
 
 

To what extent has progress been made by the International Maritime 

Organization (IMO) in reducing CO2 emissions from global shipping? 

 
 

 

 

 

 

 

Lisa Bayley-Craig 

 

 

 

 

 

Thesis submitted to the University of Ottawa  

in partial Fulfillment of the requirements for the  

Master of Science Degree in Environmental Sustainability  

 

 

 

 

Institute of the Environment 

Faculty of Science 

University of Ottawa 
 

 

 

 

 

 

 

 

 

 

 

 

 

© Lisa Bayley-Craig, Ottawa, Canada, 2020 
 

 



ii 
 

ACKNOWLEDGEMENTS 

 

I would like to thank God for his love and continued presence in my life, I would not 

have made it this far without Him. In addition, thanks must also be given to my family, 

friends, former classmates, professors and the staff of the Institute of the Environment 

who have all been instrumental in providing me with a wealth of knowledge and/or 

inspiration during my studies, and during the writing of this paper. Thanks, especially 

must be given to my Thesis Supervisor, Marel Katsivela for her advice, guidance and 

patience during the past year, which has greatly contributed to this informative thesis.  

 

 

 

 

 

 

 

 

 

 

 

 



iii 
 

ABSTRACT 

 

90% of global trade is transported by cargo ships, with fossil fuel being the dominant 

energy source used. As global trade increases, shipping will be in greater demand 

resulting in increased emissions of carbon dioxide and other pollutants negatively 

impacting the environment and human health. Carbon dioxide (CO2), our area of 

interest, is the number one contributing gas to global warming. We, therefore, examine 

the role of the International Maritime Organization (IMO) in reducing CO2 emissions from 

shipping, and determine the progress made so far.  

 

Our research reveals that progress in this area is on a slow trajectory. The current IMO 

regulations focus solely on energy efficiency measures that do not appear to be as 

successful as envisioned in reducing CO2 emissions. In addition, the concept of 

decarbonization of the sector, which would lead to zero emissions, is delayed.  With this 

in mind, we provide recommendations regarding future IMO actions.  
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Chapter 1 – Introduction 

 

 

In this thesis we seek to determine the progress made by the International 

Maritime Organization (IMO) in reducing carbon dioxide (CO2) emissions from global 

shipping. To achieve this, we examine many diverse aspects which include: the IMO’s 

regulations, strategies, global partnerships, and projects; the history and structure of the 

IMO; the IMO’s authority to enforce their regulations; the players involved in the IMO’s 

law-making process; the negative effects of CO2 emissions; maritime shipping and its 

contribution to global CO2 emissions; the challenges or barriers which may prohibit the 

reduction of CO2 emissions; CO2 emissions data from global shipping from 2007-2015; 

future prediction of CO2 emissions from shipping; and recommendations regarding 

future IMO action which can be taken to mitigate CO2 emissions.  

We will begin by first looking at CO2 emissions in general and in the area of 

shipping and address their negative impact.  

 

 

1.1 The Negative Effects of CO2 Emissions 

 

Barbir, Veziroǧlu, and Plass (1990) advise that the greatest damage to the 

environment is the burning of fossil fuel for energy consumption resulting in the 

production of harmful greenhouse gases (GHG). These gases include CO2 – the 

number one contributing gas to global warming-, sulfur dioxide (SO2), methane, nitrogen 

dioxide (NO2), and chlorofluorocarbons (CFCs). The authors also inform us that 

increased burning of fossil fuels results in excessive amounts of CO2 being released in 
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the atmosphere. When this combines with the other greenhouse gases, [for example 

nitrogen, methane and chlorofluorocarbons (CFCs) – artificial chemicals)], it results “in 

thermal changes by absorbing the infrared energy the earth radiates back into the 

atmosphere, causing global temperature increase” (Barbir et. al.1990 p. 739).  

To put this in perspective, we will explain the greenhouse effect. “When the Sun’s 

energy reaches the Earth’s atmosphere, some of it is reflected back to space and the 

rest is absorbed and re-radiated by greenhouse gases. Greenhouse gases include 

water vapour, carbon dioxide, methane, nitrous oxide, ozone and some artificial 

chemicals such as chlorofluorocarbons” (Australian Government Department of the 

Environment and Energy, n.d. p. 1). According to Zhong and Haigh (2013), Rehkopf 

(2003) and the Australian Government Department of the Environment and Energy 

(n.d.), the absorbed energy is responsible for warming the earth’s atmosphere and 

surface, making it habitable for life to exist on earth. However, the authors also note that 

anthropogenic (human) activities such as the burning of fossil fuels (oil, coal and natural 

gas) have resulted in the enhanced greenhouse effect (where they are now increased 

concentrations of GHGs). Thus, this extra heat being trapped results in the rising of the 

earth’s temperature and contributes to global warming.  

Statistical data by the National Oceanic and Atmospheric Administration (NOAA, 

2019i) reveals that, since 1880, the global annual temperatures of the land and sea have 

increased per decade at an average of 0.13°F (0.07°C).The NOAA data also shows that 

2018 marked the fourth highest recorded temperature increase of 1.42°F (0.79°C) from 

the average annual global temperature of land and sea (NOAA, 2019ii) while the third 

highest temperature increase of 1.51°F (0.84°C) was noted in 2017 (NOAA, 2019iii) and 
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the second highest temperature increase of 1.62°F (0.90°C) took place in 2015 (NOAA, 

2019iv). The first highest temperature increase recorded to date took place in 2016 and 

amounted to 1.69°F (0.94°C) (NOAA, 2019i). 

According to the theory of global warming conducted by Barbir et. al. (1990) 

more than 20 years ago, rising temperatures result in sea levels rising because of 

melting ice glaciers; erosion of coastlines and contamination of drinking water supplies; 

extreme weather patterns such as heat waves, droughts, hurricanes and floods which 

have all caused environmental and economic destruction, an increase in human 

illnesses and an unprecedented record of deaths. This is still accurate in the 21st 

century, with similar views on the impacts of global warming also being shared by Luber 

and Prudent (2009), Adams (2016), Harrould-Kolieb and Savitz (2010) and many other 

theorists and international organizations.  

We see evidence of extreme weather conditions believed to be attributed to 

global warming reported in “Extreme weather around the world,” (2018) by MSN News 

in: 

• Quebec, Canada where, in July 2018, a heatwave killed approximately 70 

people with temperatures reaching 95 degrees Fahrenheit (35 degrees 

Celsius). 

• China, where floods in Beijing and Tianjin affected 250,000 people and 

32,000 hectares of crops in the province of Shandong in July 2018. 

• Dominican Republic’s capital city of Santo Domingo, where flooding 

occurred in July 2018 during tropical storm Beryl, marking nine inches of 
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consistent rainfall over a 24-hour period. Many persons were left 

homeless and approximately 150,000 persons were without electricity.  

In addition, more recent extreme weather was reported in September 2019    

where Category 5 Hurricane Dorian with wind speeds of over 220 miles per hour (mph) 

devastated some of the islands of the Bahamas, specifically the Abacos and Grand 

Bahama islands (McLaughlin, Andone and Holcombe, 2019). This left 70,000 people 

homeless, a death toll of 43, with the expectation that this figure will rise as hundreds of 

people remain missing (Blackwell, Newton and Maxouris (2019).  

The Union of Concerned Scientists (2019) has emphatically stated for many 

years that the temperature of the earth is rising and that this is attributed to GHG 

emissions, especially CO2 emissions. They advise that should this warming continue, 

there will be further environmental and economic devastation for many communities 

around the globe.  

This concern is further shared by the United Nations (UN) Intergovernmental 

Panel on Climate Change (IPCC) in its special report submitted in October 2018 titled 

‘Global Warming of 1.5°C’. The report mentions that the temperature of the earth is 

rising, and the impact of climate change is real with evidence of increased severe 

weather patterns occurring around the globe. An urgent global response with 

comprehensive cooperation from all industries and governments is required to limit the 

global temperature increase this century to 1.5°C above pre-industrial levels and not 

2°C as was previously agreed to by the 2015 Paris Climate Change Agreement 

(Intergovernmental Panel on Climate Change (IPCC), 2018). [The IPCC defines the pre-

industrial era as between 1850-1900, before the industrial revolution commenced, and 
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advises that this period is used as a baseline to represent an approximation of pre-

industrial temperature levels]. Indeed, the Paris Climate Agreement involves Parties to 

the United Nations Framework Convention on Climate Change (UNFCCC) working 

towards a common goal to combat climate change in order to ensure a sustainable low 

carbon future. This Agreement aims to maintain the global temperature this century 

below 2°C above pre-industrial levels, while pursuing further efforts to limit the global 

temperature increase this century to 1.5°C (UNFCCC, 2019i).  

The IPCC report further advises that to limit the global temperature increase this 

century to 1.5°C, anthropogenic CO2 emissions will have to be reduced by 45% from 

2010 levels to 2030, and reach ‘net zero’ by 2050. These actions must occur now in 

order to mitigate further catastrophic climate change events and ensure a safe and 

sustainable future (IPCC, 2018). 

  It is indeed a concern when the IPCC is drawing attention to a global temperature 

crisis and the statistical data presented above by the NOAA (2019i-iv) for the average 

global temperatures for land and ocean surfaces show evidence of a trend of recent 

global temperatures that are not on a trajectory to achieve the IPCC’s target of 1.5°C 

global temperature limit for this century. In fact, according to the IPCC’s report, the 

global temperature is currently rising by 0.2°C per decade, and on its present path, the 

current threshold of 1.5°C this century will be reached unfortunately by 2040 (IPCC, 

2018). 

Despite evidence throughout the years that our climate has changed there are 

still deniers. According to a news article titled ‘Scientists unite to decry deniers of 

climate change’ by Munro (2010), a U.S. senator has called 17 prominent climate 
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scientists criminals whereas many experts have suggested that climate scientists 

should commit suicide. Over 250 prominent scientists, including 11 Nobel laureates, 

have noted, however, that there is overwhelming evidence of a changing climate and 

this cannot be ignored. They urge climate change deniers to focus on evidence and 

desist from their political and personal attacks (Munro, 2010).  

With all this evidence of our changing climate and the average global 

temperature increases, what is the contribution of the maritime shipping sector towards 

global warming and, more specifically, towards CO2 emissions?  

 

1.2 Maritime Shipping and its contribution to global emissions 

 

Shipping refers to the transportation of cargo and goods by water, land or air 

transport (Bradley, Diesenreiter, Wild and Tromborg, 2009). For the purpose of this 

study, we will focus on the ocean transportation of cargo and goods carrying more than 

90 percent of the global trade of goods (Basaran, 2016).  

This form of transportation, also known as maritime shipping, has been in 

existence for thousands of years (Monios and Wilmsmeier, 2018). According to the 

World Shipping Council (2019) the early sea travelers – the Phoenicians, Greeks and 

Egyptians among others - sailed the oceans seeking new treasures and returned home 

to trade items (for example jewels, foods and materials). However, this was not an easy 

process as the loading and unloading of sacks, barrels and wooden crates filled with 

individual goods being manually transported on and off the vessel was extremely slow 

and ineffective. This process known as ‘break bulk shipping’ was the only method of 
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transporting goods to and from ships; it lasted until the second half of the 20th Century 

(World Shipping Council, 2019). 

 Loading and unloading cargo from ships was also extremely labor-intensive 

resulting in ships spending less time at sea and more time in port, highly exposing cargo 

to loss, accident and theft. To tackle this problem, processes to make loading and 

unloading more effective were developed, such as using rope to bundle timber, sacks to 

carry coffee beans and pallets for stacking and transporting bags. In the 18th century, 

the railway industry showed that the cargo shipping method being used was problematic  

and ineffective when transporting cargo from trains to ships and from ships to trains 

(World Shipping Council, 2019). 

There was hope for a more effective transportation cargo process for shipping 

with Malcom McLean’s development of the container in 1956 which revolutionized ports, 

transformed shipping and port operations, opening up the door for globalization (Monios 

and Wilmsmeier (2018). The advent of the shipping container gave merchants a more 

secure and efficient method to transport cargo both over land and sea and significantly 

reduced loss of cargo due to damage and pilferage. Ships no longer spent weeks in 

ports having their cargo manually loaded and unloaded. Instead, large cranes provided 

this service in just a few hours, allowing ships to spend more time at sea resulting in 

greater profitability.  With this, the growth of shipping lines began, followed by mergers 

which resulted in the formation of large global companies (Monios and Wilmsmeier, 

2018).   

The shipping industry continues to grow with new technologies and strategies 

constantly being developed to make the movement of cargo faster and more efficient. 
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There has been a tremendous improvement in the design of ships which now ensures 

that they can accommodate effective transportation processes allowing for the 

simultaneous transport of finished, dry and wet bulked products. The shipping industry 

is focused on constant improvement of efficient processes, with a focal point of having 

full shiploads of cargo as well as optimizing costs (Panayides, Lambertides and Savva 

2011).  

Another improvement affecting shipping constitutes the multimodal transportation 

(MT) which reaches land and sea boundaries of all five continents (Mukherjee and Li 

(2013). According to The Global Facilitation Partnership for Transportation and Trade 

(2013) MT is referred to as a transport operation consisting of different modes of 

transportation organized by a single operator. MT is the most efficient method of door to 

door transportation at the international level. In one voyage, MT combines the best 

advantage each mode of transportation has to offer, road haulage flexibility, railways 

large capacity and the lower cost of water transportation. The efficiency in the MT 

process is made possible because the shipper depends on one ship operator who 

organizes the entire journey of the cargo from pickup to delivery (The Global Facilitation 

Partnership for Transportation and Trade, 2013). 

As global trade increases, however, so do shipping emissions, negatively 

impacting air quality, climate, the environment and human health (Fuglestvedt et. al. 

(2009). An area of concern in shipping lies in the constant fossil fuel usage resulting in 

emissions of carbon dioxide (CO2) sulfur oxide (SOx), nitrogen oxide (NOx) and 

particulate matter (PM) (Walker, 2016). The main fossil fuel type used in shipping is 

residual oil also known as heavy fuel (HFO) or ‘bunker fuel’, which is the energy source 
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of concern, especially for cargo ships (Gallucci 2018). While cruise ships also burn 

bunker fuel (Bennett 2018), cargo ships are significant users of this type of fuel (Gallucci 

2018). It is to be noted that at the end of 2018, there were 53,000 merchant ships 

trading internationally (Statista, 2019) and 314 cruise line passenger ships (Cruise 

Market Watch, 2018) which proves the emphasis that must be put on the ocean 

transport of cargo.  

Bunker fuel, which is a cheap, dirty and widely available fuel (Wang, 2014) 

consists of a mixture of diesel and heavy petroleum residue which remains after 

gasoline and lighter petroleum products have been extracted from the crude oil refining 

process. Its rate of decomposition is extremely slow and especially when an oil spill 

occurs it results in dangerous environmental problems (“IMO Bans Bunker Fuel” 2010).  

Other types of fuel used in shipping include: (1) LNG (Liquefied Natural Gas), which is a 

natural gas which, when cooled to a liquid form at temperatures of -162ºC  

(-260ºF), is made easier to transport and store (Shell, 2019ii). When used as a fuel for 

transportation, LNG produces less emissions than diesel and heavy fuel oil (Shell, 

2019i). Over the years LNG has grown in popularity as a marine fuel (Oiltanking, 2019i).  

(2) MDO (Marine Diesel Oil) is a marine fuel which comprises a blend of various 

distillates (marine gasoil) and an extremely low heavy fuel oil content. There are various 

blends of MDO which allow for this fuel to be used in different engines. However, even 

though MDO produces less emissions than HFO, it is more expensive than HFO and 

this results in commercial shipping choosing to use HFO instead of MDO (Oiltanking, 

2019ii). (3) Marine Gas Oil (MGO) which is the lightest fuel oil used in shipping, is a 

clean distillate oil used mostly in smaller ships (Fridell, 2019). 
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Fossil fuel consumption in maritime transport has been on the increase for many 

years. In 1925, approximately 66 million tonnes (Mtonne) of fuel oil was consumed 

(Fridell, 2019). In 2002 this amount increased to 200 Mtonne (Endresen, Sørga˚rd, 

Behrens, Brett and Isaksen 2007). In 2012 there was a further increase to 300 Mtonne: 

of this amount: 228 Mtonne was HFO, 64 Mtonne was MDO, and 8 Mtonne was LNG 

(Fridell, 2019).  

Every time a shipping vessel sets sail using fossil fuel as an energy source it will 

emit significant levels of CO2, SOx, NOx, and PM (Walker, 2016). Corbett, Fischbeck 

and Pandis (1999) advise that 70-80% of emissions from all ships occur 400 km (248 

miles) away from land. Whenever any fuel combustion occurs, NOx is automatically 

formed in the atmosphere (Icopal Noxite, 2011) as well as SO2 (Energy Education 

2017) and CO2 (Energy Education, 2018). As a result of chemical reactions of NOx and 

SO2, the formation of PM occurs, producing adverse results on human health (United 

States Environmental Protection Agency, 2019ii).  

CO2 is a gas which is naturally derived from plants and animals and is a vital 

component of the carbon cycle. However, fossil fuel burning emits anthropogenic CO2 

which contributes to global warming and ocean acidification (Energy Education, 2018). 

