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Abstract 
 
In the present paper, we aim to review the maritime literature of two interrelated concepts: 
Port Sustainability and Ocean's Carrier Network Problem (OCNP). The past literature did not 
establish a clear relationship between these two concepts, as the sustainability concept is a 
relatively recent approach in the maritime literature, and still a gap exists in this field. This 
study will have the objective to review the port sustainability concept and then to relate it to 
the OCNP, in order to reach a conceptual framework which will integrate port sustainability 
indicators in the OCNP. This will be achieved by interrelating them using the triple bottom 
line concept and focusing solely on the environmental approach. The conceptual framework 
will be our future perspective to be achieved through our upcoming work. 
 
Keywords: port sustainability, ocean's carrier network problem, review of literature.  
 

A. Introduction 
 
Environmental protection and sustainable development are nowadays among the greatest 
challenges faced by our society. There is no single agreed on definition of sustainable 
development, although the most commonly accepted is the following definition: “to provide 
for the needs of the present generation without compromising the abilities of future 
generations to meet their needs” (Vilsted,, 2004, pp 40). Sustainable development should take 
into consideration and find a balance among economic, social and environmental factors, 
which are also referred to as the triple bottom line. In sustainable development, the economic 
aspect does not take into consideration only the economic benefit but also the environmental 
and social benefits the company gains by acting responsibly (Elkington, 1994). A company 
can at the same time concentrate on profit maximization and take into account the social 
demands (Quazi and O’Brien, 2000). Social responsibility can be perceived as long-term 
profit maximization (Carroll, 1999). Companies should focus on obtaining long term profits 
rather than quick short-term profits, which are often easy to achieve by violating standards 
and regulations (Brockhaus et al., 2013). These long term profits should not only be monetary 
profits, but also social and environmental benefits, which are often challenging to measure 
and can be seen only after a while (Grewal and Darlow, 2007).  
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In maritime ports and related activities, environmental issues are continuously emerging and 
becoming a competitive factor. Shipping and ports are essential components of the 
international trade and goods movement (World Shipping Council, 2010). Shipping 
represents one of the largest, most difficult to regulate and control source of air and water 
pollution in the world. Ports are major economic, industrial and logistics centers that also 
contribute significantly to pollution in coastal urban areas (Marine Insight, 2011). Thus, 
focusing on the protection of the environment and the sustainable development has become a 
primordial focus in the research field, and still attract the attention of many scholars. 
       
In this study, we will mainly focus on the importance of incorporating the sustainability 
concept in an ocean's carrier network problem by reviewing the literature with a specific 
focus on the environmental aspect as other aspects were largely tackled in the literature. This 
paper is organized as follows: Section B presents the literature review of the port 
sustainability, and that of the ocean's carrier network problem. Next, Section C explains the 
interrelationship between the port sustainability concept and the OCNP, by identifying the 
sustainability indicators that can be used to connect them together and provide a future 
conceptual framework. Finally, in Section D, conclusions are drawn along with a summary of 
the paper with a future insight to the study. 

 
B. Literature Review 
 
Methodology 
 
In this part, we will review the literature of the port sustainability and the OCNP. We will 
focus first on the port sustainability, and finally explain the importance of implementing this 
concept for the OCNP, in order to optimize this maritime operation and provide a new insight 
in the traditional network problem. The review was achieved through searching all the 
maritime literature, especially the port sustainability and OCNP concepts from 1987 till 2013. 
The search for related publications was conducted mainly as a structured keyword search of 
the following terms: maritime logistics; port sustainability; green vehicle routing problem; 
logistics network optimization; and network design problem. Major databases were used to 
search for related papers, such as those provided by major publishers, Elsevier 
(www.sciencedirect.com), Emerald (www.emeraldinsight.com), Springer 
(www.springerlink.com), Wiley (www.wiley.com) or library services (e.g., Ebsco 
www.ebsco.com; Scopus www. scopus.com). Taking these delimitations into account, a total 
of 198 papers were identified, but 49 papers were used in the literature review. This selection 
was based on the fact that these 49 papers were the most influencing and stated ones in the 
maritime and logistics fields. We estimated that they influenced our concerned fields of 
research by the number of citations, as shown on the search engine of Google scholar. The 
number of citations as found by the search engine is estimated to be approximately within the 
range of 25 to 125 per paper.  We selected the highly cited papers in comparison with less 
cited ones. We assume that this may be introducing a bias to the results as some articles could 
have been contributed but we can assume that this range covers the most important 
contributions in the maritime and port sustainability literature. Therefore, they represented a 
cornerstone to our upcoming study, as they are considered the most influential academic 
work. 
Figure 1 presents the number of articles published on port sustainability and logistics network 
optimization between 1994 and 2015. We can note that these two concepts received more 
interest from scholars from the late 1990's.  
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Figure 1. Number of articles published per year between 1994 and 2015 

