equipment
	3 top handlers

1 heavy forklift

2 forklifts



	Hinterland connection
	Arterial road to highway
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Table 2. Results of total carbon emission for the terminal container of the Port of Augusta (kg).
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Base Emission (kg/TEU)

	

	
CDCNTR;M

	
CDCNTR;B

	
CDCNTR;L

	
CDCNTR;T

	
CDCNTR;R

	
CDCNTR




	

	
1.99

	
0.02324

	
1.39

	
0.04287

	
0.06873

	






	
Scenario

	
TEUs

	

	

	

	

	

	




	
1. Feeder

	
3000

	
5970

	
69.72

	
8340

	
206.19

	
1159.35

	
15,745.26




	
2. Panamax

	
5000

	
9950

	
116.2

	
13,900

	
343.65

	
1932.25

	
26,242.1




	
3. Hub

	
14,000

	
27,860

	
325.36

	
116,760

	
962.22

	
10,820.6

	
156,728.18
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Table 3. Results of noise pollution for the terminal container of the Port of Augusta.






Table 3. Results of noise pollution for the terminal container of the Port of Augusta.





	Scenario
	Lw (dB(A))
	LP500(dB(A))
	LP1000(dB(A))
	Lmax(dB(A)) (Night–Day)





	Feeder
	110
	45.03
	39.01
	40–50



	Panamax
	112
	47.03
	41.01
	40–50



	Hub
	114
	49.03
	43.01
	40–50
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
I . . TERMINAL
Existing situation
- OPTIMIZATION

/ Sea depth Deepening g / ENVIRONMENTAL PROTECTION
Berth Yes
Extension l— Issues o
No
Purchase I— ’
| J/
|
Extension }—‘ Yes
Purch |j No
urchase
| Y,
l | Hinterland
Hinterland
. Improvement |
connection | / No






nav.xhtml


  applsci-11-02153


  
    		
      applsci-11-02153
    


  




  





media/file16.png
Current state

Optimization
— —»

w-—nP>P Vs -

wm B C WP mF

1. Phase

£

2. Phase

&

Noise: ~ 45 dBA per ship
Emission:157,45.26 kg of
CO2-e per ship

Noise: +2 dBA per ship
Emission +104,96.94kg
of CO2-e per ship

kS

.

* eco-driving training

Emissions:

* Install monitoring
stations

Noise:

* yard planning, change
working period

Emissions:

* Reward and discounts

3. Phase

4

Noise : +2 dBA per ship
Emission :+130,486.08
kg of CO2-e per ship
Dredging: + 2m

Noise:

= use softer ground at
terminal

Emissions:

» Cold ironing

Dredging:

* |dentification of
proper receiving area





media/file2.png
b

Storage subsystem

|

Arrival of
the ship

Unloading/
loading of the ship

of containers

Transhipment)

Berth subsystem

Subsystem of
Load handover area





media/file5.jpg





media/file3.jpg





media/file1.jpg





media/file7.jpg





media/file10.png
Catanig@ catania Central Train Station

]
i

EdS ,

Highway to Palermo _ 7 4
b Y -i|la0gig ST e . 2

X = g e o B “@ Ay Luglermma! «Bicocca»

~ i ]
-~ B _
BaeM Sesio Fofitanarossa

Railway to Palermo

55417 §
§5417

- Bgsta

EN na—theIluccio
| .
S ! ~ Brucoli
oo S
— == Current highway Carlentini X
connection A
== == Potential railway Villasmundo i — % u: S
remnecter O’ Train Station
Francofonte, Borgo Rizza A
Italiana Srl






media/file12.png
Current state

Optimization

1. Phase

+ 2 Panamax cranes
+ Straddle carriers

&

Acceptance of Feeder
ships (<3000TEV)

2. Phase

+ 12 Panamax cranes
+ one railway track

<

Acceptance of Panamax
ships (<3000TEV)

3. Phase

+ depening to 16 m

Optimization ' 4 6 Super Post Panamax cranes
— — +yard mechanisation

+ highway and second railway
truck






media/file9.jpg
= = Cumenthighway
connection

— = Potential aiway
connection

Frcotots

Caretis

Sorgozz






media/file0.png





media/file14.png
i 0 hestni) ~ -':%

B Y

Terminal

WAy
5
\Rr
5 apnans
1} Fiso o
1 Agusig
—— = P
o
ffinena
zso i
agusta

7] 1000 m buffer





media/file8.png
&

s

& / 18 Current Container Termina

o~

=

Container Terminal Planned Expansion






media/file11.jpg
Loe

e

) 2 s e T
oy ageas o mecion
ki e bk e
e
Kapneol e Keaptnceof e P
s (000 s S00TEY)






media/file6.png
New services Darsena






media/file15.jpg
¥

2o

4

A ——
* mbn 157330 0
Sreper

4

A—
- i 104365488

3

[

apang asge
iy

s

Nose: 28Aper b
Emiion 130546
st
Dredong < 3m

e strgonan

T Cvonie

oredgng.
e
e