The occurrence of ocean acidification causes sea water to become acidic, prohibiting 

the formation of carbonate ions which are essential for the formation of coral skeletons 

and seashells (NOAA, 2019v). In addition to CO2, other gases are also emitted from 

shipping and contribute to global warming (Fridell, 2019). These include methane (CH4) 

and dinitrogen oxide (N2O) (Styhre, Winnes, Black, Lee, and Le-Griffin 2017); along 

with a solid or particle known as black carbon (BC) (Harrould-Kolieb, 2008).  
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According to Energy Education (2017), SOx are pollutants consisting of oxygen 

molecules and occur in the atmosphere from the combustion of sulfur-based fuels. The 

most common form of this pollutant is SO2. SOx form a component of acid rain which 

has a debilitating effect on both vegetation and humans, causing lower crop yields to 

farmers and respiratory diseases and death in humans (Energy Education, 2017). 

NOx comprises a mixture of gases which include oxygen and nitrogen. Two 

common forms of this gas include: nitrogen dioxide and nitric oxide (Agency for Toxic 

Substances and Disease Registry, 2011). When fuel combustion occurs, nitrogen is 

released which then combines with oxygen atoms creating nitric oxide. The latter then 

further combines with oxygen to create nitrogen dioxide (Icopal Noxite, 2011). Short 

exposures to nitrogen dioxide can cause respiratory symptoms such as coughing, 

wheezing or difficulty in breathing. Long term exposure may result in the development of 

asthma and increase respiratory infections (United States Environmental Protection 

Agency, 2019i).  

According to the United States Environmental Protection Agency (2019ii) PM 

(particulate matter), also known as particle pollution, refers to a combination of liquid 

droplets and solid particles in the atmosphere. The formation of these particles is 

caused by pollutants emitted as a result of the burning of fossil fuel and the complex 

reactions of chemicals: NOx and SO2. Some particles are large and visible (i.e. smoke 

and dust) while others can only be detected with microscopic equipment. This minute 

matter, once inhaled, can make its way into an individual’s bloodstream or even deep in 

the lungs resulting in serious health problems such as: aggravated asthma; irregular 

heartbeat; decreased lung function; premature death in people with heart or lung 
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disease; irritation of airways, and difficulty in coughing or breathing (United States 

Environmental Protection Agency, 2019ii).  

 Thus, emissions from fossil fuel contribute to global warming (Walker, 2016) and 

the atmospheric pollutants have adverse health effects. In fact, these pollutants 

contribute to approximately 90,000 human deaths annually (Mims, 2010). In October 

2018 Dr. Tedros Adhanom Ghebreyesus, the head of the World Health Organization 

(WHO), warned that air pollution is the world’s ‘new tobacco’ and is responsible for 

killing 7 million people annually and causing harm to billions. He mentioned that this is a 

global crisis which requires urgent attention from all relevant stakeholders (Carrington 

and Taylor 2018). Researchers from the International Council on Clean Transportation 

(ICCT), The George Washington University Milken Institute School of Public Health, and 

the University of Colorado Boulder conducted a study assessing the premature mortality 

attributed to air pollution from transportation. This data was released in March 2019 and 

revealed that in 2015, PM and ozone non-road engines, on-road vehicles and 

oceangoing vessels were responsible for an estimated 385,000 premature deaths 

globally. Approximately 15% or 60,000 deaths resulted from air pollution from 70,000 

international ships (Rutherford and Miller, 2019). It is evident from the above-mentioned 

information that many health and environmental risks are associated with emissions 

from ships as a result of fossil fuel burning. 

In the ‘Third IMO Greenhouse Gas Study in 2014’ (we will refer to this as the 

2014 IMO Study) the authors Smith et. al. (2015) advised that in 2012 the CO2 

emissions from international shipping accounted for 2.2% of the global CO2 emissions, 

and this figure is projected to increase between 50% and 250% by 2050.  In 2015, 
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global shipping was responsible for 932 million tonnes of CO2 emissions (Olmer, 

Comer, Roy, Mao and Rutherford (2017i)). This amount represented 2.6% of the global 

CO2 emissions from fossil fuel use and industrial processes. As seen below in Figure 1, 

this was equivalent to 2-3 times the UK’s annual CO2 emissions, 1.02 times Germany’s 

annual emissions, and the CO2 emissions from 231 coal-fired power plants (Darby 

2017). In 2015, if there was a country known as international shipping (with regards to 

CO2 emissions) it would rank sixth in the world (representing 2.6% of the global CO2 

emissions), just above Germany (Olivier, Janssens-Maenhout, Muntean, Peters, 2016). 

Figure 1:  2015 CO2 emissions for Global Shipping  

Source: (Darby 2017) 

Thus, even though shipping is an efficient mode of transportation, it generates, 

annually, approximately one billion tonnes of CO2 emissions which represents between 
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2% and 3% of the global CO2 emissions (“Lower Emissions on the High Seas” (2017). 

The shipping industry is, therefore, a major climate polluter.  

To put these findings into perspective we present, in Figure 2, the 2015 global 

CO2 contributions made by country based on data gathered by the International Energy 

Agency (IEA) (2017) and a study carried out by the Union of Concerned Scientists 

(2018). As is evident from the following diagram, China ranks first in global CO2 

emissions (28%) followed second by the United States (15%); third by India (6%); fourth 

by Russia (5%); fifth by Japan (4%) and sixth by Germany (2%), the country used as a 

comparison in Figure 1.  

Figure 2: 2015 global CO2    emissions by countries  

Source: Union of Concerned Scientist (2018) 
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As global trade continues to increase, the shipping sector will be in greater 

demand, leading to an increase of CO2 emissions in the future (Eide et. al., 2013). 

Despite the polluting nature of this sector (Olivier et. al. 2016), shipping has been 

excluded from the 2015 United Nations (UN) Paris Climate Agreement (United Nations 

Framework Convention on Climate Change (UNFCCC) (2019i). There is no reason 

specifically mentioned as to why this exclusion has occurred. However, what is known is 

that after the Paris Climate Change Agreement meetings in 2015, the International 

Maritime Organization (IMO) - the international regulatory body of the shipping industry - 

has stated its commitment to reduce GHG emissions from international shipping (IMO, 

2019xii). For this reason, we fervently seek through our research to discover what 

action has been taken by the IMO to reduce CO2 emissions from global shipping and to 

determine the progress which has been made to achieve this.  

 

1.3 The Object of the Research Undertaken 

 

The IMO (International Maritime Organization) is a specialized agency of the  

United Nations (UN) which has been tasked with the responsibility of adopting and 

implementing numerous regulations to govern maritime safety, maritime security, oil 

pollution and environmental protection (IMO, 2019i). Indeed, the IMO is the main 

international institution charged with the responsibility of ensuring that the shipping 

industry and its operations prevent further harm and damage to our global environment 

(Basaran, 2016).  

The object of this thesis lies in examining and analyzing the role the IMO is playing 

in mitigating CO2 emissions from shipping in order to determine the realistic progress 
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which has been made by the organization in this field. We have chosen to focus on CO2 

emissions from shipping rather than on SOx (sulfur oxide), NOx (nitrogen oxide), PM 

(particulate matter), because this gas is the number one contributing gas to global 

warming (Barbir et. al. 1990).  

More specifically, the object of the research lies in: 

● Examining the IMO’s regulations which have been adopted and implemented 

along with the IMO’s strategies, global partnerships and projects which have 

been established to reduce CO2 emissions from global shipping.  

● Determining the overall progress which has been made in reducing CO2 

emissions from global shipping. 

● Providing recommendations on future action which could be taken by the IMO to 

ensure significant progress is made in reducing CO2 emissions from global 

shipping. 

Important questions being asked in undertaking this research are: 

• What are the main regulations, strategies, global partnerships and projects 

adopted and implemented by the IMO in order to mitigate CO2 emissions from 

global shipping? 

• What enforcement measures are in place to ensure that the IMO regulations on 

mitigating CO2 emissions from shipping are adhered to?  

• What type of power does the IMO have to enforce its regulations? 

• Is the action undertaken by the IMO relevant or enough to mitigate CO2 

emissions?  
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1.4 Chapter Summary  

 

The thesis consists of four chapters: 

Chapter One (Introduction) describes the objective of the thesis, the research 

questions, the theoretical approach, methodology and outlines the chapters’ summary. 

Information is also provided on the evolution of the shipping industry and its contribution 

to CO2 emissions.   

Chapter Two focuses on examining the IMO conventions, strategies, global 

partnerships and projects which have been adopted only, or adopted and implemented in 

order to mitigate CO2 emissions from shipping. In addition, it briefly examines the 

autonomous or unmanned vessel reality which is being considered by the IMO in order 

to mitigate air pollution from shipping.  

Chapter Three comments on the CO2 emissions from shipping before and after 

the implementation of the IMO’s regulations in order to determine the progress made in 

reducing such emissions. It also comments on the extent of the IMO’s power to 

implement regulations to achieve the successful reduction of CO2 emissions. Finally, it 

identifies any impediments which may delay or inhibit progress in reducing CO2 

emissions. 

Chapter Four (Conclusion and Recommendations) provides the conclusions of 

the research analysis regarding the effectiveness of the IMO’s role in guiding the sector 

to successfully reduce CO2 shipping emissions. It also provides recommendations 

regarding future IMO action in this area.   
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1.5 Methodology 

Our methodological approach focuses on the qualitative method of documentary 

analysis related to the research. To answer the questions raised in the present thesis 

(Section 1.3) we will conduct extensive research on information regarding the IMO’s 

structure, its regulations, strategies, global partnerships, and projects with the view to 

mitigate CO2 emissions from global shipping, as well as on the challenges faced by the 

organization in achieving this.                                                                                          

To aid in this process extensive University of Ottawa library and internet searches 

are used which include looking for ‘academic literature’ on the IMO and the reduction of 

shipping emissions, using key search terms such as: “shipping emission reduction”; 

international maritime organization”; “climate change and shipping emissions”; “maritime 

shipping”; “evolution of the international maritime organization”, among other relevant 

terms. [This involved reviewing over 100 documents both academic and non-academic]. 

In addition, internet and library searches for ‘non-academic literature’ such as annual 

reports, statistics on CO2 shipping emissions and strategies to mitigate these, 

governmental and stakeholder information, journal articles, government publications, 

conference papers, newspaper articles and any other relevant non-academic literature 

will be used to aid in this research. 
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1.6 Theoretical Framework 

The theoretical framework used in the present thesis is based on Boyd’s (2003) 

theory of Unnatural Law where he provides a comprehensive assessment of the 

weaknesses and strengths of Canadian environmental law. The objective of his work is 

to: (1) accurately assess the effectiveness of Canadian environmental laws and policies; 

(2) examine the reasons for Canada’s progress or failure to progress in this area; and (3) 

provide solutions for Canada regarding changes to its policies and laws, enabling the 

country to become a global sustainable future leader (Boyd, 2003). Boyd’s analogy is 

likened to events which occur during a doctor’s appointment: an examination, a diagnosis 

and a prescription (Boyd, 2003).  

In analyzing Canada’s environmental record (air, land, water and biodiversity) with 

aid from the Organization for Economic Co-operation and Development (OECD), Boyd 

advises that Canada’s environmental performance when compared to other industrialized 

nations is weak. The reason why the Canadian approach towards environmental 

protection is not successful is because “the root causes of environmental degradation are 

never addressed”. “All of the effort is directed toward treating the symptoms of 

environmental harm, a strategy that may mask or mitigate the damage but will never 

prevent it. Canada, like the United States, attempts to protect the environment through 

an increasingly complex web of laws and regulations. These efforts focus on moderating 

the harmful impacts of human activities in industrial societies, without challenging the 

dominant paradigm of endless economic growth based on ever-increasing consumption 

of energy and resources” (Boyd, 2003 p. 276).  
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Even though Boyd’s theory is based on Canada rather than the IMO, we find it 

useful in our undertaking. In effect, what we will extract from Boyd’s (2003) theory is the 

need to address the ‘root causes of environmental degradation’ with respect to shipping 

emissions. Although we will not follow Boyd’s reasoning (examination, diagnosis, 

prescription) we will use his theory as a general point of reference, as a baseline in order 

to assist in the examination of the IMO’s progress towards reducing CO2 emissions. In 

this way, we will seek and comment on any root causes which may prohibit such progress 

at the IMO level and address them.  
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Chapter 2 - The International Maritime 

Organization (IMO) and its role in reducing CO2 

emissions from global shipping 

 

The present chapter focuses on examining the IMO conventions, strategies, global 

partnerships and projects towards mitigating CO2 emissions from global shipping. In 

addition, it provides a brief description of autonomous/unmanned vessels which may have 

beneficial effects on reducing CO2 emissions.  

 

2.1 An Introduction to The International Maritime Organization (IMO) 

 

According to the International Maritime Organization (IMO, 2019i) the IMO is a 

specialized agency of the United Nations (UN) which was initially established out of a 

growing need by many countries to effectively promote and manage maritime safety 

through international shipping regulations (IMO, 2019i). In 1948 in Geneva, an 

international conference was held resulting in the adoption of the Convention on the 

Intergovernmental Maritime Consultative Organization - its name at the time was the 

Inter-Governmental Maritime Consultative Organization (IMCO) - which formally 

established the IMO (United Nations Treaty Collection, 2019). In 1958, this convention 

entered into force and the first organization meeting of the IMCO took place the 

following year. In 1982 the name IMCO was officially changed to the International 

Maritime Organization (IMO, 2019i). 
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Today, the IMO has 174 Member States which represent most countries in the 

world including the main maritime powers (IMO, 2019ii). It also comprises three 

Association Members [Faroes (Faroe Islands), Hong Kong (China) and Macao (China)] 

(IMO, 2019ii, iii). Non-Governmental Organizations (NGOs) and Intergovernmental 

Organizations (IGOs) enter into agreements to work with the IMO in areas of common 

interest, only after securing approval from IMO authorities which consist of: the 

Assembly (IMO, 2019iii), the highest governing body of the IMO which includes all IMO 

Member States (IMO, 2019 xli)], the Council, which is elected by the Assembly and is 

known as the Executive Organization of the IMO, and five main Committees: The 

Maritime Safety Committee (MSC); the Marine Environment Protection Committee 

(MEPC); the Legal Committee; the Technical Cooperation Committee and the 

Facilitation Committee. In addition, there are many Sub-Committees which support the 

work of the main technical committees (MSC and MEPC) (IMO, 2019iii). The IMO 

structure also extends to include the Secretariat of the IMO (United States Coast Guard 

(USCG) (2018)] consisting of the Secretary-General Mr. Kitack Lim (from the Republic 

of Korea -  appointed on  January 1st, 2016 for an initial four-year term) along with 300 

international personnel who are all based at the IMO’s headquarters in London (IMO, 

2019iv). The Secretariat is responsible for the IMO’s daily administrative operations 

which include meeting coordination and preparation (USCG) (2018) and the Secretary-

General is the chief administrative officer of the organization (1948 Convention of the 

International Maritime Organization, Part VIII – The Secretariat – Article 33-38 (United 

Nations Treaty Collection, 2019).  
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The main objective of the IMO is to facilitate international cooperation and 

develop international regulations to be adhered to by all shipping nations in order to 

promote and provide an efficient, safe, secure and sustainable shipping industry. This is 

achieved by implementing numerous rules to govern maritime safety, maritime security, 

oil pollution, environmental protection, implementation, compliance and cooperative 

legislative competence (IMO, 2019i). The IMO also plays an important role in achieving 

the targets presented by the United Nations (UN) Sustainable Development Goal (SDG) 

14: ‘Conserve and sustainably use the oceans, seas and marine resources for 

sustainable development’ (United Nations, 2019ii). The SDGs program is an action plan 

for all countries to promote prosperity and protect the environment (United Nations, 

2019iii). This plan was adopted in 2015 by all the Member States of the UN and aims to 

achieve a sustainable future for the planet and all populations by 2030. There are 17 

goals in the plan which focus on developing strategies to address issues such as 

poverty, health, education, job opportunities, equality, climate change, the preservation 

of forests and the ocean (United Nations, 2019iii). 

Since the establishment of the IMO, there have been over 50 international 

conventions and agreements and many protocols and amendments which have been 

adopted. The IMO’s process of adoption and implementation of conventions involves 

discussions of Member States in the following IMO’s constituent bodies: - the Assembly, 

the Council, the Maritime Safety Committee, the Marine Environment Protection 

Committee, the Legal Committee and the Facilitation Committee. These discussions 

focus on current and future developments in shipping and other related industries as 

well as the adoption of new conventions or the amendment of existing ones, all with the 



24 
 

goal of meeting present and future demands of the shipping industry. There is also a 

voting process (Part XIV - Article 62) during these discussions, with each member only 

being allowed to vote once. Decisions are made by majority vote. Following the 

adoption of a convention and its formal acceptance by individual governments – 

expressing their consent to the convention using methods such as signature, 

ratification, acceptance, approval or accession – the convention enters into force within 

a specific time frame (IMO, 2019v). 

