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Abstract: Climate change is widely recognized as the major environmental problem facing the globe today. One of the most urgent 
environmental problems facing shipping industry is the reduction of GHG (greenhouse gas) emissions from its operations. Given the 
growing concern of the international community on “the deep reduction of global GHG emissions”, it cannot be expected that the 
non-regulation of maritime GHG emissions can further continue. This paper investigates the main challenges and threats of the 
development of two MBMs (market-based measures) for the reduction of GHG emissions from international shipping, i.e., the 
“global levy scheme on maritime GHG emissions” and the “maritime emission trading scheme”. A SWOT (strengths weaknesses 
opportunities threat) analysis is used, in this survey, to evaluate the environmental effectiveness as well as the easiness of 
implementation of the two policy options. Moreover, we make apparent their strengths and weaknesses concerning abatement of 
maritime GHG emissions. Given the fact that the discussion regarding the implementation of some MBMs with maritime 
GHG-emission reduction potential is still carried out with the exception of EEDI (energy efficiency design index) and SEEMP (ship 
energy efficiency management plan), this paper’s results present special significance, as they could be further analyzed and taken into 
account during the adoption of any future MBM for the reduction of maritime GHG emissions.  
 
Key words: Measures reducing GHG emissions, shipping, SWOT analysis, GLS (global levy scheme), METS (maritime emission 
trading scheme), IMO (International Maritime Organization).  
 

Nomenclature 

UN FCCC 
United Nations Framework Convention on 
Climatic Change 

IPCC International Panel on ClimateChange 

EU-ETS European Union’s Emissions Trading Scheme 

GHG Greenhouse gases 

SWOT Strengths weaknesses opportunities threats 

ICAO International Civil aviation Organization 

CO2 Carbon dioxide 

EEDI Energy efficiency design index 

MEPC Marine Environment Protection Committee IMO

ICF Int. compensation fund 

IMO Int. Maritime Organization 

MBM Market based measures 

GLS/MB Global levy scheme on marine fuel (bunkers) 
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METS Maritime emission trading scheme 

SECAs Sulphur emissions control areas 

SEEMP Ships energy efficiency management plan 

MB Market based 

MARPOL Marine pollution from oil convention 1973 

ETS Emissions trading scheme 

1. Introduction 

Starting with little history, regulations for the 

prevention of air pollution from ships were adopted as 

far back as 1997 in MARPOL (marine pollution) 

73/78 convention (annex 6), which entered into force 

in May 19, 2005. The annex revised in October 2008 

(MEPC (Marine Environment Protection 

Committee)—176 (58)), and is in force from July 1, 

2010. The hope is the progressive reduction in SOx 

(sulphur oxide) emissions from ships from 4.5% now 
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to 3.5% since January 1, 2012 and to 0.50% by 2020, 

including establishment of SECAs (sulphur emission 

control areas). 

Moreover, IMO (International Maritime 

Organization) policies and practices related to the 

reduction of GHG (greenhouse gas) emissions from 

ships appeared in 2003 (A.963 (23)). MEPC in 2004 

drafted the guidelines on the CO2 indexing scheme 

and in 2005 the interim guidelines. This was the first 

step in order to introduced MBMs (market-based 

measures). IMO made clear by MEPC that its 

guidelines must address all six GHG mentioned by 

Kyoto Protocol: CO2 (carbon dioxide), CH4 (methane), 

N2O (nitrous oxide), HFCs (hydro fluorocarbons), 

PFCs (per fluorocarbons), and SF6 (sulphur 

hexafluoride). Finally, mandatory made the EEDI 

(energy efficiency design index) to reduce emissions 

of GHG form international shipping since January 1, 

2013 (chapter 4 annex 6) and SEEMP (ship energy 

efficiency management plan). 

“Climate change” is by now widely recognized as 

the major environmental problem facing the globe.  

Addressing climate change is by priority central to the 

work of UNFCCC (United Nations Framework 

Convention on Climate Change), which aims at 

achieving “stabilization of GHG concentrations in the 

atmosphere at a level that would prevent dangerous 

anthropogenic interference with the climatic system” 

[1]. The chief legislative instrument for fighting 

global warming is the “1990 Kyoto Protocol”, as it set 

binding targets for 37 industrialized countries, 

including EU (European Union), for reducing their 

collective GHG emissions by 5.2% from their 1990 

level. This is generally seen as an important first step 

towards a truly global “emission reduction” regime 

that will stabilize GHG emissions [2]. The recent 

“Copenhagen Accord” (2009) [3] although drafted by 

major “industrialized” countries (United States, China 

etc.), is not legally binding and does not commit 

countries to agree to a binding successor of the Kyoto 

Protocol. It, however, underlines, we reckon, “a strong 

political will to urgently combat climatic change in 

accordance with the principle of common, but 

differentiated responsibilities and respective 

capabilities”. It recognizes that “deep cuts in global 

emissions are required, according to science, as soon 

as possible” [3]. Worth noting, by the way, and also 

alarming is the temperature record, derived from 

measurements of an ice core drilled on “James Ross 

Island” in Antarctica [4]. 

