
This item is the archived peer-reviewed author-version of:

Is new emission legislation stimulating the implementation of sustainable and energy-efficient maritime
technologies?

Reference:
Stevens Laurence, Sys Christa, Vanelslander Thierry, van Hassel Edw in.- Is new  emission legislation stimulating the implementation of sustainable and energy-
eff icient maritime technologies?
Research in transportation business & management - ISSN 2210-5395 - 17(2015), p. 14-25 
Full text (Publisher's DOI): https://doi.org/10.1016/J.RTBM.2015.10.003 
To cite this reference: https://hdl.handle.net/10067/1292120151162165141

Institutional repository IRUA

http://anet.uantwerpen.be/irua


 1

 Is new emission legislation stimulating the implementation of sustainable and energy-1 

efficient maritime technologies? 2 

 3 

Abstract 4 

 5 
There is a significant increase in the attention given to green maritime ship technologies due to the growing 6 
importance of sustainable operations. The driving force behind this development is the implementation of 7 
several new legislative actions taken by the International Maritime Organisation (IMO) and the European 8 
Union (EU). One of the main questions that arises is whether this new emission legislation stimulates the 9 
implementation of sustainable energy-efficient maritime technologies.  10 
 11 
In this paper, a framework is developed that allows linking the different emission legislation initiatives in 12 
different countries with the technical energy-efficient solutions that could be used to comply with the 13 
legislation. Based on this framework, the main research question can be answered. It turns out that the EEDI 14 
(Energy-Efficient Design Index) does not in the first place stimulate the introduction of new ship engine 15 
technologies nor the use of alternative fuels, but rather makes shipping companies order ships with a reduced 16 
design speed. SEEMP (Ship Energy Efficient Management Plan) on the contrary makes companies shift to bi-17 
fuel engine systems, rather than fully to alternative energy systems. The findings are of relevance both to 18 
policy-makers and to shipping companies. 19 
 20 
Keywords: Energy efficiency, emission legislation, maritime technologies, retrofitting, maritime pollution 21 
policies 22 
 23 

24 
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1. Introduction 25 
 26 
There is a significant increase in the attention given to green maritime ship technologies due to the growing 27 
importance of sustainable operations (see for instance Rizet et al., 2014, Aluvinen et al., 2014, Blinge et al., 28 
2014, Evangelista, 2014). The driving force behind the increase of this importance is the implementation of 29 
several new legislative actions taken by the International Maritime Organization (IMO) and the European 30 
Union (EU). 31 
 32 
Policies by different international organizations and institutions impose international environmental limits on 33 
their member states to restrict the emission of greenhouse gases. Business as usual could have a direct and 34 
short-term impact on human life and health and it will have a global and long-term impact on climate change 35 
(Laffineur, 2012). As a consequence, limiting exhaust emissions has become an important item for these 36 
organizations. There is even not any regulation for PM emissions despite the health issues and consequential 37 
costs related to these emissions. 38 
 39 
Shipping is one of the sectors hit by such stricter legislation. New vessel designs are often a specific answer to 40 
a specific logistics problem. Its size, main dimensions (quay length, draughtt), design speed (preferable 41 
crossing time often maximum eight hours) and cargo type (cassettes and/or trucks) can have large influences 42 
on their profitability in a certain trade. As a consequence, the policies imposing specific solutions can 43 
jeopardize specific trades due to the limitations in installed power. The consequence for existing ships could 44 
be that the really fast vessels will stay longer in service. This is the case for all ship types, including passenger 45 
transport, general cargo and container ships. 46 
 47 
The question is how shipowners will react to this new legislation. More specifically: are ship-owners going to 48 
implement new innovative technologies in either their new building projects or are they going to retrofit their 49 
existing ships due to this new legislation?  50 
 51 
In order to answer this main research question, first, a literature review is made in section 2 of the severity of 52 
emission problems by shipping and the outlook for the future. Next, section 3 gives an overview of the 53 
emission legislation. This overview was constructed based on a literature review. Furthermore, an additional 54 
overview is drafted in section 4 with the possible technical solutions to reduce emissions either due to a 55 
reduction of fuel consumption or only by pure emission-reducing techniques. This overview was constructed 56 
via desk research, comprising various reports, studies and scientific articles. For each of these technologies, it 57 
is indicated whether it is only applicable to newbuildings or whether it can be installed as a retrofitting effort 58 
(installed on an existing ship). After these two overviews, a framework is developed in section 5 to link the 59 
previously mentioned policies with the new maritime technologies. This framework is applied in section 6 to 60 
analyse the applicability of these new technologies to either newbuilding projects or retrofitting projects, 61 
through quantification of the observed impacts. The paper ends in section 7 with a number of conclusions and 62 
recommendations for policy makers and sector members. 63 
 64 
2. Literature review on shipping and related emissions 65 
 66 
In order to frame international shipping from an environmental perspective, it can be stated that it contributes 67 
to about 3% of global CO2 emissions (Eide et al., 2009), while it transports almost 90% of the world trade 68 
(Laffineur, 2012). IMO (2015) reports for the year 2012 total shipping CO2 emissions at approximately 938 69 
million tonnes. International shipping emissions for 2012 are reported to be 796 million tonnes CO2, whereby 70 
it represents 2.2% of global CO2 emissions.  71 
 72 
IPCC (2013) reports that, for the period 2007–2012 on average, shipping accounted for approximately 3.1% 73 
of annual global CO2 emissions, using 100-year global warming potential conversions. Their multi-year 74 
average estimate for all shipping using bottom-up totals for 2007–2012 is 1,015 million tonnes of CO2. 75 
International shipping in their calculations accounts for approximately 2.6% of CO2 emissions, with a total for 76 
2007–2012 of 846 million tonnes of CO2. These multi-year CO2 comparisons are just slightly smaller than the 77 
3.3% and 2.7% of global CO2 emissions reported by IMO (2010b) for total shipping and international shipping 78 
in the year 2007, respectively.  79 
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 80 
From this perspective, the contribution of international shipping to environmental pollution is small. However, 81 
there are more emissions than only CO2. Maritime shipping is a large contributor to NOx and SOx emissions: 82 
IMO (2015) reports 961 million tonnes CO2 equivalents for GHG’s combining CO2, CH4 and N2O by global 83 
shipping. International shipping contributes by 816 CO2 equivalents, representing 2.1% of global GHG 84 
emissions. Multi-year (2007–2012) average annual totals are at 20.9 million and 11.3 million tonnes for NOx 85 
and SOx from all shipping, respectively, corresponding to 6.3 million and 5.6 million tonnes converted to 86 
elemental weights for nitrogen and sulphur, respectively. International shipping is estimated to produce 87 
annually approximately 18.6 million and 10.6 million tonnes of NOx - and SOx, respectively, which converts 88 
to totals of 5.6 million and 5.3 million tonnes of NOx and SOx. Methane (CH4) emissions from ships 89 
increased over the 2007-2012 period due to increased activity associated with the transport of gaseous cargoes 90 
by liquefied gas tankers, particularly over 2009–2012. 91 
 92 
IPCC (2013) gets to an approximate 2.8% share of annual GHG’s on a CO2 equivalent basis for shipping. 93 
Their multi-year average estimate for all shipping using bottom-up totals for 2007–2012 is 1,036 million 94 
tonnes CO2 equivalents for GHG’s combining CO2, CH4 and N2O. International shipping in their calculations 95 
accounts for approximately 2.4% of GHG emissions, totalling 866 million tonnes of CO2 equivalents for 96 
GHG’s. Global NOx and SOx emissions from all shipping represent about 15% and 13% of global NOx and 97 
SOx from anthropogenic sources; international shipping NOx and SOx represent approximately 13% and 12% 98 
of global NOx and SOx totals, respectively. 99 
 100 
According to IMO (2015), over the period 2007–2012, average annual fuel consumption ranged between 101 
approximately 247 million and 325 million tonnes of fuel consumed by all ships, reflecting top-down and 102 
bottom-up methods, respectively. Of that total, international shipping fuel consumption ranged between 103 
approximately 201 million and 272 million tonnes per year, depending on whether consumption was defined 104 
as fuel allocated to international voyages (top-down) or fuel used by ships engaged in international shipping 105 
(bottom-up), respectively. 106 
 107 
Fleet activity during the period 2007–2012 shows widespread adoption of slow steaming. The average 108 
reduction in at-sea speed relative to design speed was 12% and the average reduction in daily fuel 109 
consumption was 27%. Many ship type and size categories exceeded this average. Reductions in daily fuel 110 
consumption in some oil tanker size categories was approximately 50% and some container ship size 111 
categories reduced energy use by more than 70%. Generally, smaller ship size categories operated without 112 
significant change over the period, also evidenced by more consistent fuel consumption and voyage speeds. A 113 
reduction in speed and the associated reduction in fuel consumption do not relate to an equivalent percentage 114 
increase in efficiency, because a greater number of ships (or more days at sea) are required to do the same 115 
amount of transport work. (IMO, 2015) 116 
 117 
The decision for VLCC’s transporting fuel to go for slow steaming or not sailing at all is largely linked to the 118 
bunker fuel price, as shown by Devanney (2015). He observes that when prices are very low, vessels will 119 
choose not to sail. When prices go up, they may start doing so, but under a slow-steaming regime. However, 120 
one has to take into account that for a conventional long-stroke diesel engine, it is technically difficult to 121 
operate below about 50% power. 122 
 123 
Moreover, over the period 2010-2050, OECD/ITF states that regionally, more specifically in Asia and the 124 
Northern-Pacific, the CO2 emissions in absolute terms will increase largely. This is confirmed by IMO (2015), 125 
whose BAU scenario’s, depending on future economic and energy developments, project an increase by 50% 126 
to 250% in the period to 2050. Further action on efficiency and emissions can mitigate the emissions growth, 127 
although all scenarios but one project emissions in 2050 to be higher than in 2012.  Among the different cargo 128 
categories, IMO (2015) projects demand for transport of unitized cargoes to increase most rapidly in all 129 
scenarios. 130 
 131 
Emissions projections as reported in IMO (2015) demonstrate that improvements in efficiency are important 132 
in mitigating emissions increase. However, even modelled improvements with the greatest energy savings 133 
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could not yield a downward trend. Compared to regulatory or market-driven improvements in efficiency, 134 
changes in the fuel mix have a limited impact on GHG emissions, assuming that fossil fuels remain dominant. 135 
 136 
Most other emissions increase in parallel with CO2 and fuel, with some notable exceptions. Methane 137 
emissions are projected to increase rapidly (albeit from a low base) as the share of LNG in the fuel mix 138 
increases. Emissions of nitrogen oxides increase at a lower rate than CO2 emissions as a result of Tier II and 139 
Tier III engines entering the fleet. Emissions of particulate matter show an absolute decrease until 2020, and 140 
sulphurous oxides continue to decline through 2050, mainly because of MARPOL Annex VI requirements on 141 
the sulphur content of fuels. (IMO, 2015) 142 
 143 
Bows-Larkin et al. (2014) develop and apply three scenario’s for the evolution of future shipping emissions in 144 
the UK: a Big-World scenario (S1), a Full-Speed-Ahead scenario (S2), and a Small-Ships-Short-trips scenario 145 
(S3). The resulting forecasts for 2030 and 2050 are shown in figure 1. 146 
 147 