If amendments have to be made to existing conventions, this may take place with 

a faster procedure called ‘tacit acceptance’ where amendments can now enter into force 

between 18 to 24 months (IMO, 2019v) after an amendment has been adopted by an 

appropriate IMO body (Shi, 1999). “Thus, an amendment becomes effective on a 

specified date, determined by the body adopting the amendment, unless a certain 

percentage of contracting States, a blocking minority, rejects the amendment by that 

date” (Shi, 1999, p.306).  The percentage of contracting Governments that reject the 

amendment must consist of more than one third of all contracting Governments; or the 

contracting Governments must own no less than 50 per cent of the world’s gross 

merchant tonnage (IMO, 2019v).  The Tacit Acceptance Procedure reduces the length 

of time taken between the adoption of an amendment and its entry into force (Shi, 

1999). It involves a much shorter time frame than previous years where amendments 

were adopted by a two-third majority of Contracting States before they could enter into 

force (IMO, 2019v). This lengthy process was known as the explicit acceptance 

procedure and resulted in amendments taking five to ten years before they entered into 

force (Shi, 1999).     
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We will now turn our attention to one of the focal points of our research: 

identifying the IMO’s Conventions which have been adopted and aim at reducing CO2 

emissions from shipping as well as the IMO’s strategies, global partnerships and 

projects which have all been established to aid in this process.   

 

2.2 The IMO Conventions on Mitigating Emissions from Shipping 

In this section we will focus on the description of the IMO Conventions which 

have been adopted or adopted and implemented for the period 1973 – 2018 and which 

aim at reducing CO2 emissions from shipping.  Even though IMO regulations focus on 

reducing GHGs in general, CO2 is a GHG (Barbir et. al.,1990). We assume, therefore, 

that the adoption of regulations on GHGs reduction will also lead to the reduction of CO2 

emissions.  

 

2.2.1 The International Convention for the prevention of Pollution from Ships 

(MARPOL)  

 

In analyzing the IMO Conventions on mitigating shipping emissions, we see 

evidence of the first sign of the IMO’s contribution to reduce pollution and, therefore,  

CO2 shipping emissions through an important international Convention adopted in 1973, 

the International Convention for the Prevention of Pollution from Ships (MARPOL) (IMO, 

2019vi). The adoption of MARPOL came as a result of the Torrey Canyon disaster in 

1967 where an accident in the English Channel resulted in the ship’s entire cargo of 
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120,000 tons of crude oil being spilled into the sea. At that time, this was the largest oil 

pollution incident ever recorded (IMO, 2019 vi, vii). 

Due to a series of increased tanker accidents in 1976 and 1977, MARPOL was 

subsequently amended by the adoption of the 1978 Protocol (National Oceanic and 

Atmospheric Administration (NOAA, 2019vi). Some of the tanker incidents included: (1) 

the Argo Merchant vessel which ran aground in 1976 near Nantucket Island, 

Massachusetts U.S.A. The vessel broke apart and spilled all of its cargo consisting 

approximately of 183,000 barrels of No. 6 fuel oil (80%) and cutter stock (20%) (NOAA, 

2019vi, vii); and (2) the tanker Irene Challenger which broke apart and sank in 1977 

near Midway Island in the North Pacific Ocean with 9.6 million gallons of crude oil 

onboard (NOAA, 2019vi). The 1978 Protocol was adopted in order to prevent and 

reduce pollution from ships due to the fact the 1973 MARPOL Convention had not yet 

entered into force. The MARPOL Protocol of 1978 ended up absorbing the parent 

Convention and entered into force in October 1983 (IMO, 2019vi).  

There was a further amendment to MARPOL with the adoption of the 1997 

Protocol which added to MARPOL its Annex VI on the Prevention of Air Pollution from 

Ships. The Annex entered into force in 2005 (IMO, 2019vi). Also occurring in 1997, was 

the 1997 Kyoto Protocol - an international agreement linked to the United Nations 

Framework Convention on Climate Change (UNFCCC) - which entered into force in 

2005, giving the IMO the mandate to reduce GHG emissions from the shipping industry 

(United Nations Framework Convention on Climate Change (UNFCCC) 2019ii; 

UNFCCC, n.d.; IMO, 2019xxiv). In short, from its inception to the present-day MARPOL 

has experienced many amendments (IMO, 2019vi). 
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MARPOL covers accidental and operational oil pollution, air pollution, and 

pollution from garbage, chemicals, sewage and goods in packaged form, as 

represented by the six Annexes below (IMO, 2019vi):  

● Annex I - Regulations for the Prevention of Pollution by Oil (entered into 

force in 2nd October 1983) 

● Annex II - Regulations for the Control of Pollution by Noxious Liquid 

Substances in Bulk (entered into force 2nd October 1983) 

● Annex III - Prevention of Pollution by Harmful Substances Carried by Sea 

in Package Form (entered into force 1st July 1992)  

● Annex IV - Prevention of Pollution by Sewage from Ships (entered into 

force 27 September 2003) 

● Annex V - Prevention of Pollution by Garbage from Ships (entered into 

force 31 December 1988) 

● Annex VI - Prevention of Air Pollution from Ships (entered into force 19th 

May 2005), (this will be examined as follows).  

 

We will examine MARPOL Annex VI along with some other amendments to 

MARPOL which include the Energy Efficiency measures for ships - Energy Efficiency 

Design Index (EEDI) and the Ship Energy Efficiency Management Plan (SEEMP) (IMO, 

2019xiv) - as follows.   
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2.2.2 MARPOL Annex VI - Prevention of Air Pollution from Ships 

 

As previously mentioned, the IMO’s (2019ix) MARPOL Annex VI, was adopted in 

1997 and later entered into force in 2005. It places limits on sulfur oxides (SOx) and 

nitrogen oxides (NOx) emitted from the ship’s exhaust. It also prohibits deliberate 

emissions of ozone depleting substances (ODS) and regulates shipboard incineration 

and the emissions of volatile organic compounds (VOC) from tankers. To further 

improve MARPOL Annex VI, in 2005, the MEPC agreed to revise MARPOL Annex VI 

(this revision entered into force 1st July 2010) to make a greater contribution towards 

reducing shipping emissions. This revision focused on progressively reducing global 

emissions of SOx, NOx and particulate matter (IMO, 2019ix). 

There was a further amendment to MARPOL Annex VI in 1997, with the adoption 

of resolution 8 which invited the MEPC to investigate the environmental impact of CO2 

emissions from ships and devise strategies to mitigate these. This resolution specifically 

invited the IMO and the UNFCCC to conduct a study on CO2 emissions from ships in 

order to determine the percentage of CO2 emissions which are derived from ships in 

relation to the global inventory of CO2 emissions (IMO, 2019xxiv). 

Further, in December 2003, resolution A.963(23) on IMO Policies and practices 

regarding GHG emission reduction from ships, was adopted by the IMO Assembly. This 

resolution – which does not constitute an amendment to MARPOL Annex VI-, is 

complementary in substance to Annex VI as it assists in encouraging the MEPC to take 

steps towards developing mechanisms to reduce GHG emissions from international 

shipping (IMO, 2019xxiv). The resolution also urges the MEPC to give priority to the 
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establishment of GHG emission baselines; the evaluation of operational, technical and 

market-based solutions; the development of Guidelines which would allow the practical 

application of a GHG emissions indexing scheme; and the development of a 

methodology describing the GHG efficiency of a ship with regards to the GHG 

emissions index for that ship  (IMO, 2004). 

In 2011 the first ever mandatory global energy efficiency resolution for 

international shipping was adopted through resolution MEPC.203(62) on the Inclusion of 

regulations on energy efficiency for ships under MARPOL Annex VI. This added a new 

Chapter 4 to MARPOL Annex VI Regulations for the prevention of air pollution from 

ships which introduced mandatory energy efficiency regulations such as: The Energy 

Efficiency Design Index (EEDI) for new ships and the Ship Energy Efficiency 

Management Plan (SEEMP) for all ships. The goal of the EEDI and SEEMP is to outfit 

ships with energy efficiency targeting the reduction of GHG emissions being released 

into the atmosphere (IMO, 2019xiv, xxxviii).  

EEDI and SEEMP entered into force on 1 January 2013. The EEDI aims to equip 

new ships with more energy efficient engines and equipment. It allows the industry to 

choose the best energy efficient technologies for their specific ship design as long as 

the required energy efficiency level is achieved.  EEDI also requires a minimum energy 

efficiency level per capacity mile (for instance, tonne mile) for ships of different types 

and sizes (IMO, 2019xiv). Mentioning specifically CO2 emissions, the IMO has stated: 

“The EEDI provides a specific figure for an individual ship design, expressed in grams of 

carbon dioxide (CO2) per ship’s capacity-mile (the smaller the EEDI the more energy 

efficient ship design) and is calculated by a formula based on the technical design 
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parameters for a given ship” (IMO, 2019xiv  p.1). The design of all new ships must meet 

the reference level for their ship type (IMO, 2019xiv). A thorough explanation of the 

formula used to calculate the EEDI can be found in Resolution MEPC.212(63) (IMO, 

2012).  

According to the IMO (2019xiv), for the EEDI process, the CO2 reduction level 

(grams of CO2 per tonne mile) is currently set at 10% for new ships. This amount will be 

tightened every five years to ensure that it keeps abreast with new technological 

developments for reduction and efficiency measures. The EEDI was initially developed 

for the largest and more energy intensive new ships such as: bulk carriers, tankers, 

general cargo ships, gas carriers, container ships, refrigerated cargo carriers and 

combination carriers (IMO, 2019xiv). However, in 2014, MEPC adopted amendments to 

EEDI in order to include newer ship types such as: ro-ro cargo ships (vehicle carriers), 

LNG (liquefied natural gas) carriers, ro-ro passenger ships, ro-ro cargo ships and cruise 

passenger ships which have non-conventional propulsion. Thus, ship types which are 

responsible for approximately 85% of CO2 emissions from international shipping are 

now included under the international regulatory regime (IMO, 2019xiv). 

The SEEMP (for new and existing ships) is a management plan that allows ship 

operators to monitor the operational energy efficiency of their ships in a cost-effective 

manner. This can be done by the use of an Energy Efficiency Operational Indicator 

(EEOI) as a monitoring tool (IMO, 2019xiv). SEEMP also incorporates best practices for 

fuel efficient ship operations and it provides the voluntary use of the EEOI guidelines 

(IMO, 2019xiv - MEPC.1/Circ.684 (Annex, 3.4. p.4, IMO, 2019xvi). The EEOI allows 

operators to measure the fuel efficiency of a ship, allowing them to consider any 
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changes during the ship’s operation which could have an effect on fuel efficiency. 

Operational changes which are frequently used include cleaning propellers, improved 

voyage planning, installing waste heat recovery systems, frequent cleaning of the 

underwater part of the ship and technical measures such as fitting a new propeller 

(IMO, 2019xiv). Some other operational measures include slow steaming, weather 

routing and trim optimization (Dewan, Yaakob and Suzana (2018). Slow steaming refers 

to a reduction in sailing speeds in order to conserve fuel, reduce operational cost and 

improve a company’s profit margins (Cariou, 2011; Cepeda, Assis, Marujo and Caprace 

(2017). Weather routing is used to find the best routes in relation to weather conditions 

which will consume the least amount of fuel (De Wit 1990). Trim optimization refers to 

ships having the right trim which will provide minimal resistance through water (Reichel, 

Minchev and Larsen, 2014). Ships can carry a specified amount of cargo at designated 

speeds allowing them to consume a specified amount of fuel under a specific trim 

condition resulting in the optimization of the trim, and the consumption of less fuel 

(“Ship-board Energy Efficiency”, 2015).  

In October 2016, further amendments were made to MARPOL Annex VI with the 

adoption of resolution MEPC.278 (70) – entering into force on March 1, 2018 - which 

introduced the data collection system for fuel oil consumption of ships, making it now 

mandatory to record and report the type of fuel oil consumed by ships. Under this 

amendment, on or before December 31, 2018, ships with 5000 gross tonnage and more 

have to collect data on every type of fuel oil used along with information on proxies for 

transport work (IMO, 2019xiv). 
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According to the IMO (2019xv), at the end of each calendar year, the aggregated 

data is reported to the Flag State. The Flag State issues a Statement of Compliance to 

the ship after ensuring that the reported data has complied with the requirements. The 

Flag State must then pass this data to the IMO Ship Fuel Oil Consumption Database. 

The IMO then produces an annual report summarizing the data collected and passes 

this on to the MEPC. Member States now have access to this data through the IMO’s 

Ship Fuel Oil Consumption Database which has recently been launched within the 

platform of the Global Integrated Shipping Information System (GISIS) (IMO, 2019xv). 

The GISIS is an information system developed by the IMO which allows the public free 

access to information pertaining to the maritime sector. This can include information on 

marine casualties and incidents, maritime security, survey and certification, ship fuel oil 

consumption and many other modules (IMO, 2017; Maritime Safety and Security 

Information Centre (2019). 

The mentioned mandatory air pollution reduction measures are forecasted to 

significantly reduce CO2 emissions from the shipping industry. By 2020, both the EEDI 

and the SEEMP are estimated to reduce CO2 emissions by 200 million tonnes annually. 

By 2030, this figure is projected to increase to 420 million tonnes of CO2 annually. In 

addition, there should also be savings in fuel cost in the shipping industry: $20 to $80 

billion by 2020 and between $90 to $310 billion by 2030 (IMO, 2019xiv).           

Although the IMO seeks to reduce CO2 emissions using EEDI and SEEMP (IMO, 

2019xiv), the IMO’s slow response to implement measures to reduce GHG emissions is 

under attack. According to Lister, Poulsen and Ponte (2015) emissions from shipping 

are unfortunately being underestimated and any emission reduction strategies currently 
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being undertaken are on a slow trajectory. We see that in 1997, the Kyoto Protocol gave 

the mandate to the IMO to reduce GHG emissions from the shipping industry 

(UNFCCC, 2019ii; UNFCCC, n.d.; IMO, 2019xxiv). However, it wasn’t until 2011, 14 

years after the adoption of the Kyoto Protocol that measures of the MEPC resulted in 

the adoption of the first mandatory global GHG reduction instrument for the international 

shipping sector (Karim, 2015). Thus, the 2011 Inclusion of regulations on energy 

efficiency for ships under MARPOL Annex VI which introduced the EEDI and the 

SEEMP became the first legally binding climate change treaty to reduce GHG in the 

shipping industry since the Kyoto Protocol (IMO, 2019xiv). 

 Further, they are critics as to the effectiveness of the EEDI and SEEMP 

measures. Karim (2015) advises that the EEDI imposes a minimum energy efficiency 

level per capacity mile for ships of different types and sizes (IMO, 2019xiv). However, 

according to Karim (2015), even though SEEMP is mandatory, the measures adopted to 

meet the energy efficiency targets are not specified. Thus, ship owners must make their 

own decisions regarding the best energy efficient measures to adopt (Karim, 2015). 

This could prove to be problematic because of the absence of guidance provided to the 

ship owners as to the implementation of the said programs resulting in the most 

effective energy efficiency technology for the ship not being chosen and, thus, the 

amount of emissions not being reduced as effectively as possible.  

In this regard, Dewan et. al. (2018) also advises that one major barrier to the 

implementation of the IMO’s energy efficiency measures is the lack of communication to 

the relevant stakeholders in the shipping industry regarding the energy efficiency 

concept and its benefits to the industry. According to Nguyen (2018), the IMO solely 
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issues guidelines regarding the implementation of the EEDI and SEEMP, leaving the 

choice of the energy efficiency technologies to the industry (Rojon and Smith, 2014). 

This creates a knowledge gap, as many ship owners, builders, operators, managers 

and designers are exposed to huge amounts of technological information regarding 

energy efficiency but due to their limited knowledge they cannot always make the most 

effective choice and adopt the most energy efficient measures (Nguyen, 2018; Dewan 

et. al., 2018). Ship operators or ship crew may be equipped with technical knowledge 

and be well versed on the ship’s operation; however, due to the company’s 

management structure they are not able to make decisions on energy efficiency 

measures. A collaborative effort between ship managers and ship operators is usually 

required to achieve optimum results regarding energy efficiency measures. If there is a 

lack of understanding and communication between them, the implementation of 

effective energy efficiency measures may not occur (Dewan et. al. (2018).  

Finally, critics note that due to expected growth in world trade, emissions from 

ships are expected to continue to increase in spite of the EEDI and the SEEMP. Greater 

measures will be required if the shipping industry is to make an impact towards reducing 

the effects of climate change (Bazari and Longva, 2011).  

As we continue our search for IMO policies focused on reducing CO2 emissions, 

we embark upon the Initial IMO Strategy on the reduction of greenhouse gas (GHG) 

emissions from ships (IMO, 2019xii). As CO2 is an important GHG (Barbir et. al. 1990), 

any strategies aimed at reducing greenhouse gases should also assist in mitigating CO2  

emissions.  
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This Initial Strategy is proof that the IMO is continuing its work to address GHG 

emissions from international shipping (IMO 2019x), It constitutes the first initiative by the 

IMO to develop a comprehensive plan to reduce GHG emissions from ships. In October 

2016, the Initial Strategy was recognized as a solution for reducing emissions from 

shipping at the 70th meeting of the Marine Environmental Protection Committee (MEPC 

70). This was later adopted in April 2018 at (MEPC 72) (IMO, 2019xii, xiii). Overall, the 

Strategy (IMO 2019x) is significant as it furnishes a framework providing Member States 

with a comprehensive Roadmap to achieve reductions in GHG emissions from 

international shipping.  