Throughout the “1990 Kyoto Protocol” and the 

“2009 Copenhagen Accord”, the emissions from 

international shipping (and aviation) are treated 

separately in a different way to other industries, 

reportedly due to “lack of reliable emission data and 

lack of an agreed approach for defining responsibility 

by country”. Their limitation or reduction should be 

pursued, we argue, “working through IMO and ICAO 

(International Civil Aviation Organization), 

respectively” [5]. Up to now, IMO has not come to an 

agreement for the mandatory use of a regulatory 

policy option for the reduction of GHG emissions 

from ships, apart from EEDI and SEEMP, in contrast 

to land-based industries. The growth of the 

international fleet, as a result, despite depression since 

the end of 2008, increased the participation of 

shipping to global GHG emissions. This is expected to 

grow even further in the next years due to predicted 

growth in seaborne trade, if no action is taken [6]. 

As shown in Fig. 1, CO2 emissions from   

shipping industry were not (in 2007) a particularly 

significant contributor to global emissions (3%-5%; 

out of 14%). It is worthwhile to mention that  

shipping is the most “energy-efficient” and 

“environmentally-friendly” mode of transport given 

the fact that it carries as much as 90% of world trade 

(by volume). It accounts only for 10% of transport 

sector emissions. Shipping actually produces fewer 

GHG emissions per ton-kilometer than any other form 

of transport. 

In the light of the mandate given to IMO by Kyoto 

Protocol to address the limitation or reduction of GHG 
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Fig. 1  CO2 emissions from various industrial sectors (2007). 
Source: second IMO study on GHG emissions, 2009. 
 

emissions from ships, the MEPC has made substantive 

progress in developing a package of specific technical 

and operational measures to offset them. In March 

2010, the consideration started of making these 

measures mandatory for all ships, irrespective of flag 

or ownership [6, 7]. Along with these measures, IMO 

continues to work on the development of MBM as a 

complementary means of achieving the required 

reduction of GHG emissions from international 

shipping. And this is in view of the growth projections 

of human population and world seaborne trade [8]. 

Also, as an effective mean of providing a fiscal 

incentive for maritime industry to invest in more 

energy-efficient ships [9]. 

The paper investigates the main challenges and 

threats of the development of the two MBM with a 

GHG-reduction potential for international shipping: 

the “global levy scheme on marine bunker 

fuel—GLS/MB” and the “maritime emission trading 

scheme—METS”. It evaluates the environmental 

effectiveness and the easiness in implementation of 

these two policy options, using SWOT analysis 

(presented below) in order to make apparent their 

strengths and weaknesses for the abatement of GHG 

shipping emissions. 

Taking under consideration the importance of 

economic efficiency for the adoption of each measure, 

we develop and analyze an illustrative example of the 

practical implementation of “GLS/MB” and “METS” 

by comparing their economic efficiency. This is 

achieved when the optimal (best) combination of 

“services” was produced using the most efficient 

combination of inputs. It is worth noting that IMO is 

focusing on the work for the development of a MBM, 

which could effectively contribute, along with any 

technical or operational measures adopted, to the 

reduction of GHG emissions from shipping. But no 

agreement on any mandatory regulation of maritime 

GHG emissions has been achieved up to now, except 

EEDI/SEEMP, and so paper’s results present special 

significance as they could enlighten some aspects of 

the general problem and contributes, to the discussion 

for the adoption of an environmentally effective and 

economically efficient MBM for the regulation of 

GHG emissions from international shipping.  

Taking into account the distinct characteristics of 

shipping [10] and the fundamental principles for a 

coherent and comprehensive future IMO framework 

for regulation of GHG emissions from ships, 

developed by MEPC of IMO [11], the paper 

investigates how GLS/MB and METS comply with 

these principles and to which extent these principles 

are satisfied. Finally, the authors give some insight on 

the views and practices of the shipping industry on the 

referred MBM as the shipping companies will in 

practice implement GLS/MB and METS and their 

CO2 emissions from various industrial 

sectors (2007) 
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views and attitudes towards these measures have been 

taken into account. 

2. Presentation and Brief Analysis of 
GLS/MB and METS 

Here is a presentation and analysis of the two MBM 

“proposed” by MEPC, via the members of IMO, for 

the reduction of GHG emissions from international 

shipping with an insight on the mechanisms and the 

main characteristics of these MB policy options.   

2.1 A GLS/MB 

An MBM, proposed by MEPC and encouraged by a 

quite large number of countries [9, 12], in order to 

achieve GHG emission reductions from ships, 

concerns the development of an ICF, based on a 

GLS/MB [13-15]. Under this scheme, all ships 

engaged in international voyages would be obliged to 

pay a contribution on every ton of bunker fuel 

purchased. Contributions should apply to all marine 

fuels, taking account of different emission factors, and 

would be collected through bunker fuel suppliers or 

via direct payment from ship owners [16]. The funds 

collected from the contributions would be used to 

finance the offsetting activities of GHG emissions 

from ships in the following way: 

A global reduction target for international shipping, 

set by either UNFCCC or IMO, would be followed by 

ICF; the maritime GHG emissions above a target line 

would be offset by purchasing approved emission 

reduction credits. The ICF would have to purchase a 

quantity of project credits equal to the difference 

between the actual emissions from international 

shipping and the agreed target line, in order to offset 

the amount of GHG emissions that exceeds target line. 

Given the fact that the ICF is based on contributions 

on marine fuel, the contribution rate would be 

adjusted at regular intervals to ensure that sufficient 

funds are available to purchase project credits to 

achieve the agreed reduction target for maritime GHG 

emissions [12]. Clear guidelines for the specific use of 

any additional funds remaining would be set, e.g., 

funding R&D (research and development) in shipping 

or funding of an IMO technical cooperation program 

to improve the efficiency of world fleet. 