 148 
Figure 1: UK shipping emissions under three scenario’s  149 

Source: Bows-Larkin, 2014 150 
 151 
Expectations by Wrobel et al. (2013) of trends in dry bulk shipping flows to 2050 highlighted drivers 152 
including Arctic ice melt, canal upgrades, piracy and mode splits. Globally, expected doubling of raw 153 
materials shipments to Western economies and quadrupling elsewhere will be partially offset by expectations 154 
of shorter hauls. Moderate annual expected tonnage growth globally compares with rapid annual growth in 155 
coal shipments, although more localized and multi-sourcing will shorten global coal hauls. Predicted changing 156 
patterns of maritime oil freight flows to 2050 were conservative. Local sourcing, new Arctic seaways and 157 
fossil fuel intolerance will tend to reduce oil freight work but ship re-routing to avoid ECAs and piracy would 158 
lengthen hauls. In advanced industrial nations, reducing energy intensities and diminishing social tolerance of 159 
fossil fuels imply reducing maritime oil shipments. 160 
 161 
Artuso et al. (2015) apply a scenario approach too to address the uncertainties in future developments in an 162 
explicit manner. The scenarios include the main drivers affecting the outlook and prosperity of the EU 163 
maritime industry. The outlook and prosperity of the maritime industry is influenced by exogenous drivers 164 
outside the sector, like macro-economic or demographic developments, and sector specific developments for 165 
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the maritime industry, such as environmental, labour or security regulations for the maritime sector. The 166 
authors distinguish among three scenario’s. 167 
- A sustainability scenario, that describes a world that is making relatively good progress towards 168 

sustainability. 169 
- A fragmented world scenario, characterised by the world being separated into regions with extreme 170 

poverty, pockets of moderate wealth, and a bulk of countries that struggle to maintain living standards for 171 
a strongly growing population. 172 

- The conventional development scenario is oriented toward economic growth, that is a high economic 173 
growth scenario with an energy system dominated by fossil fuels, resulting in high GHG emissions. 174 
 175 