The main objectives of the Strategy as advised by the IMO (2019x) are to:  

● address GHG emissions from international shipping in order to participate in the 

global efforts to alleviate the global emission problem tackled by the Paris 

Agreement, the United Nations 2030 Agenda for Sustainable Development and 

its SDG (as mentioned in section 2.1) 13: ‘Take urgent action to combat climate 

change and its impacts-. 

● identify appropriate actions which can be implemented by the international 

shipping sector to assist it in reducing shipping GHG emissions and 

simultaneously enhance its role in the development of global trade.  

● aid in achieving the above-mentioned objectives by including research and 

development incentives along with a GHG emission monitoring plan for the 

international shipping sector.  

It is believed that all of these objectives can be achieved by providing short, mid-

term and long-term measures along with supporting measures [(such as technical 
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cooperation, capacity building and research and development (R&D)], and by 

overcoming any barriers which would create an obstacle in attaining these measures 

(IMO, 2019xii). However, these measures (IMO, 2019x) which constitute planning tools 

for what needs to be done within a particular time frame, still need to be finalized and 

agreed upon by the MEPC and other relevant IMO authorities in order for them to 

become adopted and enforceable IMO regulations in the future. The list of these 

measures is quite extensive, so we have decided to mention a few which need to be 

adopted by the international shipping sector within targeted timelines (IMO, 2019x): -  

  

● short-term measures to be adopted by between 2018 and 2023 include, among 

others: 

● improving the existing energy efficiency framework [(by adopting, for 

example, Energy Efficiency Design Index (EEDI) and Ship Energy 

Efficiency Management Plan (SEEMP)] mentioned above (Section 2.2.2);  

● making further improvements to the technical cooperation and capacity-

building activities under the Integrated Technical Cooperation Programme 

(ITCP) as explained below (Section 2.4.1);   

● adopting further national action plans to address GHG emissions from 

international shipping;  

● encouraging further enhancement of energy efficiency of ships by 

implementing activities for research and development which would 

address marine propulsion, alternative low-carbon and zero-carbon fuels 

and innovative technologies.  



37 
 

●  mid-term measures to be adopted by between 2023 and 2030 mainly focus on: 

● market-based measures (MBMs) being used to create incentives to 

reduce GHG emissions;  

● developing further technical cooperation and capacity-building 

activities under the Integrated Technical Cooperation Programme 

(ITCP) 

● adopting an alternative low-carbon and zero-carbon fuels 

implementation programme;  

● implementing operational energy efficiency measures for new and 

existing ships; 

● developing a feedback mechanism to allow for greater sharing of 

information regarding the lessons learned from the implementation 

of the measures. 

● long-term measures to be adopted beyond 2030 include, among others: 

• the development and provision of zero-carbon or fossil-free fuels to create 

an environment which would allow the shipping industry to consider 

decarbonization.  To date, this Initial Strategy is the only IMO program 

which mentions moving away, in time, from fossil fuel; 

• assistance and encouragement in facilitating new or innovative emission 

reduction mechanisms in the future.  

The measures of the IMO’s Initial Strategy are major future steps towards 

mitigating GHG emissions in the maritime shipping sector (IMO, 2019x).  According to 

Corsi (2018) of the Climate Institute, the IMO’s Strategy is strong and ambitious and 
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sets out a vivid framework to reduce emissions. As we look specifically at the targets for 

the reduction of GHG and CO2 emissions, we see that under the ‘levels of ambition’ 

section of the Strategy (p. 5), it is forecasted that a 50% reduction of the total annual 

GHG emissions should be achieved by 2050 compared to 2008 levels, with the intention 

of having them entirely phased out. For CO2 emissions from international shipping it is 

forecasted to have a reduction of 40% by 2030, with efforts towards a further reduction 

of 70% by 2050, compared to 2008 (IMO, 2019x).  

However, critics of this IMO Initial Strategy are not lacking. The International 

Council on Clean Transportation (2018) advises that once the targets for the IMO 

Strategy are complied with, international shipping would consume between 3.8% and 

5.8% of the world’s remaining carbon budget under the Paris Agreement, an increase 

from 2.3% in 2015. This increase could be due to the fact that as global trade increases, 

the shipping industry’s efficient mode of transportation will be in greater demand and 

accompanying this will be more consumption of fuel, leading to increased shipping 

emissions (Cullinane and Bergqvist, 2014).  

Corsi (2018), another critic, mentions that another disadvantage of the Strategy 

is the absence of a non-compliance procedure on quantitative emissions reduction 

targets. In other words, the absence of penalties in the Initial Strategy regarding non-

compliance could result in an increase of CO2 emissions from ships. He further notes 

that this could possibly weaken the effectiveness of the strategy. The author also 

advises that, in the future, MEPC meetings may implement measures which can be 

taken to have this rectified.  
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Another criticism made by the same author is that the future of market-based 

mechanisms, [which are aimed at creating incentives to reduce GHG emissions - some 

examples include providing support for research and development or creating incentives 

in the shipping industry to achieve improvements in energy efficiency (IMO, 2019x)], all 

fall under the mid-term strategy to be adopted between 2023 and 2030 (IMO, 2019x). 

These market-based mechanisms have been previously discussed within the IMO when 

Resolution A.963 (23) (IMO Policies and Practices related to the reduction of GHG 

emissions from ships) was approved in 2004. In effect, in this Resolution there was a 

requirement for the evaluation of operational, technical and market-based solutions 

(IMO, 2004). However, even though 14 years have passed since the Resolution, the 

implementation of market-based mechanisms has again been delayed as it is now part 

of the mid-term future strategy of the IMO’s Initial Strategy [Corsi (2018)] scheduled to 

be adopted between 2023 and 2030 (IMO, 2019x). Finally, Corsi notes that even if the 

IMO Strategy is fully complied with, the target for achieving the 1.5°C reduction (Corsi, 

2018), which is urgently recommended by the IPCC (2018) will not be attained due to 

the increase of international shipping based on the data mentioned above by the 

International Council on Clean Transportation (2018). 

A revised Strategy is scheduled to occur in 2023. This signifies the importance of 

remaining current and relevant in order to continue to reduce GHG emissions (IMO, 

2019x). It is hoped that, by that time, a greater assessment of the IMO’s Strategy will be 

conducted in order to determine its effectiveness in reducing maritime emissions (Corsi, 

2018). As we continue our research, we seek now to discover the IMO’s global 
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partnerships and projects geared towards the reduction of CO2  emissions from global 

shipping.   

 As international maritime shipping regulations are adopted and implemented by 

the IMO, the ultimate responsibility for their implementation resides strictly with the 

government of individual countries (Karim, 2015). However, due to lack of resources, 

some governments are sometimes unable to comply with the IMO’s regulations (IMO, 

2019xviii). 

According to Karim (2015) a lack of political will, legal expertise, technical, and 

financial inability in many developing countries may pose challenges for the 

implementation of the IMO regulations. In effect, some technical experts of the local 

maritime administrations in developing countries may experience difficulty in 

understanding the technical terms of the IMO Conventions. In addition, integrating the 

IMO regulations in the local legal frameworks may constitute a challenge, as some 

developing countries may not have the legal expertise to effectively draft their local 

legislation to properly reflect the IMO Conventions. This can occur because many 

developing countries are independent states and find it difficult to amend their local laws 

to incorporate international conventions (Karim, 2015). Further, the author advises that 

some developed countries lack the political will and environmental responsibility to 

implement the IMO regulations despite their technical, legal and financial resources.  

In order to ensure that challenges faced by developed and developing countries 

do not prevent the implementation of the IMO’s regulations, in May 2013 (IMO, 

2019xviii), the IMO prepared the foundation for its global capacity-building projects. This 

involved the adoption of resolution MEPC.229(65) which focused on the Promotion of 
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technical co-operation and transfer of technology relating to the improvement of energy 

efficiency of ships. The resolution was adopted to ensure that technical assistance 

would be provided by the IMO to Member States and especially to developing countries 

to ensure that they can become involved in the transfer of energy efficiency 

technologies through the IMO’s various programs such as: the Integrated Technical 

Cooperation Programme (ITCP), the Global Maritime Energy Efficiency Partnership 

(GloMEEP) project and the Marine Technology Cooperation Centre (MTCC) network. 

Even though these are all different IMO programs, they are all aimed at reducing GHG 

emissions from the maritime shipping sector (IMO, 2019xviii).  

The ITCP focuses on providing developing countries’ governments with technical 

assistance programs in order to aid them in implementing IMO regulations (IMO, 

2019xix).  The GloMEEP program focuses on 10 Lead Pilot Countries inclusive of both 

developed and developing countries with the goal of working to assist these countries to 

reduce GHG emissions from their maritime sector (IMO, 2019xiii). Finally, the Global 

Maritime Technology Cooperation Centre (MTCC) Network (GMN) assists the 

developing world and, more specifically, the Least Developed Countries (LDCs) and the 

Small Island Developing States (SIDS) to mitigate GHG emissions from the shipping 

sector. This is done through the establishment of five global MTCC networks (IMO, 

2019xxiii).  All of these programs are further explained below.   

 

 

2.2.3 Integrated Technical Cooperation Programme (ITCP) 

 

The IMO established the ITCP in the late 1990’s (IMO, 2019xix) in order to aid 

governments that lacked technical knowledge and resources in implementing IMO 
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regulations. The ITCP aims to assist governments of developing countries with technical 

assistance programs focusing on: (1) human resources development which would 

provide training for individuals assisting them in effectively managing and developing 

programs related to maritime safety administration, marine environmental protection, 

development of maritime legislation, facilitation of maritime traffic, technical port 

operations and the training of seafarers and shore-based personnel; (2) institutional 

capacity-building which involves providing government institutions with all the necessary 

knowledge, technical assistance and training required to be able to comply  with the 

IMO’s regulations on maritime safety and security and the control and prevention of 

maritime pollution; and (3) advocacy of global maritime rules and standards – ensuring 

that international treaty instruments are ratified, and the national legislation is 

implemented (IMO, 2019xix). 

According to the United Nations (2019v), the IMO’s ITCP focuses on ensuring 

that at both the country and the IMO levels the technical assistance activities contribute 

to the implementation of the United Nations 2030 Agenda and its Sustainable 

Development Goals (SDGs).  Despite the fact that there is no regular budget for 

technical cooperation activities, reliance is placed on extra budgetary resources to 

complete the technical cooperation work. Therefore, the 2018-2019 budget for the ITCP 

is USD $13,000,000.00.  

The IMO Secretariat organizes effective partnership arrangements to provide 

resources (financial and/or in-kind) to support the implementation of the ITCP. These 

arrangements are provided by international and regional organizations, Member States 

and non-governmental organizations and industry (United Nations, 2019v). 
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The work of the ITCP is vital in assisting developing countries with the 

implementation of IMO instruments to ensure safe and secure shipping and enhanced 

environmental protection (IMO, 2019xix). However, there is a cause for concern in the 

IMO’s capacity in fulfilling the growing need of technical assistance for developing 

countries and ensuring that the ITCP remains sustainable. The challenge lies in 

providing continuous funding for the ITCP (IMO, 2019xxi).  

 

2.2.4 Global Maritime Energy Efficiency Partnership (GloMEEP) project 

 

The GloMEEP (Global Maritime Energy Efficiency Partnership) (GloMEEP, 2019; 

IMO 2019xiii) is a GEF-UNDP (Global Environment Facility-United Nations 

Development Programme) IMO global partnership project implemented by the UNDP 

(United Nations Development Programme) – which was established in 2015 by the IMO 

within its Marine Environment Division - and funded by the Global Environment Facility 

(GEF). GloMEEP is comprised of a dedicated Project Coordination Unit which assists 

10 Lead Pilot Countries (LPCs): Argentina, China, Georgia, India, Jamaica, Malaysia, 

Morocco, Panama, Philippines and South Africa in developing programs and policies to 

significantly reduce GHG emissions from international shipping (IMO, 2019xiii). It is 

believed that these countries were chosen due to the rapid growth of their maritime 

sectors, and the necessity to reduce any negative impact their emissions will have on 

the environment (“How the GloMEEP project is trying to nurture efficiency in shipping”, 

2016).   
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The GloMEEP project - formally designated as ‘Transforming the Global Maritime 

Transport Industry towards a Low Carbon Future through Improved Energy Efficiency’ - 

focuses on building capacity to implement technical and operational measures in 

developing countries where high levels of shipping occur. The promotion of a low-

carbon maritime sector is the primary goal of this project. This is achieved by enabling 

the 10 LPCs to be leaders in their respective regions (IMO, 2019xxii). The project 

provides the said countries with information regarding Legal, Policy and Institutional 

Reform (LPIR) in addition to enhanced private-public partnerships for innovation and 

technology deployment and capacity building (United Nations, 2018ii). It also focuses on 

encouraging national government action and industry innovation to implement maritime 

energy efficiency measurements (GloMEEP, 2019). 

 

More specifically, the project’s three main components are (GloMEEP 2019): - 

● Legal, Policy and Institutional Reforms (LPIR) - this component aims to 

support the national activities of the LPCs by providing them with vital 

information regarding LPIR for the effective implementation of IMO’s 

energy efficiency regulations. It is hoped that the implementation of these 

regulations will encourage other developing countries to ratify the IMO’s 

regulations.  

● Maritime Sector Energy Efficiency Capacity Building, Awareness Raising, 

Knowledge Creation and Dissemination - this component aims to provide 

greater awareness and capacity of the IMO energy efficiency regulations 

among the LPCs. Thus, encouraging these countries to ratify, implement 



45 
 

and enforce the said regulations as well as participate in the further 

development of ship operational and design energy efficiency measures in 

the LPCs. 

● Public-Private Partnerships to Catalyse Maritime Sector Energy Efficiency 

Innovation, R&D and Technology Deployment - this component focuses 

on encouraging the involvement of the private sector - involved in energy 

efficiency activities related to the maritime sector - in developing countries 

(within the region of the 10 LPC’S). This is to be achieved through the use 

of international forums, knowledge sharing and collaborative pilot efforts 

regarding technology assessment and deployment.   

 

To assist in achieving the above-mentioned components the following activities 

have been organized: (1) Global Activities - LPIR templates/guidelines, training 

materials, global workshops, train the trainer courses, publications and dissemination. 

(2) Regional Activities - Regional workshops and dissemination, regional marine centers 

of excellence and (3) National Activities – National baseline and needs assessment, 

national strategies development, energy assessments, capacity building workshops, 

implementation of required LPIR, technology development/deployment, dissemination 

(GloMEEP, 2019).  

To further support low-carbon shipping, the GloMEEP project aims to produce an 

‘innovative public-private partnership’ within the framework of the GloMEEP project 

through a new Global Industry Alliance (GIA) for maritime energy efficiency (IMO, 

2019xxii). In 2017, GIA was launched with a main focus of bringing maritime industry 
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leaders together to encourage them to support an energy efficient and low carbon 

maritime transport system (IMO, 2019 xxxix). Leading private sector players have joined 

GIA and these include: - ship owners, ship operators, engine and technology builders 

and suppliers, classification societies, big data providers, oil companies and ports 

(GloMEEP, 2019). 

GIA’s areas of focus include: - energy efficiency technologies and operational 

best practices, digitalization and alternative fuels. Maritime industry leaders are brought 

together through activities carried out or promoted by GIA which include: research and 

development, industry fora to encourage a global industry dialogue; showcasing of 

advances in technology development and positive initiatives by the maritime sector; and 

the implementation of capacity-building and information exchange activities (GloMEEP, 

2019).  

Andrew Hudson, head of the United Nations Development Program (UNDP) 

Water and Ocean Governance Programme advised that the UNDP is happy that GIA 

was formed and this would provide an opportunity for everyone to work together and 

assist in removing barriers [for example technical, informational and awareness] in order 

to work towards the transformation of a low carbon future for the shipping industry 

(United Nations Development Programme, 2017). We also found that Xiaomei Tan, 

senior climate change specialist, and Christian Severin, a senior environmental 

specialist with regards to the maritime sector, have said that “The sector has untapped 

potential in energy savings and emissions reduction. Energy consumption and 

CO2 emissions could be reduced by up to 75% by applying operational measures and 
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implementing existing technologies” [“How the GloMEEP project is trying to nurture 

efficiency in shipping” (2016 p.1)].  

These specialists further advise that although the GLOMEEP project has good 

intentions, its reliance on the private sector and national governments creates a 

situation where many people are involved in the process and difficulties can arise to 

keep everyone happy. In addition, Tan mentions that the aim of the project is for the 

shipping sector (ship owners, operators and charterers) to participate in the efforts to 

reduce shipping pollution. However, due to a lack of awareness regarding the current 

energy saving potential available to the shipping industry, this may not occur [“How the 

GloMEEP project is trying to nurture efficiency in shipping” (2016)].   

 

2.2.5 Global Maritime Technology Cooperation Centre (MTCC) Network (GMN) 

 

In 2017 (IMO, 2019xxiii), the IMO officially launched the Global Maritime 

Technology Cooperation Centre (MTCC) Network (GMN) which is operated by the IMO 

and funded by the European Union. This GMN project formally titled ‘Capacity Building 

for Climate Change Mitigation in the Maritime Shipping Industry’ was established to 

assist the developing world and, more specifically, the Least Developed Countries 

(LDCs) and the Small Island Developing States (SIDS) in order to assist them with the 

mitigation of GHG emissions in the shipping sector (IMO, 2019xxiii) and, as a result, the 

reduction of CO2 emissions from ships (Barbir,1990).  This will be done through the 

promotion and development of new and innovative technology with the goal to improve 
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energy efficiency and assist the shipping sector to move towards a low-carbon future 

(IMO, 2019xxiii).  

