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ABSTRACT 
In recent years sustainable development has become a 
problem of primary importance. This article focuses on 
the currently marine ports situation, offering a 
perspective through some relevant research works, from 
the past until today. In the second part of the paper a 
simulation based-tool for measuring the environmental 
impacts in marine ports area is briefly presented. The 
simulator is able to consider the impact of the main 
factors affecting the sustainability of port processes and 
operations such as CO2 emission, ship air emissions, air 
quality, ship discharge, etc.  
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1. INTRODUCTION 
Heightened sensitivity of social communities along with 
environmental protection laws (enacted in many 
Countries and mainly from the European Community), 
have made sustainability a key factor in many 
application fields.  
 The most common and recognized definition of 
sustainability can be found in the Brundtland report : 
“meet the needs of the present without compromising 
the ability of future generations to meet their own 
needs” (OCI, 1987).  Therefore sustainability implies 
the capability of setting up growth processes avoiding 
either overexploitation of resources or damages for 
future generations. As a consequence, resources 
preservation and efficiency are basic requirements to 
achieve sustainability and in this perspective technical, 
social and environmental aspects have to be considered 
simultaneously.  
 In its historical perspective, sustainability can be 
dated back to the 1970s when the oil crisis propelled the 
first studies on natural resources depletion.  In 1972, the 
report “Limits of Development" (Meadows et al.,1972), 
stated that productivity growth would have exhausted 
all the natural resources in a few decades. In the same 
year the United Nations Conference on the Human 
Environment, which was held in Stockholm, laid down 
the foundations for the strategic path toward sustainable 
development. Thereafter market pressures and 

regulations have drawn business attention to 
environmental issues: customers and suppliers are 
increasingly demanding minimal negative impact on the 
natural environment (Karakosta et al., 2009, Golusin et 
al., 2011). As a result the so-called ‘green 
management’, has emerged as a key factor for firms, see 
Shrivastava, (1995), Klassen and Whybark, (1999), 
Lun, (2011), and many others. In this scenario waste 
elimination, recycling, waste treatment and final 
disposal are crucial aspects (Crittenden and 
Koloczkowski, 1995); in particular energy consumption 
and wastes can be very high in manufacturing industries 
therefore proactive tools to investigate current and 
alternative practices are required. On this purpose Mani 
et al. (2011) propose an approach based on Discrete 
Event Simulation (DES) and Life Cycle Assessment 
(LCA) to tackle sustainability issues in manufacturing 
industries. Similarly Lee at al. (2012) suggest a 
simulation-based prototype for sustainability analysis of 
manufacturing system. Moreover a three-dimensional 
approach for sustainable production, which considers 
technology, energy and materials, was proposed in 
Yuan et al. (2012). 
 The “triple bottom line” approach has emerged as a 
tool to measure corporate performances including 
environmental and social dimensions (Elkington and 
Trisoglio, 1996). Based on this approach Azapagic and 
Perdan, (2000) propose a general framework with a 
comprehensive set of indicators for assessing the level 
of sustainability in industry and identifying more 
sustainable options for the future. Moreover the need 
for assessing and evaluating sustainability interested 
many authors, to name a few Labuschagne et al.(2003); 
Gasparatos et al.(2007), Lee and Saen (2011), Basurko 
and Meshabi (2012), Joung et al. (2012), etc.  However, 
environmental impacts affect all the stages of 
products/services lifecycle therefore sustainability has 
to be considered along the entire supply chain, starting 
from row material procurement up to products disposal. 
 The extension of the traditional supply chain to 
include activities taking into account environmental 
impacts, brought out the concept of “Green supply 
chain (Beamon, 1999). Needless to say that the 
sustainability of the chain depends on the sustainability 
of every firm of which it is made up (Hart, 1995). For 
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this reason Neto et al. (2007) proposed a multi-objective 
programming (MOP) approach to support sustainable 
design in logistics networks. Furthermore in the last few 
years the current sustainable approaches were extended 
to the inventory management (Nikolopoulou and 
Ierapetritou, 2012). 
 The state of the art analysis allows pointing out that 
sustainability cannot be neglected; it is an imperative 
both in logistics and industry.  
 Moreover, considering that marine ports are 
important nodes in intermodal transport networks (note 
that sea-trade is more than 90% of the world trade), this 
research work aims at facing the issue of sustainability 
in seaports.  