Figure 2 shows the journals in which the papers appeared. We clearly see that maritime 
journals, such as Maritime Policy Management and Maritime Economics and Logistics, are 
increasingly publishing and that four journals account for about 50 percent of the reviewed 
publications. We divided the different journals into four distinct groups: maritime, 
transportation, operations management, and the sustainability field (Table 1). 

 

 

Figure 2. Journals publishing about port sustainability and network design problems 

 

Table 1. Journals publishing maritime literature per number of published articles 
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Next, we classified our literature review using the triple bottom concept: economic, 
environmental, and social aspects. Figure 3 shows the different articles per type of research in 
the maritime literature using economic, environmental and social aspects. The environmental 
aspect has engendered more interest in the maritime literature. We found 28 influencing 
papers reviewing both the social and environmental aspects, and 33 referring to both the 
economic and environmental approaches. This clearly represents that the environmental 
approach has a primordial interest in the maritime field, which will be a main concern for the 
coming years. 

 

Figure 3. Review of maritime literature based on the triple bottom concept 
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Last, we identified the different methodologies used in the selected publications. . Table 2 and 
Table 3 summarize respectively the methodologies in the port sustainability literature and 
logistics network optimization based on the different keywords search. The most common 
method used in port sustainability literature is the review process and few used structured 
interview as a method of strengthening existing literature.  

 

Table 2. Methodology in port sustainability literature 

 

 

The other methodology used other than the literature review is the genetic algorithm as shown 
in Table 3. This is in accordance to the trend in port sustainability research where genetic 
algorithm is well utilized along with the logistics network design problem. We can note that 
structured interview with port authorities and shipping lines are not represented but may be 
interesting methodologies.  

 

Table 3. Methodology in logistics network optimization 
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Port Sustainability 
 
The concept of port sustainability includes three main perspectives (or the triple bottom line 
concept): 1) an economic perspective including returns on investment, efficiency of the use of 
the port area, and provision of facilities for companies to maximize their performance; 2) a 
social scope such as the direct contribution to employment in port companies and activities 
connecting to the port (indirect employment, the interaction and relationship between port and 
city, the contribution to knowledge development and education, and the liveability of the area 
surrounding the port); and 3) an environmental performance and management including noise 
pollution, air quality, dredging operations, and dredging disposal (UNCTAD, 2009). These 
three aspects are depicted in the below figure (Figure 4). 
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Figure 4. The triple bottom line concept of port sustainability 
 
Through corresponding improvements in sustainability, the port can achieve more economic 
stability and continuous improvements in subsequent performance within the bounds of the 
environmental regulations (Pinder and Slack, 2004; Robinson, 2002). All these sustainable 
motivations and opportunities are encouraging a port so as to adopt a policy of active and 
advanced environmental and social management (Neef, 2012; Lloyd's List, 2010; Notteboom 
and Vernimmen, 2009; Vilsted, 2004; Urminsky, 2001). For example, annual sustainability 
reports published on port websites, suggest guidelines and strategic advice towards port 
sustainability to address issues related to sustainable port operations and development with 
economic, social and environmental considerations (Dicken, 2003; Elkington, 1994).  
 