To aid in this GMN project five global MTCC networks have been established. 

They are located in Africa - hosted by Jomo Kenyatta University of Agriculture and 

Technology, Mombasa, Kenya; Asia - hosted by Shanghai Maritime University, China; 

the Caribbean - hosted by University of Trinidad and Tobago, Trinidad and Tobago; 

Latin America - hosted by International Maritime University of Panama, Panama; and 

the Pacific - hosted by Pacific Community, Suva, Fiji (IMO, 2019xxiii). 

These MTCCs are expected to provide a leadership role in their regions to 

reduce shipping emissions by promoting energy-efficiency technologies and operations.  

It is expected that through outreach and collaborative activities, the MTCCs will assist 

countries within their regions to develop national maritime energy-efficiency policies and 

measures, promote low-carbon technologies and operations related to maritime 

transport and establish voluntary pilot data collection and reporting systems (IMO, 

2019xxiii). In the Global MTCC Network (GMN) Summary Report (2018) we see 

evidence of MTCC programs which occurred in 2018 such as: - 

• In October 2018 there was technical training for MTCC staff. This training 

focused on energy efficiency in ship design and operations, adaptation to climate 

change and port energy management. In addition, during this session, staff were 

exposed to presentations on harnessing wind power, electric and digital 

solutions, and a vision of the look of future ports. 

• In July 2018 there was a MTCC-Asia Global Forum on Green Shipping. In 

attendance were EU and IMO representatives, maritime institutions, maritime 
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authorities, and shipping industries. This forum provided information on 

environmental protection (both atmospheric and marine) from shipping 

operations.  

• In October 2018 there was a MTCC-Caribbean 4th National Workshop. In 

attendance were ship operators, shipping agents, ships owners, regulators, 

maritime administrators, international organizations and academics, maritime 

technology providers and ministry representatives. The purpose of this workshop 

was to facilitate capacity building in the region through coordinated works with 

the port authorities, maritime administrations, relevant government departments 

and stakeholders in order to encourage compliance with MARPOL Annex VI.  

 

Further, in October 2019, there was the Third Annual GMN Conference in 

collaboration with the World Maritime University (WMU) held in Sweden where the 5 

MTCCs provided reports on their individual pilot projects which focused on various 

measures aimed at mitigating emissions from the maritime sector (IMO, 2019 xlii). Here 

the success of the MTCC projects is reported as follows (IMO, 2019 xlii): - 

• The MTCC-Caribbean has raised awareness in the Caribbean on reducing 

shipping emissions through two of their pilot projects. The projects aim to (1) 

establish a maritime energy efficiency baseline and cost/benefit analysis for 

different energy efficiency technologies and (2) collect fuel consumption data 

throughout the Caribbean. According to Captain Sukhjit, Deputy Director and 

Technical Head of MTCC-Caribbean, as a result of the pilot projects creating 
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greater awareness in the Caribbean, local stakeholders consider developing 

alternative fuels.   

• The MTCC-Asia has been developing a software tool to help ships' crews 

record fuel consumption and is working on ways of optimizing the angle at 

which ships float in the water ("trim") in order to improve their performance. It 

has also been conducting ship fuel oil consumption data collecting and 

reporting (IMO, 2019 xlii p. 1). 

• MTCC Latin America has organized numerous workshops in the region in 

order to assist maritime authorities and stakeholders to comply with the IMO 

regulations regarding energy efficiency. In addition, their pilot project focuses 

on the collection of fuel consumption data and it examines barriers which may 

prohibit the regional ship owners and operators from implementing the IMO’s 

regulations. 

• MTCC Africa has also been collecting fuel consumption data and has 

developed standardized e-forms for data collection equipment (tablets), 

enabling ships' crews to input key parameters, such as fuel type, fuel 

consumed, engine rating and so on. This data is then uploaded via satellite to 

a web-based platform where it can be processed and analyzed. By the end of 

2018, more than 1000 data sets were collected. A demonstration pilot project 

on port energy audits is also being implemented (IMO, 2019 xlii p. 1). 

• MTCC Pacific has been focusing on energy efficiency technologies and 

operations for ships, and the collection of fuel oil consumption data. For 

example, in the port of Honiara, Solomon Islands there has been a 
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considerable reduction of emissions - the exact amount was not provided- as 

a result of energy efficiency measures implemented. 

According to Dr. Cleopatra Doumbia-Henry, WMU President, "The MTCC Network is 

a project that unites maritime experts from all over the world in five MTCCs in order to 

provide capacity building for climate mitigation in the maritime shipping industry. Its 

work plays an invaluable part in promoting global awareness and in developing global 

solutions to mitigate GHG emissions from shipping through efficient and sustainable 

energy use,". Dr. Doumbia-Henry further states, "Climate change is a global challenge, 

and it is only if we work together and share our knowledge and technologies on energy 

efficiency and renewable energy production that we can be successful in mitigating 

climate change" (IMO, 2019 xlii p.1).  

 

2.3 The IMO and Autonomous or Unmanned Ships  

 

As the IMO continues to find ways to make international shipping safer, more 

secure and energy efficient, it is considering technological advancements to aid in this 

process such as the operation of Maritime Autonomous Surfaces Ships (MASS) which 

can operate partially or fully independent of human intervention (IMO, 2019xxv). There 

are varying degrees of autonomy in MASS which include: (1) some operations on ships 

which are automated with seafarers onboard to operate and control shipboard functions 

and systems; (2) seafarers being onboard and ships being remotely controlled and 

operated from another location; (3) no seafarers onboard and ships being remotely 
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controlled and operated from another location; and (4) a fully autonomous ship which 

depends upon itself to make decisions and determine actions (IMO, 2019xxv). 

The development of this technology has already become reality.  For example, 

Kongsberg a Norwegian maritime technology expert and Yara, a fertilizer producer have 

both embarked on a project to build this world’s first autonomous and zero emission 

container ship name ‘Yara Birkeland’ due to be completed by 2020 (“Video: World’s 

First Autonomous”, 2017). In 2018 there was a successful demonstration of the world’s 

first fully autonomous ferry in the city of Turku, Finland by Rolls-Royce and Finnish 

state-owned ferry operator Finferries. Also occurring in 2018 in Turku Finland, was the 

opening of an autonomous ship research and development center by Rolls-Royce to aid 

in the future development of the autonomous ship (“7 Major Developments”, 2018).  

According to Burmeister, Bruhn, Rødseth and Porathe (2014i) the development of 

an autonomous ship would provide solutions to three major challenges of the maritime 

sector: 

• Minimize operational expenses to allow for greater efficiency in international 

trade 

• Mitigate environmental impacts and reduce GHG emissions 

• Remove minor operational tasks from crew members and create greater 

opportunities for them to undertake more interesting and rewarding work, making 

their profession more attractive 

Similarly, Hogg and Ghosh (2016) advise that they are safety, economic and 

environmental advantages to autonomous ships such as fewer crew members onboard 

which will result in lower labor cost and a reduction in the risk of human error which can 
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potentially avoid environmental disasters. Autonomous ships will also allow for a ship 

design which will create more space and improve energy efficiency resulting, therefore, 

in the efficient use of fuel (O’Brien, 2018).  According to MUNIN - Maritime Unmanned 

Navigation through Intelligence in Network (2016i) autonomous ships can also 

significantly contribute to the greening of ships through the use of alternative fuels 

resulting in reduced shipping emissions. Some alternative fuels used in shipping 

include: - liquefied petroleum gas (LPG), liquefied natural gas (LNG), ethanol, biogas, 

nuclear fuel and biodiesel (European Maritime Safety Agency (EMSA (2019).  

 MUNIN (2016i) also notes that another advantage of autonomous ships is that 

they can create a more efficient operation as they are equipped with advanced 

automatic energy management systems and improved routing and navigation which will 

aid in reducing shipping emissions. Further advantages include: - health management 

systems for all ship systems, an intelligent awareness system and autonomous 

navigation (“Video: World’s First Autonomous”, 2017). 

Even though unmanned vessels may have a positive effect on shipping 

emissions, Hogg and Ghosh (2016) advise that there are disadvantages in putting them 

forward such as: the high costs to initially invest in the technology and set up on-shore 

communication operations to monitor the ships; the loss of jobs among seafarers due to 

the fact that their roles will become obsolete due to automation; the risk of a cyber-

attack on the ship’s operation system causing a failure in its navigational ability which 

could result in collisions, casualties and environmental pollution (Hogg and Ghosh, 

2016). The authors further advise that there is the risk of unmanned ships not being 

covered by insurance companies due to high safety and security concerns which may 
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be greater without onboard crew members. Insurance provides peace of mind to 

individuals and companies, and in the event of a loss or damage it prevents financial 

disaster (Buckley, 1994). Therefore, it is of significant importance that the initiatives of 

the maritime industry are covered by insurance (liability, cargo) as this protects cargo 

owners and shipping companies against loss or damage to cargo or vessels and third-

party injury or loss (Maritime Industry Foundation, 2019). Finally, there is currently no 

legal framework or international regulations or conventions in place for MASS in order to 

operate in international waters. This creates uncertainty as to the framework within 

which these vessels may operate.  

To remedy this drawback, in May 2018, the IMO’s Maritime Safety Committee 

(MSC) commenced the process of developing a regulatory framework for MASS which 

has been divided into two parts: Step 1 - a scoping exercise which will ascertain how 

autonomous ships of varying degrees can be incorporated into IMO’s existing regulatory 

instruments  and used to improve international shipping; and Step 2 - an analysis to 

determine the best way to address the MASS operations and how technology, 

operational factors and the human element can be combined to effectively achieve this 

(IMO, 2019xxv).  

During the MSC meeting held in May 2018 (IMO, 2019xxv) a Correspondence 

Group on MASS was established. Its responsibility was to test the methodology and the 

framework of the agreed regulatory scoping exercise and to report their findings at the 

December 2018 MSC meeting. This information (IMO, 2019xxvi) was reviewed at the 

December meeting and was approved by MSC. It was further agreed that during the 

first half of 2019 the MSC would have an initial review of the IMO’s instruments that 
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need to be amended to adapt to MASS and this would be conducted by many 

volunteering Member States and would be supported by interested international 

organizations (IMO, 2019xxvi). This meeting (IMO, 2019xxxiii) occurred between the 5th 

and the 14th of June 2019 during which the MSC approved the Interim guidelines for 

MASS trials. These trials must be conducted with a degree of safety, security and 

protection of the environment. In addition, operators of MASS must be experienced and 

qualified to conduct MASS trials in a safe manner. Finally, during the June meeting 

there was the scheduling of an intersessional MSC working group for September 2019 

to continue the regulatory scoping exercise – currently under way - with the expectation 

to have this completed in 2020 (IMO, 2019xxxiii). The list of IMO instruments which will 

be covered during the scoping exercise for MASS include: Collision regulations 

(COLREG); Safety of Life at Sea (SOLAS) convention; Tonnage measurement 

(Tonnage Convention); Loading and Stability (Load Lines); Search and Rescue (SAR); 

Safe Containers (CSC); Training of seafarers and fishers (STCW, STCW-F); and 

Special trade passenger ship instruments (SPACE STP, STP) (IMO, 2019xxvi). 

MSC will continue to conduct further analysis into developing a better 

understanding of MASS and its benefits to the shipping sector. MSC will strive to 

determine the best ways that the IMO’s instruments can be used to incorporate MASS 

into their regulations considering the human element, technology and operational 

factors, along with identified guidelines which will ensure continued maritime safety, 

security and environmentally sound operations (IMO, 2019xxv, xxvi). 

As we conclude this chapter, we affirm the commitment of the IMO to reduce CO2 

emissions from shipping through conventions, strategies, global partnerships and 
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projects (IMO 2019i-xxvi, GloMEEP (2019). One major point which we have noted is 

that, in their current pursuit to reduce CO2  emissions, the IMO has strongly focused on 

implementing measures to mitigate fossil fuel usage such as: the EEDI for new ships, 

the SEEMP for all ships (IMO, 2019xiv); the IMO’s Global Networks and Partnerships 

programs ITCP (IMO, 2019xix); GloMEEP (GloMEEP, 2019); and the MTCC (IMO, 

2019xxiii). In addition, preliminary work has been conducted by the IMO on autonomous 

ships which focus on improving energy efficiency in ships (IMO, 2019xxv, xxvi). Finally, 

the IMO’s Initial Strategy includes long-term measures - to be adopted beyond 2030 – 

with provisions for zero-carbon or fossil-free fuels, inviting, in this way, the shipping 

industry to consider decarbonization (IMO, 2019x). This is the only IMO initiative 

inclusive of measures aimed at moving away from fossil fuel usage. 

We have noted, however, that critics of the IMO’s initiatives undertaken stress their 

inadequacy or slow development in tackling shipping emissions. As global trade 

increases, the shipping industry’s efficient mode of transportation will be in greater 

demand and accompanying this will be more consumption of fuel, leading to increased 

shipping emissions (Cullinane and Bergqvist, 2014). As we continue our research in the 

following chapter, we seek to discover if the IMO’s initiatives have been, overall and as 

critics seem to suggest, inadequate to reduce CO2 emissions from the global shipping 

sector.   
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Chapter 3 - Results and Analysis 

 

This chapter comments on the CO2 emissions from shipping before and after the 

implementation of the IMO’s regulations in order to determine the progress made in 

reducing such emissions. It also comments on the extent of the IMO’s power to 

implement regulations to achieve the successful reduction of CO2 emissions. Finally, it 

identifies any impediments which may delay or inhibit progress in reducing CO2 

emissions. 

 

3.1 Introduction  

In our previous chapter we focused on the regulations, strategies, global 

partnerships, and projects of the IMO from 1973 to 2018. In this chapter, we will 

comment on global CO2 emissions from maritime shipping for the period 2007-2015. 

This timeframe will be broken down into two segments, the first focusing on the period 

2007- 2012 - before IMO regulations specifically targeting the reduction of CO2 

emissions were implemented -; and the second targeting the period 2013-2015 - after 

the IMO regulations specifically targeting the reduction of CO2 emissions were 

implemented -. This time frame was chosen primarily because our objective is to 

understand what the CO2 emission levels were before and after the implementation of 

the IMO regulations. This will allow us to determine if progress was made in reducing 

CO2 emissions from global shipping based on the IMO regulations. In addition, this time 

frame was chosen due to the availability of reliable data on global shipping emission 

levels as information on emissions after 2015 is not available. Also, in this chapter we 

will provide information on future projections for global CO2 emissions from shipping. 
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Finally, there will be a focus on the IMO’s power to implement regulations, and a look at 

any impediments which may prohibit the IMO’s progress in reducing CO2 emissions.  

 

3.2 CO2 Emissions from global shipping for the period 2007-2015 

 

During the period 2007 to 2012 - before the IMO regulations specifically targeting 

the reduction of CO2 emissions were implemented - global CO2 emissions were 

generally on the increase from 31,409 million tonnes in 2007 to 35,640 million tonnes in 

2012 as affirmed by Table 1 below. The Table is based on data from the ‘Third IMO 

Greenhouse Gas Study 2014’ prepared by Smith et. al. (2015).   

To establish this estimate, Smith et. al. (2015) gathered information on the global 

fleet activity of ships from AIS (Automatic Identification System), IHSF (IHS Fairplay) 

which provided data on the technical characteristics of ships and from IEA (International 

Energy Agency) which provided data on marine bunker sales statistics. AIS is an 

automated, autonomous tracking system used in the maritime world to track the location 

of ships. This is achieved using transponders (which transmit and receive AIS data) 

(Marine Traffic, 2018).  IHS Fairplay is an organization which monitors the largest global 

maritime database, providing information on ship ownership, movement, characteristics, 

ports, casualties, research and news (Alex Centre for Multimedia and Libraries n.d.). 

IEA is an international organization which provides data, analysis and solutions on all 

fuels and all technologies (International Energy Agency, 2019). 
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Table 1:  A comparison of global CO2 shipping emissions with total shipping and 
international shipping CO2 emissions (values in millions tonnes CO2) 

 

Source: Smith et. al. (2015)  

 

The data in Table 1 uses the bottom-up method to provide a comparison of 

global CO2 shipping emissions with total shipping and international shipping CO2 

emissions (Smith et. al. (2015). In a bottom-up approach, data is collected at all levels 

  

Third IMO GHG Study 2014 CO2 

Year Global  

CO2 

Total 

shipping 
% of 

global 

International 

shipping 
% of 

global 

2007 31,409 1,100 3.5% 885 2.8% 

2008 32,204 1,135 3.5% 921 2.9% 

2009 32,047 978 3.1% 855 2.7% 

2010 33,612 915 2.7% 771 2.3% 

2011 34,723 1,022 2.9% 850 2.4% 

2012 35,640 938 2.6% 796 2.2% 

Average 33,273 1,015 3.1% 846 2.6% 
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of an organization in order to identify the existing operational risks (Elliott, 2013). The 

IMO uses the bottom-up method to estimate emission levels from ship activity 

(international, domestic and fishing vessels), with calculations being based on fuel 

consumption (per engine), activity and emissions (per GHG and pollutant substance). 