This paper examines the environmental situation in 
marine ports relating to sustainability issues. It 
identifies four main areas of interest. In the section 3 the 
most common air pollutants are considered and 
discussed. In the section 4 the paper provides an 
overview of the port operations impact on water quality 
and energy consumption. In the section 5 M&S is 
proposed as a powerful and successful approach to 
evaluate sustainability in ports. In the section 6 a brief 
description of sustainable technologies in the port area 
is provided. Finally the paper briefly presents a 
simulation based solution developed by authors to 
evaluate port processes and operations sustainability.  

 
 

2. ENVIRONMENTAL SUSTAINABILITY IN 
PORTS 

Market and governmental pressures make sustainable 
development a critical issue in ports management and 
control. Considering some aspects like greenhouse gas 
emissions and energy consumption it is evident that the 
environmental impact of port activities cannot be 
neglected. To this end “Agenda 21” is recognized as the 
first initiative toward environmental efficiency within 
harbours: the concept of "Greenport" has been 
introduced and since then the quest for environmental 
friendly measures and technologies being able to 
minimize wastes, has never stopped (Langeweg, 1998).  

As matter of fact, a great deal of effort has been 
made to improve energy efficiency, renewable sources 
exploitation and storm water collection and reuse. 
Moreover to cope with sustainability issues, the main 
areas of interest have been detected and classified as 
follows: 

• Air quality: it includes the quest and 
development of less polluting equipments for 
cargo handling and the use of alternative fuels 
for vehicles. 

• Climate change: it includes the intervention 
aiming at reducing some chemical agents that 
are responsible for the climate change. 

•  Water quality: to deal with this problem more 
stringent discharge limits on storm water 
runoff were introduced. 

• Energy conservation & Renewable energies: 
many port areas are inquiring about the possibility 
of buying green or renewable energy. 

 Therefore the main actions toward sustainability 
can be ascribed to the areas above mentioned. As stated 
before this research work is intended to analyze the eco-
friendly initiatives within marine ports and to propose a 
simulation-based approach in order to foster 
environmentally acceptable operational and 
management processes. To achieve these research goals 
the main issues related to sustainability in seaport areas 
have been considered and analyzed. As a result a state-
of-art overview is proposed in the sequel (section 3 and 
5).  

 
3. CLIMATE CHANGE AND AIR POLLUTION: 

A CHECK ABOUT EMISSIONS 
Greenhouse gas emissions contribute both to 

climate change and air pollution, for this reason it is 
important to quantify and monitor emission levels. In 
addition, considering that ports are vital nodes of 
transport infrastructures, it is worth assessing the 
typology and the quantities of emissions that are 
released into the atmosphere as a result of port 
processes (Howitt et al. , 2011). To this end, several 
studies on different worldwide  ports have been carried 
out, i.e. Gupta et al. (2002), Saxe and Larsen (2004), 
Lucialli et al. (2007), Joseph et al. (2009), Villalba and 
Gemechu (2011), and many others. From these studies 
it is possible to notice that the most common air 
pollutants include diesel exhaust, particulate matter 
(PM), volatile organic compounds (VOCs), nitrogen 
oxides (NOx), ozone,  sulfur oxides (SOx), carbon 
monoxide (CO), carbon dioxide (CO2) formaldehyde, 
heavy metals, dioxins, and pesticides (often used to 
disinfect products). Among them, CO2 can be 
recognized as the main responsible for global warming, 
therefore there is a great deal of works that propose 
emission-based models for assessing CO2 emissions 
within marine terminals, i.e. Berechman and Tseng 
(2012), Geerlings and Duin (2011), Voet (2008), and 
many others. However, to estimate emissions and set up 
management policies against air pollution the main 
pollutant sources have to be identified; these sources 
include marine vessels, trucks, locomotives, and off-
road equipment used for moving cargo (Bailey and 
Solomon, 2004). Air pollutants and pollution sources 
are capital aspects to control and minimize the 
emissions whose effects can lead to far-reaching 
consequences on air quality affecting large geographical 
areas (Streets et al., 2000). In literature emissions have 
been divided into two main classes: sea-based and land-
based emissions. The former are related to ships 
arrivals, departures, hoteling and manoeuvring whereas 
the latter depend on port activities and include 
electricity consumption, fuel, heating and generation of 
waste (Villalba and Gemechub, 2011).  