The concept of sustainability in ports necessitates the simultaneous pursuit of economic 
prosperity, environmental quality and social responsibility (Panayides, 2006). In the shipping 
and ports industries, with broadened port functions as an economic catalyst for revenue and 
employment and a central position for industries related to international trade (Notteboom and 
Rodrigue, 2005; Olivier and Slack, 2006), economic stability (highlighted by the economic 
crisis in 2008) and corporate responsibility issues may shed new light on port operations. 
Moreover, recently, owing to the growing environmental and social concerns regarding 
potential environmental impacts, “sustainability” has been progressively framed in port 
operations and development literature (Eide et al., 2011; Slack and Fremont, 2005; Burke and 
Logsdon, 1996). Sustainable port development strategies “Not only address problems in port 
areas including safe handling of goods or environmental management, but also includes the 
actual capacity development for the ports and the establishment of related training capacities 
in the region, aiming to develop a port and the area surrounding the port through a systematic 
approach working with the ports and addressing their specific needs” (UNCTAD, 2009).  
 
Sustainable development themes such as safety, health and environment should already be 
high on the shipping companies’ list of priorities (Poulovassilis and Meidanis, 2013).     
However, currently sustainable development is mostly supported and dominated by land-
based industries (Pawlik et al., 2012; Progoulaki and Roe, 2011; Springle and Maines, 2010; 
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Progoulaki and Theotokas, 2009). It is apparent that the interest of many stakeholders in the 
social, environmental and ethical performance of the shipping industry has increased and that 
stakeholders pay more attention to sustainability issues and put greater pressure also on the 
maritime industry (Poulovassilis and Meidanis, 2013).     
 
After presenting in details the literature of the port sustainability, we will introduce in the next 
part one of the maritime operations that our study will focus on: the network optimization or 
the so-called ocean's carrier network problem. So, our concern will be to study the 
implementation of the port sustainability concept for optimizing the OCNP. 

 
Network Optimization  

 
In the literature review, there exist many maritime operations, including the OCNP or the 
network optimization. In particular, this activity is highly affected by the environmental 
changes and environment protection; such as fuel consumption, pollution, noise, dredge 
disposal, dust, etc. Thus, studying the link between the port sustainability and the OCNP is 
possible, and it should take into account some of the different variables of port sustainability 
that could affect the optimization of the OCNP. 

 

Based on previous studies (Wang, 2013; Wang et al., 2013a; Wang et al., 2013b; Yang and 
Kim, 2012; Fagerholt et al., 2010; Gelareh et al., 2010; Agarwal and Ergun, 2008; Liu, 2007; 
Lam et al., 2007; Lee et al., 2006; Christiansen et al., 2004; Fagerholt, 1999; Cho and Perakis, 
1996;  Lane et al., 1987), the maritime operation that will be the most interesting to see how it 
will be affected while implementing the sustainable development is the network optimization.  
Network design or also called OCNP is the problem of choosing ports and combining them to 
create the infrastructure of shipping operation. 

 
The OCNP can be viewed as a transportation system for general cargo not unlike an urban 
mass transit system for commuters, where each route (service) provides transportation links 
between ports and the ports allow for transshipment in between routes (Acciaro, 2012; 
Grewal and Darlow, 2007; Pinder and Slack, 2004; Quazi and O'Brien, 2000). The liner 
shipping industry is distinct from other maritime transportation modes primarily due to a 
fixed public schedule with weekly frequency of port calls as an industry standard (Stopford, 
2009). The network consists of a set of services. A service connects a sequence of ports in a 
cycle at a given frequency, usually weekly (Stopford, 2009). 
 
