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objective of an adequate waste management policy should be the recovering of the largest amount of 
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dangerous and unproductive, its low cost makes landfilling a broadly used waste management 
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managing households, recreational and industrial waste. In order to change this paradigm a new and 
comprehensive strategy needs to be developed, but the scarcity of data available in the region still 
represents a big obstacle. Bridging the gap would require the most efficient way of gathering data of 
different economic sectors.  
 
The present paper focuses on one of the most important and fastest growing economic activities of the 
region: tourism. With particular attention to solid cruise ship-generated waste, a model for data 
collecting and data estimation is discussed, criticized and an improved version of it is introduced. 
In assessing the waste problem, particular regard is given to the energy issue affecting the Wider 
Caribbean Region. At the present time, most of the Small Islands Developing States are net energy 
importers. Considering their objective to find alternative sources of energy, the waste management 
strategy in this region would benefit from introducing a more efficient waste-to-energy system that is 
superior to landfilling or simple incineration. 
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1 Introduction 
 
The objective of this first chapter of the paper is to provide a general of the issue: the questions that 
moved the research, the boundaries it has and what structure has been adopted during the writing of the 
present work. 
 
1.1 Problem Background 
 
Pointing out unsustainable situations and processes is becoming more and more easy while giving them 
truly sustainable alternatives seems to be much harder issue. In a world where diagnosis are getting 
more and more accurate, data increasingly detailed, technologies faster and better off, the 
implementation of sustainable practices appears to be always one step behind: general purpose of the 
present paper is to speed up the pace of this walk. 
 
According to the scale of the problem, different solutions need to be designed and thought. For micro, 
small or local problems the assessment and solution might not take too much effort or time, although 
this is nearly never the case for really holistic and sustainable issues. When it comes to global scale 
problems though, the mere effort that has to be put into the first decision-making steps is of enormous 
entity. To understand that, it is enough to look at the slow pace with which the international community 
is working to find binding agreements that could face the rapidly growing global environmental threats. 
Copenhagen ’09, Rio+20 and many others global meetings pointed out a long list of environmental 
problems and suggested very weak and vague solutions. Such situation is mainly due to the difficulty 
with which countries agree on issues that “jeopardize” their independency and sovereignty. It is 
doubtless a middle-age way of thinking that, unfortunately, is still heavily affecting the world of 
international collaboration. 
Those lands, airspaces or sea territories that do not belong to one single State (or, on the contrary, 
belong to everybody), represent one of the most difficult topics to be addressed within international 
bodies. When dealing with such spaces, as a matter of fact, nobody accepts to give away any share of 
sovereignty, for how big it could be, but in the same time is not keen to put any effort (or money) to 
prevent it from destruction. This chaotic situation is the curse of international agreements. 
This particular situation can be exemplified with marine spaces and the difficulties with which 
countries come to agreements in regard to them. If, on the one hand, the large amount of literature 
existing proves and documents many attempts made to make oceans a cleaner place, on the other hand 
the same literature reveals how far we still are today in reaching a situation that could be remotely 
considered sustainable.   
During the last decades, due to awareness raising campaigns and the more and more overt examples of 
human unsustainable activities, oceans became one of the hotspots for international debates. It is not a 
mystery how important oceans are to the world; they are a great source of resources for human 
economy, home for animals and plants and an essential part of our environment. As in many cases, it is 
due to the uncontrolled expansion of the economic sphere over the social and environmental ones that 
unsustainability becomes an issue: if the economic value of the oceans is blindly overexploited 
regardless of the impact it may have on society and environment, these last two could end up 
jeopardizing the economic sphere itself. In conclusion, it is important to keep in mind that an economy 
can’t run without resources and money have no value without people.  
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1.2 Problem Identification 
 
Several agreements have been taken at international and regional level in order to safeguard and protect 
the marine environment of the Caribbean but much more still needs to be achieved to reach a 
reasonable level of environmental sustainability. Pollution sources are multiple, but one of them stands 
out over the others and the economic sector responsible for it is tourism, in a particular way cruise 
ship-generated solid waste. As discussed deeper in the following sections, tourism is a very important 
(and growing) sector for the Caribbean economy. 
The problem is that excessive accumulation of waste is in most cases (nearly 100% in the Caribbean 
Region) “solved” through landfill. Landfilling has proven to be the most unsustainable way of 
managing sold waste (DeCuba et al., 2007); it is deemed responsible for ground water pollution, air 
pollution, global warming, vegetation damage and in extreme cases fires and explosions (El-Fadel et 
al., 1997). 
Looking for alternatives available for waste treatment, another problem has been considered and 
involved in the research. The Caribbean Region lacks in resources due to its scarce availability of land 
and, probably more than any other, lacks in reliable and cheap sources of energy. Most of the countries 
are indeed net energy importer (World Bank II, 2013).  
 
Summarizing: 

• No regional strategy for waste management 
• No reliable data available 
• Extensive landfilling 
• Energy scarcity 

 
1.3 Goals and Boundaries 
 
The goal of this paper is to provide a new methodology of data collection that could enhance the 
existing ones in a more comprehensive way, taking into account the energy needs of the region. 
 
Waste generation is a problem affecting the entire globe, and is the result of almost any human activity. 
These are how waste generation is intended in this study and an explanation of all other boundaries set 
for the research. These boundaries are both geographic and thematic: 

• The first one is geographic; the Regional Coordinating Unit operates “exclusively” in the 
Caribbean region, which automatically became my only area of interest. 

• Small Island Developing States (SIDS) are spread throughout the region; 23 out of the 51 
existing SIDS are located in the WCR. Besides representing part of the cultural heritage of the 
region, these states are economically relevant for the region as represent the favorite tourist 
destination for many visitors. This research limits its boundaries to data collecting 
methodologies in SIDS, as the lack of several information could be attributed to their own 
developing situation. 

• The third boundary is about the typology of waste addressed. According to International 
Convention for the Prevention of Pollution from Ships, ship-generated waste is divided into 
six categories (Pollution by Oil, Noxious Liquids, Harmful Substances, Sewage, Garbage and 
Air pollution); this paper only addresses one of these categories: garbage (solid waste), such 
as plastic, lining, or packing material, rags, glass, metal, bottles, crockery, cargo residues, 
paper products, rags, glass, metal, bottles, crockery and food waste. 
The decision to set this boundary is due to two main facts: 1) Most of the tonnage of waste 
that goes to landfill belongs to this category. 2) Solid waste is the main typology of waste, in 
terms of weight and volume, generated by cruise ships. 

• Cruise ships set the fourth boundary. The touristic sector in the Caribbean has increased 
exponentially in the last decades and with it the amount of cruise ships sailing its waters. The 
Caribbean is indeed the most cruise ships-trafficked region of the world (FCCA, 2012). The 
number of cruise ships all over the world are less then 1% the entire global fleet but are 
responsible for 25% of the ship-generated waste, it highlights the huge risk to which the 
Caribbean region is exposed (Butt, 2007). 

 
In other words: in analyzing solid waste generated by cruise ships in the Caribbean Region, the goal is 
to provide a new methodology of data collecting that could be implemented in SIDS. This 
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methodology wants to be integrated and holistic, in order to address contemporarily other issues 
affecting the region, such as excessive landfilling and energy scarcity. So, basic quantitative 
investigation of how much energy could be obtained from ship-generated waste becomes one of the 
objectives of the study. 
 
Research questions of particular relevance are: 
- What are the facts that obstacle the development of an integrated waste management strategy in the 
Wider Caribbean Region? 
- What impact would an improved data-collecting approach have on the development of such strategy? 
- How can data be collected more efficiently? 
- Is it possible to make a basic evaluation of the energy that could be obtained from ship waste? 
 
1.4 Outline 
 
This paragraph introduces the structure of the study. Chapter one provides the reader with background 
information concerning the reason why the study has been conducted and the first broad considerations 
about the thematic of waste-to-energy and waste management, together with the main research 
questions considered. 
In a really simplified way, the following graphical representation [Fig. 1] shows the connections 
between the elements that  will be addressed throughout the paper and that are mentioned in this first 
section: 
 

 
[Fig. 1] – Main elements of the paper. 
 
The second chapter describes the methods used to collect information and data, how most of the 
theories have been developed ad introduces the tools that have been most useful during the study: in 
this framework, GIS software and a mathematical model are introduced. Particular attention is given to 
the main theories, the reasons that brought to such choice of sector and literature adopted to develop 
the paper. 
The third chapter consists in the actual presentation of all the stakeholders involved in the study: those 
who currently influence it and those who could benefit from it. Together with the stakeholders, a 
general background of the Caribbean Region and the legal framework in which stakeholders operate 
are analyzed in the chapter. 
The objective of chapter four is to explain and give more information about the existing categories of 
waste, with greater focus on solid waste and how it is regulated from international agreements at local 
level. In the same chapter a quantitative evaluation of how much energy could be generated with 
waste-to-energy practices is provided and discussed. 
 
The fifth chapter is about the mathematical method that has been used to collect data relative to waste 
in ports in another region of the world. This method is discussed and a different version of it is 
proposed. 
 
In chapter six the results of the study are presented and explained. The discussions focuses the 
obstacles that the development of an integrated waste/energy strategy is currently facing,  the estimated 
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impact that the proposed model could have in the same region and what are the strengths, weaknesses, 
opportunities and threats in reference to the proposed mathematical model. 
 
In the concluding chapter, the seventh, these results are integrated in a broader context; the different 
sections of the paper are merged in a comprehensive perspective and recommendations together with 
suggestions for future works are proposed to the reader. The objective of this is to draw the very last 
conclusions and summarize the final outcome of the study. 
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2 Method 
 
This section explains the methodologies with which this study has been developed and its theoretical 
foundations. Most of the research has been carried out during an internship and most of the materials 
and interviews, to which the paper refers, have been collected during this stay in the Caribbean Region.   
 
2.1 Direct experience and empirical study 
 
Most of data have been collected through informal communications. The following people are the ones 
that most influenced the research through advices and explanations of the institutional framework of 
the WCR and its problems. 
 

UNEP CEP CAR/RCU - Programme Officer, Assessment and 
Management of Environmental Pollution 

Supervision / 
Interviews  

Regional Marine Pollution Emergency, Information and Training 
Center - Consultant 

Supervision / 
Collaboration 

Jamaican Government Representative  E-mail exchange 
Falmouth Port Authority Indirect contact 

 [Tab. 1] – Key people. 
 
One of the positive consequences of having conducted on-field work is that many times I did not have 
to send questionnaires or emails and wait for a long time before obtaining an answer; most of the 
people were either in the same office or in constant contact with me.  
There is not one single specific model applied to all interviews. Sometimes formal meetings turned into 
open discussions, informal interviews turned into group interviews and so on. Although it has been 
difficult to keep track of the source of all information acquired, these are the proportions of types and 
shares of interviews used during the research: 
 

Informal interviews 60% 
Questionnaires 15% 
Formal interviews 25% 

 [Tab. 2] – Shares of interviews methods. 
 
The means with which these interviews have been conducted are, on the contrary, equally distributed 
between email exchanges, direct meetings and teleconferences. The first approach was purely 
interviewing the candidates through email, but asking for formal/informal meetings proved to be much 
more efficient. Receiving a questionnaire is often perceived as a burden by the recipient, merging it in 
an interview with opportunity of debate and explanations has a much better impact and gave me the 
opportunity to consider options that I didn’t considered before and see things from other perspectives. 
 