It is worthwhile to mention here that a contribution 

(carbon charge) on marine fuel would increase fuel 

costs for vessels, which can be in many cases a large 

proportion of shipping costs (33%) and therefore play 

an important role in the decisions of “ship builders” 

and “owners”. Since emissions of CO2 are directly 

connected to fuel consumption, carbon charges will 

give ship owners increased incentives to reduce fuel 

use and emissions [17]. This effect is confirmed by 

historical data, which shows that bunker fuel demand 

responds to changes in bunker fuel price [18]. A 

carbon charge on bunkers might reduce bunker 

demand and associated CO2-emissions through [19]: 

 reductions in the amount of maritime traffic; 

 energy efficiency improvements in ship engines 

and ship design; 

 changes in operating practices including load 

factors, routing and sailing speeds; 

 switching to different vessel types; 

 switching to alternative fuel. 

The most recent response of maritime owners over 

higher energy prices tends to be slow steaming, which 

may have an impact on port call scheduling as well 

[20]. 

2.2 A “METS” 

The design of an METS [21, 22], which is another 

MBM with GHG-reduction potential for international 

shipping, “developed” by IMO and supported by a 

number of industrialized countries [23]. A METS 

would set a cap on GHG emissions from shipping, 

according to the findings of the IPCC (International 

Panel on Climate Change) for the necessary global 

emissions reductions in order to delay or avoid 

impacts on climatic change (IPCC, 2007). Also, it 

would establish a trading mechanism in order to 

facilitate the necessary emission reductions so as to 
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make possible the implementation of the most 

cost-effective reduction measures to meet the cap. In 

general, the idea behind an ETS is that a company in a 

country that has reduced its emissions below the 

determined commitment can sell its surplus units to 

another company in a country that may find it more 

difficult to reduce its emissions and meet its reduction 

commitment. In this way, if emission allowances can 

be bought and sold by participants in the open market, 

then the overall cost of compliance with the Kyoto 

targets will be restricted to a bare minimum [24]. 

In order to operate an ETS (emission trading 

scheme) in international shipping, there are two 

options: (1) International shipping emissions should 

be included in national emissions inventories or (2) 

they should be included in Kyoto Protocol, in a new 

legal mechanism under the auspices of IMO. Because 

of the existing difficulties in allocating shipping 

emissions to countries [18] and the fact that 

international shipping should be dealt with in a global 

perspective, due to its international character, the 

second option regarding the design of METS, we 

believe, had to be adopted, and as in fact it has be 

done.  

Under this new legal mechanism, ships would need 

to register and have an account in a “METS registry” 

as well as acquire an amount of emission allowances, 

corresponding to their CO2 emissions, to be 

periodically surrendered. Then, an annual emission 

report would need to be submitted to the 

administration of METS for approval. Ships would 

also need to keep record of their bunker consumption 

so that the port state controls would be able to control 

both of these elements according to well established 

procedures. 

The METS should apply to all CO2 emissions from 

the use of fossil fuels by ships engaged in 

international trade, while all ships should be easy 

access to the emission allowances at a market place, 

probably operated by an international entity. This 

would be established by METS. As far as the 

openness of the maritime scheme to the out-of-sector 

allowances is concerned, it is strongly defended that it 

should be open for trade with other emission trading 

schemes as this would enable shipping sector to buy 

allowances from other sectors. This can reduce their 

emissions at a lower price compared to the abatement 

costs in shipping industry. In this way, the 

international shipping could contribute effectively to 

combat climate change with a tool that provides 

control of maritime GHG emissions. We believe that, 

at the same time, it could still grow further and take 

advantage of the most cost-effective measures in other 

industrial sectors. 

2.3 Literature Review 

UK proposed a method for allocating emissions 

allowances and an approach for setting the emissions 

cap. These should be allocated to national 

governments for auctioning. Moreover, the net 

emission cap would be set with a long term declining 

trajectory with discrete phases (5-8 years) and initially 

1-2 years [25].  

BIMCO (Baltic and International Maritime Council) 

believes that MBM are not required now, but if they 

are imposed, they should be applied globally and 

comply with the nine IMO principles [11]. BIMCO 

supports regulations which provide incentives for 

owners to invest in low-carbon technology. BIMCO 

does not believe that an ETS can be practically and 

effectively applied to shipping. BIMCO is arguing this 

out of the fear that an ETS may ignore that shipping is 

or rather should be global, mobile, diversified, with 

open access to markets and free trade. BIMCO 

believes that the effects of an ETS based on fully 

auctioning will severely impact world trade and 

unfairly penalize shipping.  

IMO stated that all 10 proposals addressed 

reduction of GHG emissions from shipping, and some 

go beyond mitigation and propose a mechanism. 

Unfortunately, indirect economic costs and benefits 

were not considered in the analysis [26]. 
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Norway [26] argued that a global ETS would set a 

sector-wide cap on net shipping emissions and 

establish a trading mechanism to facilitate the 

necessary emission reductions; in-sector or out. 

WSC (World Shipping Council) was formed in 

2000, having as its members the world’s 10 largest 

container shipping companies and smaller ones 

covering the 90% of global container shipments. It is 

interesting that the WSC developed draft standards on 

vessel air emissions and pollution and others [27]. It 

argues that each vessel would be judged against a 

requirement to improve its efficiency by X% below 

the average efficiency (the baseline) for the specific 

vessel class and size. It is worth nothing that WSC 

proposes measures not only for future ships but also 

for the existing ones. 