This is done for every in-service ship for every hour of the years 2007-2012. The totals 

are then calculated for each fleet, and then for the global shipping activity (international, 

domestic and fishing). Global fleet technical data from IHSF and fleet activity data from 

AIS are used for this method (Smith et. al. 2015).  

Based on the data in Table 1, the year 2007 commenced with 3.5% of global 

CO2 emissions (the highest percentage for this period), followed by the same figure for 

the following year. However, in 2009 we see a reduction of global CO2 emissions to 

3.1% with a further decline in 2010 to 2.7%. Then, in 2011 we see an increase of global 

CO2 emissions to 2.9%, followed by a further reduction in 2012 to 2.6%. As Smith et. al. 

(2015) explain, between 2007- 2012 the total fuel consumption of all ships in the study 

were between approximately 247-325 million tonnes. This resulted in total shipping % of 

global CO2 emissions fluctuating from 1100 million tonnes (3.5% of global CO2 

emissions in 2007) to 938 million tonnes (2.6% of global CO2 emissions in 2012). 

International shipping (i.e. shipping between ports of different countries with the 

exclusion of fishing and military vessels) is the lead fuel consumer and CO2 emitter. 

Also, three (3) ship types (container ships, oil tankers and bulk carriers) dominate the 

total fuel consumption of international shipping.  

Smith et. al. (2015) further advise that during 2007-2012 the fuel type being used 

by the marine sector (international shipping, domestic navigation and fishing) was fossil 
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fuel. They note that international shipping took the lead in CO2 emissions with the 

dominant fuel of choice being HFO (heavy fuel oil) followed by MDO (marine diesel oil), 

and LNG (liquefied natural gas) respectively. The domestic navigation sector - this 

refers to vessels of all flags navigating between ports of the same country, except for 

fishing and military vessels and those vessels involved in international navigation - 

comes in second place in CO2 emissions. In this sector, more MDO than HFO is being 

consumed and there is no consumption of LNG. In final position is the fishing sector - 

this refers to inland, coastal and deep-sea fishing - whose fuel of choice is similar to that 

of the domestic navigation.  

During this pre-IMO implementation regulation period, Smith et. al. (2015) further 

advise that any increase in fleet activity (resulting in increased fuel consumption and 

CO2 emissions) was due to an increase in trade activity and any reduction of fuel and 

CO2 emissions was a result of low trading activity - along with the introduction of slow 

steaming possibly to cut the ship owners operating costs.  

One cannot but wonder whether the presence of the IMO regulations would have 

contributed to a reduction of CO2 emissions. To answer this question, we look at Table 

2 below [Olmer, Comer, Roy, Mao and Rutherford (2017i) in their report on 

‘Greenhouse Gas Emissions from Global Shipping 2013-2015’] on CO2 emissions 

related to shipping from 2007-2015, before and after the IMO implemented regulations. 

[As we look at the comparative data for the period 2007-2012 we see there is somewhat 

of a difference in numbers between Table 1 and 2. This is due to the fact that in Table 1 

the estimated global CO2 data represents CO2 emissions from fossil fuel consumption 

and cement production (Smith et. al., 2015) while in Table 2 the estimated global CO2 
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data represents CO2 emissions from fossil fuel use and industrial processes [Olmer et. 

al. (2017i); Emissions Database for Global Atmospheric Research (EDGAR (2017)]. 

Even though the figures during this period differ, a general comparison between the two 

Tables provides a similar trend of a reduction and increase for the same years during 

the period 2007-2012].  

 
 
 
Table 2: Comparison of Global CO2 emissions for shipping from 2007-2015 

 

Source: Greenhouse Gas Emissions from Global Shipping 2013-2015 (Olmer et. al. 
(2017i)  
  

A general glance at the comparative information for the period 2007-2015 in 

Table 2 would suggest to us that there has been a general CO2 emission reduction 

throughout this period. For example, we see that the total shipping % of global CO2 

emissions in 2007 was 3.5%, and in 2015 it was reduced to 2.6%. There is especially a 

reduction during the period 2013-2015 (compared to previous years) when the IMO 



63 
 

regulations to reduce CO2 emissions from shipping were implemented. This gives the 

impression that the IMO regulations could be responsible for this reduction of CO2 

emissions from shipping. However, on closer examination we learn that this reduction is 

not credited to the IMO regulations. Instead, as authors note, the reduction is due to the 

fact that global trade activity was reduced during that period as compared to previous 

years [(Olmer et. al. (2017i)]. 

As we further examine the statistical data of CO2 emissions from shipping for the 

period 2013-2015 – period post IMO shipping emissions regulations -  (IMO, 2019xiv)  

we see that, during this period and despite the fact that IMO regulations were 

implemented, the total shipping % of global CO2 emissions were on a steady increase. 

Olmer et. al. (2017i) advise that during the said period (2013-2015) the total shipping 

fuel consumption increased from 291 million tonnes to 298 million tonnes. This resulted 

in an increase of the total shipping CO2  emissions from 910 million tonnes to 932 million 

tonnes (+2.4%). According to Olmer et. al. (2017i), during 2013-2015, there was a 1.4% 

increase in international shipping emissions, a 6.8% increase in domestic shipping 

emissions, and a 17% increase in fishing emissions; with total shipping representing on 

average 2.5% of the global CO2  emissions (from fossil fuel use and industrial 

processes). 

According to Olmer et. al (2017i), even though there have been improvements in 

the operational efficiency of ships during this period (2013-2015) due, for example, to 

IMO regulations (EEDI and SEEMP), there have also been increases in fuel 

consumption and GHG emissions during this period. Their study revealed that major 

ship classes (for example container ships, bulk carriers, oil tankers etc.) have become 
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more efficient and have decreased their intensity of their CO2 emissions. However, 

despite that fact that there was an overall reduction in trade activity for the period 2007-

2015, there was an increase in the total CO2 emissions (during 2013-2015) believed to 

be due to an increase in global trade activity within that period, which resulted in an 

increase in travel/transport. More specifically, it was discovered that the CO2 intensity of 

general cargo ships decreased by 5%, but there was an increase in CO2 emissions by 

9% in this ship class due to an increase in trade and shipping during this period.  

Further, Olmer et. al. (2017ii) analyzed various classes of ships (international, 

domestic and fishing vessels) examining their fuel consumption, operational efficiency, 

CO2 and GHGs contributions, operating hours, installed power, distance travelled, cargo 

carrying capacity, operating speed, energy use, and shipping routes. From the global 

fleet that Olmer et. al. (2017i) studied, the ship class with the largest CO2 emissions is 

the container ship with 23% followed by bulk carriers (19%), and oil tankers (13%) 

(Figure 3 (chart on the left). The combined total of these three classes corresponds to 

55% of CO2 emissions which is a representation of more than half of the approximately 

1 billion tonnes of CO2 emissions emitted between 2013 - 2015. The other 19 ship 

classes (for example cruise liners, general cargo, chemical tankers, liquefied gas 

tanker, refrigerated bulk carriers among others) accounted for 45% of the average 

percent share of CO2 emissions by ship class. In addition, out of 223 flag states, the 

ships flying six flags were responsible for most of the CO2 emissions (Figure 3 (chart on 

the right) (Olmer et. Al. 2017i). 
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Figure 3:  2013-2015 Average percent share of CO2 emissions by ship class (left) 
and flag state (right) 

 

Source: Greenhouse Gas Emissions from Global Shipping 2013-2015 (Olmer et. 
al., 2017i).  

 
Olmer et. al (2017i) also advise that during this period (2013-2015) the 

international shipping sector became the dominant CO2  emissions contributor 

representing approximately 87% of the total CO2  emissions from ships annually. The 

authors mention that the reason CO2  emissions for international shipping were on the 

increase during this period (2013-2015) was due to several factors such as an 

increase:-   

● In the international fleet - ships being used for international trade 

increased by 1.5%. This fleet consisted of cruise ships, fishing vessels, 

chemical tankers, general cargo ships and liquefied gas tankers. 
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● In activity from the largest ships - there was an increase in 

transportation of the international fleet by 7%, with general cargo ships 

and chemical tankers activity increasing by 15% followed by an 11% 

increase in cruise ships and a 9% increase for container ships. In 

addition, there was also an increase in operating hours for general 

cargo ships (+12%), cruise ships (+8%), chemical tankers (+7%), but 

no increase for container ships or bulk carriers.  

● In the main engine power of many classes of ships - chemical tankers 

(+10%), followed by cruise ships (+7%), general cargo ships (+6%) 

and container ships (+6%). There was no change in the main engine 

power in oil tankers and bulk carriers.  

● In the speed of the largest container ships and the largest oil tankers. 

The largest oil tankers sped up by almost 4%, along with the container 

ships which sped up in excess of 11%. Increased speeds allow these 

ships to reach many destinations in a shorter time frame, while 

consuming more fuel and emitting more CO2.  

 

A point of grave concern to us lies in the fact that Smith et. al. (2015) have 

forecasted that maritime CO2 emissions are to significantly increase in the coming 

decades. The authors advise that the main drivers predicted to be responsible for this 

would be the increased consumption of fossil fuel usage by the maritime sector and the 

increase in the demand for maritime transport. This could become a reality, as cargo 

ships are significant users of HFO or bunker fuel (Gallucci, 2018). Thus, as global trade 
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increases the shipping industry will be in greater demand and accompanying this will be 

more consumption of fuel, leading to increased shipping emissions (Cullinane and 

Bergqvist, 2014).  

In their study, Smith et. al. (2015) used 16 emission scenarios to determine the 

future projection of CO2 emissions from international shipping. These emission 

scenarios are used to depict various ways in which emissions could develop, taking into 

consideration energy, policy and socioeconomic factors. In all the scenarios, 

combinations of ship efficiency, trade and emissions can be found. The general 

conclusion of this study projected a future increase in CO2 emissions. It forecasted an 

average increase of 29% of CO2 emissions by 2030, and an average increase of 95% of 

CO2 emissions by 2050 (Smith et. al. 2015).  

The future projection of increased CO2 emissions along with the increase of CO2 

emissions from shipping  during the period 2013-2015 (post IMO regulations to reduce 

CO2 emissions), suggest to us that the IMO’s current regulations and future strategies 

and projects focusing on fossil fuel mitigation [EEDI and SEEMP (IMO, 2019xiv); ITCP 

(IMO, 2019xix); GloMEEP (GloMEEP, 2019); MTCC (IMO, 2019xxiii); and autonomous 

ships (IMO, 2019xxv, xxvi)] are counterproductive. This conclusion aligns with the 

criticisms of the IMO measures analyzed in Chapter 2 stating that IMO actions 

regarding CO2 shipping emissions are on a slow trajectory. 
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3.3 The players involved in the IMO’s law-making process    

 

As we attempt to comprehend the reason why the IMO measures are not 

achieving a reduction of CO2 emissions from global shipping, we look at the IMO law-

making process. According to Karim (2015), a point of concern lies in the fact that 

international non-governmental organizations (INGOs) are involved in the IMO’s law-

making process, even though they have no voting rights in the IMO. In fact, the 1948 

IMO Convention gives the IMO the power to consult and cooperate with non-

governmental international organizations on matters within the scope of the IMO (IMO, 

2019viii). In 1961, the IMO Assembly adopted the Rules for Consultative Status of Non-

Governmental International Organizations with the International Maritime Organization, 

with Guidelines being developed in 1978. Throughout the years several amendments 

have been made to these Rules and Guidelines (IMO, 2013). These rules allow 

consultative status to be granted by the IMO’s Council - with the Assembly’s approval - 

to INGOs who can make a substantial contribution to the work of the IMO (IMO, 2019iii).   

The representation of INGOs include: - cargo owners and charters, ship-owners 

and operators, environmental organizations, seafarers and other labor organizations, 

large oil companies, research organizations, classification societies, training 

organizations, organizations representing marine-related industries, protection and 

indemnity insurance clubs, other marine insurers and environmental NGOs. From this 

list the most powerful group appears to be the ship owners and operators as they have 

the power to influence the Member States who have vested shipping interests (Karim, 

2015).  
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By awarding this power to INGOs, the following concern is raised: it is possible 

that INGOs, especially the ones with vested shipping interests, could be there to be 

lobbyists for shipowners, oil companies and other parties with shipping interests. 

According to Karim (2015, p. 20 -21) “Non-governmental organizations do not just 

influence the law-making process merely by their submissions and participation in the 

meetings of MEPC and other IMO organs. Their main influence comes via IMO Member 

States who also share similar interests.”. Although Karim’s (2015) concern of the 

INGO’s involvement in the IMO’s law making process cannot be substantiated, we can 

only wonder if a contributing factor to the present IMO regulatory reality regarding the 

reduction of CO2 emissions from shipping constitutes the INGO’s power in the IMO rule-

making process.   

In addition,  when we look at the IMO as an international organization, we see that 

the leaders (the IMO Members States) through their voting rights (IMO 2019v) 

determine which regulations will be adopted and implemented; thus setting the tone for 

the future in the maritime sector. On closer inspection with regards to the composition of 

the IMO Member States, data from 1965 - 2019 shows the world’s largest oil producers 

consist of the IMO Member States (BP p.l.c., 2019; Perry, 2019; United States Energy 

Information Administration (2019iii). Making us wonder if the slow speed towards the 

adoption and implementation of GHG (CO2) regulations, in addition to the delay 

pertaining to decarbonization, could be attributed to the fact that the Member States 

have a vested interest in oil, which could influence their voting decisions. 
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3.4 The IMO’s authority to enforce their regulations 

According to Karim (2015) the IMO is a significant and successful organization 

which develops international law to protect and preserve the marine environment from 

pollution. However, one of the major challenges for the IMO is its lack of authority to 

enforce its marine environmental regulations on shipping vessels. In effect, the authority 

to enforce such regulations lies with the Flag States. In this section, we seek to 

establish if a contributing factor to increased CO2 emissions from shipping constitutes 

the lack of the IMO’s authority to enforce its own regulations.  

The term Flag state refers to a country where the vessel is registered 

(USLegal.com, 2019). There is a distinction to be made between Flag states, port states 

and coastal states. As Molenaar (2016) advises port states are ports which are 

responsible for granting persons or goods access to their states through the control 

processes of immigration, customs, sanitation, and matters of national security. In 

addition, port states ensure that foreign ships visiting their ports comply with national or 

international standards. Coastal States are States with a sea-coastline who have 

jurisdiction over their own maritime zones. This area can include fresh-water lakes and 

salt-water lakes or seas which are disconnected from another sea or ocean.  

Under MARPOL, the definition of “Administration”, the role and responsibilities of the 

Flag state appear as follows (Lloyd’s Register (2005): - 

 

• Article 2 - Definitions (p. 5) – (5). "Administration" means the Government of the 

State under whose authority the ship is operating. With respect to a ship entitled 

to fly a flag of any State, the Administration is the Government of that State.” 
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• Article 4 - Violation (p.7) - (1). “Any violation of the requirements of the present 

Convention shall be prohibited and sanctions shall be established therefor under 

the law of the Administration of the ship concerned wherever the violation occurs. 

If the Administration is informed of such a violation and is satisfied that sufficient 

evidence is available to enable proceedings to be brought in respect of the 

alleged violation, it shall cause such proceedings to be taken as soon as 

possible, in accordance with its law”. 

 

Further clarification of the role of the Flag State can be found in the United 

Nations Convention on the Law of the Sea (UNCLOS) (United Nations, 2018i).  In 1982, 

UNCLOS was adopted, signed, and entered into force later, in 1994. This international 

treaty is responsible for establishing law and order in the world’s seas and oceans by 

implementing rules which govern all the uses of the oceans and their resources. The 

ocean is viewed as an interconnected body of water and any problem encountered 

could eventually affect the entire ocean. UNCLOS comprises 320 articles and 9 

annexes which govern all aspects of the ocean space including: marine scientific 

research, environmental control, economic and commercial activities, delimitation, the 

transfer of knowledge and settlement disputes pertaining to ocean matters (United 

Nations, 2018i).   

 Under UNCLOS, the IMO is recognized as the global legislative entity on 

maritime issues and is mandated to continue its regulatory responsibilities under its 

provisions. The IMO is mentioned by UNCLOS in many provisions as a ‘competent 

international organization’ with reference to international shipping rules and standards 



72 
 

on maritime safety, efficiency of navigation and prevention and control of marine 

pollution from vessels and by dumping (IMO, 2019xxviii).  

 The IMO is specifically mentioned by UNCLOS, in Annex VIII - Special Arbitration 

- Article 2 - ‘List of experts’ as follows: “The lists of experts shall be drawn up and 

maintained, in the field of fisheries by the Food and Agriculture Organization of the 

United Nations, in the field of protection and preservation of the marine environment by 

the United Nations Environment Programme, in the field of marine scientific research by 

the Intergovernmental Oceanographic Commission, in the field of navigation, including 

pollution from vessels and by dumping, by the International Maritime Organization, or in 

each case by the appropriate subsidiary body concerned to which such organization, 

programme or commission has delegated this function” (UNCLOS n.d. p.190).  

Under UNCLOS (n.d): - 

 

● Flag States are responsible for managing all ships flying their flag Part VII 

- High Seas - Section 1 General Provisions - Article 94 - Duties of the Flag 

States.   

● Flag States are responsible for the enforcement of shipping standards - 

Section 6 - Enforcement - Article 217 - Enforcement by Flag States.  