Although sea-based emissions make up a small 
percentage of the overall ship emissions (Whall et al., 
2002, Dalsoren et al., 2009), in-port traffics are growing 
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noticeably therefore the overall ports workload keeps 
growing and as a consequence emissions of NOx, PM 
and SOx  cannot be ignored. To this purpose some 
assessment methodologies can be found in Trozzi 
(1996), ENTEC (2002), Gupta et al. (2002) , Peng et al. 
(2005), Tzannatos (2010), Villalba and Gemechu 
(2011), and many others. 
  In addition, emission control effectiveness is 
related to the ability to develop detailed and accurate 
emission inventories for ports (Gupta et al., 2002; 
Joseph et al., 2009). Current methodologies and best 
practices for preparing port emission inventories were 
proposed by the US EPA (Iovanna and Griffiths, 2006).  
 Many city seaports have done emission inventories 
to name a few: Los Angeles, Rotterdam, Oslo, and New 
York, (Den Boer and Verbraak, 2010). In addition De 
Meyer et al. (2008) estimates the atmospheric emissions 
by international merchant shipping in the four Belgian 
seaports: Antwerp, Ghent, Ostend and Zeebrugge.  
 The impact of such emissions on air quality and  
environmental health is significant, as many research 
studies on this matter are have shown: Isakson et al 
(2001), Saxe and Larsen, (2004), Gariazzo et al., 
(2007), Lucialli et al., (2007), Lonati et al. (2010) and 
many others. Moreover Peris-Mora et al. (2005) 
propose a system of environmental indicators for the 
analysis of environmental impacts whereas Hartman 
and Hartman and Clott (2012) developed a model in 
order to control costs and emissions of the trucks within 
ports.    
 All these works allow pointing out the need for 
enforcing strict measures in order to curb environmental 
damages.  The approaches that can be undertaken may 
rely on low-cost initiatives or more significant 
investments, for instance restrictions on truck idling, 
use of low-sulfur diesel fuels, shore-side power for 
docked ships, alternative fuels, etc.  
 
4. WATER QUALITY AND ENERGY 

CONSUMPTION 
Besides air quality and climate change, water quality 
and energy consumption are two key issues related to 
sustainable management of ports. Ports operations, in 
fact, impact on water quality and require high energy 
consumption.  
 Water quality may be affected from waste 
discharged by marine vessels, oil spills, dredging, etc. 
In addition contaminants and sediments can be 
disseminated by the tides therefore marine zones 
adjacent to harbours could be polluted by the waters 
coming from the harbours (Hart et al, 1986; Cornelissen 
et al., 2008). In this context, researching and developing 
tools to enable an efficient environmental management 
of harbour waters is particularly interesting for 
scientists and engineers (Grifoll et al, 2010). As a 
matter of fact, starting from Cotter (1985) that proposed 
a statistical method for surveying water quality, many 
research works have been published, i.e. Ondiviela et al. 
(2012) developed a methodological standard to provide 
port authorities with procedures for investigating the 

influence of port activities on the quality of water 
bodies. Valuable contributions can be found also in  
Kantardgi et al. (1995), Fabiano et al., 2002, Ronza et 
al., 2006, Eide et al., 2007, Palani et a. (2008), Ross and 
Shrestha (2008), Neacsu et al. (2009), De La Lanza et. 
al (2010), Wu et al (2010), Giurco and et al. (2011) and 
many others. 
  Energy consumption is another key aspect in 
dealing with sustainability. International seaports are 
striving to address energy challenges like save energy 
and maximize energy efficiency. To this end, Port 
Authorities are committed to support a more efficient 
and effective energy management in different ways, 
namely by using renewable energy sources (i.e. sun, 
wind, etc), installing biodiesel or biofuel systems and 
assessing available technologies. These initiatives drew 
the attentions of many researchers that have sought to 
develop new approaches for assessing energy 
requirements, monitoring energy consumptions, 
detecting new solutions for energy saving and new 
techniques for the exploitation of renewable energy 
sources with a lower environmental impact. To name a 
few: Birol et al. (1997), Todd (1997),  Jesuleyea et al. 
(2007), Mohamed and Lee (2006), Kadiri et al. (2012) 
and many others.  
 