MEPC 65 (May 2013) approved the terms of 

reference and agreed to initiate a study for updated 

GHG emissions’ estimates for shipping following a 

discussion in an expert workshop (met in 2013) on 

methodology and assumptions. The new study will 

focus on updating key figures in the current (2nd) 

IMO GHG study in 2009. The study found that the 

shipping emitted 870 m tons of carbon dioxide or  

2.7% of the global man-made emissions of carbon 

dioxide in 2007 [28]. 

3. Methodology 

This is a survey, i.e., an attempt to evaluate the 

strengths and weaknesses of the two MBM for the 

reduction of GHG emissions from shipping, which 

were presented above, in terms of: 

 environmental effectiveness; 

 easiness of implementation; 

 economic efficiency. 

This paper is restricted to these two MBM, for 

reasons of economy, as there is a large variety of MB 

policy options proposed by several countries [8], 

which could not all be analyzed. Also, there is the fact 

that a GLS/MB or a METS, we believe, is most 

probable to be implemented. 

The evaluation here is based on the principles of 

economic theory on externalities and the effective 

ways for their internalization. 

It is easy, in theory, to internalize external costs into 

the production function. Let a, modified by us, 

Cobb-Douglas production function be:  

          (1) 

where, Q is the quantity of transport services produced, 

A, n, and η are constants, L and K are labor and capital 

inputs, B is bunkers cost and E is external cost. We 

assume for shipping that η + n > 1 (increasing returns 

to scale) [35]. In logarithmic form (1), which becomes 

suitable for econometric modeling, it becomes: 

log log   log log log log  (2) 

It is worth nothing that the substitution between 

capital and labor is not possible in each 

vessel—unlike non shipping industries—as this 

relationship is fixed by design [29], when the ship is 

built. A rise in production per year is accomplished by 

“increasing” speed (economic speed or from slow 

steaming) or choosing shorter distances than last year, 

and reducing time spent at ports, which is not paid as 

well ballast time (off-hire time). These factors have 

naturally an impact on fuel cost. The shipping external 

cost occurs when vessel’s production activity causes a 

direct loss of utility to another producer (or sea user), 

which does not enter the decision calculus of the 

controller of the activity (the polluter) [30]. 

The fact that both GLS/MB and METS have 

already been adopted in other industrialized sectors 

for the abatement of GHG emissions from their 

operations indicates that useful information and 

experience can be obtained from the implementation 

of the two mechanisms in practice. For the evaluation 

of the economic efficiencies of the two MBM, an 

illustrative example of the implementation of a 

GLS/MB and a METS was used. There, their 

economic efficiencies were compared and made clear.   

The SWOT analysis is a second step in the 

“strategic management process” consisting of six 
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steps. The first step, which is equally important with 

the others, consists of identifying organization’s 

current mission, goals and strategies. SWOT carries 

out external and internal analysis and leads to the 

formulation of strategies, implementing them and 

evaluating the results. Companies need to know what 

pending legislation might affect them. 

4. Strengths and Weaknesses of GLS/MB 
and METS for the Abatement of Maritime 
GHG Emissions   

In this part, an effort has been made in order to 

evaluate the strengths and weaknesses of the 

implementation of a GLS/MB and a METS for the 

reduction of GHG emissions from shipping through 

three different perspectives: (1) the economic theory 

on externalities, (2) the results from the practical 

implementation of the two measures in other industrial 

sectors, where they have already been adopted, and (3) 

the views and attitudes of the shipping industry 

towards these MB policy options. Strengths are any 

activities the organization does well or the unique 

resources it has. Weaknesses are activities that the 

organization does not do well or lacks resources 

needed. 

4.1 The Economic Theory of Externalities 

From economics point of view, GHG emissions, 

causing anthropogenic climatic change, consist a 

“negative external cost” (“negative externality”) to the 

air quality from the production and the use of a service. 

GHG emissions from shipping impose a negative side 

effect on a third party, a “social cost” that the 

participants in shipping operations do not bear up to 

day, as the cost of polluting the public air is not 

internalized and therefore not included in their 

operating costs. According to the “Stern review on the 

economics of climate change”, “climate change 

presents a unique challenge for economics: It is the 

greatest example of market failure we have ever seen” 

[31]. 

The traditional economic analysis of externalities 

can be illustrated using a standard supply and demand 

figure, where an extra supply or demand curve is 

added. One of the curves represents the private cost 

that consumers pay for additional quantities of a 

service, which is the marginal private cost, when 

markets are competitive. The other curve is the true 

cost that society as a whole pays for the production 

and consumption of increased production of a service, 

i.e., the marginal social cost.   

Fig. 2 shows the effects of a negative externality. 

An industrial sector is assumed to be operating in a 

competitive market—before pollution-control 

regulations are imposed and enforced. The MPC 

(marginal private cost) of the shipping industry is less 

than the marginal social or public cost—MSC 

(marginal social cost) by the amount of the external 

cost, i.e., the cost of air pollution. This cost is 

represented by the vertical distance between the two 

supply curves. It is assumed that there are no external 

benefits, so that social benefit equals individual 

benefit. If the consumers only take into account their 

own private cost, they will end up at price Pp and 

quantity Qp, instead of the “efficient” price Ps and 

quantity Qs. These latter reflect the idea that the MSB 

(marginal social benefit) should equal the MSC 

(marginal social cost) and production should be 

increased only as long as the MSB > MSC.  