● Flag States are responsible for enforcing measures with respect to 

pollution from or through the atmosphere - Section 6 - Enforcement - 

Article 222 - States shall ensure that within their air space or the vessels 

flying their flag that pollution is prevented, reduced or controlled.  
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All Flag States must comply with UNCLOS and ensure that the applicable 

international rules and standards of the IMO are followed (United Nations, 2018i & IMO, 

2019xxviii).  Therefore, the enforcement of IMO’s marine environmental protection falls 

under the applicable provisions of UNCLOS (Karim, 2015) resulting in both IMO and 

UNCLOS being dependent on Flag states to fulfill their jurisdictional and enforcement 

power (United Nations, 2018i & IMO, 2019xxviii). 

In our view, the enforcement of IMO regulations can only be successful if the 

Flag States are serious about reducing air pollution, or specifically CO2 emission levels 

from shipping. It is true that Flag States have the power to fine vessels for MARPOL 

violations (Lloyds Register, 2005). However, one issue which we have found not to be 

addressed by UNCLOS (n.d.), IMO (2019xxviii) and MARPOL Conventions (Lloyd’s 

Register, 2005) is that there does not appear to be evidence of any operational 

procedures in place to impose fines or penalties on Flag States themselves if they fail to 

fulfil their jurisdictional and environmental responsibility regarding the IMO’s regulations. 

This lack of accountability and fines or penalties imposed could result in Flag States not 

performing at their optimum level and achieving the desired results of reducing air 

pollution or specifically CO2 emissions from ships.    

According to Karim (2015), the sole reliance on the Flag States to use their 

jurisdictional powers regarding international marine environmental conventions has 

proven in many cases to be unsatisfactory. Karim (2015) notes, for instance, that Flag 

of convenience countries (FOC) “find no incentive to prescribe stringent national 

regulation or proper implementation of international instruments” (Karim, 2015 p. 33) 

including, therefore, environmental conventions. Flag of Convenience refers to ships 
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which are registered under a foreign flag, instead of being registered under the country 

of the ship’s owners. This is done in order to, among other things, avoid paying high 

taxes (Cambridge Dictionary Online, 2019). According to Boczek (1962 p.2) the term 

FOC refers to the “flag of any country allowing the registration of foreign-owned and 

foreign-controlled vessels under conditions which, for whatever the reasons, are 

convenient and opportune for the persons who are registering the vessels”.  

Under international law all ships are required to sail under the flag of a sovereign 

state in order to gain government protection while they are at sea. This law also pertains 

to governments ensuring that the vessels registered under their flags are safe and 

follow all applicable regulations (Richardson, 2002). According to Toh and Phang (1993) 

FOC’s have been in existence since the 1950’s and have been a source of convenience 

for many ship owners. The authors note that under this arrangement: (1) fewer 

regulatory restrictions are placed on flag states (for example issues pertaining to the 

vessel’s age, safety, construction, manning repairs and scheduling). (2)  FOC countries 

charge a nominal initial registration and annual tonnage fees to vessels flying their flag; 

and they do not impose taxes on corporate profits, or crew income derived from the flag 

ship’s operation. (3) Ships registered in FOC countries allow ship owners to employ 

cheap labor of any nationality which is often accompanied with low benefits (Thuong, 

1987). In addition, according to Thuong (1987) FOC’s provide political advantages for 

ship owners, especially where situations of political conflict arise at sea.  For example, 

flying the FOC allows them to go undetected and not be associated with their original 

country’s flag which may be involved in political conflict.  
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In the 2018 United Nations Conference on Trade and Development Review of 

Maritime Transport Report (UNCTAD, 2018i) it is noted that, in that year, Panama, the 

Marshall Islands and Liberia were, respectively, the top three leading flags of 

registration despite the fact that they were not major shipowners. In fourth place was 

Hong Kong SAR, followed by Singapore. In fact, 76% of the global registrations in terms 

of tonnage for commercial ships were being registered under a foreign flag for that 

same year, as opposed to the flag related to the country of the ship owner. There are 

many instances where ships from Flag of Convenience (FOC) countries never visit the 

country of the shipowner.  

Toh and Phang (1993) mention that despite the advantages pertaining to FOC’s, 

they are also many disadvantages which are related to: pollution, safety concerns and 

the exploitation of cheap non-unionized labor. “Flags of convenience countries are 

notorious for not having or not strictly enforcing manning, maintenance, and safety 

standards. Even if they made an honest attempt to enforce these regulations, many of 

these so-called pirate ships never or seldom call upon the port of registry, a problem 

compounded by the fact that many ships are registered using bearer shares where 

ownership cannot be traced” (Toh and Phang,1993, p.3).  

According to a 2015 study on CO2  emissions by flag state conducted by 

Johansson, Jalkanen, and Kukkonen (2017), the global shipping contribution to CO2   

emissions by flag state vessel is too high. Panama, China, Liberia and the Marshall 

Islands have four of the largest fleets, carrying in total 57% of the global seaborne 

cargo, and are responsible for 48.4% of the total CO2   emissions in 2015 (832 million 

tons). The fifth to eighth largest fleets are Singapore, the United Kingdom, Malta and 
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The Bahamas, and they are responsible for 20% of the CO2  emissions (Johansson et. 

al. (2017). It must be noted that these flag states are Member States of the IMO 

(2019ii). As Johansson et. al. (2017, p. 407) state: “The IMO-registered marine traffic is 

responsible for most of the emissions for all the considered pollutants, e.g., for 

approximately 91% and 93% of the CO2 and PM2.5 emissions, respectively.” 

The focus of FOCS appears to be on financial gains with less emphasis being 

put on enforcing MARPOL regulations [Hamad (2016)]. In addition, Hamad adds that 

FOCS are not penalized for not enforcing these regulations. This situation can, thus, 

result in delinquent attitudes among the ship owners and operators compromising 

environmental protection. We can, therefore, conclude that a contributing factor to the 

increase CO2 emissions from ships is not only the increase in trade activity for ships 

using fossil fuel, but also that the IMO does not have the authority to enforce its 

regulations. Rather, flag states do.  

It is indeed disheartening to be faced with information not only on high CO2 

emissions resulting from shipping for 2013-2015 (Olmer et. al., 2017i) but also on a high 

contribution rate of CO2 emissions from ships of Member States of the IMO (Johansson 

et. al., 2017; Olmer et. al., 2017i) for the same period. It is even worse to think that CO2 

emissions from shipping are projected to increase in the future (Smith et. al. 2015). As 

previously stated, one issue which we have found not to be addressed by UNCLOS 

(n.d.), the IMO (2019xxviii) and MARPOL (Lloyd’s Register, 2005) is that there does not 

appear to be evidence of any operational procedures in place to impose fines or 

penalties on Flag States themselves if they fail to fulfil their jurisdictional and 
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environmental responsibility regarding the IMO’s regulations. These factors lead us to 

conclude that an increase of CO2 emissions from ships in the future will naturally ensue.  

Recognizing that its regulations were not being effectively implemented and 

complied with by the Flag States (Basaran, 2016), in 1992, the IMO established a 

special Sub-Committee on Flag State Implementation (FSI) in order to improve the 

performance of governments (IMO, 2019xxx). In 2013, the FSI Sub-Committee was 

renamed the Sub-Committee on Implementation of IMO Instruments (III). This Sub-

Committee receives instructions from the Maritime Safety Committee and the Marine 

Environmental Protection Committee. It focuses on ensuring that the IMO instruments 

pertaining to maritime security, safety and marine environment protection are 

implemented and enforced (IMO, 2019xxx). This is done by analyzing data on port, flag 

and coastal states pertaining to their implementation practices of IMO instruments, as 

well as by identifying any challenges they face in implementing these instruments and 

provide them with solutions (IMO) (2019xxx, xxxii).The Sub-Committee is also involved 

in analyzing audit reports from the mandatory IMO Member State Audit Scheme (which 

is mentioned below); conducting casualty analysis on marine incidents and providing 

recommendations to prevent marine incidents; analyzing port State control data; and 

providing guidelines for surveys and certification (IMO) (2019xxx, xxxii).  

In addition, the IMO adopted a Voluntary Member State Audit Scheme (IMO, 

2019xxix, xxxi) which is an audit to promote maritime safety and environmental 

protection. It consists of a comprehensive and objective assessment of a Member State, 

in order to determine how effective, it is at implementing the IMO regulations covered by 

the Scheme. In April 2014, the MEPC adopted amendments to MARPOL Annex I to VI 
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to include the IMO Audit Scheme. Due to these amendments from 2016 onwards the 

auditing of Member States became mandatory (IMO, 2019xxix, xxxi).  

Even though both regulations (The Sub-Committee on Implementation of IMO 

Instruments (III) and the Voluntary Member State Audit Scheme) provide a measure of 

accountability for port, flag, coastal states, and Member States (IMO, 2019xxix, xxx, 

xxxi), we have found no evidence to indicate that the IMO imposed any fines or 

penalties for non-compliance with environmental standards. This, in turn, places the 

power of any decision to implement penalties for non-compliance in the hands of the 

Flag States, as they fulfill their jurisdictional and enforcement power of IMO instruments 

under UNCLOS (United Nations, 2018i; IMO, 2019xxviii).  

As we conclude this chapter, we believe that our strategic plan of examining  

data of: CO2 emissions from global shipping from 2007-2012 (before IMO regulations to 

reduce CO2 emissions were implemented), 2013-2015 (after IMO regulations to reduce 

CO2 emissions were implemented), future projections for global CO2 emissions; the 

authority IMO has to implement their regulations, as well as the players involved in the 

IMO’s law-making process and the impediments which may prohibit the IMO’s progress 

in reducing CO2 emissions, have all placed us in a position to effectively reach a 

decision on the IMO’s progress in reducing CO2 emissions from shipping. The IMO’s 

actions in this area are on a slow trajectory. More must be done by the IMO to reverse 

the trend of environmental degradation due to CO2 emissions from shipping. As we 

enter our concluding chapter, we aim to provide information which may be warranted for 

the IMO to follow based on the findings of our research.  
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Chapter 4 – The Way Forward  

 

The present chapter provides the conclusions of the research analysis regarding 

the effectiveness of the IMO’s role in guiding the sector to successfully reduce CO2 

shipping emissions. It also provides recommendations regarding future IMO action in 

this area.   

On the basis of our detailed analysis of the IMO’s regulations and data regarding 

CO2 shipping emissions, it is obvious that the progress - a term defined as “the process 

of gradually improving or getting nearer to achieving or completing something”, (Collins 

Dictionary Online, 2019 p.1) - made by the IMO regarding the regulation of shipping 

emissions is on a slow trajectory. The IMO is not getting closer to reducing CO2 

emissions from global shipping. On the contrary, shipping emissions are increasing with 

time and future projections in this regard are not encouraging. Indeed, as global trade 

increases the shipping industry’s efficient mode of transportation will be in greater 

demand and accompanying this will be more consumption of fuel, leading to increased 

shipping emissions (Cullinane and Bergqvist, 2014). The mentioned alarming projected 

increase in CO2 emissions from 50% to 250% by 2050 (Smith et. al. (2015), fueled by 

an increase in global trade, cannot be overlooked.  

This slow trajectory is affirmed by the fact that it wasn’t until 2011, 14 years after 

the adoption of the 1997 Kyoto Protocol [which gave the mandate to the IMO to reduce 

GHG emissions from the shipping industry (UNFCCC, 2019ii; UNFCCC, n.d.; IMO 2019 

xxiv)], that measures of the MEPC resulted in the adoption of the first mandatory global 

GHG reduction instrument for the international shipping sector (Karim, 2015) - the EEDI 

and SEEMP (IMO,2019xiv) –.  
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Further, as already mentioned in the previous chapter, the IMO has no authority 

to enforce its marine environmental regulations. It is the Flag States (Karim, 2015) that 

have the power to fine vessels for MARPOL violations (Lloyds Register, 2005). If the 

Flag States fail to do so, they are not accountable for failing to fulfil their jurisdictional 

and environmental responsibility regarding enforcement of the IMO’s regulations. This 

lack of accountability may result in the poor implementation of international conventions 

by Flag States leading to increased CO2 emissions from ships.  Finally, the presence of 

FOCs - in 2018, 76% of the global registration of commercial ships is under FOCs 

(UNCTAD, 2018i) - whose main focus appears to be on financial gains rather than on 

environmental protection, further distances the shipping sector from achieving the 

reduction of CO2 emissions from ships.  

By noting this slow progress, it is not our intention to discredit the important work 

done by the IMO, the main organization worldwide that regulates the shipping industry 

(IMO, 2019i). Indeed, there is no disputing that the IMO plays a significant role in 

protecting and preserving the marine environment with its many international 

regulations (Basaran, 2016) and initiatives. The IMO has achieved and implemented 

energy efficiency measures (the EEDI and SEEMP (IMO, 2019xiv) which aid in 

counteracting the CO2 emissions problem. Further, the IMO’s Global Networks and 

Partnerships programs ITCP (IMO, 2019xix), GloMEEP (GloMEEP, 2019) and MTCC 

(IMO, 2019xxiii) were established to ensure that any challenges faced by developing 

countries do not prohibit them from implementing the IMO energy efficiency 

technologies (IMO, 2019xviii). There is also preliminary work being conducted by the 

IMO into autonomous ships which will focus on improving the energy efficiency of ships 
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(IMO, 2019xxv, xxvi). These are important measures aimed at counteracting shipping 

emissions. Finally, any future action on the reduction of CO2 shipping emissions will 

probably be approved and implemented by the IMO. In this way, this international 

organization is the key to present and future action in this field. 

However, given the increase in CO2 emissions despite the adoption of IMO 

measures, we suggest that the IMO’s approach be amended in order to achieve 

significant progress towards reducing CO2 emissions from global shipping. In our 

opinion, there is no one solution to reducing CO2 emissions from global shipping.  As 

demonstrated in the previous chapter, the energy efficiency concept alone is not 

enough to achieve this goal. Indeed, as we have affirmed, between 2013-2015 [the 

period IMO’s energy efficiency measures (EEDI and SEEMP) were implemented] there 

was an increase in CO2 emissions. This was believed to be attributed to an increase in 

fuel consumption and an increase in trade activity in shipping despite the presence of 

the IMOs energy efficiency measures. Hence, energy efficiency measures alone are not 

adequate to tackle CO2 emissions from shipping.  

We, therefore, suggest that the IMO should not just adopt and implement energy 

efficiency measures. It should take urgent action now, not in later years, [not in 2030 as 

is suggested by the IMO Initial Strategy – long term measures which will focus on the 

development of zero-carbon fuels to decarbonize the sector (IMO, 2019x)]. But more 

emphasis should be placed now on incorporating regulations on the use of energy 

sources (such as renewable energy sources for example, wind, solar, biomass, 

hydropower) in order to produce zero emissions.  Even though the IMO’s Initial Strategy 

does not make a specific mention of the term renewable energy sources, we hope this 
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energy source is on their agenda regarding the long-term measures to be adopted 

beyond 2030 (decarbonization). We say this because the concept of zero carbon fuels 

includes both the use of renewable energy sources which emit zero emissions (U.S. 

Energy Information Administration, 2019) and the use of, for example, hydrogen which, 

according to Psaraftis (2019), is an energy source currently used in shipping, which 

when burnt doesn’t emit CO2, or SOx, but it emits small amounts of NOx. However, as 

the author notes, the problem with hydrogen arises during its production, which 

comprises the use of fossil fuel in the form of natural gas and which leads to the release 

of CO2 along with other gases emitted. Therefore, the use of hydrogen defeats the 

purpose of a zero-carbon fuel environment. Only if renewable energy sources (for 

example wind, solar, biomass, hydropower) are used to generate electricity for 

hydrogen, can the latter be considered carbon-free (Psaraftis, 2019). Thus, the use of 

renewable energy sources by the IMO’s Initial Strategy would allow the shipping 

industry to consider decarbonization. Fortunately, these measures are all aimed at 

moving away from fossil fuel usage, but regrettably are staged to occur in later years, 

rather than right now.   

According to Boyd (2003) in order to see an improvement in the environment, 

environmental laws must shift their focus from treating the symptoms of a problem and 

address the root cause of environmental degradation. For instance, he states that 

“Laws intended to limit air pollution rely on expensive technological solutions but ignore 

the unsustainable rate of fossil fuel use that causes air pollution” (Boyd, 2003 p. 277). 

When we look at the IMO with regards to the ‘root causes of environmental degradation’ 

(Boyd, 2003) more specifically related to CO2 emissions from shipping, we are of the 



83 
 

view that the ‘root causes’ (Boyd, 2003) of the problem of increased CO2 emissions 

stem from: (1) the increased fossil fuel usage – from an increase in global trade 

resulting in shipping being in greater demand, therefore producing increased CO2 

emissions (Eide et. al., 2013) and (2) the absence of the adoption and implementation 

of regulations by the IMO pertaining to the decarbonization of the maritime sector, which 

would focus on tackling the cause of the problem, the ‘root cause’ (fossil fuel). This can 

only materialise by the IMO Members States through their voting rights (IMO 2019v). As 

previously mentioned, we wonder if this delay could be attributed to the fact that the 

Member States have a vested interest in oil, which could influence their voting 

decisions. 