The OCNP aims to optimize the design of the networks to minimize cost, while satisfying 
customer service requirements and operational constraints. The mathematical formulation of 
the problem may be very rich as seen in Løfstedt et al. (2010). A rich formulation like that of 
Løfstedt et al. (2010) serves as a description of the OCNP domain, but is not computationally 
tractable as the number of feasible services is exponential in the number of ports. Therefore, a 
formulation of the OCNP is typically restricted to an interpretation of the domain along with 
the core costs and constraint structures of the problem (Løfstedt et al., 2010). The OCNP has 
been modeled as a rich Vehicle Routing Problem (VRP) (Fagerholt, 2004) for instances, 
where transshipments are not allowed and vessels can be assumed to return empty to a single 
main port of a voyage in Fagerholt (2004); Karlaftis et al. (2009). Models where the OCNP is 
considered as a specialized capacitated OCNP with multiple commodities are found in Plum 
(2010); Alvarez (2009); Agarwal and Ergun (2008); Reinhardt and Kallehauge (2007). The 
OCNP is complicated by the network consisting of disjoint cycles representing container 
vessel routes as opposed to individual links (The Maritime Executive, 2011). 
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Green vehicle routing problems are variations of the general VRP, which have emerged in 
literature only in recent years (Lin et al. 2014). They have the objective of considering not 
only economic costs, but also environmental costs, and in doing that to reduce energy 
consumption from the distribution process.  Lin et al. (2014) point out that GVRP research is 
focused on the optimization of energy consumption. Vehicle routing problems that take into 
consideration energy consumption, and attempt to minimize it, in direct or indirect ways, have 
become the subject of research attention only recently. A variation of these problems attempts 
to minimize the energy consumption and increase the efficiency of traditional modes of 
transportation. Kara, Kara and Yatis (2007) define the Energy Minimizing VRP and utilize 
integer linear programming. Xiao et al. (2012) extend the capacitated VRP to include a fuel 
consumption rate and the objective of minimizing fuel consumption. Küçükoğlu et al. (2015) 
address the GVRP with time windows, in which the objective is to minimize total fuel 
consumption and CO2 emissions. The authors construct a fuel consumption calculation 
algorithm and utilize a memory structure adapted simulated annealing metaheuristic 
algorithm. There are a number of additional studies that consider the minimization of fuel 
consumption (Kuo 2010, Apaydin and Gonullu 2008, MirHassani and Mohammadyari 2014). 
Even though, the current base of studies that incorporate environmental concerns in vehicle 
routing problems is not extensive, there is a variety of researched problems that are related to 
the GVRP. Ichimori, Hiroaki and Nishida (1981) address the shortest path problem for a 
vehicle that visits only a single destination from its origin, has a limited driving range, and 
can visit refuelling nodes while en route. Ichimori, Hiroaki and Nishida (1983) consider 
determining the minimum range, such that a vehicle can reach all customer nodes, and the 
minimum number of recharge nodes.  
A number of works on military applications address issues related to limited fuel tank 
capacity (Mehrez et al.,1983; Mehrez et al., 1985; Melkman et al.,  1986). These studies 
suggest extending the driving range by transferring and receiving fuel from other vehicles in 
the fleet. Structurally similar to GVRP is the multi depot VRP with interdepots, where 
intermediate depots serve as replenishment facilities (Crevier, et al., 2007; Tarantilis, et al., 
2008). This is similar to GVRP, as intermediate depots serve to reduce the limitations from 
vehicle capacity on constructing a route, while recharge stations serve to reduce the 
limitations from vehicle fuel capacity, or driving range. Another structurally similar class of 
problems is the waste collection VRP.  
Such problems are characterized by a set of disposal facilities, a set of customers from which 
waste must be collected and a fleet of vehicles located at a single depot. Benjamin and 
Beasley (2010) study the waste collection VRP with time windows, driver rest period and 
multiple disposal facilities. In the formulation of their problem vehicles collect waste from 
customers and visit a disposal facility when necessary. 
 
In the next section, we will discuss the different indicators of port sustainability that can be 
incorporated in the OCNP, in order to establish an interrelationship between these two 
concepts.      

 

C.  Discussion  

Shipping emissions are currently increasing and will most likely continue to do so in the 
future due to the increase of global-scale trade. Ship emissions have the potential to contribute 
to air quality degradation in coastal areas, in addition to contributing to global air pollution. 
Shipping emissions impact not only the levels and composition of particulate and gaseous 
pollutants, but may also enhance new particle formation processes in urban areas. 