Table 1 shows the implications of each of the three scenarios with respect to among others environmental 176 
issues, which will translate also in the level of emissions that shipping will produce. Related to emissions are 177 
technological developments and incentives/subsidies. 178 
 179 

Table 1: Implications of different scenarios on emission levels 180 

 181 
Source: Artuso, et al., 2015 182 

 183 
Given all the above, it is necessary that the maritime sector should improve its efforts to reduce these 184 
emissions. The next section presents what regulatory measures are taken to try and achieve so. 185 
 186 
 187 
3. Emission legislation for international shipping 188 
 189 
Four large developments regarding emission legislation in international shipping can be distinguished among, 190 
namely MARPOL ANNEX VI, the Energy-Efficient Design Index (EEDI), the Ship Energy Efficient 191 
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Management Plan (SEEMP) and the White paper of the EU (European Commission, 2011). These four 192 
regulation initiatives are discussed in more detail in this section. 193 
 194 
3.1.  MARPOL Annex VI developments of emission legislation in international shipping 195 
 196 
Annex VI, which contains the regulations regarding sulphur emissions by ships, is the newest addition to the 197 
MARPOL convention

1
. The revised Annex VI (into force since 1 July 2010) has been adopted by 72 member 198 

states, representing 94.3% of the total world tonnage. Regulation 14 of MARPOL Annex VI states that the 199 
sulphur content of any fuel used on board a ship must be reduced to 0.5% from 1 January 2020. Inside an 200 
Environmental Control Area (ECA), however, the limits for SOx and particulate matter must be further 201 
reduced from 1% (since 1 July 2010) to 0.10 %, effective from 1 January 2015

2
 (IMO, 2013). 202 

 203 
Next to studies of classification societies (for instance DNV, 2009 and 2012) and engine manufacturers (for 204 
instance MAN Diesel A/S, 2011; Wärtsilä, 2009), the subject also attracted the attention of (academic) 205 
researchers (for instance the EC Framework 7 project RETROFIT

3
). Initial studies focussed on short sea 206 

shipping (among others Entec, 2009; Kalli et al., 2009; Notteboom et al., 2010). All these studies were 207 
commissioned by specific maritime actors. Corbett et al. (2003), Karim (2010) and Sys et al. (2012) 208 
emphasize deep sea shipping and pay attention to the modal and economic impact of the emission legislation. 209 
Cullinane and Bergqvist (2014) and Jiang et al. (2014) address the decision concerning what measures and 210 
strategies to implement and the timing of such decisions from the perspective of private operators. 211 
 212 
3.2 EEDI and SEEMP 213 
 214 
The Marine Environment Protection Committee (MEPC), a committee of the IMO, did make amendments to 215 
the MARPOL 73/78. From 1 January  2013, the EEDI and the SEEMP will be mandatory for all vessels over 216 
400 gross tonnes (IMO, 2011; Laffineur, 2012; Harrison, 2012). These systems attempt at further enhancing 217 
the reduction of greenhouse gas emissions.  218 
 219 
Due to the long lifespan of a vessel, up to thirty years, the replacement of engines will only happen in the long 220 
run. It is to be said that old engines are much bigger polluters than the newer engines (Van Laer, 2012). By 221 
making EEDI and SEEMP regulation mandatory, a further reduction of exhaust greenhouse gases will be 222 
reached. The additional commitment of the IMO could reduce the emission of greenhouse gases to between 223 
180 and 240 million tons on an annual basis as a consequence of the EEDI regulation alone (IMO, 2011). 224 
 225 
The EEDI is a benchmark on the energy efficiency set to reduce exhaust gas on newly-built vessels. It is a 226 
non-prescriptive measure that helps the industry decide which technologies should be installed on a specific 227 
ship design. When the emission of CO2 is above this benchmark, the design of the vessel has to be changed. 228 
As long as the energy efficiency is below the target, the ship designers and builders are free to choose the 229 
most cost-efficient technologies to comply with the regulations (IMO, 2010). The formula to calculate the 230 
EEDI is given here below.  231 
 232 
In order to interpret Equation 1, the formula can best be split into four main blocks. First of all, in the 233 
numerator of formula 1, the first two factors in between brackets represent the CO2 emissions produced by the 234 
main and auxiliary engines respectively; while the third factor denotes the emissions produced by the shaft 235 
generators. The last part in the numerator represents the energy saving technologies. The denominator of the 236 
formula refers to the work (unit known from physics) that is performed by the ship in tonne.nm.   237 

                                                 
1
 For an overview of the developments: see Harrison (2012). 

2
 Depending on the outcome of a review, to be concluded in 2018, as to the availability of the required fuel oil, the date 

may be postponed to January, 1
st
 2025. 

3
 www.retrofit-project.eu. 
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where 240 
EEDI    = Energy Efficient Design Index (g CO2/ tnm) 241 
nME    = number of main engines installed in the ship (-) 242 
nPTI    = number  of shaft engines (-) 243 
PME, PAE , PPTI  = power of the main, auxiliary and shaft engines respectively (kW) 244 
PMEeff,PAEeff,PPTTIeff = the main, auxiliary and shaft power which is generated by innovative technologies (kW) 245 
CF ME,CFAE ,CF SE  = CO2 emission factor for the main, auxiliary and shaft engines (g CO2/g fuel) 246 
SFCME,AE or SE   = specific fuel consumption of main, auxiliary and shaft engines (g/kWh) 247 
fi    = the capacity factor for any technical/regulatory limitation on capacity (-) 248 
fj    = a correction factor to account for ship-specific design elements (-) 249 
fw    = the coefficient for decrease of speed in enhanced weather conditions (-) 250 
Capacity   = deadweight capacity (0.7⋅DWTSummerloaddraft for container vessels) (tonne) 251 
Vref    = reference speed (knots) 252 
feff(i)    = the availability factor for each innovative energy efficiency technology (-) 253 
m    = the number of applied correction factors (-) 254 
 255 
The benchmark will be progressively reduced in the future compared to a reference value, consequently 256 
decreasing the emission of greenhouse gases. Table 2 represents this progressive reduction of the EEDI for the 257 
different vessel types and dimensions (IMO, 2011; Laffineur, 2012).  258 
Currently, the Marine Environment Protection Committee (MEPC) of the International Maritime Organization 259 
(IMO) is reviewing the targets. The historical development of design efficiency can provide relevant 260 
information to answer this question in three ways (Faber and ‘t Hoen, 2015). 261 

- It can elucidate how the design efficiency in the reference line period 1999–2008 compares to other 262 
periods.  263 

- It can show what the timeframe for market-driven efficiency improvements has been.  264 
- It can show which design changes have resulted in efficiency changes.  265 