However, the case of shipping industry is quite 

different and it is better represented in Fig. 3, as the 

demand curve for international shipping services is 

inelastic. The great majority of products carried by 

vessels could not substitute this transport mode with 

any other modes. For example, the transport work of 

tankers carrying oil and its products, among various 

cities in all continents of the world, could not be 

realized by any other mode of transport. 

The demand curve of the shipping industry is more 

inelastic, i.e., much sharper than other industrial sectors, 

which means that the elasticity of demand for shipping 

services is low and demand does not correspond 
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Fig. 2  Supply and demand with external costs. 
 

 
Fig. 3  Supply and demand curves of shipping. 
 

essentially to freight rate changes. Imposing a levy on 

marine bunkers, or buying allowances of emissions, in 

a METS, would influence strongly ship owners, who 

supply the international shipping services and would 

have to adapt to an increase of their operating costs. In 

order to accomplish the “optimum” benefit for the 

society as a whole, marine industry would have to 

produce its services at P2 freight rate, taking into 

account the social cost coming from its operations and 

not only its private cost.   

The inefficiency of the “free market” to equal social 

benefits to social costs—including external costs—for 

the production of services could be overcome with the 

internalization of externalities, which is based on 

negotiations between involved parties. 

Governments—IMO for shipping industry—should 

work with the market and not against it, using taxes 

and regulations [32]. Internalizing externalities requires 

actions where private negotiations and IMO intervention 

lead to a price that reflects the total external costs and 

benefits of a shipping company’s decision.   
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reductions [33]. A METS for the shipping industry is 

a quantity instrument as it fixes the overall emission 

level (quantity) and allows price to vary. The 

uncertainty in future supply and demand conditions 

(market volatility) in addition to a fixed number of 

pollution credits creates an uncertainty in the future 

price of pollution credits and the industry must 

accordingly bear the cost of adapting to these volatile 

market conditions. The burden of a volatile market 

thus lies with the industry rather than with a 

controlling agency, which is generally more efficient. 

However, under volatile market conditions, the ability 

of the controlling agency to alter the caps will 

translate into an ability to pick “winners and losers” 

and thus presents an opportunity for corruption. 

In contrast, a levy on fossil fuels—on marine 

bunkers—is a price measure as it fixes the price while 

the emission level is allowed to vary according to 

economic activity [34, 35]. A major drawback of a 

levy scheme is that the environmental outcome (the 

limitation of the amount of emissions) is not 

guaranteed. A tax will remove capital from the 

industry, suppressing possibly useful economic 

activity, but conversely, the polluter will not need to 

hedge as much against future uncertainty since the 

amount of tax will track with profits. The burden of a 

volatile market will be borne by the controlling 

(taxing) agency rather than the industry itself, which is 

generally less effective. An advantage is that, given a 

uniform tax rate and a volatile market, the taxing 

entity will not be in a position to pick “winners and 

losers” and the opportunity for corruption will be less. 

Assuming no corruption, factor which belongs to 

the external factors in SWOT—a serious assumption 

to make—and assuming that the controlling agency 

and the industry are equally efficient at adapting to 

volatile market conditions, the best choice depends on 

the sensitivity of the costs of emission reduction, 

compared to the sensitivity of the benefits (climate 

damages avoided by regulation) when the level of 

emission control varies. We are not quite sure that 

corruption would not arise, because we see that   

“fuel smuggling” is still common in shore industries, 

which can be better controlled than ocean going 

vessels.  

Because of the high uncertainty in the compliance 

costs of firms, some argue that the optimum choice is 

done by the price mechanism. However, the burden of 

uncertainty cannot be eliminated and in this case it is 

shifted to the taxing agency itself. Some scientists 

have warned of a threshold in atmospheric 

concentrations of carbon dioxide beyond which, a 

run-away warming effect could take place, with a 

large possibility of causing irreversible damages. In 

this case, a quantity instrument could be a better 

choice, because the quantity of emissions may be 

capped with a higher degree of certainty. However, 

this risk cannot be attached to a known level of GHG 

concentration or a known emission pathway [36].  

4.2 Results from the Practical Implementation of 

Levies on Fossil Fuels and ETS 

MBM have already been implemented in various 

industrial sectors as a complementary means of 

achieving the required reduction of GHG emissions 

from their operations. As well as an effective mean of 

providing a fiscal incentive for the industries to invest 

in a more energy-efficient manner. The major 

advantage of MBM is that they provide more 

flexibility about the way in which emission reductions 

could be achieved and, consequently, these 

incentive-based policy options can reduce GHG 

emissions at a lower cost than the more restrictive 

“command-and-control” approaches. While 

“command-and-control” approaches indicate the exact 

quantity of GHG emissions that each industrial sector 

could emit, or the specific technologies that they 

should use for the reduction of their emissions, a tax 

on fossil fuels or a system of tradable emission 

allowances, being by far more effective approaches; 

they offer industries an incentive to curb activities that 

produce GHG emissions.   
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The pros and cons of the two MBM indicate that a 

tax on fossil fuels seems to be more environmentally 

efficient than an ETS. The efficiency advantage of a 

levy is taken here to mean that climate change has a 

long-term nature resulting from the additional GHG 

emissions released in the atmosphere over the years. 