2.2 Geographic Information System Software 
 
The “Geographic Information System-based database for Maritime Traffic in the Wider Caribbean 
Region” (henceforth GIS Software) has been primarily used in the first phase of the research; it served 
to quantify and geographically understand the distribution of passenger ships through ports and 
international waters in the Caribbean Sea. The main function of any GIS software is to combine and 
jointly analyze geographical data. The software used during the study provides aggregates routes and 
density of traffic of the most important routes in the WCR; it has been developed by the Regional 
Marine Pollution Emergency Information and Training Center for the Wider Caribbean and is available 
online through authentication (UNEP I)1. 
Thank to this software it has been possible to extract useful maps and data. 
 
 
                                                        
 
1 caribbeanmaritimetraffic.org/ 
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2.3 REMPEC Model 
 
In the framework of a project conducted jointly by the European Community and the International 
Maritime Organization, the Regional Marine Pollution Emergency Response Center for the 
Mediterranean Sea (REMPEC) developed a project which objective was to identify the required 
capacities for collection, treatment and disposal of ship-generated waste in the Mediterranean region. 
The study, despite the present one, refers to multiple sources of pollution and several different types of 
garbage (both solid and liquid) (REMPEC, 2003). 
The project is officially called “Port Reception Facilities for Collecting Ship- Generated garbage, bilge 
water and oily wastes” and involved ten Mediterranean countries. 
The henceforth-called REMPEC Model is a mathematical formula that has been used in the 
development of the project to assess the aggregate volumes of domestic, maintenance and cargo 
associated waste. This formula has been fundamental for the present study, as it constitutes a very good 
starting point for developing a new way of data collecting/assessing, which is the objective of the 
paper. Although the “Port Reception Facilities for Collecting Ship- Generated garbage, bilge water and 
oily wastes” project was thought for the Mediterranean region, the model has several points and 
strategies in common with the purposes of this study. 
To the final report of the above-mentioned project are also attached the questionnaires that have been 
used for its active data collecting phase; two of these questionnaires have been used and modified in 
the Results of this study. The official text of the questionnaires, as reported in the official REMPEC 
report, can be found in the Appendix section. 
The REMPEC Model and its questionnaires have been chosen since no more specific ones for the 
WCR have been found or thought to be better.  
 
2.4 Theories and assumptions 
 
The theoretical understanding has been heavily influenced by the on-field experiences. Most of the 
theories first emerged during the discussions with key individuals and only then have been further 
studied on the literature, with the sole exception of the concept of waste-to-energy, that represents the 
philosophical core of the paper and has been purely developed through studies of the literature. 
All the concepts here reported are recalled throughout the paper.  
 
Waste-to-energy: the concept of waste to energy does not refer to the mere combustion of garbage in 
order to produce energy,. There’s a deeper meaning of this concept. 
For this work I will use the same definition of that has been given to waste by De Cuba at al.: 

“The material components, energy or substances formed and disposed of as a result of 
industrial, services, and recreational and/or residential human activities that have lost their 
value or functionality and, either directly or indirectly, impact the natural environment (soil, 
water and air compartments of the natural world) and impede socio- economic development.” 
(2007) 

The attention given to value and functionality points out that material, energy or substances that make 
up a product, when it becomes a waste, are still existing in the same form as they were before, but are 
just labeled differently. Such misleading concept creates a picture of something awful, useless and to 
get rid of. Waste is just a common name we collectively decided to give to any material that has 
reached a certain phase of its lifecycle. For the sake of this research, it has to be kept in mind that waste 
is intended as that category of materials, energy or substances present in the Wider Caribbean Region 
that urgently need better way of being managed. 
The concept of waste-to-energy is just an extension of such definition. In modern physics the 
equivalence of mass and energy lies at the core of our knowledge (Fernoles, 2012). Both these 
elements are essential for human’s life, development and growth. The term waste-to-energy expresses a 
broad variety of technics and technologies that allow us to transfer the overabundance of one of these 
(mass or energy) from one part of the equation to the other. 
Waste-to-energy does not refer to the mere combustion of solid households waste, but a greater sector 
of human activity that seeks to transform what is perceived as a threat to 
social/environmental/economic development to something useful and profitable. Waste-to-energy 
methodologies cover a large variety of techniques developed to transform solid materials in energy 
carriers (gas, liquid or electricity) (De Cuba, 2007). 
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Importance of data: unless referring to very provocative approaches or uncommon demonstrative tests, 
it is assumed to be generally considered better to have reliable data in order to develop a theory or 
analyse a phenomena. The scarcity of reliable data is one of the reasons why it has not been easy to 
develop a good regional strategy. Finding a way to gather a good amount of reliable data would benefit 
this process. 
 
Integrated approach: sectorial interconnections should be the basis of any sustainable planning. Waste 
management is related to many other economic sectors, human activities, social behaviors and 
environmental issues. Energy production is one of these. For a truly holistic approach, it is important to 
consider as many sectors as possible, in accordance with the boundaries of the research. 
 
Hierarchical preferability of waste treatment methods: there are many ways in which waste can be 
managed. As Corbin pointed out during an interview (Appendix I): 
In ranking this different ways of waste management: 

“…the principle is that prevention is best followed by resource recovery.  Incineration with 
energy recovery is much better than incineration alone.  Likewise, controlled sanitary 
landfilling with methane capture for energy purposes is also better than open dumping.   
However, [it is] important to note that depending on local circumstances which include: 1. 
Waste Characterization. How much waste is generated and what type, 2. Availability of 
technologies, 3. Cost benefit analysis, 4. Availability or markets for recycled products, 5. 
Specific considerations like energy costs, land area, population, type of economic activities 
(tourism, agriculture, ecc). 
[..] one may determine that one option is more appropriate than another.  Also important that 
all of the options could have negative impacts on human health and environment; so must 
consider social, economic and environmental impacts of any option used.”(Interview, 
Corbin). 
 

As result of the same interview and several other studies, this hierarchical order is assumed to be the 
preferable one (increasing preference order): 
  

• Uncontrolled landfilling: there is neither economic benefit nor environmental benefit to 
landfilling activities. The life cycle of the product comes to an irreversible end and both 
material and energy contained are dispersed in the environment, with high costs. Under this 
category are enclosed all those techniques which objective is not to extend the life of the 
object but merely get ride of it, as normal incineration, that could be absurdly thought as an 
“air-filling” process. 

  
• Waste-to-energy: material and energy contained in the product are transformed and re-utilized. 

There are externalities to this process but economic and environmental benefits exist 
compared to landfilling. Not all materials can be used to produce energy and some materials 
are more efficient than other when it comes to burning efficiency. It is therefore not possible 
to assume that, under any circumstances, waste-to-energy practices are applicable and 
preferable to other waste management techniques. In regard to externalities, new waste-to-
energy technologies provide higher performances and lower environmental impact than older 
ones.  

 
• Recycle: when the economic and environmental costs of treating and re-commercializing a 

used product are lower than its standard production, recycling techniques avoid the need of 
new production processes and all the environmental consequences to it related. 
 

• Reduction: affecting the source instead of the outcome could be preferable to any other waste 
management approach. Preventing the massive production of items (enhancing their life 
duration for example) would cut economic and environmental costs. No energy or new 
material use means savings, which can in turn be read as “gain” of both energy and material. 
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[Fig. 2] – Preference Scale. 
 
2.5 Literature choice 
 
Four categories of literature most influenced the outcome of the paper: 

• Official World Bank reports 
• UN publications 
• Scientific articles  
• Previous and similar studies 

 
The first two categories helped me predominantly in the first part of the research, during the 
understanding and question framing phases. Thank to these documents I could obtain a really detailed 
picture of the situation, see what had been done in the last decades and what are the goals for the 
future. They provided me the basic knowledge that I needed to get a clear understanding of the 
situation. 
Two Official World Bank reports, to wich a separate part of the study is dedicated, have been 
particularly useful because are the actual starting point of the research and provide the core problem 
around which anything else is based. Argumentations to the assumption that lack of data play primary 
role in a weak regional strategy are contained in these two reports. 
Secondly, all UN publications, some available online others on site, helped me out in getting to know 
the socio/economic/environmental background of the region; especially with regard to international 
agreements and political backgrounds. 
 
Scientific articles have been used through the entire research. All new or unclear concepts met along 
the way have been further studied through scientific papers. They have been fundamental in the 
problem-defining phase, during the creation of my background knowledge and the final elaborations. 
Linking up with what has been said previously, scientific papers have been extremely useful in 
understanding the two WB reports: many financial and economic concepts were taken for granted in 
the elaboration of their theories and argumentations, and I needed to deepen my knowledge on many of 
them. Scientific papers have played particularly fundamental role in underpinning the conclusive 
statements of my research. Scientific articles have been the only source of information that helped me 
understanding the waste-to-energy theory. 
 
In the pursuing of this paper, two previous studies have been of major relevance. The first one 
references to the World Bank projects, addresses the issue of lack of data and tries to understand what 
existing mathematical model would be more appropriate to calculate the amount of data already 
available. The second one addresses the problem of landfilling and its consequences on the 
environment in the WCR. 
Both of them have been really useful as introduced new concepts and theories that proved to be of great 
importance. 
In conclusion, one similar study has been associated and provided both the mathematical and data 
collecting model on which the results are based. 
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2.6 Choice of sector 
 
The number of States that ratified international agreements on Oceans protection and waste regulation 
has significantly increased over the last decades. The importance of safeguarding the environment has 
been underestimated for most of human history but seems to be getting now more and more important. 
Although this attention could be the result of a clear situation of emergency, action seems to be finally 
taking place. 
Waste production is part of human activity and has expanded with modernization and large-scale 
economic growth; waste management needs to be constantly updated to follow the fast pace of 
economic growth and production that characterizes our era. 
 
2.7 Choice of units of analysis 
 
Small Island Developing States of the Caribbean Sea and their difficulties to develop a common 
strategy for sustainable waste management are the units of analysis of the present paper. In trying to 
integrate as many influential factors as possible I also gave much importance to the International 
Convention for the Prevention of Pollution from Ships (MARPOL) and the IMO because of the 
institutional role that it covers and because of the importance that they have in the region. The 
mathematical model for data collecting, subsequently analyzed, was also proposed by the same 
institution and represents a good starting point due to its relevancy with the issue. It was indeed 
proposed in the framework of a similar study carried out in the Mediterranean region. 
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3 Background, Stakeholders and International 
Framework 
 
In this section the main stakeholders, and those bodies that have particular influence within the 
boundaries of the study are listed and described. 
There are two main categories of stakeholders: local stakeholders (actors operating at national level 
within SIDS of the WCR) and other entities belonging to the International Community. 
The following graphical representation serves as guide to contextualize each stakeholder. The 
description of the stakeholders follows a top-down approach, from international to local. 
 

 
[Fig. 3] – Main stakeholders. 

 
3.1 The World Bank 
 
The World Bank (WB) defines itself as “a vital source of financial and technical assistance to 
developing countries around the world” (WB, 2012). Through financing and technical expertise, the 
WB is supposed to be helping governments to develop a wide range of projects that would otherwise 
be unaffordable or subject to high interest rates of private financing institutes. The 188 countries that 
make up the WB are also its shareholders. All final decisions regarding all sorts of subjects are taken 
by the governmental representatives who sit at the Board of Directors. The largest shareholders of the 
institution have historically been the United States, which appointed the president of the Board since its 
creation in 1944 (WB, 2012).  
There are eight main goals that the World Bank aims to achieve, and that make it a stakeholder in the 
elaboration of a sustainable strategy for ship-generated waste in the Wider Caribbean Region (see point 
7 and 8): 

1. Eradicate Extreme Poverty and Hunger 
2. Achieve Universal Primary Education 
3. Promote Gender Equality 
4. Reduce Child Mortality 
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5. Improve Maternal Health 
6. Combat HIV/AIDS, Malaria, and Other Diseases 
7. Ensure Environmental Sustainability 
8. Develop a Global Partnership for Development 

The World Bank directly expressed its interest within the region and in the field of waste management 
with a project launched in 1994. This project is further described in the following section of the paper. 
Its primary goal was to encourage countries of the Wider Caribbean Region to sign the MARPOL 
convention and commit them to a more sustainable waste management strategy. The project did not 
entirely succeeded as not all funds were used at the end of the project. The outcome of this project, 
published in 1999, was the first official paper to point out the scarcity of data as major impediment to a 
successful regional strategy. 