 266 
The analysis of Faber and ‘t Hoen, (2015) showed that the design efficiency of new ships improved 267 
significantly in the 1980’s, was at its best in the 1990’s and deteriorated after that. One of the reasons why the 268 
fuel efficiency deteriorated after the 1990’s is, according to Faber and ‘t Hoen, the deteriorated designs. Also 269 
changing market conditions (low fuel price or higher freight rates) contributed to vessels that are fuller (higher 270 
block coefficient). These ships will have a higher resistance and also a lower fuel efficiency. Based on this 271 
analysis, the EEDI should be used to ensure a constant improvement of the fuel efficiency of the ship.  272 
 273 

Table 2: Progressive reduction of EEDI (in %) 274 
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Phase 0 Phase 1 Phase 2 Phase 3

1 Jan 2013-31 Dec 2014 1 Jan 2015- 31 Dec 2019 1 Jan 2020 - 31 Dec 2024 1 Jan 2025 onwards

20.000 dwt and above 0 10 20 30

10.000-20.000 dwt n/a 0-10* 0-20* 0-30*

10.000 dwt and above 0 10 20 30

2.000-10.000 dwt n/a 0-10* 0-20* 0-30*

20.000 dwt and above 0 10 20 30

4.000-20.000 dwt n/a 0-10* 0-20* 0-30*

15.000 dwt and above 0 10 20 30

10.000-15.000 dwt n/a 0-10* 0-20* 0-30*

15.000 dwt and above 0 10 20 30

3.000-15.000 dwt n/a 0-10* 0-20* 0-30*

5.000 dwt and above 0 10 20 30

3.000-5.000 dwt n/a 0-10* 0-20* 0-30*

General cargo ship

Refrigerated cargo carrier

Ship type Size

Bulk carrier

Gas tanker 

Tanker

Container ship

275 
Source: own composition based on Laffineur (2012) and MEPC (2011) 276 

*: Reduction factor depends on vessel size, n/a: no EEDI applies 277 
 278 
The EEDI is not a technology but an attempt to force ship-owners to use state of the art technology. The 279 
spread in the energy performance of ships is large (Chen et al., 2010, Kruger, 2004). Longva et al. (2010) 280 
present an approach where a required index level (IR) can be determined through a cost-effectiveness 281 
assessment of the available reduction. They show that there is no agreement on a mandatory application or on 282 
how to set the required targets. Zheng et al. (2013) identify the characteristics of energy consumption in 283 
shipping and the stakeholders involved in the EEDI application process, they analyse the relationships among 284 
stakeholders in the shipbuilding industry in China, and point out the drivers and barriers in the implementation. 285 
Again, the implementation of EEDI is not easy given the number of stakeholders involved, the split incentives 286 
and the lack of technical knowhow in some of the major shipbuilding countries such as China. This all means 287 
that the designs have to improve and/or alternative energy saving technologies have to be applied. 288 
 289 
The SEEMP is an operational measure that helps the shipping company improve the energy efficiency of its 290 
operations in existing vessels (IMO, 2010; Laffineur, 2012). The SEEMP shows how energy savings can be 291 
made in four steps: planning, implementation, monitoring and self-evaluation (MEPC, 2011).  292 
 293 
In the SEEMP, the current performance of the ship has to be determined. Also a plan for improvement must 294 
be developed. This improvement can be reached through a large list of possible options (such as speed 295 
optimization, weather routing, etc.) which all should be examined. The energy efficiency of the ship should be 296 
monitored in a quantitative way. Here, the EEDI could be used (MEPC, 2011). 297 
The MEPC also discusses other possibilities of reducing the greenhouse gas emissions, such as market-based 298 
mechanisms. These mechanisms put a price on greenhouse gas emissions, consequently giving economic 299 
incentives to the industry to invest in vessels and technologies with low exhaust of emissions. The generated 300 
revenue can be used to limit climate change (IMO, 2011).These mechanisms could include:  301 

- A levy on vessels that do not meet the EEDI standard.  302 
- A levy on all greenhouse gas emissions coming from all types of vessels. 303 
- A global emission trading system. 304 
- A penalty on trade and development. 305 
- A rebate mechanism for a market-based instrument for international shipping. 306 

(IMO, 2010; Laffineur, 2012). 307 
 308 
3.3 EU White paper 2011 309 
 310 
Finally, the 2011 Transport White Paper of the European Commission (2011) states that the European Union 311 
wants to diminish its greenhouse gas emissions to limit climate change to 2°C. To reach this goal, the 312 
European Union must attain a reduction in greenhouse gas emission levels by 80-95% below 1990 levels by 313 
2050. For the transport sector in particular, the greenhouse gas emissions must be reduced by 20% by 2030 314 
and by 40% by 2050 compared to their level in 2008. The White Paper emphasizes that decisions that are 315 
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taken today will influence future decisions and actions. That is why the implemented measures must be well 316 
thought through.  317 
 318 
The next section provides an overview of technologies that have been developed for the shipping sector to 319 
comply with the above-mentioned legislation. 320 
 321 
4. Alternative sustainable maritime technologies 322 
 323 
. In order to categorize the different technical solutions to make a vessel more energy-efficient, first the 324 
propulsion system of a ship must be understood. This system consists of four main elements: the propulsion 325 
plant (engine), the propulsor (propeller), the hull (resistance) and the operation of the ship (the captain). In 326 
figure 2, a diagram is given on how four of these main elements are related to each other.  327 
 328 

 329 
Figure 2: Block diagram of propulsion dynamics  330 
Source: own composition based on Stapersma, 2004 331 

 332 
On the left hand side of figure 2, there is the engine. The engine will consume fuel (denoted as X) and 333 
generate RPM  (n, the revolutions per minute), torque (Mengine) and emissions. The torque generated by the 334 
engine will be transferred to the propeller. On the basis of the difference between the needed propeller torque 335 
(MProp) to sail at a certain speed (V) and the generated torque of the engine, the propeller RPM can be 336 
calculated by integrating the torque difference over time and dividing it by the product of 2π and the moment 337 
of inertia of the propeller (I)

4
. The engine RPM will be influencing the propeller RPM and it will be used to 338 

control the  speed of the ship. 339 
 340 
In the middle of figure 2, the ships’ propeller is given. The propeller is in between the engine and the hull of 341 
the ship. There are two main components of the propeller, namely the torque and the propeller RPM. Based on 342 
the advanced ratio (the non-dimensional speed) of the propeller (J