Moreover, the emissions of a specific year consist a 

very small portion of the total, the cost of emission 

reductions is short-term sensitive and can vary 

significantly among years. This means that substantial 

reductions in GHG emissions over many years are 

required and it is not a particular limit in emissions in 

a particular year that would result in a remarkable 

environmental benefit regarding air quality. 

A levy on fossil fuels corresponds better to cost 

fluctuations achieving a long-term target for GHG 

emissions, in contrast to an ETS, which sets specific 

emission limits for the industries each year and does 

not take into account the cost of cutting emissions. 

These can vary significantly among years, due to the 

level of economic activity, the availability of new low 

carbon technologies and other factors. By 

implementing a tax on fossil fuels, industries would be 

provided an incentive to reduce the amount of their 

GHG emissions even further when the cost of doing 

so would be relatively low. They could undertake less 

emission reductions when the cost of doing so would 

be particularly high. In contrast, an ETS would  

require that annual caps on GHG emissions were  

met regardless of the cost of implementation, not 

taking advantage of low-cost opportunities that could 

result in reducing GHG emissions in a more efficient 

way. 

Regarding the practical effectiveness of a MB 

policy option for the abatement of GHG emissions, 

two parameters, we believe, should be examined 

concerning the effective implementation of the 

measure: (1) the easiness in implementation and (2) 

the avoidance of high administrative costs. Both a 

levy on fossil fuels and an ETS could have an 

“upstream” or a “downstream” design. An “upstream” 

approach of the measures means that the suppliers of 

fossil fuels would be taxed or regulated, the “source” 

of fossil fuels, in contrast to a “downstream” design 

that would involve the users of fossil fuels.   

In first sight, there are two apparent administrative 

advantages of an “upstream” design of the measures 

compared to a “downstream” approach: regulating 

suppliers of fossils fuels would include a limited 

number of entities, which would make the 

implementation of the measure much easier. These 

would not require monitoring of their actual emissions 

from the industries as the levy on fossil fuel or the 

required allowances would depend on the carbon 

content of the fuel and the quantity of fuel sold. There 

is an obvious need, though, of adequate measures for 

the verification of the accuracy of the reported data so 

that consistent and proportionate penalties are 

imposed and underpayments of levies or emission 

allowances could be detected. It is worthwhile to 

mention that the EU-ETS [37], where “downstream” 

regulation was implemented, there was a great 

difficulty in identifying CO2 emissions of industries 

initially (the baseline emissions). Moreover, the 

inaccurate data resulted in issuing an amount of 

allowances to those industries was much larger than 

the one initially intended by the regulators for the first 

phase of the program. The result of the over-allocation 

of emission allowances was the large price swings at 

the end of the first year of reporting.   

An “upstream” levy on fossil fuels seems much 

easier to implement than an “upstream” ETS as the 

majority of industries involved have already 

implemented some “kind” of taxes and a CO2 levy 

could built on the existing structure. On the   

contrary, the implementation of an ETS would 

probably require a new administrative infrastructure. 

Moreover, implementing a levy on fossil fuels  

would require significantly lower start-up costs 

compared to an ETS that would need to determine the 

baseline for grandfathering allowances through a 

lengthy process. 
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4.3 Views and Attitudes of the Shipping Industry 
towards a GLS/MB and a METS 

Coming to the implementation of a GLS/MB or a 

METS, the further development of any MBM with 

GHG-reduction potential for international shipping, 

we believe, should take into account the views and 

practices of the shipping industry on proposed 

measures in order to achieve its compliance with 

them.   

For obvious convenience reasons, our empirical 

part, because of the doctoral thesis research of one of 

the authors, applied to Greek shipping, but we believe 

that Greek shipping is, by share, representative of 

global shipping (Fig. 4), holding the 1st global 

position with 245 m dwt in 2013. 

In this point, we would like to add some results of 

our research work regarding the levels of 

environmental awareness of the Greek shipping 

companies and their views and practices on proposed 

technical, operational and MBM for the reduction of 

GHG emissions from their ships [38]. A full account 

for this field investigation can be found in Ref. [39]. 

The survey was carried out using a questionnaire, 

distributed to about 100 Greek shipping companies of 

different sizes, which are involved in different 

segments of the marine industry so that the survey’s 

results represent a large part of the Greek shipping 

industry, but also reveal the different environmental 

attitudes and practices on maritime GHG emissions 

among shipping companies (our sample includes 35 

Greek shipping companies that have responded to the 

questionnaire). This analysis will be limited to some 

results regarding MBM with GHG-reduction potential 

for international shipping, as this is the interesting part 

in our particular study. 

Firstly, the participants were asked to evaluate a 

global  levy  scheme  on  marine  bunkers  and  an 

emission trading scheme regarding their environmental 

effectiveness for the reduction of GHG emissions 

from shipping (Fig. 5). The participant companies 
 

 
Fig. 4  The strength of 10 top maritime countries on January 1, 2013 (millions dwt). 

Source: UNCTAD (United Nations Conference on Trade and Development) (2013). 
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Fig. 5  Evaluation of policy options regarding their environmental effectiveness for the reduction of GHG emissions from 
shipping. 
 

show a small preference for GLS/MB compared to   

a METS as an environmentally effective policy   

option for the reduction of GHG emissions from 

shipping. 58% of the participants consider that a 

METS is not a good solution for shipping, 17% 

believe that it is totally ineffective, while none of the 

participant companies believes that it is an effective 

MBM for shipping. A GLS/MB is also not considered 

a good solution for the shipping industry although it is 

evaluated as a policy instrument much more 

environmentally effective than a METS. 42% of the 

companies believe that a global levy scheme on 

marine bunkers is not a good solution for shipping,  

25% consider that it is an effective measure and only 8% 

that it would help for the reduction of GHG emissions 

from shipping. 