 
3.2 The United Nations Environment Programme 
 
The United Nations Environment Programme (UNEP) defines itself as the voice of the environment 
within the United Nations. Rather than a specialized agency, UNEP is the branch of the UN that 
promotes and encourages collaboration on environmental issues within the International Community. 
Through its Regional Coordinating Unit (RCU) (Caribbean Environment Programme- CEP), UNEP is 
an active stakeholder in the determination of a regional strategy for waste management. The CEP 
Programme Officer for Assessment and Management of Environmental Pollution (AMEP), interviewed 
during the research, lists six fundamental areas of competence in which UNEP is currently involved 
(Annex I, Corbin): 
 

• Supporting the implementation of the MARPOL Annex V Special Area Designation 
(discussed below). 

• Public Education and Awareness on Marine Litter. 
• Review and update of Regional Action Plan on Marine Litter for the Wider Caribbean Region. 
• Supporting implementation of UNEP Global Partnerships on Waste and Marine Litter. 
• Input into development of Global Guidelines for developing and or updating national waste 

management strategies. 
• Promoting waste reduction as part of pollution prevention activities for the Land Based 

Sources of Pollution (LBS) Protocol. 
 
UNEP is also important for monitoring the implementation of regional agreements and the compliance 
with international agreements, their promotion, and administration. 
 
3.3 The International Maritime Organization 
 
In the wake of the massive international agreements production that followed the birth of the United 
Nations, the International Maritime Organization (IMO) finds its origins. Due to the secular debate 
around navigation and definition of shared spaces, it is not surprising that the marine issue was one of 
the first to be discussed within the UN (IMO, 2012). The IMO, institutionalized in 1948, is the United 
Nations specialized agency with responsibility for the safety and security of shipping and the 
prevention of marine pollution by ships. 
As it is stated in the first article of the convention, the purpose of the Organization is:  
 

“… to provide machinery for cooperation among Governments in the field of governmental 
regulation and practices relating to technical matters of all kinds affecting shipping engaged 
in international trade; to encourage and facilitate the general adoption of the highest 
practicable standards in matters concerning maritime safety, efficiency of navigation and 
prevention and control of marine pollution from ships.” (IMO, 2012) 

 
The IMO introduced many measures to prevent environmental damage since its foundation, among 
which measures to prevent tanker accidents or minimize the impact of routing operations of any sort of 
vessels. 
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Although its area of interest perfectly fits into the research boundary of this paper, the IMO assume 
active role as a stakeholder mainly for being responsible for monitoring the International Convention 
for the Prevention of Pollution from Ships (MARPOL 73/78) and all its amendments. 
The Convention, furthermore analyzed in the next section of the paper, addresses all sources of marine 
pollution and spurs countries to undertake measures to prevent the destruction of the marine ecosystem 
(IMO, 2012). 
 
3.4 Small Island Developing States 
 
Zooming in on local scale, SIDS represent the stakeholders with the wider variety of -sometimes 
conflicting- interests in developing a regional strategy. Thank to a 1994 World Bank project, discussed 
below, most of the Caribbean SIDS became signatories of the MARPOL 73/78 Convention. 
Consequently, all these States had to act in compliance with it and its amendments; the most recend 
amendment, to enter into force in August 2013, requires SIDS to develop a regional strategy on 
integrated waste management and innovate their port reception facilities (Appendix II). As it will be 
further discussed below, one of the main reasons why such strategy has not been developed yet proved 
to be lack of available data in the SIDS.  
Three main entities operating exclusively in SIDS are considered to be “active” stakeholders of this 
study. The term active refers here to stakeholders that are either contributors or beneficiary of the 
Regional Reception Facilities Plan to be developed. 
 

• Waste management companies are doubly engaged in this research. In the first instance, they 
provide a fundamental source of data and therefore are involved in the active part that would 
come before the actual strategy-developing phase; secondarily they would be direct 
beneficiary of the strategy. Many SIDS’s ports do not have, indeed, the physical capability, 
technology or simply budget to treat ship-generated waste on-site, and have to hire licensed 
contractors (local waste management companies) to fulfill this task; in Jamaica for example, 
there are no port reception facilities on the entire island and everything has to be contracted by 
local private agencies (MAJ, 2007). 

 
• Port authorities are equally important to waste management contracting companies for the 

sake of the research. Although not many SIDS’s ports have port reception facilities currently 
available, the new data collecting approach considers port authorities as potential data 
collector centres. Port authorities are already entitled of collecting all information from 
vessels (passengers, loads, routes etc.), but collecting techniques need to be enhanced. Even 
more than waste management companies, port authorities would be engaged and beneficiary 
of the potential development of a regional strategy for waste management. As we can read in 
the amendments to MARPOL Annexes I, II, IV, and V (Appendix I):  

 
The Government of each Party participating in the arrangement shall consult with the 
Organization, for circulation to the Parties of the present Convention: 
. 1  how the Regional Reception Facilities Plan takes into account the Guidelines;  
. 2  particulars of the identified Regional Ships Waste Reception Centers; and  
. 3  particulars of those ports with only limited facilities.  

• Local energy companies do not represent a primary source of data collection centres for waste-
related information, as not many waste-to-energy plants are currently available in SIDS. 
Nevertheless, this category represent the potential beneficiary of the Regional Reception 
Facilities Plan if it will be developed in a comprehensive way that takes into consideration 
different methods of waste management to the ones already existing (landfilling) and promote 
energy-to-waste practices. 

3.5 Local and international stakeholders 
 
Tourism, fishing and to minor extent commerce are sectors in which stakeholders are involved both 
locally (SIDS) and internationally. The tourist sector is directly involved in the research as cruise ships 
are the focus point of the study. The proposed model for data collection has been thought for cruise 
ships, which represent a large share of the touristic sector on the Caribbean; both in contribution to 
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total amount of waste and economic income. Fishing and commerce, on the other hand, are involved in 
the sense that the development of a Regional Reception Facilities Plan would address also these 
sectors. In most cases though, cruising lines sailing the WCR are not Caribbean Companies (FCCA, 
2012), and neither are the fishing or transportation ones. This is the reason why these sectors are 
considered as both local and international stakeholders. 
  
3.6 International Legal Framework:  
 
3.6.1 The United Nations Convention on Law of the Sea 
 
Maritime traffic represents the emblem of international law. Thousands of vessels waving flags of 
roughly two-hundreds different States spend their entire life floating from jurisdiction to jurisdiction to 
fulfill their role of commercial vectors, warfare tool or, most recently, pleasure facility. The conflicting 
interests of shared spaces have always been reason of debate and conflict. The United Nations 
Convention on Law of the Sea, signed in 1982 in Montego Bay, is a landmark for issues related to all 
uses of the oceans and their resources (UN). Almost every aspects of ocean space are treated in the 320 
articles of the convention. Such categories can be classified in (UN): 

- Delimitation 
- Environmental control 
- Marine scientific research 
- Economic and commercial activities 
- Transfer of technology 
- Settlement of disputes relating to ocean matters. 

In the greater framework provided by this essential tool of international cooperation, numerous other 
international, regional, multilateral and bilateral agreements can be found to address, more in detail, the 
above mentioned categories. 
 
3.6.3 The Cartagena Convention 
 
The most important existing agreement, operating at regional level in the WCR, is the Convention for 
the Protection and Development of the Marine Environment of the Caribbean Region, also known as 
the Cartagena Convention.  
The objective of the Convention, and its three protocols, is to safeguard the coastal and marine 
resources of the WCR. The Convention recognizes and promotes the role of the ecosystems as leading 
force in producing such goods and services that are responsible for the income and the economic 
stability of the majority of the WCR’s SIDS (UNEP, 2012). 
As mentioned, the Convention has three protocols, namely: 
 Co-operation in Combating Oil Spills in the Wider Caribbean Region (1986) 
 Specially Protected Areas and Wildlife in the Wider Caribbean Region (2000) 
 Pollution from Land-Based Sources and Activities (2010) 
Combined, the three parts of the Convention require contracting parties that committed themselves and 
ratified each of the protocol to take measures aimed at preventing, reducing and controlling pollution in 
any of its form: from ships, dumping, sea-bed activities, airborne and from land-based activities. 
Nowadays all states of the WCR are signatories of the convention and at least one of its protocols, with 
the only exception of Haiti and Suriname (CEP).  
It is duty of the Caribbean Environment Programme of the United Nations to safeguard, provide 
guidance and support the implementation of this international agreement. 
 
 
3.7 The Wider Caribbean Region 
 
The Caribbean Sea Large Marine Ecosystem (LME), the Gulf of Mexico LME and the Southeast U.S. 
Continental Shelf LME can be jointly named the Wider Caribbean Region (WCR) (Sherman and 
Hempel, 2008).  
The Wider Caribbean Region is surrounded by North, Central and South America and delimited at East 
by the Antilles. Not everywhere in the world it is easy to find a blend of cultures and peoples as in the 
Caribbean. Due to a particular historical background, countries and dependent territories coexist in a 
geographical space where the vast majority of political entities are Small Island Developing States 
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(SIDS) (Sherman and Hempel, 2008). France, the Netherlands and the U.K. are directly present in the 
region with their dependent territories2.  
The WCR has a surface of some 3.3 million km2 and an extraordinary coastal length of about 55,400 
km. 
 
According to United Nations’ Agenda 21, SIDS present many disadvantages for economic 
development. First of all the narrow range of resources due to limited availability of land, which 
inevitably leads to specialization in few economic sectors (SIDSNET, 2012). In addition to this, high 
population density causes overuse of resources and consequent premature depletion. All these factors 
concur to a deep difficulty in reaching economies of scale in most of the industrial processes. The 
reliance on importations, to which has to be added the high cost of transportation due to geographic 
isolation, is another factor of economic disadvantage. The environment-related economic drawbacks 
make everything even more complicated; water scarcity, reliance on climate change and little resilience 
jeopardize SIDS existence (SIDSNET, 2012). 
 