5
), which is determined by the undisturbed 343 

                                                 
4
 n = ∫Mtotal/2πI.∂t 

5
 J = Va/n.D in which D is the propeller diameter 
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axial velocity upstream of the propeller (Va
6
), the propeller torque and thrust, the working point of the 344 

propeller can be determined as well as the efficiency of the propeller.   345 
 346 
On the right hand side, there is the hull form. The hull form will determine, along with the speed of the ship, 347 
the draft (which relates to the payload) and the weather conditions (wave heights), what the resistance is. The 348 
added resistance due to waves (Fwaves) is determined by the sea state in which the ship is sailing. In order to 349 
overcome this resistance, the propeller must generate thrust. Based on the difference between the propeller 350 
thrust (Fprop), the added resistance due to waves (Fwave) and the resistance of the ship (Fship), the speed of the 351 
ship can be calculated. The speed is calculated by integrating the resulting forces acting on the hull of the ship 352 
(Ftotal) over time and dividing it by the mass of the ship (m)

7
. The speed of the ship is then influenced by the 353 

resistance (hull form and loading, with which  there is an iterative relation), the sea state and  the propeller. 354 
 355 
On the topside of figure 2, the control system is given (operational part). In this block, the captain can set a 356 
certain ship speed. This can be done either by changing the engine’s RPM, which can be adjusted by changing 357 
the fuel injection of the engine (nset) or, when the ship has a controllable pitch propeller, adjusting the pitch of 358 
the propeller (θ). Changing the pitch of the propeller affects also the efficiency of the propeller.  359 
 360 
From figure 2, it can be concluded that there are a lot of dynamic links between the different elements of the 361 
ship’s drive train. This is important to realise when one is discussing the reduction of marine emissions, 362 
because reducing marine emissions is not only related to the engine, although it is the engine that is producing 363 
these emissions, but it relates to the total system. Fuel consumption (and thus emissions) relates to the 364 
complete and dynamic system of engine, propeller, hull form, external influences (such as sea state) and 365 
control systems (the captain).  366 
 367 
The main objective of this section is to come to a list of potential alternative technologies that could reduce 368 
the fuel consumption, therefore reducing the emission of carbon dioxide and other pollutants, or of 369 
technologies purely to reduce the level of emissions. These different technologies can be classified into five 370 
main classes. All the alternative technologies (and operational changes) and their corresponding classes can be 371 
identified in table 3. 372 
 373 

Table 3: Overview of the maritime technologies and operational measures 374 

1. Hull 2. Propulsion 3. Machinery 
4. Alternative Energy 

Sources 
5. Operation/maintenance 

Air lubrication 

(N) 

Contra-rotating 

propellers 

(N+R) 

Advanced power 

management (N+R) 

Fuel type: Bio fuel 

(N+R) 
Autopilot adjustment 

Bulbous bow 

(N+R) 

Optimization of 

the propeller 

blade sections 

(N+R) 

Automation (N+R) 
Fuel type: Low-

sulphur fuel (N+R) 
Hull cleaning 

Ducktail 

waterline 

extension (N+R) 

Propeller boss 

cap with fins (N 

+R) 

Common rail (N+R) Fuel type: LNG (N+R) Increasing cargo load factor 

Hull surface / 

Hull coating 

(H+R) 

Propeller 

nozzle (N+R) 

Cooling water pumps, speed 

control (N+R) 
Solar Power (N+R) 

Increasing energy 

awareness 

Interceptor trim 

plates (N+R) 

Propeller tip 

winglets (N+R) 
Delta tuning (N+R) 

Wind Power: Flettner 

Rotor (N) 

Optimization of trim and 

ballast 

Minimizing 

resistance of hull 

openings (N+R) 

Propeller-

rudder 

combination 

(N+R) 

Engine derating (N+R) 
Wind assisted: Kites 

(N+R) 
Propeller polishing 

                                                 
6
 Va = V.(1-w) in which w is the wake factor of the ship 

7
 V = ∫Ftotal/m.∂t = ∫a.∂t  
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Efficiency of 

scale (N) 

Rudder 

resistance (R) 

Part load operating 

optimization (N+R) 
Wind Power: Sails (N) Reducing ballast 

Lightweight 

construction (N) 

Constant versus 

variable speed 

reduction 

Reducing onboard power 

demand (N+R)  
Reducing port time 

Optimal propeller 

hull interaction 

(N) 

Optimization of 

propeller and 

hull interaction 

(N) 

Scrubber (N+R) 
 

Reducing speed  

Optimization of 

skeg shape (N) 

Propeller 

efficiency 

measurement 

Selective catalytic reduction 

(N+R)  

Optimizing voyage 

optimization 

Shaft line 

arrangement (N) 

Pulling thruster 

(N) 
Waste Heat Recovery (N) 

 
Weather routing 

 

Wing thrusters 

(N) 

Diesel-electric machinery 

(N)   

  

Hybrid Auxiliary Power 

generation (N)   

  

Low loss concept for 

electric network (N)   

  

Variable speed electric 

power (N)   

Source: own composition, mainly based on Crist, (2009), MEPC, (2008 and 2010), Wärtsilä, (2009) and 375 
Stevens (2012) 376 

 377 
The first three classes are based on figure 2 and are measures to adjust the hull of the ship, the propulsor and 378 
the installed machinery respectively. The additional class that was added is the class of alternative energy 379 
sources (class 4). The class of alternative energy sources is in-between the classes of propulsor and machinery. 380 
In this class, the technical solutions such as wind propulsion (sails) and alternative fuel types (low-sulphur and 381 
LNG) are categorized. The fifth class is the operation (and maintenance) of the ship. This class is not related 382 
to different technological solutions but only to the way the ship is being operated hence representing the 383 
topside of figure 2.  384 
 385 
The technologies are now also classified as newbuilding technologies or retrofitting technologies. The 386 
measures followed by (N) are the technologies that can only be built into new ships (hull optimization or 387 
installing a waste heat recovery system). (N+R) is used when measures can both be installed in new vessels or 388 
that can be retrofitted into existing vessels (installing scrubbers or optimizing the bulbous bow). The measures 389 
without brackets are measures that can be used to reduce the fuel consumption of a vessel by changing one of 390 
the parameters in their operational activities. For example, by reducing the speed of a vessel or by changing 391 
the route of the vessel due to weather conditions, a fuel reduction can be reached (last column).  392 

 393 
The list of 55 measures is based on a study of different reports, studies and presentations. Measures that are 394 
not yet operational or not widespread are not included into table 3. Therefore, other measures could have been 395 
added into the list. For a detailed description of these and other technologies, reference is made to Stevens 396 
(2012). Wrobel et al. (2013) apply a number of policy scenarios to calculate the likelihood of energy-efficient 397 
and sustainable shipping measures. The main types they distinguish among are: slow steaming, technologies 398 
and ship design, ship and propulsor hydrodynamics, wind assistance, internal combustion technology and 399 
electrical propulsion, alternative fuels, fuel cells, raising crew awareness, ship hull and propeller maintenance 400 
and voyage optimisation. The same authors call on a number of factors that create substantial uncertainty in 401 
the measurement of the way in which shipping energy-use and abatement will evolve. Rehmatulla (2015) 402 
presents the results of a survey that was held early 2015 among shipping associations and committees on the 403 
actual uptake of energy-efficient and sustainable technologies. The author distinguishes among 6 categories of 404 
possible measures: design-related measures, hydrodynamic measures, machinery measures, alternative energy 405 
sources, maintenance measures and after-treatment measures. Overall, from figure 3, it can be observed that 406 
newbuilding and retrofitting are by far the preferred ways by which energy-efficient technologies get 407 
introduced.  408 
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 409 