5. MODELING AND SIMULATION-BASED 
APPROACHES FOR SUSTAINABILITY 

To achieve sustainability all the aspects analyzed in the 
previous sections should be considered simultaneously. 
Therefore it is evident that in sustainability analysis 
many factors, which interact each other, have to be 
considered. The nonlinear nature of this kind of systems 
highlights its intrinsic and high complexity and 
consequently the need for integrating tools able to 
handle sustainability goals. To this end, M&S has 
proved to be a powerful and successful approach to 
cope with complex systems analysis and management. 
 In fact, M&S allows recreating and analyzing the 
operational processes taking place within marine ports 
in terms of their environmental impacts. However, past 
related works analysis show that M&S applications for 
sustainability are still limited to specific aspects 
whereas comprehensive and integrated tools, providing 
global impacts evaluations coupled with economical 
analyzes, are still missing. In other words, many 
attempts have been done to investigate (through 
simulation) specific sustainability-related issues but a 
comprehensive model where all this issues and their 
interactions are simultaneously considered, is not 
available currently. Some of the most representative 
works on M&S applied to sustainability are summarized 
in the remaining part of this section.  

Johnson et al. (2006) worked out a simulation 
model to evaluate energy consumption and emissions in 
a terminal. Saxe and Larsen proposed a meteorological 
simulation model to assess the urban dispersion of air 
pollutants in three Danish ports. Roso (2007) presented 
a simulation-based approach to examine the dry port 
concept and the emission levels. Kim et al. analyzed the 
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influence of ship emissions on ozone concentrations in 
a coastal area, by using two simulation scenarios. 

Therefore these works on M&S aim to point out 
the effects of the major pollutants evaluate alternative 
and environmental-friendly strategies and solutions 
(Molders et al., 2010).  

Analyzing in detail the simulation studies above 
mentioned it is possible to ascertain that the main 
modeled elements are: 

 
• Port waste: garbage, sludge and waste 

materials resulting from industrial and 
commercial operations.   

• Noise pollution: loading and unloading 
operations and movement of ships in water 
influence the local sound. 

• Emissions to air: CO2, NOx, CO, SO2 and 
PM10 are the major. 

• Hazardous cargo: in reference to the transport 
of potentially flammable, corrosive, reactive or 
toxic materials. 

 
Moreover in many simulation models 

meteorological conditions are a key input since they 
influence pollutants concentrations in the air.  In fact the 
wind is responsible for pollutants transport and 
dispersion whereas the intensity of solar radiations 
affects kinetic and thermodynamic conditions of 
reactions and lastly water distribution is responsible for 
sediments deposit (Marmer and Langmann, 2005). In 
addition, in a simulation study on ports sustainability, 
physical and chemical conditions of the environment 
have to be modelled carefully. In fact, for instance, it 
has been shown that sulphate aerosols decrease as 
altitude increases whereas NOx decreases when 
pressure drops.  
 

6. SUSTAINABLE TECHNOLOGIES IN THE 
PORT AREA 
As mentioned above, environmental sustainability 

in seaports is a very important issue given the rapid 
increase of ship traffic. For this reason, sustainability 
agendas are challenging port authorities that are 
required to use cleaner technologies and port assets 
more efficiently (Daamen and Vries, 2012).  A brief 
description of the main environmental-friendly 
initiatives currently available is provided below.  
 