In this part, we will discuss in details the different environmental indicators of port 
sustainability as identified in figure 4. The main focus in our future conceptual framework 



 
 

	

10 

	

will be to integrate these indicators in the traditional network design problem (or OCNP), in 
order to provide a new insight in network optimization. 
The main environmental indicators on which we will concentrate in our research and we will 
next explain thoroughly are as follow:  

• Noise pollution; 
• Air quality; and 
• Dredging operations and disposal. 

 
There is not much literature that links the above identified environmental indicators with the 
OCNP that have been discussed in the previous section. Most articles are concerned with 
objectives of minimizing economic costs. The reduction in total distance will in itself provide 
environmental benefits due to the reduction in fuel consumed and the consequent pollutants. 
However this is generally not measured or emphasized. There are some examples in the 
literature where there are some links between OCNP and the reduction of environmental 
pollution. These links may not be direct and such issues are discussed in the following 
subsections. 
 

Noise pollution 

The noise generated by ships affects a wide range of receivers: crew and passengers inside the 
vessel, inhabitants of the coastal areas and marine fauna outside it. Noise effects can be more 
of an issue with capital dredging projects because of the consolidated nature of the material to 
be removed. These dredgers can be a continuous source of significant noise levels, reaching 
100 to 115dB in the immediate vicinity of the dredger. This noise diminishes to acceptable 
levels (50-70dB) a few hundred metres from the dredging site (Bray, 2008).  
The traditional OCNP consists in optimally routing a fleet of vessels of fixed capacity when 
the traveling times between nodes depend on the time of the day that the trip on that arc was 
initiated. The optimization consists in finding the solution that minimizes the number of tours 
(the number of vessels used) and the total traveling time. The traveling time is calculated by 
knowing the departing time and an accurate estimate of the average speed of the vehicle while 
traveling on the arc. This version of the OCNP is motivated by the fact that in so many 
circumstances, noise pollution cannot be ignored, because at peak times, noise pollution on 
popular routes will cause environmental concerns. By minimizing the total traveling time, the 
solutions produced will tend to direct vessels to itineraries where they can travel with lower 
rates of vessels instead of being caught in congestion which will produce noise pollution, and 
then increase the environmental concern about pollution. 
 

Air quality 

The main intention of maritime international regulations and laws is to reduce emissions of 
CO2 (Carbon Dioxides), PM (Particulate Matter), SOx (Sulfur Oxides), and NOx (Nitrogen 
Oxides).  

PM is a generic term for a broad class of chemically and physically diverse substances. It can 
be principally characterized as discrete particles that exist in the condensed (liquid or solid) 
phase spanning several orders of magnitude in size. Current National Ambient Air Quality 
Standards (NAAQS) use PM2.5 as the indicator for fine particles (with PM2.5 referring to 
particles with a nominal mean aerodynamic diameter less than or equal to 2.5 µm), and use 
PM10 as the indicator for purposes of regulating the coarse fraction of PM10 (referred to as 
thoracic coarse particles or coarse-fraction particles; generally including particles with a 
nominal mean aerodynamic diameter greater than 2.5 µm and less than or equal to 10 µm, or 
PM10-2.5). Ultrafine particles are a subset of fine particles, generally less than 100 
nanometers (0.1 µm) in aerodynamic diameter (Bray, 2008). 
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Particles span many sizes and shapes and consist of hundreds of different chemicals. Particles 
originate from sources and are also formed through atmospheric chemical reactions; the 
former are often referred to as “primary” particles, and the latter as “secondary” particles. In 
addition, there are also physical, non-chemical reaction mechanisms that contribute to 
secondary particles. Particle pollution also varies by time of year and location and is affected 
by several weather-related factors, such as temperature, clouds, humidity, and wind. A further 
layer of complexity comes from a particle’s ability to shift between solid/liquid and gaseous 
phases, which is influenced by concentration, meteorology, and temperature. Fine particles 
are produced primarily by combustion processes and by transformations of gaseous emissions 
(e.g., SOX, and NOx) in the atmosphere. The chemical and physical properties of PM2.5 may 
vary greatly with time, region, and meteorology and source category. Thus, PM2.5 may 
include a complex mixture of different pollutants including sulfates, nitrates, organic 
compounds, elemental carbon and metal compounds. SO2 a member of the SOX family of 
gases is formed from burning fuels containing sulfur (e.g., coal or oil), extracting gasoline 
from oil, or extracting metals from ore. SOX and NOx can dissolve in water vapor and further 
oxidize to form sulfuric and nitric acid which react with ammonia to form sulfates and 
nitrates, both of which are important components of ambient PM (Bray, 2008). 