 410 
Figure 3: Shipping energy efficiency strategy  411 

Source: Rehmatulla, 2015 412 
 413 
The next section will combine the legislative framework (section 3) with the technological options (section 4) 414 
to comply with it. 415 
 416 
5.  Development of a framework to link emission policy to maritime technologies  417 
 418 
In figure 4, the different links between legislation and technology can be observed. The figure is split in two 419 
main parts: a shipowner part, where the interest is in the fuel cost of the ship, and a policy maker part, where 420 
the interest is in the emissions part of the ship.  421 
 422 

 423 
Figure 4: Linking emission policy to maritime technologies 424 

Source: own composition 425 
 426 
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 427 
Figure 4 shows that there is no direct link between fuel cost, which is of interest for the shipowner, and the 428 
emissions. There is only an indirect link via the fuel consumption. This is a key element in the framework 429 
which is developed in figure 4. The shipowner is very much interested in reducing the fuel cost of the vessel.  430 
 431 
The fuel costs are one of the dominant cost components of the total cost of maritime transport. At the historic 432 

price of 135 USD per ton bunker fuel, costs represented about half the operating cost of larger 433 

containerships (Notteboom, 2006). When the oil price approached 150 USD per barrel bunker fuel, 434 

price exceeded 750 USD per ton. When bunker fuel price hovers around 500 USD per ton, it 435 

constitutes about three quarters of the operating cost of a large containership. (Ronen, 2011) 436 
 437 
In figure 5, the historic trend of heavy fuel bunker prices (180cst) at Rotterdam is given. The bunker price 438 
increased to over 700 USD per tonne in 2008, decreased to 250 USD per tonne in 2009, to increase again to 439 
over 700 USD per tonne in 2011. In 2015, the bunker price decreased again to 340 USD per tonne. 440 
 441 
 442 

 443 
Figure 5: Rotterdam bunker price 1973 – 2015 (heavy fuel oil,180cst) 444 

Source: Shipping Intelligence Network (2015) 445 
 446 
The bunker prices were in the period 2007 to 2015 at an all-time high, but also the drops in bunker prices were 447 
very large. The volatility and the spread in the volatility were never as high. These high bunker prices and the 448 
very high volatility in the bunker prices will affect the shipowners. Reducing the fuel cost of a shipowner can 449 
be done in two ways, namely by financial or operational means or by reducing the (design) fuel consumption. 450 
It can be seen, in figure 4, that two different policies are targeting these aspects (SEEMP and EEDI). The 451 
policy to implement the (S)ECA’s, for instance, is directly related to the emissions which is not directly 452 
related to the fuel costs of the shipowner. 453 
 454 
The financial way of reducing the fuel cost is by hedging the fuel price. In this way, it is possible to reduce the 455 
fuel cost even without implementing any technical solution. If a large spread in the bunker price is observed 456 
like in figure 5, this strategy can be very useful. An operational way to reduce the fuel cost is to change the 457 
route of the vessel (either by voyage optimization or by weather routing). A third operational way to reduce 458 
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the fuel cost is to reduce the speed of the vessel. By reducing the speed of a ship, also the fuel consumption 459 
will be reduced, and as a result, also the emissions. The impact of reducing speed is very high, especially at 460 
high speeds, because the fuel consumption of a vessel is related to the speed of the ship to the power 3. All the 461 
operational measures (column 5) mentioned in table 3 can be placed in this left part of the diagram.  462 
 463 
There are also technical ways of reducing the fuel consumption of a ship. This can be split into two different 464 
ways, namely adjusting (retrofitting) an existing ship or buying a new ship with the latest technologies. 465 
Several possible solutions are given in the middle part of figure 4. The examples given here come from the 466 
first four columns of table 3 without the grey shading. These types of technology are very much in the interest 467 
of the shipowner because they can be beneficial by means of a reduced fuel bill. The cost-effectiveness of 468 
different technical options depends very much on the bunker prices. If the bunker prices are very high, the 469 
cost-effectiveness of technical solutions such as waste heat recovery systems, wind power assistances 470 
technologies (kites) or alternative fuel sources (LNG) will be high. But at low fuel prices, the cost-471 
effectiveness will decrease. And due to the high volatility of the bunker prices, the decision of the shipowners 472 
to opt for these technologies will become very difficult.     473 
 474 
Another element that needs to be taken into account is that determining the fuel consumption of a ship is 475 
rather complex (see figure 2). This means that in order to determine the effectiveness of a certain technology, 476 
a complete simulation must be made in order to determine the cost effectiveness of all the possible 477 
technologies. Due to the fact that there are a serval external influences on the system (payload of the vessel, 478 
sea state, etc.), it is even more difficult to assess the cost effectiveness. Therefore, it is highly plausible that a 479 
shipowner will opt for the technology or measure that has the highest probability of being the most cost-480 
effective.  481 
  482 
The right part of figure 4 shows the technical measures that will only reduce the emissions (NOx, SOx and 483 
PM10) and not the fuel consumption. Examples of these types of technology are scrubbers and using low-484 
sulphur fuels. The implementation of these technologies comes at a cost while there is no direct economic 485 
benefit for the shipowner. Therefore, the implementation of these technologies is not in the main interest of 486 
the shipowner but is rather forced by legislation. It can therefore be expected that if a shipowner is forced to 487 
take measures to fulfil to new criteria, he will opt for the solutions that are the least costly. In table 3, these 488 
technologies are marked with a grey colour. All these technologies relate to the policy of introducing (S)ECA 489 
zones. 490 
 491 
The legislation’s main interest is in reducing emissions. This can be done by reducing fuel consumption but 492 
can also be forced by law. This can be seen at the top side of figure 4, where the different policies are shown. 493 
The SECA legislation is an example where the shipowner is forced to think about implementing additional 494 
technologies, such as scrubbers or using low-sulphur fuel, in order to be able to sail to a specific port region. 495 
On 1 January 2015, the North Sea was established as an ECA zone with a severe 0.1% sulphur-content limit. 496 
A relevant policy-related question then is why the Mediterranean Sea is not a sECA, and eventually could 497 
become one. A first argument is that a proposal for an ECA zone implies a perseverance, conviction and will 498 
of the Member States. Furthermore, the recent political turmoil within the Southern border of the 499 
Mediterranean Sea leads towards unstable and perhaps unreliable partners. Interviews confirm that it is not 500 
inconceivable that an expansion of the sulphur regime in the Mediterranean rises. Most respondents keep this 501 
in mind, but no one could put a timing on it. (Sys, et al., 2015b) 502 
 503 
Moreover, some legal literature has drawn attention to the fact that an enforcement regime such as the one 504 
governing MARPOL Annex VI, could lead to compliance problems and threaten the competitiveness of 505 
complying shipping companies. Also, the industry notifies that some shipping lines may ignore the new 506 
regulation, particularly when it is considered that penalties in certain countries are estimated to be lower than 507 
the increased cost of using the more expensive fuel. In contrast to the Northern-American ECA requirements, 508 
the industry points out that the enforcement of the Northern-European ECA requirements  is rather weak. (Sys, 509 
et al., 2015b) 510 
 511 
The EEDI is a type of legislation the aim of which is to reduce the emissions by reducing the fuel 512 
consumption of the ship. This is a type of legislation which could be of interest to the ship because it is also in 513 
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its interest that the fuel consumption will be reduced. The technologies which can do that are the unmarked 514 
items in table 3. The operational  measures all relate to the SEEMP legislation mentioned in section 3 .   515 
 516 
The next section applies the developed framework to three potential solutions: EEDI, (S)ECA zones and 517 
SEEMP. 518 
 519 
6. Application of the developed framework 520 
 521 
In this section, it is analysed whether the three mentioned policies of section 3 are stimulating the 522 
implementation of the new technologies. 523 
 524 
6.1 EEDI  525 
 526 
In order the determine the effectiveness of stimulating the implementation of new technologies via the EEDI, 527 
first, the EEDI has to be examined more in depth. When the EEDI is simplified and the admiralty constant