In order to highlight the views of the participant 

companies towards various aspects of the proposed 

policy options for the reduction of marine GHG 

emissions, they were asked which measures for the 

reduction of GHG emissions from shipping (1) 

promote R&D (research and development) in the 

whole maritime sector, (2) are easy to 

operate/implement and (3) are more probable to be 

violated. The companies are confident that neither a 

GLS/MB nor a METS would significantly promote 

R&D in the whole maritime sector (7% and 10%, 

respectively) (Fig. 6). Concerning the easiness for 

operation/implementation, 5% of the companies 

consider that a global levy on marine bunkers would 

be easy to operate, while this percentage is only 13% 

for a METS. Regarding the probability of violation, 

we can observe a great concern that a METS would be 

probably violated (64%), while this concern becomes 

much smaller towards a GLS/MB (14%). 

4.4 An Illustrative Comparison of a GLS/MB and a 

METS Regarding Their Economic Efficiency  

Taking under consideration the importance of the 

economic efficiency for the adoption of any measure 

proposed for the abatement of GHG emissions from 

shipping, we have developed and analyzed an 

illustrative example of the practical implementation of 

a GLS/MB and a METS comparing their economic 

efficiencies. As referred in 4.2, a levy on fossil fuels 

seems to be a more efficient policy for reducing CO2 

emissions than an ETS, mainly because of the 

flexibility offered by a levy scheme in contrast to 

emissions trading. The contrast between constant 

marginal benefits (the benefit of emitting one less ton 

of CO2 in a given year is roughly constant) and 

uncertain marginal costs (the cost of CO2 emission 
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Fig. 6  Evaluation of other aspects of the policy options for the reduction of GHG emissions from shipping. 
 

reductions could vary significantly among years) 

shows that the cost efficiency of any measure is 

particularly influenced by the amount of annual 

emission reductions.  

Given the assumption that the actual marginal cost 

per ton of CO2-equivalent averted from shipping is 50 

USD (United States dollar), so that shipping complies 

with the IPCC recommendations for a 2 °C 

stabilization level target and this compliance is 

accomplished in the most cost-effective way [35]. For 

illustrative purposes, this example also assumes that 

the marginal benefit of reducing a ton of 

CO2-equivalent is 50 USD and that these benefits 

would be constant during the initial years of the 

implementation of a GLS/MB or a METS. 

IMO imposed a levy of 50 USD/ton of marine 

bunker fuel and the costs of cutting CO2 emissions 

turned out to be as expected, this levy would reduce 

CO2 emissions from international shipping by 450 

ppm (parts per million) CO2-equivalent tons, which is 

the level of reduction recommended by the IPCC  

(Fig. 7). Alternatively, if the IMO sets a cap on CO2 

emissions from international shipping that would be 

450 ppm CO2-equivalent tons below the baseline level 

of maritime CO2 emissions and the costs of reducing 

CO2 emissions were as expected, the marginal cost of 

meeting the cap would be 50 USD/ton of marine 

bunker fuel. Under the assumption that the marginal 

benefit of reducing a ton of CO2-equivalent is 50 USD, 

it can be easily estimated that, in this case, the 

implementation of either MBM would not yield any 

net marginal benefits (Fig. 8).  

However, if the costs of reducing CO2 emissions 

turned out to be different than expected, the 

implementation of each MBM would produce 

different outcomes. In the case that the costs of cutting 

emissions were half the anticipated level, because of 

the availability of new low carbon technologies, both 

MBM would produce higher net benefits than 

expected. The increase in net benefits, though, would 

be greater under a levy scheme than under emission 

trading, because the levy would give firms an incentive 

to keep cutting emissions as long as doing so, costs 

less than paying the levy (the net marginal benefits 

under a levy scheme equal to 22.5 billion USD, while 

under a METS are 11.25 billion USD). In Fig. 6, the 

levy on marine bunker fuel would reduce CO2 

emissions by 900 ppm CO2-equivalent tons in contrast 

to a METS that sets a binding cap on CO2 emissions 

from international shipping.   
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Fig. 7  An illustrative comparison of a GLS/MB and a METS under different cost conditions: emission reductions (millions 
of metric tons). 
 

 
Fig. 8  An illustrative comparison of a GLS/MB and a METS under different cost conditions: net marginal benefits (billions 
of USD). 
 

On the contrary, if the cost of reducing CO2 

emissions turned out to be twice as high as expected, 

the net benefits from the implementation of either 

MBM would be lower than expected, but they would 

fall much more under a METS than a levy scheme.  

In particular, under a METS, shipping industry would 

be required to reduce CO2 emissions by 450 ppm 

CO2-equivalent tons, even though that target would 

entail making reductions that are not cost-effective 

(their marginal cost is much larger than their marginal 

benefit). A levy scheme on marine bunker fuel would 

also have lower net benefits, if the costs of cutting 

maritime CO2 emissions proved greater than expected, 

but the decline in net benefits would be smaller for a 

Actual marginal costs 

equal anticipate costs

Actual costs are half 

the anticipated level

Actual costs are twice 

the anticipated level 

Tax on CO2 of 50 USD·ton-1 Cap that reduces emissions by 450 ppm CO2-eq tons 

Tax on CO2 of 50 USD·ton-1 Cap that reduces emissions by 450 ppm CO2-eq tons 
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levy scheme than a METS (the net marginal “costs” 

under a levy scheme would equal to 11.25 billion 

USD, while under a METS would be 22.5 billion 

USD). The reason is that, under a levy scheme, 

shipping industry would have the flexibility to reduce 

CO2 emissions from its operations by less than 450 

ppm CO2-equivalent tons in contrast to a METS. 