The objective is to decrease the gas emissions while respecting the legal limits of each one of 
these substances in order to draw more sustainable and green routes. We can conclude that the 
air pollution is the pillar of the nowadays’ environmental concern which directly affect the 
OCNP. 
   
Dredging operations and disposal 

Dredging can be described as the process of removing part of the seabed or its overlying 
sediments with the aim of deepening the area commonly for the purposes of navigation or 
associated with construction projects (Bray, 2008).   

There are two main types of navigational dredging activities; capital dredging and 
maintenance dredging, as described below.   

Capital dredging is the removal of material to create a greater depth than had previously 
existed. The Marine Management Organization (MMO) definition of capital dredging is: 
"Material arising from the excavation of the seabed, generally for construction or 
navigational purposes, in an area or down to a level not previously dredged during the 
preceding 10 years." (Bray, 2008).   

Maintenance dredging is required to maintain water depths in areas where sedimentation 
occurs. It mainly involves the removal of recently deposited unconsolidated sediments, such 
as mud, sand and gravel. It is undertaken by many operators (ports, berth operators and 
marinas) to maintain navigable channels and berths. It is generally an ongoing activity that 
can consist of cycle or a series of repeat dredges. The MMO definition of maintenance 
dredging is: "Material (generally of an unconsolidated nature) arising: 

• From an area where the level of the seabed to be achieved by the dredging proposed 
is not lower (relative to Ordnance Datum), than it has been at any time during the 
preceding 10 years; or  

• From an area for which there is evidence that dredging has previously been 
undertaken to that level (or lower) during that period." (Bray, 2008).   

 

Navigation dredging operations have the potential to affect the environment in a number of 
ways ranging from impacts to habitats and species and effects on physical processes to 
disturbance to humans and birds from noise. However not all these effects will necessarily 
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cause an impact on the marine ecosystem. Whether an effect actually causes an impact 
depends on a number of factors such as frequency, duration and magnitude (Bray, 2008).   

The effects of the dredging process can be both direct/indirect and short/long term. Direct 
impacts of dredging can include direct removal of habitat and species and smothering of 
benthic habitats, indirect impacts include contaminant release through resuspension of 
sediments and changes to hydrodynamics and sediments regimes. Impacts can be short term, 
for example an increase in turbidity due to excavation of sediment or the direct removal of a 
habitat, or long-term such as changes in flow rate. Dredging operations might disturb larger 
mobile species. Measures are recommended to keep these species at a safe distance from 
critical operations. Even alternative habitats might be provided. Emissions of matter can be 
limited by proper equipment control, management and operation. Also, a seasonal restriction 
might be applied to avoid times of critical conditions. Any spill of oil/ chemical/ waste into 
the environment should be avoided and can mostly be achieved by the application of proper 
procedures. If spills occur by accident, spill combat procedures should be available, and 
should have been practiced on a regular basis by the responsible personnel. The majority of 
these procedures are required by various national and international laws (Bray, 2008).   

It may even be that some solutions imply a greater total travel distance, but there is likely to 
be environmental benefit because less pollution is created when vessels are traveling at the 
best routes for the environment through lower gas emissions, less noise pollution and more 
well-managed dredging operations and disposal.  
 

Interrelationship environmental concern and OCNP 

In this final subsection, we provide a conceptual framework that will attempt to link between 
port sustainability indicators and the OCNP, with the objective to achieve a new insight to the 
traditional ocean’s network design problem.  