8
 is 528 

inserted into the formula, the EEDI becomes as in Equation 2.        529 

2

2 / 3 2( . ). . .
C O ad

C sfc f C V
EED I

dw t

− ∆
=

        Eq. (2)   530 
Where Cad is the admiralty constant, ∆ the displacement of the ship, DWT the deadweight, CCO2 the CO2 531 
emission coefficient, sfc the specific fuel consumption, f the reduction factors of green technologies and V the 532 
design speed of the ship. 533 
 534 
In table 2, an overview was given of the future reduction of the EEDI. In order to do this, the shipowner has 535 
several options. He can reduce the fuel consumption by applying the new techniques mentioned in table 3 or 536 
he can increase the dwt of the ship (mainly by reducing the lightweight) or he can reduce the speed of the ship.  537 
There are three reasons why it could be argued that investing in new technologies, to reduce the EEDI, could 538 
be problematic due to too high uncertainty. 539 

- The effectiveness of the new technology is unknown or not yet proven (i.e. factor “f” in Equation 2 is 540 
unknown) 541 

- The actual fuel consumption of a ship is related to the total propulsion system including external 542 
effects. Therefore, the effectiveness of the technologies might be reduced in the total propulsion 543 
system and by external effects. 544 

- The high volatility in the bunker fuel price and the unknown development of the bunker price make 545 
investments in new technologies more uncertain.  546 
 547 

Reducing the speed is a much more efficient measure because the EEDI relates to the squared speed of the 548 
ship. So, if the effectiveness of the implementation of the new technologies is not clear for the shipowner, the 549 
shipowner will be forced to reduce the design speed of the ship. In this respect, the EEDI is not stimulating the 550 
implementation of the technologies mentioned in table 3. 551 
  552 
The characteristics of newly built ships seem to confirm the observation that the choice for lower design 553 
speeds is indeed more and more preferred over time. That observation is certainly true for the 6,000-8,000 554 
TEU ships (figure 6), and to a large extent also for the 10,000-18,000 TEU ships (figure 7). 555 
 556 

                                                 
8
 

2/3 3. .adP C V= ∆
 in which: Cad = admiralty constant, ∆ = Displacement, V = Speed and P = power 
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 557 
Figure 6: Design speed 6,000-8,000 TEU container ships 558 
Source: own composition based on Clarksons (2014) data 559 

 560 

 561 
Figure 7: Design speed 10,000-18,000 TEU container ships 562 

Source: own composition based on Clarksons (2014) data 563 
 564 
To solve this problem, the direction of the regulations should be more towards a propulsion performance 565 
index based on the state of the art which should not be influenced by the shape, main dimension ratio’s and 566 
speed (Frouws, 2014). These parameters are often determined by the trade and or the geographic situation. 567 
Speed can be the unique selling point of a certain line service. It cannot be the intention of a rule to “kill” a 568 
shipping line service by reducing the service speed, for example, with a better energy performance than an 569 
alternative truck service. Devanney (2015) comes to similar findings. EEDI induces owners to use smaller 570 
bore, higher RPM engines. These engines have a higher specific fuel consumption and more importantly 571 
require a smaller, less efficient propeller. This means the EEDI-compliant VLCC consumes more fuel when 572 
the market is not in oom, which is 90% of the time. For existing vessels, the answer can be the SEEMP. 573 
Although obliged to introduce, there is not any hard requirement in terms of fuel savings. 574 
 575 
6.2 (S)ECA-zones 576 