One must take into account that in the above 

measures, marginal benefit is assumed linear and valid 

for all emissions levels, something that one may doubt. 

If emissions reach 450 ppm, the MB of 1 less ton of 

CO2 would be less. If the cost of reduction is < 

$50/ton, the net benefit may go down under a levy due 

to a reaction of shipping for a lower ppm level, even 

under lower environmental damage cost. A METS 

would stop at the given emission level, while a levy 

may give uncertain reduction levels and rather certain 

prices. Here economic efficiency must be measured in 

order not to be lower. IMO proposes a target and it is 

going to adjust price at regular intervals. 

5. Discussion and Conclusions  

A levy, we reckon, is simpler given the in- and 

out-sector reductions and the difficulties of getting a 

baseline. We evaluated the strengths and weaknesses 

of a GLS/MB and a METS as MBM with 

GHG-reduction potential from international shipping.  

The evaluation of the two measures was done through 

three different perspectives: (1) the economic theory 

on externalities, (2) the results from the practical 

implementation of the two measures in other industrial 

sectors where they have already been adopted and (3) 

the views and attitudes of the shipping industry 

towards these market-based policy options. An 

illustrative example is also used in order to compare 

the economic efficiencies of these measures. 

From economics point of view, there has been a 

longstanding debate on the relative merits of “price 

versus quantity” instruments to internalize 

externalities and achieve emission reductions. A 

METS for the shipping industry is a quantity 

instrument as it fixes the overall emission level 

(quantity) and allows the price to vary. In contrast, a 

levy on fossil fuels—on marine bunkers—is a price 

instrument as it fixes the price while the emission 

level is allowed to vary according to economic activity. 

Assuming no corruption and assuming that controlling 

agency and the industry are equally efficient at 

adapting to volatile market conditions, the best choice 

depends on the sensitivity of the costs of emission 

reduction, compared to the sensitivity of the benefits 

(climate damages avoided by regulation) when the 

level of emission control varies.   

From the practical implementation of the two MBM 

in other industrial sectors, a tax on fossil fuels is more 

environmentally efficient than an emission trading 

scheme. The efficiency advantage of a levy on fossil 

fuels comes from the fact that it corresponds better to 

cost fluctuations achieving a long-term target for 

GHG emissions. This in contrast to an emission 

trading scheme, which sets specific emission limits for 

the industries each year and does not take into account 

the cost of cutting emissions that can vary 

significantly among years. This is due to the level of 

economic activity, the availability of new low carbon 

technologies and various other factors. By 

implementing a tax on fossil fuels, industries would be 

provided an incentive to reduce the amount of their 

GHG emissions even further. This, when the cost of 

doing so would be relatively low while they could 

undertake less emission reductions when the cost of 

doing so would be particularly high. In contrast, an 

emission trading scheme would require that annual 

caps on GHG emissions were met, regardless of the 

cost of implementation, not taking advantage of 

low-cost opportunities that could result in reducing 

GHG emissions in a more efficient way.   

Regarding the practical implementation of the two 

policy options, a levy on fossil fuels seems much 

easier to implement than a METS as the majority of 

industries involved have already implemented some 

“kind” of taxes and a CO2 levy could built on the 
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existing structure in contrast to the implementation of 

an emission trading scheme that would probably 

require a new administrative infrastructure. Moreover, 

implementing a levy on fossil fuels would require 

significantly lower start-up costs compared to an 

emission trading scheme that would need to determine 

the baseline for grandfathering allowances through a 

lengthy process. 

As far as the views and attitudes of the shipping 

industry towards these market-based policy options 

are concerned, the participant companies in our survey 

show a small preference for a global levy on marine 

bunkers compared to a METS regarding their 

environmental effectiveness for the reduction of GHG 

emissions from shipping. While none of these MBM 

is considered a good solution for the shipping industry, 

a global levy is evaluated as a policy instrument much 

more environmentally effective than a METS. 

According to other findings, the shipping industry is 

confident that neither a GLS/MB nor a METS would 

significantly promote R&D in the whole maritime 

sector, it also considers a GLS/MB much easier to 

operate/implement than a METS and shows a great 

concern for the probable violation of a METS, a 

concern that becomes much smaller towards a 

GLS/MB. 

The illustrative example which included a 

comparison of the economic efficiencies of a 

GLS/MB and a METS also verifies the efficiency 

advantage of a levy for the reduction of maritime CO2 

emissions, mainly because of the flexibility offered by 

a levy scheme in contrast to emissions trading. 

Given the fact that the IMO is continuously 

focusing on the work for the development of a MBM, 

which could effectively contribute, along with any 

technical or operational measures adopted, to the 

reduction of GHG emissions from shipping and no 

agreement on any mandatory regulation of maritime 

GHG emissions has been achieved up to now, our 

paper’s results enlighten some aspects of the problem 

and contribute to the discussion for the adoption of an 

environmentally effective and economically efficient 

MBM for the regulation of GHG emissions from 

international shipping. 
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