 

 
Fig. 4. The Wider Caribbean Region (GIS Software) 
 
The region has a broad variety of economies within its boundaries. From big and powerful States as the 
United States to small developing ones as Haiti. Certain SIDS that must import almost all their goods 
and other fast growing South American countries that are quickly becoming bulk worldwide exporters. 
As previously stated, in analysing the economic condition of the WCR, most of the data will address 
SIDS and, in general, that area referred as the Caribbean Sea LME.  
Although natural resources extraction and agriculture remain the driving sectors in most of the island 
states of the WCR, the fastest growing economic activity and newest industry of the region is tourism, 
which is highly dependent on the quality of marine and land environment (Sherman and Hempel, 
2008). To give an idea, between 15% and 99% of all exportations in the majority of the islands are 
linked with tourism (CIA, 2005). Oil extraction, which is of some importance for St. Croix, Aruba and 
Trinidad & Tobago, has greater importance for non-SIDS states as Mexico and Venezuela within the 
WCR (Atlas-Caribe, 2013, Hanratty and Meditz, 1987). 
Due to the restricted availability of natural resources in SIDS, the net energy import is extremely high 
in most of the states. Islands often suffer power shortages and are going to suffer more from it due to 
the constantly increasing population. With the exception of Trinidad and Tobago, all States of the 
WCR are net energy importer; Venezuela and Mexico fuel the Caribbean energy market (EIA). All 
countries are heavily dependent upon petroleum products, which is their primary energy source for 
electricity generation and transportation. The reliance to oil-importation makes SIDS, and most of the 
states in the WCR in general, vulnerable to international oil prices. To reduce this vulnerability, many 

                                                        
 
2 France: French Guyana, Guadeloupe, Martinique, St. Barthelemy, St. Martin. Netherlands: Aruba. UK: 
Anguilla, British Virgin Islands, Cayman Islands, Montserrat, Turks and Caicos Islands. USA: Puerto 
Rico, US. Virgin Islands 
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states are seeking alternative ways for electricity-generation. Oil-fired power plants, the most common 
practice used today, have proven too expensive and unreliable in the long term. Governments started, 
in fact, to look at other potential developments such as LNG converters and renewables (EIA, 2013). 
According to the Caribbean Regional Electricity Generation, Interconnection, and Fuels Supply 
Strategy, the electrical power generation of the entire Wider Caribbean Region is primarily based on oil 
products and Heavy Fuel Oil (HFO) products  (Nexant, 2010). In fact, only 12% of the total electricity 
generation does not derive from fossil sources or derivate (Nexant, 2010). Breaking down this data it is 
possible to see that, while 11% of the total is represented by hydropower generation, the remaining 1% 
comprehends wind, photovoltaic, municipal waste and cogeneration. Furthermore, almost no projects 
concerning waste-to-energy practices are mentioned in the 2010 Regional Electricity Generation report.  

 
3.8 Tourism in the Caribbean 
 
Mass tourism is a relatively young activity in the region, it is only during the 80’s that tourism boomed 
and, since then, it never stopped growing (Atlas-Caribe, 2013). The greatest contributor to this industry 
is the U.S., followed by many European countries due to their colonial bindings. The main reasons why 
this particular region of the world can count on a great amount of tourists are the absence of military 
activities, the absence of cold seasons and the astonishing quality of landscapes/environment (Atlas-
Caribe, 2013). The most visited destinations of the region are, in decreasing order: the Bahamas with 
4.5 million tourists, the Dominican Republic with 4.2 million, Jamaica and Puerto Rico with some 2.8 
million. Smaller in numbers but not in importance follow the US Virgin Islands, Cuba3, Cancun, the 
Caymans and Saint Martin. A side effect of this data is the attraction that it generates to international 
companies; simultaneously increasing is in fact the number of foreign investments in the tourism sector 
of the region (Atlas-Caribe, 2013). 
Despite the constant growth of the tourist industry, unemployment is a really big problem and affects 
numerous countries of the region. The population growth rate is simply too fast for States to be 
effectively planned and/or managed. As continental countries can count on a larger availability of raw 
materials to develop other industries and new form of business, tourism is likely to remain the most 
important source of income for SIDS, in which raw material availability is strictly limited (Beekhuis). 
It derives that policy makers will have to pay always more attention to activities that may jeopardize 
the tourism industry and the factors to which it rely: bad quality environment, old infrastructures and 
weak regional cooperation. 

 
Considering the high number of islands, cruise and passenger ships are really important in the region to 
move people and create recreational/cultural bridges. Thanks to the GIS software it has been possible 
to identify which states/ports are the most trafficked of the region and understand what is the actual 
role of SIDS in this regard. Through the GIS software queries and filters of different type have been 
applied on ship routes all over the WCR (Morinière, Réglain, 2012). The filters used during the 
research are “Type of ships” and “Tonnage”; as the boundaries of the research are restricted to tourism-
related vessels, the category to extract data from has been only “Passenger” ships. Furthermore, all 
types of tonnage have been considered as, for passenger ships, the first three categories of tonnage 
(form 100 to 10.000 mt) are not influent (less then 5%) and correspond to a really limited amount of 
tons of garbage.  
 

 
[Fig. 5] – GIS-Software filters. (GIS Software) 

                                                        
 
3 Due to American embargo, Cuba can’t benefit of tourism in the same way that neighbouring countries 
do.  
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In fig. 6 the width of the circle corresponds to a graphic representation of the combined amount of 
passenger/cruise ships reaching and leaving the port in the same period of time (2008). As we can see, 
the large majority of ports in which passenger ships transit are indeed SIDS’ ports (lesser Antilles). 
This representation is fundamental to understand the basis of the present paper. SIDS’ ports are indeed 
small and often lack of adequate infrastructures but are in the same time target of most of the cruise 
lines operating in the region.  
 

 
[Fig. 6. Most trafficked ports in the WCR in relation to passenger ships. 2008.] 
(GIS Software) 
 
 A second picture, extracted from the same GIS software shows the main routes of passenger ships 
along the Caribbean Sea. As for port’s traffic, the flow of tourism-related ships follows a clear path 
from the Bahamas area to the Southern Lesser Antilles, but always passes through SIDS. 
 

 
Fig. 7. Most trafficked routes in the WCR in relation to passenger ships. 2008. 
(GIS Software) 
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Regardless of the economic crisis affecting the U.S. and Europe (the main contributors to the tourism 
industry), cruise shipping is forecasted to see a 4% increase in the next year and will keep its growth in 
the years to come (FCCA, 2012). 
According to the Florida-Caribbean Cruise Association (FCCA), more than 16 million people travelled 
on a cruise ships in 2012 and almost 40% went to the Caribbean (2012), which means more than 6 
million per year visiting the WCR. The forecasted increase of tourists in the next years is definitely 
good news for the WCR economy but the other side of the medal can’t be ignored. With an average 
capacity of 2500 beds plus 600 staff members, cruise ships are literally floating city, and as every city 
they produce waste. Data, collected in 2004, show that on a world’s merchant fleet of 46.222 vessels, 
only 441 were cruise ships (1%) but they were responsible for 25% of the entire amount of waste 
generated (Butt, 2007). With a 3.5kg/passenger/day waste production on average, cruise shipping is 
considered the most polluting way of travelling (Herz, 2002). 
 
3.9 The Wider Caribbean Initiative for Ship-Generated Waste 
 
In 1994, the World Bank launched a project which objective was to finance, with 5.5$ US million, the 
development of the WCR. It was the first time that the Bank was financing a project that involved a 
large number of states and was basically addressing the management of international waters, and the 
first time that was collaborating with the IMO, the UN agency responsible for the implementation of 
the MARPOL 73/78 Convention (World Bank, 1994). According to the first paragraph of the official 
paper that describes this project: 
 

“Almost all ship generated garbage is discharged at sea, polluting international waters and 
coastal zones, and in some areas threatening the tourist trade. To improve the quality of the 
world’s oceans and coastlines and to protect international waters, the international 
community adopted MARPOL 73/78 Convention, which regulates operational discharges 
form ships.” (World Bank, 1994) 

 
The first sentence of the report clearly mentions that tourism could be threatened by ocean pollution. It 
implicitly highlights the damages that dirty waters could cause to such important economic activity of 
the region. The tourist trade is here seen as one of the major relevant sectors jeopardized by oceans’ 
pollution;. The second sentence clearly highlights the need of international self-commitment to face 
this problem, as international waters fall under the competence of international law. 
Economic value of the marine resources (through tourism) and international collaboration will remain 
the backbone through the entire report. 
 
3.9.1 Project Objectives and Risks 
 
The project is meant to be the first step of a long-term environmental strategy that focuses on the Wider 
Caribbean Region. The overall objective is to provide SIDS with knowledge and means in line with the 
requirements of MARPOL 73/78 Convention. Many SIDS, that were not part of MARPOL 73/78 in 
1994 had to join it in order to benefit of the World Bank’s help, which consisted mainly in: 

• Investments in port reception facilities 
• Waste management infrastructures 
• Institutional training programs 

All this investments and contributions were thought to end the illegal discharge of ship-generated waste 
in territorial and international waters (World Bank, 1994). 
The main risk was thought to be the lack of coordination between so many SIDS. The existence of 
geographical and cultural boundaries (3 languages, 29 countries5, 22 developing) need a great effort in 
order to maintain project under control and do not exceed time and monetary limits. 
 
 
 

                                                        
 
5 Antigua and Barbuda, Bahamas, Barbados, Belize, Colombia, Costa Rica, Cuba, Dominica, Dominica 
Republic, France, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Netherlands, 
Netherlands Antilles, Nicaragua, Panama, St. Kitts and Nevis, St. Lucia, St. Vincent and Grenadines, 
Suriname, Trinidad and Tobago, United Kingdom, United States of America, Venezuela. 
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3.9.2 Project Description 
 
The time frame for the implementation of the project was planned to be of three years. In this period of 
time, consultants (financed by the World Bank) were meant to develop a regional legal framework, 
waste management and public awareness programs and a series of training projects on reception and 
disposal facilities. 
Consultants, in close collaboration with local agencies, governments and regional organizations, under 
the supervision of the IMO and the WB, would be financed by the latter institution for the fulfilling of 
the following list of actions (World Bank, 1994): 

• Assessment of legislations existing in SIDS of the WCR that would somehow influence the 
management of Annex I, II and/or V wastes 

• Find the most suitable legal way, according to international law, to accomplish with the duties 
imposed by MARPOL 73/78 

• Get a clear overview of the existing waste management systems, both in technical and 
institutional terms 

• Establish “engineering criteria” for port reception facilities in SIDS ports 
• Begin discussion with shipping companies (in most cases cruise lines) with the objective of 

reducing the production of waste at the source 
• Think an integrated waste management strategy that would differentiate the share of waste 

treatment methods 
• Help ports in assessing the tariffs for waste management to impose to ships in order to ensure 

full cost recovery 
• Train local staff and develop public awareness programs throughout the WCR to support these 

activities 
• Coordinate donors contributions and investment proposals and keep track of such investments 

 
3.9.3 Evaluation Summary 
 
The Wider Caribbean Initiative on Ship-Generated Waste has been successful in regard to one 
objective of the project, namely promoting the adhesion to the MARPOL 73/78 convention between 
SIDS of the WCR, but failed in on the wider issues (World Bank, 1999). The main failure is in regard 
to the missing achievement of strategy and internalization of the procedures considered necessary for 
the sustainable waste management in the region. 
The actuation faced a fast increasing overlapping of delays that led the World Bank to interrupt the 
distribution of 30% of the money allocated for the project at the end of the scheduled time. 
According to the World Bank, the IMO was unable or unwilling to follow the procedures that were 
initially planned and to respect the deadlines; furthermore, the internal functioning of the IMO was not 
compatible with a “task-oriented approach”, WB says. The project was not as a complete failure: 
although the delays, the absence of a regional strategy, the failure in developing a full cost recovery 
strategy for waste collection and disposal, and the halt of the financing, most of the countries joined the 
MARPOL 73/78 Convention. The outcome is indeed deemed to be “satisfactory” both by the 
institutions and the Countries (World Bank, 1999). 
 