 17

 577 
With respect to the implementation of the (S)ECA zones in the world, it can be concluded that the pure goal of 578 
this policy is to reduce the SOX emissions in parts of the world (coastal regions). First of all, this will force the 579 
shipowner to reduce the emissions in these controlled areas and not outside these areas. It is recognized that 580 
the harmful impact of SOX and PM10 emissions in coastal regions is much higher than on the high seas due to 581 
the fact that a lot people are living in coastal regions. This is thus a measure which is forced upon the 582 
shipowner. As a result, he will opt for the easiest (most cost efficient) way to fulfil these criteria. For this type 583 
of legislation, we can distinguish among two types of ships: ships that can “escape” the (S)ECA zones 584 
(deepsea shipping) and ships that are “trapped” inside the (S)ECA zones (short sea ships, ro/ro ferries, etc.).  585 
 586 
For the first group of ships, the most efficient way to deal with the current (S)ECA legislation is to use a bi-587 
fuel system. This means that one uses HFO outside the (S)ECA zones and distillate fuel inside the zone 588 
(Greenship, 2012). Due to the high volatility of the fuel prices, the choice for alternative technologies to 589 
comply with the regulations of the (S)ECA zone, will become more uncertain. Also in Yang et al. (2012) it 590 
was recognized that the most cost-effective way of reducing the SOx (and PM10) emissions is to use segregated 591 
tanks (bi-fuel option).  592 
 593 
For the second group of ships (the ones that cannot “escape” the (S)ECA zones), scrubber technology and 594 
LNG propulsion are serious alternatives (Greenship, 2012) to fulfil the current day requirements of the 595 
(S)ECA-zones besides using low-sulphur fuel. Also for this group of ships, the high volatility and the 596 
uncertain development of the bunker prices will make the investments in new technologies such as scrubbers 597 
more uncertain.   598 
 599 
6.3 SEEMP 600 
 601 
The introduction of the SEEMP will not contribute to the introduction of new green technologies because this 602 
type of legislation only relates to the operation of the ship and not directly to the fuel consumption. The 603 
SEEMP will impact on the operation of the ship and will influence the control system in figure 2. The impact 604 
of the control system of the ship may have a very strong impact on the fuel consumption of the ship. This type 605 
of legislation is a good supplement to the other two types because now all the possible parameters that could 606 
impact on the fuel consumption and the emission production are addressed.   607 
 608 
7. Conclusions and discussion 609 
 610 
Due to the significant increase in attention for the reduction of the marine emission such as CO2, NOX, SOX 611 
and PM10, several new legislative actions are taken by the IMO and EU, namely EEDI and (S)ECA zones. In 612 
this paper, different technical solutions are presented to fulfil these new legislation initiatives. Also, a 613 
framework was developed to link these new technologies to the legislation.  614 
 615 
It was shown with the framework developed in this paper that the fuel consumption of a ship is a highly 616 
dynamic process which involves the engine, the propeller and the hull of the ship. So, measures to reduce fuel 617 
consumption (and thus also emissions) have to take this into account. Just changing or adjusting the engine is 618 
not enough! Also the impact of the bunker price on the cost effectiveness of new technologies must be 619 
recognized. The high volatility of the bunker prices make it very difficult for the shipowner to project the 620 
development of the fuel prices and the cost-effectiveness of the considered technologies.   621 
 622 
Implications for managerial practice 623 
 624 
With the developed framework, the likelihood of specific sustainability measures to be taken up and being 625 
successful, can be simulated. 626 
 627 
When the EEDI is applied, it will not stimulate the use of new technologies but it will push the ship designer 628 
into the direction of reducing the design speed (due to the fact that the EEDI relates to squared speed) or to 629 
further minimize the light weight of the ship rather than to apply new techniques.  630 
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 631 
With respect to the (S)ECA zones, it can be concluded that the installation of those zones is by itself very 632 
useful. The harmful PM10 and SOX emissions near coastal regions are to be minimized to protect the 633 
population from these harmful emissions. However, the implementation of the (S)ECA will not stimulate, in 634 
the short run, the implementation of new technologies for ships that will sail in and out of these areas. But it 635 
will most likely stimulate the implementation of bi-fuel, hybrid types of propulsion systems which can be 636 
switched to (S)ECA mode in the control areas and switched off outside these areas. By using this solution, 637 
shipowners can buy some time to further analyse potential solutions to fulfil the necessary requirements of the 638 
(S)ECA zones.  639 
 640 
Applying the developed framework shows that measures should be introduced with care, after having 641 
analysed potential reaction patterns, and stepwise, so as to avoid a radical switch with unpredictable outcomes. 642 
After the agreement back in 2011 on the EEDI and the SEEMP, discussions within IMO have focused on 643 
further measures to reduce CO2 emissions from existing vessels. Wide-ranging proposals have been submitted 644 
to the IMO resulting in complicated discussions. The last couple of IMO meetings, these discussions have 645 
culminated in proposals for a more step-wise approach:  646 
1. Data collection 647 
2. Testing 648 
3. Full implementation. 649 
Moreover, IMO will update its Greenhouse Gas (GHG) study, resulting in up-to-date information on shipping 650 
emissions. (Sys, et al., 2015) 651 
 652 
Meanwhile, the European Commission proposed its scheme for monitoring, reporting and verification (MRV) 653 
of CO2 emissions in July 2013 and informal discussions on which steps should be taken first are ongoing 654 
internationally. This proposal was based on earlier commitment to take action in the Climate and Energy 655 
Package adopted on April 23rd, 2009 . The mentioned deadline has passed without sufficient international 656 
action as the EEDI, despite its utility, is not expected alone to deliver absolute emission reductions compared 657 
to base years if the forecast growth in traffic will materialize. According to European Commission (2013), 658 
“the precise amount of CO2 and other greenhouse gas emissions of EU-related maritime transport is not 659 
known due to the lack of monitoring and reporting of such emissions.” The introduction of an MRV system is 660 
considered a pre-requisite for any market-based measure or efficiency standard, whether applied at EU-level 661 
or globally. 662 
 663 
The Commission proposes that the MRV system apply to shipping activities carried out from 1 January 2018. 664 
The main lines of the Commission proposal are: 665 
1. The proposed EU system of MRV for shipping emissions is designed to contribute to building an 666 
international system. First steps in this direction have already been taken at the IMO, with active support from 667 
the EU and partner countries. By yielding further insights into the sector's potential to reduce emissions, an 668 
MRV system will also provide new opportunities to agree on efficiency standards for existing ships. 669 
2. The proposal would create an EU-wide legal framework for collecting and publishing verified annual data 670 
on CO2 emissions from all large ships (over 5,000 gross tons) that use EU ports, irrespective of where the 671 
ships are registered. 672 
3. Shipowners would have to monitor and report the verified amount of CO2 emitted by their ships on voyages 673 
to, from and between EU ports. Owners would also be required to provide certain other information, such as 674 
data to determine the ships' energy efficiency. 675 
4. A document of compliance issued by an independent verifier would have to be carried on board ships and 676 
would be subject to inspection by Member State authorities. 677 
5. Calculate annual CO2 emissions based on fuel consumption and fuel type and energy efficiency using 678 
available data from log books, noon reports and bunker delivery notes. 679 
6. Use existing structures and bodies of the maritime sector, in particular recognized organisations to verify 680 
emission reports and to issue documents for compliance; 681 
7. Exclude small emitters (ships below 5000 GT) which represent about 40% of the fleet, but only 10% of the 682 
total emissions. 683 
(European Commission, 2013) 684 
 685 



 19

Contribution to scholarly knowledge 686 
 687 
The developed framework provides theoretical insights into the potential effectiveness of specific 688 
environmental measures in shipping. It provides a basis for further monetary quantification of the encountered 689 
relationships in further research. Furthermore, it allows determining the levels of compensation or incentives 690 
that is to be provided to operators in order to make them apply a specific measure if it turns out that private 691 
benefits do not outweigh costs. In this way, it can build further on for instance Sys et al. (2015). Finally, the 692 
framework can be applied to other types of environmental measures, so as to provide a full picture of potential 693 
conceptual impacts. 694 
 695 
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