The below figure (Figure 5) shows that we've begun with the triple bottom line concept of the  
port sustainability, and we've chosen the environmental aspect as it is our main concern and it 
is still a new perspective that should be approached more thoroughly. Next, we inserted the 
main environmental indicators (noise pollution, air quality, dredging operations and dredging 
disposal) in the traditional network design problem. As a conclusion, we reached a new 
integrated OCNP while taking into consideration these environmental indicators.  
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Figure 5: Steps of the conceptual framework 

 

Incorporating the above identified port sustainability indicators in the OCNP will provide the 
traditional network design problem a new way to choose ports based on the environmental 
implications of each single choice. Selecting a specific route between two different ports 
should provide the safest environmental combination of the indicators all together. Therefore, 
we cannot ignore the fact that it is necessarily important to integrate these indicators in the 
OCNP, as ports will be able to optimize their operations and cut down operating costs. We 
will solve mathematical models to prove that this could be possible and would present an 
effective choice for ports to be undertaken in our future work. Through the above conceptual 
framework, we seek to introduce a sustainable approach to the traditional OCNP through a 
main concern especially on the environmental component of the TBL perspective. 

 

D. Conclusion and Summary 

The aim of this study is to increase the knowledge of port sustainability and study its 
applicability and benefits to OCNP. The research comprises of a literature review which 
examines the significance of port sustainability in the OCNP.  
 
The future goal of logistics network optimization in the maritime field will be to successfully 
analyze, validate, and recommend an agile logistics network that provides the highest 
customer service at the lowest possible cost. This can be achieved through more 
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environmentally responsible maritime operations. Logistics network structures ignoring the 
sustainability challenge can contribute to over-sized inventory levels, unnecessary costs, a 
strain on service, and overly complex inventory deployment. Thus, network optimization is 
crucial to overcome these challenges and achieve port sustainability and sustainable 
improvement in large. This is the cornerstone of future studies, to integrate some of the 
identified port sustainability indicators (Figure 4) in the optimization of logistics networking. 
Nowadays, port sustainability is no more an option, but an obligation for all ports to integrate 
in their operations in order to optimize their logistics networking structures. 
In terms of managerial implications, it can be concluded that the incorporation of port 
sustainability indicators in logistics network design problems is at an early stage of 
development. Ports have yet to embrace the idea of fully implementing sustainability into 
their supply chain and logistics activities within their maritime operations. Both from a 
theoretical point of view and a view supported by the current data, a more comprehensive 
supply chain implementation approach to sustainability, featuring logistics network 
optimization will enhance results on all three bottom lines (economic, social, and 
environmental).  
This conclusion is further supported by the fact that the sustainability efforts should not be 
considered as only a fad or a passing phase, but as a major business trend that will continue to 
evolve in the years to come. Therefore, ports are encouraged to actively seek out 
sustainability opportunities and be willing to take risks associated with these efforts. Just like 
any business trend sustainability requires know-how that can only be acquired through 
experience. Responsible actions can produce financial and time costs, but because of these 
actions cost savings in the form of learning and increased efficiency can be achieved. For 
ports, sustainable development usually focuses on environmental issues. Environmental social 
responsibility in ports is mainly motivated by the need to comply with existing and 
forthcoming regulation. Ports engage in sustainable development to gain competitive 
advantage and to increase maritime safety. The social aspects of sustainable development take 
into account the direct contribution to employment in port companies and activities connected 
to the port (indirect employment, the interaction and relationship between the port and city, 
the contribution to knowledge development and education, and the livability of the area 
surrounding the port).  
Findings suggest that the most common sustainable development measures focus on 
environmental measures and that future research could be to incorporate triple bottom line 
sustainable indicators in the network design linear programming model. It is no longer a 
question of port or environment or society, but port and environment and society aligned with 
logistics network optimization. Future research could integrate some other indicators as 
safety, operational or trade criteria. This is a research challenge for the future. 
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