3.9.4 Factors Affecting the Project 
 
There are factors of different nature that negatively affected the outcome of the project. Four conditions 
were taken as unchangeable prior to project’s launch, namely the presence of 22 developing countries 
in the region, 2 different legal systems6, 4 languages7 and the absence of a common institution, of 
whichever type, that could embrace all countries and coordinate the actuation of the project. The only 
institution that could have functioned was UNEP CEP, already responsible for the Cartagena 
Convention, but disagreements on procurement procedures (for consultant agencies) vanished the 
opportunity of collaboration between the two institutions (World Bank, 1999). 
Further to these pre-given circumstances, the absence of good synergies between actors heavily 
affected the outcome of the project. The IMO, the Bank, technical and legal advisors and project 

                                                        
 
6 Common law and Civil Law. 
7 English, Spanish, French, Dutch. 
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coordinators did not manage to cooperate as forecasted and continuous delay where generated month 
after month. A second factor was the strict timetable set in the beginning, followed by initial delays in 
the procurement phase, the pressure imposed by the Bank and, ultimately, the fact that the project did 
not last until the end. 
In order to develop an effective regional strategy, nine side-studies were launched concurrently with 
the project, and six of them reached a result. The following table is a summary of the completed side-
studies inherent to the present study: 
 
Objective Result 
To assess the situation of ports without port 
reception facilities in the WCR 

Most ports without reception facilities did not 
have a proper management and control over waste 

To gather information on SIDS and their waste 
management systems 

Solid waste management in SIDS lacks of human 
and other resources to be properly managed 

To assess the opportunities of implementing 
recycling and reduction policies8 

A reduction-recycling integrated approach have to 
be considered 

To provide a generic technical and economic 
strategy for country use on waste reception 
facilities 

Many of the improvements have to be carried out 
at local level  

[Tab. 3 – WB Side studies. (WB, 1999)] 
 
All these considerations have been extracted from the official project papers and final reports of the 
World Bank. They have been useful to understand why lack of data is among the main problems to 
create a solid regional strategy. They will be considered again in the final discussions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
 
8 See chapter Theories and Assumptions for the hierarchical preference of waste management 
techniques. 
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4 The Waste Problem 
 
4.1 The International Convention for the Prevention of Pollution 
from Ships 
 
The International Convention for the Prevention of Pollution from Ships (MARPOL), entered into 
force in 1983, regulates and tries to prevent ocean pollution from operational and accidental causes 
(IMO, 2012). Peculiarity of this Convention is the precision with which the five types of pollution are 
classifies in its five annexes. In most of today’s marine regulations, national implementations of 
international agreements and other sources of regulation refer to these annexes to classify the 
categories of wastes. 
WB reports, IMO guidelines, UNEP reports, international/national regulations and scientific literatures 
used in the paper use the terminology proposed in MARPOL’s annexes. For the sake of this study, it is 
fundamental to make clear what these annexes mean and to what category of waste they correspond. 
Confusion between the annexes may lead to misunderstanding of final results and bad interpretations of 
the conclusions. This paper is about waste-to-energy practices of data collecting in reference to solid 
waste, described in Annex V. 
 

• Annex I: Regulations for the Prevention of Pollution by Oil 
This annex deals with all matters related to pollution by oil from accidents and/or normal 
procedures. Below the subcategories of oil taken into consideration:  

- Oily bilge water 
- Oily residues (sludge) 
- Oily tank washings 
- Dirty ballast water 
- Scale and sludge from tank cleaning 

(IMO III, 2009) 
• Annex II: Regulations for the Control of Pollution by Noxious Liquid Substances in Bulk 
• Annex III: Regulations for he Prevention of Pollution by Harmful Substances Carried at Sea 

in Packaged Form 
• Annex IV: Regulations for the Prevention of Pollution by Sewage 
• Annex V: Regulations for the Control of Pollution by Garbage  

- Plastic 
- Floating dunnage, lining, or packing material 
- Ground-down paper products, rags, glass, metal, bottles, crockery etc. 
- Food waste 
- Incinerator ash 

(IMO III, 2009) 
• Annex VI: Regulations for he Prevention of Air Pollution  

- Ozone-depleting substances and equipment containing such substances 
- Exhaust gas-cleaning residues 

(IMO III, 2009) 
 
Since its ratification, this convention has been amended 32 times, basically once every year, and 
brought magnificent improvements to the international regulation of ship-generated waste. Indeed, its 
enforcements heavily affects, besides the environment, commerce, tourism, international relations, 
regional planning and technologic development. 
As can be seen in Appendix II, the text of the last amendment (2012) explicitly refers to SIDS. The 
unique circumstances of this kind of States and the need of a regional strategy are evoked in the first 
paragraph of the amendment. The official communication published on IMO’s website, in reference to 
this amendment, reads: 
 
March 2012 amendment 

Entry into force: 1 August 2013 
Amendments to MARPOL Annexes I, II, IV, V and VI which are aimed at enabling small island developing States to 
comply with requirements for port States to provide reception facilities for ship waste through regional 
arrangements. Parties participating in a regional arrangement must develop a Regional Reception Facilities Plan 
and provide particulars of the identified Regional Ships Waste Reception Centres; and particulars of those ports with 
only limited facilities. (IMO II, 2012) 
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The objective of this study is to provide interested countries with more tools to implement the changes 
contained in this amendment of the MARPOL Convention. As it has been introduced earlier, these 
countries are mainly SIDS of the WCR, which joined the MARPOL Convention subsequently to the 
implementation of the WB Project. 
 
4.2 Definition of waste categories 
 
Together with analysis of institutional papers, key individuals were questioned on the issue and asked 
to provide valuable information that could lead to a better understanding of the situation. In an 
interview (Appendix I) Corbin from UNEP claims that much work can be done based on anecdotal 
data, historical experience, indirect information and as the strategy is refined additional data and 
information can be generated and existing data refined; however, a solid base of data and information 
is needed to formulate an initial strategy that is implementable (Corbin, 2013). 
Furthermore, in the course of informal discussions with an officer of the Regional Marine Pollution 
Emergency Information and Training Center for the Wider Caribbean, who contributed much to the 
formation of theories and strategies of the present paper, it emerged that it would have been essential to 
break down the current category “solid waste” and have a clear view and reliable numbers about the 
subcategories making it up. At least 5 categories were necessary to develop an integrated waste-energy 
regional strategy. The research of these categories was based on the comparison between data provided 
by previous studies and the categories of waste considered in the main waste-to-energy processes. 
The chart below shows the mainstream waste-to-energy technologies and the associated categories of 
waste necessary for each industrial process: 
 

 
[Fig. 8. Waste to energy techniques. (Lux Research, 2007)] 
 
For the moment it is sufficient to say that two are the main categories of waste of particular interest for 
the main waste-to-energy techniques: biomass (food waste) and combustible waste (plastic, 
biodegradable waste etc.). Both of them are contained in MARPOL Annex V category. 
However, it is important to remember that cruise ships do not only produce solid waste and the 
decision to focus merely on it is set from the boundaries of the study. For completeness sake, it follows 
a short summary of all the ship-generate waste. 
 
4.3 Categories of Waste 
 
Based on the different categories of waste introduced by the MARPOL Convention, a more precise 
description of the different kinds of waste is provided below. This list refers exclusively to cruise 
ships-generated waste. 
 
 
4.3.1 Oil Pollution 
 
All vessels generate petroleum hydrocarbon pollution; its dispersion in the environment can occur as a 
result of collisions, fuelling operations spills, grounding and bilge pumping. Discharge of oil in the 
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water is legally accepted, outside Special Areas9, for purified bilge water with less than 15 parts per 
million, although it’s strongly suggested to offload it in secure port facilities as it has been proven that 
microorganisms’ eggs and larval forms are exceptionally sensible to oil molecules. Obviously, not only 
microorganisms are affected by petroleum hydrocarbon pollution; among all, sea birds, marine 
mammals, fish and plankton are the most endangered ones (Herz, 2002). 
 
4.3.2 Hazardous Waste 
 
Highly pollutant waste that needs special treatments before disposal is classified as hazardous waste 
(Butt, 2007). The quantity generated by cruise ships is generally small but can have great impact on 
marine life and the environment. Hazardous wastes are mostly found in chemicals used for photo 
processing, dry cleaning, printing, vapour bulbs and batteries (Herz, 2002). 
 
4.3.3 Sewage and Wastewater 
 
Also called black and grey water, these types of waste are largely produced on cruise ships. Black 
water consists in water from toilets and medical facilities, while grey water consists drainage from 
dishwashers, showers, laundry etc. Although pollutants and/or nutrients are contained in these waters, 
the only regulation currently into force under MARPOL denies ships from discharging black water 
within 12miles from the coast. Some countries, aware of the impact that grey water can have on 
fishery, has implemented strict regulations on discharge of wastewater as well (within territorial water) 
(Butt, 2007. Herz, 2002) 

4.3.4 Solid waste 
 
This category of waste is predominant in term of quantity produced. It includes glass, tin, plastic, 
paper, cardboard, steel cans, kitchen grease, kitchen waste and food waste (Butt, 2002). It has always 
been considered normal to dump solid waste in the water but with the entered into force of relatively 
recent international agreement (compared to the dawn of sailing) such habits is losing strength. Today, 
many waste are either incinerated on board or smashed and stored for shore disposal. Ash resulting 
from incineration is though discharged to sea if no special restrictions are applied that particular region. 
The solid waste management has significant room for improvement in regard to land based activities as 
well as ship-generated waste. Cruise ships passengers produce, on average, 2.5 to 3kg of solid waste 
per day. The boundaries of the present paper will shrink on this category of ship-generated waste as the 
most predominant, badly managed and potentially subject to changes. 
 
4.4 Rough Estimate of SIDS consumptions 
 
As pointed out in Chapter 3, considering the dependence of SIDS from high-priced fossil fuels, there a 
shared strong will to diversify the fuel mix for electricity production. The objective of this paragraph is 
to provide a rough quantitative picture on how much the practice of waste incineration for electricity 
production could contribute to breaking the oil dependence of the SIDS.  
 
According to the GIS Software, looking at the number of cruise ships sailing through one of the most 
trafficked routes of the Lesser Antilles, about 800 vessels pass through this route every year. The States 
involved in this calculation are the ones listed in Table 4. 
 
 
 

                                                        
 
9 Special Areas: MARPOL defines certain sea areas as "special areas" in which, for technical reasons relating to 
their oceanographical and ecological condition and to their sea traffic, the adoption of special mandatory methods 
for the prevention of sea pollution is  
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SIDS Port Cruise ships reaching per year 
Bridgetown (Barbados) 100 
St. Lucia(St. Lucia)  211 
Fort de France (Martinique) 146 
Dominica (Dominica) 76 
Point a Pitre (Guadeloupe)  180 
St. John’s (Antigua & Barbuda) 79 
St. Kitts (St. Kitts-Nevis) 31 
Marigot (St. Martin) 11 
Gustavia (St. Barthelemy) 9 
Philipsburg (St. Marteen) 11 
Tortola (BVI) 14 
St. Thomas (USVI) 12 
St. Juan (Puerto Rico) 17 
[Table. 4. Ports taken into account for the quantitative assessment] 
 
The number of vessels, extracted from the GIS database, will be now combined with a set of averaged 
values that refer to Table 6, all of them explained and criticized in the next chapter. 
In one week, on average, each cruise ship generates 73 tons of solid garbage. As each cruise ship round 
trip takes on average 7 days time, and assuming 1 day travelling form port to port during the journey: if 
cruise ships arrivals would be equally distributed during the year, about 10 tons would be carried every 
day by each cruise ship, or 3.600 tons every year. 
In total, it means that approximately 3.250.000 tons off waste annually reach the ports of the SIDS of 
the Lesser Antilles10. 
 