6.1 Cold-ironing 
When ships are berthed, they rely on onboard diesel 
auxiliary engines to power the equipments needed 
during loading and unloading operations, i.e. lights, 
ventilation and pump systems, cranes, etc. However, 
these auxiliary engines (that usually use low quality 
fuels) emit significant quantities of pollutants and green 
house gases (Hall, 2008). In this framework, cold-
ironing (also known as Alternative Maritime Power 
(AMP)) can be seen as an alternative to onboard power 
generation systems. Renewable energy sources or 

onshore power systems can be used to power ships 
equipments during the port operational processes. In 
this way, emissions can be substantially reduced; in fact 
it has been proved that a 20 MW AMP can lead to a 
52.7% reduction of CO2 emissions and a 39.4% 
reduction of PM 

 

6.2 Electrical vehicles 
Nowadays innovation is leading to more sustainable 
applications also in the automotive industry.  In fact 
replacing traditional engines with electrical vehicles 
allows reducing emission and saving energy (40% 
energy saving).   
 

6.3 Liquefied Natural Gas (LNG) 
Typical LNG fuels are methane and ethane. It has been 
proved that LNG allows a 20% reduction of carbon 
dioxide emissions and also a reduction of sulphur 
emissions. 
 

6.4 Onsite energy production from renewable 
sources 

 Photovoltaic systems can be used to power both port 
equipments and ship equipments. Currently 
photovoltaic panels are being installed also on roofs of 
cruise ships.  
Seaport areas are generally exposed to the wind (Solari 
et al., 2012) therefore are considered suitable sites for 
wind turbines installation.  
Furthermore, biomass is gaining an increasingly 
importance as source of energy, in fact it offers the 
possibility to reduce greenhouse gas emissions by 20%, 
in line with the target imposed by Kyoto Protocol. 
(Heinimo and Junginger, 2009). For this reason biomass 
power station installations are increasing within port 
areas.     
 

7. CASE STUDY 
After having considered the issues related to 
sustainability in seaports, the attention has been focused 
on the development of a simulation-based tool to be 
used for the evaluation of the sustainability of marine 
ports processes and operations. To this end, the 
GreenLog simulator (Green Logistics simulator) was 
the starting point of this research work (Bruzzone et al. 
2009-a; Bruzzone et al. 2009-b). Actually the authors 
have a remarkable experience in developing advanced 
simulation models in Supply Chains and Industry (see 
for instance Bruzzone et al. 2000; Bruzzone, 2002; 
Bruzzone, 2004; Bruzzone et al., 2007; Longo et al. 
2012). 
GreenLog is part of the “Italian Green Logistics 
Initiative” that involved Industry, Academy and 
Governmental Institutions. In detail, GreenLog is a Web 
Based Simulator implemented by using JavaTM 
technology. It has been developed in order to provide a 
decisions support tool for measuring the environmental 
impacts of supply chain nodes considering factors such 
as: air emissions, waste disposals (i.e. rubber due to tire 
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trucks consumption) terrain degradation, noise, spills, 
dusts etc.  

In particular for the Port Impacts environmental 
Model development, several factors have been 
considered:  

• Garbage & Port Waste; 
• Dredging; 
• Dust; 
• Noise; 
• Ship Air Emissions; 
• Air Quality; 
• Hazardous cargo; 
• Bunkering;  
• Ship Discharge. 

In addition, it is important to note that when 
environmental impacts are evaluated often, just the 
impacts related to the “on going” state are taken into 
consideration; sometime this is a wrong approach 
because it is necessary to consider the whole port life 
cycle to avoid mistakes. In fact, all the activities 
required to build and set up all the port facilities have 
non negligible environmental impacts. In other words, 
the EI model has been developed in order to include the 
environmental impacts of all the activities that have 
been carried when the port was built (i.e., emissions, 
fuel consumption, pollutants released to the 
environment, waste, etc). Moreover a correct 
assessment of these impacts binds to spread them out 
over the entire port life-cycle. Needless to say that this 
approach results in a more precise estimate of the 
environmental cost of port processes and operations. 
 