The current IMO regulations, strategies, global partnerships and projects we 

have examined throughout this paper [with the exception of the IMO Initial Strategy – 

long term measures on the development of zero-carbon fuels to decarbonize the sector 

(IMO, 2019x)] all  focus on treating the symptoms (the CO2 emissions problem) with 

energy efficiency measures only. How about dealing with the total eradication of the 

problem of fossil fuel instead of treating the symptoms? Now, rather than later, waiting 

for the IMO Initial Strategy to be implemented.  

It is understandable that the shipping industry would significantly focus on current 

measures to mitigate their industry’s fuel of choice, instead of total eradication. 

However, on the basis of the foregoing analysis, we believe that more emphasis should 

be placed on providing immediate regulations that would encourage or guide the 

shipping sector to move towards achieving zero emissions from ships through the use 

of renewable sources of energy. Indeed, we find it surprising that there is a delay in the 
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IMO Initial Strategy as we must wait until 2030 to create an environment which would 

allow the shipping industry to consider decarbonization (IMO, 2019x). Further, it is also 

striking that the IMO hasn’t implemented a regulatory framework for renewable energy 

sources, like it has for MASS (IMO, 2019 xxv) - conducting MASS trials (IMO, 

2019xxxiii), testing methodology (for example using theoretical analysis to investigate 

the possibility of how this renewable energy source could work) and reporting findings 

(IMO, 2019 xxv).   

As we look at renewable energy as an energy source for shipping, we see that it 

refers to energy from natural sources, for example wind, solar, biomass, hydropower 

(U.S. Energy Information Administration, 2019). There are many benefits to renewable 

energy sources according to the United States Environmental Protection Agency (2017) 

such as: - (1) producing zero emissions and assisting in reducing air pollution; (2) 

creating more options for energy usage and reducing the dependence on imported 

fuels; and (3) creating economic development and employment in manufacturing and 

installation -among other jobs present in the renewable energy sector.  

Some of the disadvantages as mentioned by Capareda (2019) are: (1) there is 

sometimes a lack of consistent availability for most renewable energy sources and this 

may pose a problem for production and usage and; (2) the equipment/materials 

required for some renewables is expensive (for example solar photovoltaic (PV cells). 

As Pérez-Navarro et. al. (2016) notes, the general problem with renewable energy is its 

feasibility, particularly when one renewable energy source is solely used. Capareda 

(2019) adds that a problem with renewable energy is that it may not be readily available 

in the quantities desired. This may lead to situations where the total energy capacity 
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required for ships to sail around the globe is not achieved. According to Sailors for the 

Sea (2019), before ship owners decide what renewable energy their ships will need, 

they must first establish whether the renewable energy resources are enough to power 

the vessel.  

Despite the disadvantages, there are companies that are not waiting on the IMO 

to implement regulations pertaining to renewable energy. Rather, they have chosen to 

pay closer attention to their own environmental responsibility and have decided to act 

on it. Some, we believe, may have chosen to commit to decarbonization based on the 

2018 IMO’s Initial Strategy which aims to reduce total annual GHG emissions by 50% 

by 2050 compared to 2008 levels (IMO, 2019x). For example, in May 2019, the Eco 

Marine Power (EMP) announced that its renewable energy technology Aquarius 

Management and Automation System (MAS) +Solar Solution, had been installed on the 

MV Panamana (a large general cargo ship owned by Masterbulk Pte. Ltd in Singapore). 

This installation has been a major milestone for EMP as MV Panamana was the focus 

of a ship renewable energy study for the past few years. The equipment installed (which 

aims to promote solar power, save fuel and reduce emissions) includes a class-

approved hybrid battery pack, battery charging equipment, flexible marine-grade 

photovoltaic (PV) panels with special mounting frames and a computer automation and 

management system. It was also recently announced that this solar power equipment 

will be integrated with EMP’s Aquarius (MAS) and put into service in the future (“Ship 

Solar Power System Installed on Large General Cargo Ship MV Panamana”, 2019).  

Pérez-Navarro et. al. (2016) further suggest that the solution to the availability of 

the renewable energy sources is the use of a hybrid system where a combination of 
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several renewable energy sources are used to generate the necessary power for ships 

sailing the seas. Although this is the ideal solution to achieve zero emissions, our 

research has revealed that there is no general consensus on its implementation by the 

shipping sector. Instead, the hybrid system being used by the shipping sector 

constitutes the combination of renewable energy and fossil fuel to power vessels. Some 

examples constitute the following:  

• The Maersk Pelican, an oil tanker, is one of the world’s largest cargo ships, 

[owned by A.P Moller and flies the flag of Singapore (Vesselfinder.com (2019)].           

The vessel is powered not only by fossil fuel, but also using wind propulsion. Two 

30-meter rotor sails were installed on this ship and it sailed on its first voyage 

with its new sails to Saudi Arabia on the 29th September 2018 (“Wind-powered 

ships are making a comeback”, 2018). Future testing of this vessel is still 

required to test its viability (“Rotor Sails Fitted on board Maersk’s Tanker in a 

World’s 1st “,2018). 

• The Vindskip designed by Lade AS from Norway, will use its tall and thin 

structure to be its sail using wind power to generate a forward motion, in addition 

to using natural gas. It is hoped that when the vessel sets sail in the future it will 

reduce its fuel usage by 60% (Spross, 2019). 

• Since 2012, Nissan’s Nichioh Maru ship, which has a solar energy power 

generated system, has been transporting automobiles. This vessel is operated by 

the Nito Kaiun company, a Japanese company, and operates internally in Japan. 

The ship’s engineering system allows for a reduction of almost 1,400 tonnes of 

exhaust discharges, resulting in an overall annual reduction of 4000 tonnes of 
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carbon dioxide discharges. The ship has over 28 solar panels and is outfitted 

with LED-based lighting systems, and an electronically controlled diesel engine 

(“Nichioh Maru – The First Car Carrier with Solar Power System”, 2016).  

 

Even though a hybrid system as in the above-mentioned examples is not our desired 

solution in order to decarbonize the shipping sector, it is an encouraging step in 

reducing emissions from shipping. 

As we search to find data on the current percentage of renewable energy being 

used by the shipping sector, we are not finding a concrete figure being given. We are 

aware that the sector is dominated by fossil fuel and renewable energy is slowly 

growing (IRENA, 2015). According to data from Olmer et. al. (2017i), in 2015 the total 

fuel consumption for the shipping sector (international, domestic and fishing vessels) 

was 72% for residual, 26% distillate and 2% LNG (the cleanest burning fossil fuel). 

Thus, we envision the percentage for the use of renewables by the shipping industry to 

be extremely low considering these percentages. 

Considering the above, how feasible is using renewable energy sources more 

extensively in shipping? Psaraftis (2019) advises that there is a growing interest for the 

use of this energy source in the shipping sector, especially regarding wind and solar 

power. Pérez-Navarro et. al. (2016) further notes that renewable energy sources have 

now reached a mature level of technical development, making it possible to be used as 

a future substitute to fossil fuels. According to the International Renewable Energy 

Agency (IRENA, 2015) the global shipping fleet can be transformed at all levels 

(international and domestic) by renewable energy. IRENA (2015) further notes that even 
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though fossil fuel remains the dominant energy source of the shipping sector, the 

concept of renewable energy is slowly being embraced by the shipping sector and will 

not only reduce their fuel bill but will also reduce their emissions. It is possible for 

renewable energy sources to be used on ships, either by providing retrofits to existing 

fleet or by incorporating the clean technology into new shipbuilding and design (IRENA, 

2015).  According to IRENA’s Director-General Francesco La Camera who spoke in 

October 2019 in Singapore at the launch of the Global Maritime Forum’s Annual 

Summit, (IRENA, 2019): “decarbonising transport is critical to a sustainable future. 

Shipping is a major contributor to transport emissions and it is encouraging that the 

industry has shown a clear willingness to engage the energy sector to exchange ideas 

on low-carbon pathways. As the cost of renewables falls, the decarbonisation options 

available become increasingly competitive”. He continues to state: “by 2030 alternative 

low-carbon fuels could reach parity with heavy fuel oil, so it is vitally important that the 

ship industry prepares itself for a low-carbon future” (IRENA, 2019 p.1).  

The extended use of renewable energy sources in shipping seems, therefore, 

promising. In our view, if Maersk, the world’s largest shipping company undertakes 

initiatives on the use of renewable energy sources to fuel its vessels to reduce 

emissions and decarbonize its fleet (Wilcox, 2019). The possibility of the use of 

renewable energy in shipping is a very real one. One cannot but remain very hopeful 

regarding its use by this sector. 

Could more attention be paid to research and development and finding ways to 

make renewable energy sources more used by the shipping sector? We see evidence 
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of research and development focusing on the future decarbonization for ships in the 

following cases: - 

• Maersk, the world’s largest shipping company is aiming to be carbon 

neutral by 2050 [This is the same date set under the Initial IMO’s Strategy, 

which has forecasted that 50% of total annual GHG emissions should be 

achieved by that date (IMO, 2019x)]. In demonstrating its commitment 

towards this end, in March 2019, the company collaborated with Shell and 

other members of the Dutch Sustainable Growth Coalition and tested a 

biofuel-powered vessel. This vessel used 20 percent biofuels which were 

produced from waste cooking oil on one of their largest vessels. The 

25,000 nautical-mile journey from Rotterdam to Shanghai is reported to 

save 1500 metric tonnes of CO2 emissions (Wilcox, 2019).  

• Neoline, - a European French start-up shipping line (Wolfrom, 2019 -] has 

chosen Neopolia, a French shipbuilder, to build its first two sail-powered 

roll-on-roll-off (ro-ro) cargo vessels. They will both be equipped with a 

4000-kW diesel-electric propulsion system and batteries along with four 

foldable sails based on yacht technology. These vessels should save 80% 

to 90% in fuel consumption and reduce emissions. Both vessels will be 

136m-long with the first ship to be completed by the end of 2019 and 

delivered by the end of 2021 (“Neopolia to build two sail-powered ro-ro 

cargo ships for Neoline”, 2019).  

• In September 2019, we see another commitment to decarbonize the 

maritime sector, called: ‘Getting to Zero Coalition’ (a partnership between 
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the Global Maritime Forum, the Friends of Ocean Action, and the World 

Economic Forum) [Saul (2019)]. Following this initiative, leading oil and 

shipping companies, banks and ports worldwide [Sixty commercial groups 

are committed to this initiative, among them: - (1) banks – Societe 

Generale, Citigroup, ABN AMRO (2) Commodity players – Cargill, 

COFCO International, Trafigura (3) Mining group – Anglo American and 

(4) Shipping company – A.P. Moeller Maersk (owner of the largest global 

container shipping line) (Saul, 2019)], are all working to achieve zero 

carbon emissions in the maritime sector by 2030. Saul advises that the 

goal is to have vessels, fuels and supported infrastructure ready by 2030 

to make zero emissions a reality in the maritime sector. According to Ben 

van Beurden, chief executive of Royal Dutch Shell which has also joined 

the initiative, “Decarbonizing maritime shipping is a huge task with no 

simple answer, but it has to be done” (Saul, 2019 p.1). 

 

Thus, with further research and development, the possibility exists for renewable 

energy to be used on a larger scale in the near future. In turn, this should encourage the 

IMO to seriously consider regulations regarding renewable energy in shipping. 

Unfortunately, as can be seen in the above examples, the action of decarbonization is 

being demonstrated by the private sector, but not by the IMO. Although the private 

sector may be reacting to what maybe a future IMO regulation (zero-carbon or fossil 

free fuels for ships, (IMO, 2019x) the IMO’s current actions suggest to us that 

decarbonizing the shipping sector sooner rather than later is not a priority. This 
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demonstrates, once more, the slow process of the IMO regarding the decarbonization of 

the shipping sector, which can aid in reducing CO2 emissions in global shipping. As 

mentioned above, more in this area can be achieved. 

The IMO plays a significant role in protecting and preserving the marine 

environment with its many international regulations (Basaran, 2016). Our research has 

taught us that the institution has the power to reach millions in the maritime sector and 

encourage them to take steps to adopt IMO regulations and become more 

environmentally responsible. However, its actions, so far, towards decarbonizing the 

shipping sector are, as affirmed, on a slow trajectory.  

In order to improve this situation, the IMO must speed up the implementation of 

its measures towards decarbonizing the sector, there is no other way. Society’s 

reluctance to move away from fossil fuel use as an energy source according to Adams 

(2016) is causing this world to be headed on a trajectory of rapid destruction - for 

example global warming and the negative effects associated with it-. It appears that this 

reliance has also gripped the shipping industry, as fossil fuel remains the dominant 

energy source of the industry (Smith et. al. 2015).   

The IMO cannot successfully achieve the reduction of CO2 emissions from the 

maritime sector alone. This is a global problem which requires a global solution and 

must include maritime and non-maritime stakeholders. As such there must be a greater 

collaboration between the IMO and the following: -  

• The shipping sector - these two entities must have frequent dialogues to 

determine if challenges exist in implementing the IMO’s regulations and 

what strategies can be put in place to assist the sector. Yes, we see 
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evidence of the shipping sector being involved in the IMO’s law-making 

process through their consultative power (IMO 2019 iii, viii; Karim 2015).  

However, what we seek to stress here is that there must be a dialogue 

between the IMO and the shipping sector on what immediate measures 

can be taken by the shipping sector (sooner rather than later) for them to 

efficiently reach zero emissions.  

• Governments – As Flag States are largely responsible for enforcing the 

IMO’s regulations (United Nations 2018i, IMO 2019xxviii), there needs to 

be an Educational Awareness Campaign regarding the negative 

environmental effects which are caused by CO2 emissions from global 

shipping. This should include frequent dialogue with Government officials, 

but especially with the employees of the Flag, Port and Coastal States to 

ensure that they are aware of the important role they play when they 

enforce IMO regulations. Other methods to communicate this message 

could be adopted in the form of posters, television and radio 

announcements as well as the use of social networks.  

• Financial institutions - these can provide the necessary financing to the 

shipping sector to allow them to be equipped or make changes to their 

vessels regarding compliance with IMO regulations. For example, creating 

financial incentives which would encourage the shipping sector to invest in 

renewable energy sources which will result in zero emissions. In this 

regard, we see evidence of banks such as Citi, DNB, Société Générale, 

ABN Amro, Crédit Agricole CIB, Danish Ship Finance, Danske Bank, DVB, 
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ING and Nordea collaborating and considering providing loans to ship 

owners whose objective is to decarbonize their shipping process (Parker 

and Christensen, 2019).  

• Insurance companies – Insurance coverage is omni-present in the 

maritime industry in protecting against loss or damage (Maritime Industry 

Foundation, 2019).  The IMO should encourage insurance companies to 

provide incentives (for example, cheaper premiums) to their insureds for 

them to comply with IMO regulations and work towards implementing 

measures to decarbonize their shipping process.  

 

All the above-mentioned recommendations will not work in the IMO’s current 

system which focuses on energy efficiency measures. In our opinion, our 

recommendations are feasible, but they can only work when the IMO adopts and 

implements regulations focused on the decarbonization of the sector (renewable energy 

sources). We do believe the current system is imperfect, and there will be challenges for 

the maritime sector to accept renewable energy sources. Nonetheless, if Maersk, (the 

world’s largest shipping company) undertakes initiatives to use renewable energy 

sources to fuel its vessels in order to reduce emissions and decarbonize its fleet 

(Wilcox, 2019)], it is feasible for the IMO to do the same. We must try to inject new 

action into the system to tackle the ‘root cause’ (Boyd, 2003) of the problem (fossil fuel). 

Until such time has come, the problem of the CO2 emissions from shipping will continue 

and the treatment of the ‘symptoms’ by using energy efficiency measures based on 
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future predictions will look grim (increase in CO2 emissions from 50% to 250% in 2050 

(Smith et. al. (2015). 

Should the IMO agree to implement sooner rather than later regulations 

regarding the use of renewable energy sources in shipping and to cooperate with the 

industry stakeholders on this ground, the decarbonization of the sector and the 

reduction of CO2 emissions from shipping would start becoming a reality. There is such 

great urgency to have this done now since shipping is a constant fossil fuel user and 

CO2 is a great contributor to climate change (Walker, 2016). We cannot but hope that 

the IMO will take corresponding action in the future. 

 

Conclusion  

The present thesis focused on examining and analyzing the role the IMO is 

playing in mitigating CO2 emissions from global shipping. This research has taken us on 

a journey where we have determined that there is slow progress made by the IMO in 

mitigating CO2 emissions. This is indeed troubling because, as global trade increases, 

there will be a greater demand for the shipping sector which will lead to an increase in 

fuel consumption and shipping emissions (Cullinane and Bergqvist, 2014). In addition, 

the alarming projected increase in CO2 emissions from 50% to 250% in 2050 (Smith et. 

al. (2015) fueled by an increase in global trade cannot be ignored.  

The IMO is globally respected and has the potential to reach millions in the 

maritime sector by providing them with information on how they can be environmentally 

responsible. To combat the CO2 emissions problem, urgent action must be taken now 

rather than later (and not in 2030), to implement regulations which can transform the 
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sector into becoming one where zero-carbon or fossil free fuels (preferably renewable 

energy) becomes a reality. The IMO Member States have the power through their voting 

rights to adopt and implement regulatory decisions [decisions are made by majority 

votes] (IMO, 2019v). For this change to occur the IMO Members must exhibit the 

political will to vote for regulatory measures which do not include fossil fuel used in 

shipping. Only then will any significant progress be made towards the reduction of CO2 

emissions from global shipping.  
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