 
[Fig. 9. Lesser Antilles’ most trafficked route] 
 
For illustrative purpose, considering waste incineration energy values, it is possible to roughly assess 
the potential kWh: 
 
Mass incineration   

Electric energy export potential 
Overall Conversion Efficiency % 20 
Electricity Generation kWh/1,000 kg MSW11 640,0 
Internal electricity consumption kWh/1,000 kg MSW 175,4 
Excess electricity to be exported kWh/1,000 kg MSW 464,6 

                                                        
 
10 Approximation based on the data available for the route showed in picture X 
11 MSW refers to unsorted municipal solid waste, for this reason it is possible to compare this value with mixed 
cruise ship-generated solid waste. 
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[Table. 5. Ports taken into account for the quantitative assessment. Source: Economopouos, 2012) 
 
According to these figures, with the amount of waste annually received in the 13 ports analyzed, it 
would be possible to generate 1.510.000 kWh. As most of the electricity produced on SIDS of the 
WCR is generated through combustion of high-price fossil fuels, it is interesting to extend this tough 
estimation to the correspondent money that could be yearly saved by reducing oil consumption. 
Considering that 1.510.000 kWh is equivalent to 1.000 Boe12, some 1.000.000 $13 could be saved each 
year in the 13 ports taken into account.  
The problem is that this data, even if considered valid, are unevenly redistributed throughout the region 
and are the result of a long list of approximations and assumptions; just to mention a few, they 
represents only the energy that could be generated in a few SIDS of the Wider Caribbean Region from 
incinerating practices that use solid waste from cruise ships; furthermore, only one the main routes of 
the Lesser Antilles is taken into account and other routes may bring cruise ships to the same 
destinations, increasing the number of tons of waste reaching each of these ports. Furthermore,  these 
data do not take into account the real composition of MSW (as this breakdown is not available), which 
could make calculations much more accurate. In other words it represents a rough assessment of the 
amount of electricity, or money equivalent, that could be generated from renewable sources (waste) 
instead of high-price oil products in the WCR; conceptually, this sort of assessment can be useful to 
understand to what extent the implementation of this practices can be translated in actual savings 
(monetary). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
 
12 Boe = Barrels of Oil equivalent. The calculation was made considering that 1 boe = 1628,2 kWh 
13 Oil price forecast for this year: 108$ (oil-price.net) 
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5 Improving the Mathematical Model 

 
5.1 Introduction to the Model 
 
To create a solid base of data an already existing model for data assessing (introduced in paragraph 2.3) 
has been analyzed and broken into its constituting parts in order to understand what should be changed 
and what could be improved. 
 
Two main issues had large margin of improvement in the REMPEC Model: 

• The Model used a large number of constants that refer to values collected on global scale. 
These can be useful to assess general processes, but are inappropriate to develop a regional 
waste management strategy. 

• The Model did not take into consideration different categories of solid wastes but merely one 
big category. 

 
The following table contains the most important constants used in the calculations proposed by the 
REMPEC model:  
 

7 average duration of ship voyage 
28 persons – cargo vessels 
3500 persons – cruise ships 
159 litres of fuel/barrel 
200 barrels of fuel/day 
2 Kg of waste/day/person – cargo vessels 
3 Kg of waste/day/person – cruise ships 
11 Kg maintenance waste/vessel/day 

 
Table 6 Constant values in REMPEC model. (Delfosse, McGarry, Morin. 2010) 
 
This model, analysed in the following paragraph, is an optimal starting point but needs adaptations to 
fit into the context in which it has to be applied. Although the values reported in Table 6 are broadly 
recognized and used in many scientific papers, an extremely sensitive area such as the WCR should not 
base its waste management regional plan on assumptions made taking into consideration and mixing 
extremely diverse criteria from all over the world. The main argumentation to this position is that 
nowhere else in the world there is such high concentration of SIDS as in the WCR, and they have 
particularly fragile and sensible economies (UN).  
Approximations in estimations have little impact on big ports but great impact on little ones, and nearly 
all ports in the WCR have all the typical features belonging to Small Island Developing States (see 
chapter one).  
 
The critics to Table 6 focus on average trip duration, passenger number and waste/vessel/day. 
This data are considered inconsistent for the following reasons:  

• 7 days is the duration of the journey in absolute terms, from/to port of call. Although not all 
ports have adequate reception facilities to allow cruise ships to discharge their solid waste, in 
the Caribbean Sea, each cruise ship reaches a port every day; in order to have a reliable 
average duration of “days at sea”, this constant needs to be rethought. 

• The number of persons on board is probably the most influent data of the equation. 
Considering it a constant may lead to big approximations. Currently, a cruise ship can host up 
to 7000 people; as cruise ships follow always the same route, determinate ports are more 
subjects to receiving this “floating cities” more then other ports. Making assumptions taking 
into account 2500 passengers per cruise ship is too inaccurate. 

• Generally speaking, 3 kg of waste/vessel/day is a broadly accepted and used average of 
garbage generation on passenger ships; although it is a correct esteem, one of the objectives of 
a comprehensive strategy is to give answers to multiple problems, and this data is not precise 
enough to address waste and energy issues in the same time. More indicators in regard to the 
exact composition of waste/vessel/day are needed. In order to assess the opportunity of 
developing waste-to-energy practices in the WCR, it is among the objectives of the research to 



 
 

26 

discover how much of each type of ship-generated waste is discharged in ports. 3 kg is 
therefore a quantity that has to be broken down in its composing parts.  

 
5.2 The Model 
 
This model was developed to estimate the flows of solid waste that regularly arrives into ports. It takes 
into consideration time-variables (as voyage length), constants based on averages (people on board) 
and other sort of assumptions (waste production per day). The next sections explain the logic behind 
the critics moved towards the REMPEC Model. 
 
The initial formula expresses the quantity of garbage received in a given time period (G) as the sum of 
three independent variables: Quantity of domestic solid waste (GD); Quantity of maintenance solid 
waste (GM); Quantity of cargo-associated solid waste (GC). 
 
[1] G = GD  + GM  + GC  (all formulas are expressed in Kg) 

Breaking this formula, we can read it as the sum of these three other formulas: 

 Domestic waste   [2] 
 Maintenance waste   [3] 
 Cargo associated Waste  [4] 

 
[2] GD = GB  + GP  + GH 

where: 
GB  : amount of domestic waste from cargo ships 
GP  : amount of domestic waste from passenger ships 
GH  : amount of domestic waste from harbour crafts 
 
Each of these, is calculated as follows: 
 
[2.1] GB = NB  * TB  * QB * PB 

[2.2] GP = NP  * TP  * QP * PP 

[2.3] GH = NH  * TH  * QH * PH 
 
where: 
N : number of ship calls in a given time period 
T : average duration of voyage 
Q : average daily domestic garbage generation per person 
P : average number of persons on-board 
 
As we can see form now, the only variable taken into consideration so far is the amount of ship calls in 
a given time period (N), all others are assumed to be constants. 
 
[3] GM = N  * T  * M 
 
where: 
N : number of vessels in port in a given time period 
T : average duration of voyage 
M : average quantity of maintenance solid waste produced per day 
 
[4] GC = CB  * CD  * CC 
 
where: 
CB : break bulk cargo waste 
CD : dry bulk cargo waste 
CC : container cargo waste 
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In the next section of the paper the conclusions drawn by the analysis of the World Bank reports are 
crossed with the information gathered during the interviews/informal discussions and the analysis of 
other official paper, as the REMPEC Model, to formulate a modified model and questionnaire. 

 
5.3 Improvements to the Model 
 
The break down of the REMPEC Model pointed out that [2.2] is the formula in the centre of the 
debate. The constants T, Q and P, respectively 7 days, 3kg and 3500 persons (according to Tab. 6), 
may be misleading for the three reasons given in paragraph 5.1. The following part is the actual 
modification to the REMPEC Model, and more precisely the modification to [2.2]. 
 
QP  in [2.2] can be seen as the sum of multiple categories, which together make up the category “solid 
waste”: 
Qi : average daily glass generation per person 

Qii : average daily paper generation per person 

Qiii : average daily plastic generation per person 

Qiv : average daily metal generation per person 

Qv : average daily organic-waste generation per person 
 
Considering them separately instead of together, it is possible to obtain 5 different [2.2] GP: 

[2.2.1] GPi = NP  * TP  * QPi * PP 
[2.2.2] GPii = NP  * TP  * QPii * PP 
[2.2.3] GPiii = NP  * TP  * QPiii * PP 
[2.2.4] GPiv = NP  * TP  * QPiv * PP 
[2.2.5] GPv = NP  * TP  * QPv * PP 
 
Respectively: 
GPi : amount of domestic glass from passenger ships 

GPii : amount of domestic paper from passenger ships  
GPiii : amount of domestic plastic from passenger ships 

GPiv : amount of domestic metal from passenger ships 

GPv : amount of domestic organic from passenger ships 
 
It means that there is no longer one mere [2.2], but five of them. Considering them separately give a 
more holistic and comprehensive vision of [2], which can however be written as: 
[2’]  GD = GB  + ΣGP  + GH 
According to the literature on ship-generated waste and all data currently available, 3,5 kg is deemed a 
trustable value, therefore it is still true that: ΣGP = 3 kg 
 
Furthermore, referring to [2.2], it is wrong to consider T to be constantly equal to 7. The number of 
ports docked along the way should be taken into consideration, with clear distinction between ports 
with and without reception facilities available.  
If: a = number of days at sea 
 b = ports docked with reception facilities 
 bw= ports docked without reception facilities 
 
[2.3] T = ( a / ( b - bw) 
As the distribution of ports with reception facilities is not regularly distributed along the journey of a 
cruise ship, this evaluation is still imprecise and it is preferable to make an extensive data collection 
before declaring a new T value. It would be preferable to calculate [2.3] for each cruising route 
(available on GIS) and only then make T average. 
 
P in [2.2] is the last constant that needs to be modified. Unfortunately, for this category, there is no 
alternative way than calculating a “local average” for the WCR through the collection of empirical data 
form cruise lines (Pnew). For the greater purpose of developing a regional strategy though, it would be 
preferable to combine the data provided by cruise lines with the ones collected from port authorities. 
As one of the objectives of the regional strategy is to assess exactly which ports require development or 
construction of port reception facilities, collecting this data from ports would benefit the research 
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pointing out in which ports there is a greater passage of persons, and consequently of waste. 
 
In conclusion, [2.2] can be rethought as the combination of the three values discussed above, and 
discussed as follows: 
 
 
[6] 
 
 
5.4 Complementary Questionnaires 
 
The modification to the REMPEC Model just introduced needs to be sustained with reliable data. Many 
data could already exist as the IMO imposes strict regulations to ships and port authorities regarding 
amount of garbage or people reaching any port. Nevertheless, these data turned to be difficult to access. 
The reason of such lack of accessibility to data is something that the present research has not been able 
to assess. Informal conversation with key persons in the Assessment and Management of 
Environmental Pollution and govern representatives suggested that in small ports, in which no 
reception facilities are existing and the discharge of waste is managed by licensed contractors, data are 
simply lost in the passage of tasks from authority to authority, and not particular attention is paid in 
maintaining an updated and working database. 
The present section of the paper takes into consideration existing questionnaires and introduces the 
necessary changes that should be applied in order to gather useful data far the new REMPEC Model. 
 
It is important to remember that the REMPEC Model was adopted to improve port reception facilities 
in the Mediterranean region in compliance with Annex I and Annex V of the MARPOL Convention 
(REMPEC, 2003). As the purpose of this and the REMPEC researches are very similar, the 
questionnaires taken into account will be the ones proposed in the Mediterranean project. 
Many questions are indeed taken from these questionnaires but, especially when proposed on a 
voluntary commitment, they should be made as easy and quick to fill in as possible. 
It follows a list of the categories that are necessary to complete the above-introduced model and are 
partially derived from already existing questionnaires and partially new. 
 