7.1 The GreeLog Simulator  
The authors developed an object oriented simulators for 
analyzing complex supply chain nodes scenarios in term 
of overall efficiency and sustainability (Arnold 2006). 
This simulator it is named GreenLog (Green Logistics 
simulator) and it is based on web technologies for 
guaranteeing easy access and distributed use. In fact 
GreenLog is part of a project for supporting 
environmental impact mitigation in Italian Logistics; 
this initiative involve Agencies (i.e. Assologistica 
Cultura e Formazione), Networks (i.e. Simulation 
Team), Institutions (i.e. MITIM-DIME Genoa 
University) and Companies (i.e. Campari, CRAI, 
MARS, Sony, etc.); Green Logistics initiative (Gifford 
1997) it is lead by MISS DIPTEM from technical point 
of view and it is based on a web portal 
(http://st.itim.unige.it/greenlogistics) where it is 
possible to access to several services: 
• Company Qualitative and Quantitative 

Questionnaire 
• Self Measure of the Company Logistics Green 

Level based on automated configuration of the 
specific simulation model  

• Supply Chain Simulation for measuring impacts 
and performances. 

 The model is based on the following main objects 
devoted to reproduce infrastructures, processes and 

performances; among the others it is possible to list the 
following objects: 

• Logistics Nodes 
• Logistics Link 
• Vectors  
• Logistics Flows  
• Environmental Impact 

 
The most interesting part is that the Green Log 
simulator can be used for both building the simulation 
model of an entire supply chain (the standard 
configuration of the software is a three echelon supply 
chain) and the simulation model of a specific logistic 
node (such as a marine port). In this last case all the 
objects provided within the software can be used to 
model the main port operations and processes, such as 
vessels arrivals, vessels entrance in the port area 
(supported by tugboats), vessels docking operations, 
loading and unloading operations, vessels departure, 
etc. The main idea is to recreate  - by using the objects 
provided by the software - the complexity of the marine 
port scenarios and to consider all the factors (i.e. CO2 
emissions, garbage and port waste, oil and fuel 
leakages, noise, etc.) that may have a significant impact 
on the sustainability of the port operations. To this end 
the green log simulator is able to evaluate the 
environmental impact (EI); EI can be attributed to each 
of the object included in the simulation model (i.e. 
vectors such as straddle carriers or tugboats, logistic 
flows such as container movements, etc.) and 
corresponds to emissions, disposals, consumption etc. 
In fact each EI is related to a specific variable connected 
with the object responsible of the environmental impact 
and therefore it is possible to module the EI based on 
the dynamic evolution of the simulation  and based on 
relations that may involve different other variables such 
as constants, distances, times, flow volumes, flow 
masses, costs, flow types, etc.  

Due to the user nature, the authors designed 
GreenLog in order to allow graphical construction of 
the simulation model as proposed in figure 1. 

 

 
Figure 1: Green Log simulator GUI 
 
 The simulator provides easy GUI for all object 

creation and configuration as well as automated 
reporting capabilities in figures; another important 
feature it is the capability to present the results 
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graphically issues directly over the logical network in 
order to identify critical component. 

 The nature of the environmental phenomena and 
the uncertainty on major aspects may strongly affect the 
reliability of the results: i.e. comparing environmental 
impact of different compound emissions and estimation 
of their social costs. Due to these reasons it is critical to 
proceed since the beginning in Verification, Validation 
process with extensive test; even if the green log 
simulator has been extensively verified and validated, 
this has been done specifically for supply chain 
scenarios. In this case the GreenLog simulator has been 
opportunely customized to be used also within the 
marine ports area, therefore this still requires an 
additional verification and validation effort that will be 
carried out as future research activities. 
 
8. CONCLUSIONS 
This paper proposes a survey of the state of the art on 
the sustainability of marine ports processes and 
operations. The article clearly highlights that 
sustainable design and development have become 
critical issues for major marine ports (this is particularly 
true when the marine port is located within an urban 
context, as the case of some major Italian and European 
ports). In the second part of the paper, the authors 
present the customization of the Green Log simulator 
and how it can be used within the marine ports area. 
The Green Log simulator is able to recreate the main 
processes and operations that usually take place within 
the port area and measuring the environmental impact 
associated to each operation. Further research activities 
are still ongoing in terms of verification and validation 
of the Green Log simulator when applied to marine 
ports operations. 
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