1) Cruise Ship 
 Home port 
 Days at sea 
 Last port of call 
 Approaching port 
 N° passengers 
 N° staff crew 
 Sorted waste collection? Y/N 
 If yes, quantities in m3: glass/paper/plastic/organic/aluminium 
 If not, tot m3 
 Quantities discharged last time in m3: glass/paper/plastic/organic/aluminium 
 If not available, tot m3 
 
2) Port Authorities 
 Are port reception facilities for ship-generated waste available in the port? Y/N 
 Is sorted wasted collection taken into account? Y/N 
 How much of each category of solid waste do you receive in given time period x? 

glass/paper/plastic/organic/aluminum 
 If not available, tot m3 in given time period x 
 For each category, please specify what use is done (Recycle=R; Waste-to-Energy=E; Landfill or similar=L) 
 If unsorted, please provide for total (Recycle=R; Waste-to-Energy=E; Landfill or similar=L) 
 
3) Licensed Contractors 
 Specify the amount of waste monthly received, if possible divided by category: 

glass/paper/plastic/organic/aluminum 
 For each category, specify what use is done (Recycle=R; Waste-to-Energy=E; Landfill or similar=L) 
 If unsorted, please provide for total (Recycle=R; Waste-to-Energy=E; Landfill or similar=L). 

 
 

 
ΣGP = NP  * ( a / ( b - bw))P  * QPx * Pnew 
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5.5 Evaluation of the Improvements 
 
The proposed lists of questions are directly related to the “New Model” and have the only purpose of 
providing reliable data for its completion. According to the proposed model, three are the constants that 
need to be changed: average duration of voyage; average daily domestic garbage generation per person; 
average number of persons on-board.  
The first constant can be calculated, through the proposed formula [2.3], using data obtained from the 
questionnaire addressed to cruise ships, more specifically: last port of call, approaching port and days 
at sea are the data required by [2.3]. In the same way, Pp (average number of persons on-board) which 
is currently set on a stable value of 3.500 worldwide, could be improved making a regional average 
using data contained in the same questionnaire, using the combined value N° of passengers° of staff 
crew. For the calculation of a precise average of daily domestic garbage generation per person, things 
are slightly more complicated and for this reasons questionnaires 2 and 3 are introduced. Assessing the 
amount of different categories of garbage merely through the voluntary commitment of the 
stakeholders may lead to unsatisfactory results obtained in a dilated time. In order to avoid such 
complications and as different stakeholders may be in possess of the same data, it would be preferable 
to address the same questions to all of them. Asking to cruise ships the amount of differentiated waste 
produced on boat since its last discharge (1), or asking to port authorities and to licensed waste 
management contractors wether data relative to garbage are available increases the chances to obtain 
the researched information. 
Rich data collected through the questionnaires, with particular regard to the different materials that 
make up the 3,5 Kg of ship-generated waste, are the only way in which the proposed model can 
function differently from the old one. Indeed, as we can see from [6], the main difference between the 
old and the new model is that the former basically follows the structure of the latter but introduces a 
sum (Σ) of all six different categories of waste, each of them calculated separately. 
The actual efficiency of the combination questionnaires-model could be implemented, as was thought 
in the pursuing of the internship within UNEP, to a really small scale and, if it proves satisfying, 
extended to other SIDS. The port of Falmouth, due to its proximity to UNEP offices and close 
connection with the persons involved in this project was thought to be the testing port. 
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6 Discussion 
 
6.1 Introduction 
 
As we have seen in figure 8, waste-to-energy technologies require plastic/biodegradable combustible 
waste and/or organic matter as fundamental units for their industrial processes. In order to assess 
whether there is availability, and what quantity, of these material in the Wider Caribbean Region, it is 
necessary to adopt data collecting techniques that take into consideration more subcategories and not 
merely one generic “solid waste” category.  
The proposed questionnaires and model have been thought as possible help or simply as an input to a 
medium/long term project that will proceed after the end of the internship I was involved into. For this 
reason all results are just part of a greater envision that will hopefully lead to a more sustainable use of 
resources throughout the region. Considering the dimension of the project, the present study represents 
only a fragment of the entire work that still needs to be done; the objective of this final chapter is to 
gather all most important reflections and discussions. 
 
The initial purpose of the project was to assess the amount of solid waste that reaches SIDS in the 
WCR in a determinate amount of time. This research was thought as background study for the 
localization of the most strategic ports to locate new port reception facilities and promote the 
implementation of waste-to-energy plants or recycling facilities. In order to have a comprehensive 
strategy that takes into account waste-to-energy practices and effective ship-generated waste 
management in port reception facilities though, a detailed and differentiated set of data was needed 
before beginning such study. 
To assess the quantity (tons) of garbage in the WCR, two were the tools adopted during this phase of 
the research: a GIS software and a mathematical model. 
Using the GIS Software it was possible to study the most trafficked routes that passenger/cruise ships 
run through in the Caribbean, extract the exact number of vessels monthly reaching each port and sort 
these numbers according to size and period of time. The first analysis phase, quite satisfactory, resulted 
in a detailed table in which all these data were neatly arranged. 
This data turned out to be valueless, and are therefore not reported, when the second part of the 
research started. In order to assess the amount of solid wastes reaching each port of the region, such 
precise data were combined with a mathematical model, the REMPEC Model (from its creating 
institution), which turned out to be completely inappropriate for the initial purpose of the research. 
The new subject of the study became the REMPEC Model and time was spent in order to adjust it with 
more appropriate constants. Through the analysis of previous studies, similar studies and on field 
interviews, no reliable values from which new constants could have been estimated were found. The 
attention of the research focused then on the availability of reliable data in the region and the methods 
in which they were gathered and managed. A literature study on the issue and several opinions 
exchange with key persons led the objective of the research to take one step back. After this long 
process, the final goal of the study turned out to be the research of  effective methods of data collecting 
that could improve both port reception facilities and waste-to-energy management in an integrated way. 
 
In the development of this study the main research questions addressed were substantially three: 1) 
What are the facts that obstacle the development of an integrated waste management strategy in the 
Wider Caribbean Region? 2) What impact would an improved data-collecting approach have on the 
development of such strategy, could it be quantified? 3) How can data be collected more efficiently? 
For the first two issues, most of the information was found in the analysis of previous studies, while the 
answer to the third one is the real outcome of the study. 
 
6.2 Obstacles to the Development  
 
Due to the complexity of the region and the transboundary nature of this study, it has been necessary to 
involve many international institutions and actors and explain their role as decision makers or simple 
stakeholders. The need of developing an integrated regional strategy, motive of this study, was required 
by the MARPOL Convention and its “brand new” amendment, to enter into force a few months from 
now (August 2013). Due to the 1994 World Bank project, almost all SIDS of the WCR are now part of 
MARPOL 73/78 and are expected to develop a regional strategy. Nevertheless, no international bodies 
operating at regional scale and that could help developing it currently exist, with the exception of CEP 
UNEP, which in turn refused to be the coordinating body in 1994 due to discrepancies with the World 
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Bank. Lack of regional cooperation due to absence of moderating institutions is the first fact that 
obstacles the development of an integrated waste management strategy at regional scale. In addition, 
the interweaving of so many different stakeholders, sometimes operating both at local and international 
level without clear distinction, together with the complexity of international regulations and 
responsibilities in regard to international waters, are all equally hindering factors. 
Furthermore, as Corbin points out in an interview (Appendix I), the existence of such broad socio 
economic differences in the region suggests that a conciliatory approach should be used rather than an 
imposed one. It means that an integrated strategy should take into account these differences and prefer 
a long-term strategy rather than a short one, in order to please as many stakeholders as possible. 
Indeed, it is preferable to find points of contact between Countries and start working from those, even 
if such approach would take much longer in terms of time. National interests are often complementary 
and not identical; the energy policies and the waste management techniques are both delicate issues as 
heavily affect the economic balance of the entire Country, and most governments are not keen to leave 
too much space to international organizations to operate in these fields. 
It is good to begin from little steps as common strategy for data collecting in order to create the basis, 
set the organizations and hopefully point an institution that could, in the future, became leader in the 
process of creating a regional integrated waste-energy strategy.  
 
6.3 Estimated Impact 
 
Whether a new/improved data collecting approach would positively affect the general objective of 
structuring an integrated regional strategy is hard to assess. There are qualitative indicators that suggest 
that it would affect positively, but there is no actual certainties on the issue as the absence of regional 
strategy may be linked to unconsidered factors. One of these qualitative indicators emerged during an 
informal email exchange with a representative of the Jamaican government, which will stay 
anonymous, which declared that: due to the absence of port reception facilities in Jamaica (national 
guidelines impose ports to licensed contractors to take care of ship-generated waste), port authorities 
are, averagely speaking, not in possess of detailed waste-related data. Due to this circumstance he 
declared to be interested in developing a tool that would allow the collection of data at regional level in 
the form of voluntary questionnaires. These declarations make clear that the lack of data is effectively 
recognized to be one of the causes of non-existing regional strategy. 
In quantitative terms, it is very difficult to precisely estimate what would be the return/saving in kWh, 
Dollars, Tons of Garbage or in any other conventional units of measure after the implementation of 
better data collecting procedure; a quantification of these costs has been made to highlight the fact that 
actual savings can derive from the substitution of oil in the electricity-generation process. Although 
this savings could not be in term of externalities, as incineration does not represent the ideal and 
greenest primary energy source, the use of waste for electricity generation can reduce the import 
dependency of many of SIDS countries.  
According to the 1999 World Bank record, among the reasons why the flow of money into the WCR 
was stopped was because of the absence of a regional strategy, which in turn was hindered by the deep 
lack of data. WB and other foreign investments institutes were reluctant to invest capitals where risk of 
dispersion of funds were likely to happen and there were no clear view on who was going to manage 
such money and how.  In other words, an improved data collecting methodology is one step towards 
regional cooperation, which in turn means more credibility from foreign institutions and investors that 
could contribute with inflow of goods, knowledge and capitals. In the same time, if this same strategy 
is thought to integrate a plan for reduction of dependency from oil, more money would be available for 
the development of domestic projects to face internal needs or develop sustainable strategies in other 
fields. 
 
6.4 Considerations on the New Model 
 
[6] is the answer to the third research question proposed in the introduction of this chapter. It allows a 
differentiation in the data-estimating phase but requires new inputs on in order to work efficiently, 
which in turn implies a rather long and complex data collecting phase. Through the combined use of 
the GIS Software and the proposed model it is theoretically possible to determinate where exactly there 
is major concentration of each category of waste. In this way it would be possible to assess whether or 
not economies of scale are applicable and what waste management processes would be preferable.  
Integrationing the GIS software with the proposed model may assume the following aspect: 
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[Fig. 10 – Representation of integration between new mode and GIS-Software.] 
 
A more schematic representation of pros and cons of the model can be undertaken with the use of a 
SWOT analysis. A SWOT analysis is a comprehensive evaluation composed of four parts, namely: 
Strengths, Weaknesses, Opportunities and Threats.  
 
Strengths: 
• Easier localization of ports with excessive discharge of solid material on the GIS Software. 
• Differentiated data for passenger ship-generate solid waste, in regard to solid waste. 
• Valuable tool for developing a waste-regional strategy. 
• Easier development of an integrated strategy for energy-waste management. 
• Opportunity to create new, more reliable, regional averages in regard to voyages length,  
• Localization of efficient and non efficient port reception facilities  

 
Weaknesses: 
• The data-collecting takes place on a voluntary commitment, many stakeholders may not want to 

collaborate and the averages on which the model is based may result in misleading indicators. 
• A valuable set of data may lead planners to focus on numbers and not consider other important 

socio-political issues. 
• The adoption of this model/questionnaires would require the involvement of the entire region, 

which has cultural and linguistic boundaries that can’t be unconsidered. 
• New constants generated ad hoc for the model may remain imprecise with negative consequences 

for the model itself. 
 
Opportunities: 
• This model has been thought for cruise ships but can be extended, with due changes, to all other 

type of vessels. 
• More reliable data means more awareness, which in turn may result in higher credibility from 

investors. 
 
Threats: 
• Stakeholders may consider this approach too slow and would prefer to use other approaches. 
• Some stakeholders, as waste management companies, may see the willingness of developing a new 

waste management strategy a threat for their business and decide to boycott the data-collecting 
phase. 

• Fast growing cruise ship industry may make the new averages useless in a really short time, before 
the actual begin of the strategy-planning phase. 
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7 Conclusions 
 
7.1 Significant Conclusions from the Study 
 
One of the conclusions drawn by the World Bank in its final report about the Wider Caribbean 
Initiative for Ship-Generated Waste refers to the need of considering a reduction-recycling integrated 
approach in developing a regional strategy for waste management. The present paper sustains the need 
of adding a waste-to-energy approach in developing the same strategy.  
The Wider Caribbean Region is, for historical and geographical circumstances, a really particular 
region of the World; in spite of this, the same dynamics operating between similar stakeholders all over 
the planet apply anywhere without too many differences, and to know them is essential. In other words, 
during the development of any strategy, be it sustainable or unsustainable, energy-related or not, good 
knowledge of stakeholders is fundamental. In the Caribbean Region as in any other, to build a 
consistent and successful waste-energy strategy it is necessary to get to know as much as possible 
about anybody involved in the process, gather the largest amount of trustable data and being able of 
analyzing them. As talking about waste and energy may imply the involvement of any form of human 
activity, the selection of key-characters and boundaries is probably the most important and difficult 
step in the entire process. With regard to the present study, reducing the boundaries to only one sector 
(cruise ships) of one single industry (tourism) obviously makes the introduced model per se 
insufficient, but its application in real terms could be found if a similar approach is expanded to all 
categories of vessels.  
Although action has to be taken to develop a sustainable strategy for both energy and waste, equally 
relevant issues in the WCR, a long-term development should focus on the shifting of values of the local 
populations in regard to what is waste. Ship generated waste is only part of the problem and a 
sustainable management of it would be only part of the solution. If people will not review their mindset 
on their daily land-based activities and look ahead in time, no financing from first-world institutions or 
international agreements will ever bestow the gift of sustainability. 
 
As it has been shown in chapter 3, re-thinking garbage in a different way is something that can and 
needs to be done in the WCR. The concept of garbage as raw material from which economic benefits, 
together with environmental and social ones, can still be extracted, may lead to tangible cost saving 
solutions. The rough calculation proposed, made with the scarce availability of data, may be refined 
with new data made reliable and optimized through the use of the introduced model. A precise 
calculation of costs and benefits of waste-to-energy practices increases the interest of foreign investors 
in addition to providing a solid base on which it is possible to develop a regional strategy. 
As it is possible to understand from this paper, there are several aspects that merge together when it 
comes to finding a common strategy on waste and energy management, and to put all of them together 
is absolutely not easy. 1) Many international institutions and agreements directly or indirectly affect all 
activities of the region, especially in regard to environmental issues; the interests of the 29 States, their 
different economic situations, the stakeholders operating from inside and outside their boundaries have 
diverging perspectives in regard to the priorities that have to be given to environmental and economic 
issues. 2) The high dependency from oil related products, typical of SIDS, is a paradigm from which it 
is really difficult to escape. 3) The uncertain political situation of some SIDS and their level of 
corruption hinder credibility and foreign investors. 4) International institutions that strive to find a 
solution to environmental issues can not adopt quick and effective resolutions that may jeopardize the 
support from the same governments on which they rely. All this issues are immersed into a sea of 
uncertainties underpinned by lack of data and information. It is not possible to demonstrate in a 
quantitative way and with low margin of error whether solving the problem of scarce data could 
actually solve all other situations, but this is most likely one of the quickest and most direct way in 
which science could boost the adoption of a plan that is above all a political issue. 
 
7.2 Recommendations 
 
The amount of data available in the WCR in regard to solid waste received form port reception 
facilities should be more consistent and reliable. In the pursuing of the present study many indicators 
led to the conclusion that a significant improvement could be made if more was known about the 
geographic distribution of waste divided per category. Knowing the amount of solid waste, divided by 
category, that daily reaches any port of the WCR could give a really clear overview of what are the 
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strategic locations in which it would be convenient to propose a new use of such materials. Knowing in 
advance the amount of energy that could be generated from waste in a specific place also rely on data 
availability, and an environmental impact assessment can only be conducted once the nature of the 
garbage is known. A more efficient data collecting system should also be implemented due to the 
impact that clear numbers have on politics; it would be much easier to promote a project or introduce a 
new concept once a cost-benefit study has been conduced and clear figures are available. In conclusion, 
developing a new method of data collecting is recommended in order to develop a regional strategy, 
which should be in any case the most integrated as possible and consider common strategies for 
complementary sectors such as waste and energy management. 
 
7.3 Scope for Future Works 
 
The present study has a great margin of improvement. Although it has broad geographic boundaries, 
restricting the field of interest to cruise ships generated waste is not enough to obtain a clear picture of 
the total amount of waste that port reception facilities really have to deal with. Time and resources 
were limited but the outcome of the study pointed out that the initial need of developing a regional 
strategy for waste management opened a large variety of other problems that need to be solved in first 
instance. Trying the introduced model to estimate the amount of solid garbage from cruise ships 
reaching SIDS can be a first step in order to test whether it can actually be implemented in these States 
and test the stakeholders’ response, but the model itself needs to be improved. The main problem that I 
recognized is that it is not sharp enough; three different stakeholders are involved (cruise ships 
captains, waste management companies and port authorities) but it may be necessary and enough to 
involve one or two of them. Checking through all interested parts can be a good starting point to 
understand where exactly significant information can be collected, but especially the questionnaires 
should be improved. 
In conjunction with the development, improvement and enlargement of a reliable database, it would be 
also necessary to prepare the ground for a qualitative study on what techniques would be preferable for 
each area of the WCR; it is necessary to assess whether there is the opportunity to develop recycling 
and waste-to-energy plants, how this structures and relative infrastructure would be financed and who 
should manage them. 
The improvement that reliable data could give to the development of a regional strategy is as good as 
complicated to achieve: many difficulties are likely to emerge, especially in dealing with issues that 
enclose so many factors and stakeholders. Nevertheless, a really integrated approach could be the only 
way of  finding a solution to the problems of the region or simply transform them into opportunities.  
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8 Appendix: 
 
8.1 APPENDIX I: Interview to C. Corbin (20130421) 
Questions: 
 
1)What is your personal opinion about the process of energy generation through waste incineration? 
 
2)In August this year a new amendment to MARPOL convention will enter into force and require an 
integrated and regional waste-management strategy in the WCR. In your opinion, how much time 
would actually take place before the region will develop a common strategy? 
 
3) [From 1 to 10] How much important do you think good  and reliable data are in developing a 
regional strategy? 
 
4)Please rank these 4 techniques of waste management [worst to best] incineration - landfilling - 
reduction practices - recycle 
 
5) What are the major projects for improving waste management within UNEP CEP? 
 
 
 
8.2 APPENDIX II: Amendments to MARPOL Annexes I, II, IV and 
V  
Small Island Developing States may satisfy the requirements in paragraphs 1 to 3 of this regulation 
through regional arrangements when, because of those States' unique circumstances, such arrangements 
are the only practical means to satisfy these requirements. Parties participating in a regional 
arrangement shall develop a Regional Reception Facilities Plan, taking into account the guidelines 
developed by the Organization. 

The Government of each Party participating in the arrangement shall consult with the Organization, for 
circulation to the Parties of the present Convention: 

1. How the Regional Reception Facilities Plan takes into account the Guidelines;  
2. Particulars of the identified Regional Ships Waste Reception Centres; and  
3. Particulars of those ports with only limited facilities.  

Small Island Developing States may satisfy the requirements in paragraph 4 of this regulation through 
regional arrangements when, because of those States' unique circumstances, such arrangements are the 
only practical means to satisfy these requirements. Parties participating in a regional arrangement shall 
develop a Regional Reception Facilities Plan, taking into account the guidelines developed by the 
Organization. 

The Government of each Party participating in the arrangement shall consult with the Organization for 
circulation to the Parties of the present Convention: 

1. How the Regional Reception Facilities Plan takes into account the Guidelines;  
2. Particulars of the identified Regional Ships Waste Reception Centres; and  
3. Particulars of those ports with only limited facilities.  

2 New paragraphs 2bis and 2ter are added to regulation 18 of Annex II: 

2bis Small Island Developing States may satisfy the requirements in paragraphs 1, 2 and 4 of this 
regulation through regional arrangements when, because of those States' unique circumstances, such 
arrangements are the only practical means to satisfy these requirements. Parties participating in a 
regional arrangement shall develop a Regional Reception Facilities Plan, taking into account the 
guidelines developed by the Organization. 

The Government of each Party participating in the arrangement shall consult with the Organization for 
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circulation to the Parties of the present Convention: 

1. How the Regional Reception Facilities Plan takes into account the Guidelines;  
2. Particulars of the identified Regional Ships Waste Reception Centres; and  
3. Particulars of those ports with only limited facilities.  

2ter Where regulation 13 of this annex requires a prewash and the Regional Reception Facility Plan is 
applicable to the port of unloading, the prewash and subsequent discharge to a reception facility shall 
be carried out as prescribed in regulation 13 of this annex or at a Regional Ship Waste Reception 
Centre specified in the applicable Regional Reception Facility Plan. 

New paragraph 1bis is added to regulation 12 of Annex IV: 

1bis Small Island Developing States may satisfy the requirements in paragraph 1 of this regulation 
through regional arrangements when, because of those States' unique circumstances, such arrangements 
are the only practical means to satisfy these requirements. Parties participating in a regional 
arrangement shall develop a Regional Reception Facilities Plan, taking into account the guidelines 
developed by the Organization. 

The Government of each Party participating in the arrangement shall consult with the Organization for 
circulation to the Parties of the present Convention: 

1. How the Regional Reception Facilities Plan takes into account the Guidelines;  
2. Particulars of the identified Regional Ships Waste Reception Centres; and  
3. Particulars of those ports with only limited facilities.  

New paragraph 2bis is added to regulation 8 of Annex V: 

2bis Small Island Developing States may satisfy the requirements in paragraphs 1 and 2.1 of this 
regulation through regional arrangements when, because of those States' unique circumstances, such 
arrangements are the only practical means to satisfy these requirements. Parties participating in a 
regional arrangement shall develop a Regional Reception Facilities Plan, taking into account the 
guidelines developed by the Organization. 

The Government of each Party participating in the Arrangement shall consult with the Organization for 
circulation to the Parties of the present Convention: 

1. How the Regional Reception Facilities Plan takes into account the Guidelines;  
2. Particulars of the identified Regional Ships Waste Reception Centres; and  
3. Particulars of those ports with only limited facilities.  
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