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1. External factors  

1.1 Introduction 
The purpose of this report is to define the scenarios and input parameters that will be used as the 
context and backdrop to GloTraM for the Danish Shipowners’ Association (DSA) project. The overall 
aim of this project is to provide DSA with support and evidence so that it can establish specific, 
ambitious, achievable and time dependent reduction targets for CO2 emissions. Given the complexity 
of the global economic system that the shipping industry plays a part of and the timescale of this 
exercise (2008 – 2050), it would be difficult to claim able to define the backdrop with any degree of 
certainty, so the purposes of  this part of the process is to assemble a set of foreseeable and coherent 
scenarios  which cover a broad range of possible futures, and to confirm with DSA and it’s members 
that they share the perspective that these are a good basis for the further analysis work (phase 2, 3 
and 4 of the original proposal). 

1.2 Proposed Scenarios  
We propose six future scenarios for the period 2015-2050, one “BAU” which assumes no further 
policy and 5 scenarios that do assume further policy. In all non-BAU scenarios it is assumed that the 
world commits to keep warming below 2 ͦ C while aiming for 1.5 ͦ C, and there is a commitment 
towards the de-carbonisation of the shipping sector (of varying levels).  

The narrative for each of the proposed scenarios is given below, along with Table 1, matching the 
scenario to different assumption options which are specified and justified in greater detail in Sections 
3 to 8. 

BAU: Existing MARPOL commitments (EEDI, SOx and NOx regulations) but no further GHG policy. 
Baseline assumptions on markets, investment and transport demand. 

Scenario 1: All conditions in this scenario make the decarbonisation of the shipping sector the 
hardest. A carbon budget in shipping is derived from the 1.5 ͦ C target. The start year of a MBM, 
however, is late in 2025 and buying off-sets of CO2 out sector is not allowed. The market penetration 
of biofuels in shipping is low due to the low availability of bio-energy, whereas, transport demand is 
relatively low. Slow steaming is assumed to be very limited. 

Scenario 2: A carbon budget in shipping is derived from the 2 ͦ C target. The start year of a MBM is 
2025 and buying off-sets of CO2 out sector is allowed for 10% of the revenue generated from carbon 
pricing. The market penetration of biofuels in shipping is low, whereas, transport demand is relatively 
high. Slow steaming is assumed to take place according to market conditions, however it is limited to 
a certain level.  

Scenario 3: A carbon budget in shipping is derived from the 2 ͦ C target. The start year of a MBM is 
2020 and buying off-sets of CO2 out sector is allowed for 25% of the revenue generated from carbon 
pricing. The market penetration of biofuels in shipping is medium, and transport demand is relatively 
low. Slow steaming is allowed however it is limited to a certain level.  

Scenario 4: A carbon budget in shipping is derived the egalitarian principle, developed country. The 
start year of a MBM is 2020 and buying off-sets of CO2 out sector is allowed for 25% of the revenue 
generated from carbon pricing. The market penetration of biofuels in shipping is high, whereas, 
transport demand is relatively high. Slow steaming is allowed however it is limited to a certain level. 
LNG price is relatively cheap and hydrogen in combination with fuel cells is an available option.  

Scenario 5: All conditions in this scenario make the decarbonisation of the shipping sector the 
easiest. A carbon budget in shipping is derived the egalitarian principle, developing country. The start 
year of a MBM is 2020 and buying off-sets of CO2 out sector is allowed for 40% of the revenue 
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generated from carbon pricing. The market penetration of biofuels in shipping is high due to the high 
availability of bio-energy, whereas, transport demand is relatively high. Slow steaming is allowed and 
there is a very relaxed constraint. LNG price is relatively cheap and hydrogen in combination with fuel 
cells is an available option. The investment period for the evaluation of the NPV is of 5 years, and it is 
assumed that 80% of the profits gained by technology investment is passed to the ship owner (b.tc).  

Table 1 provides a summary of the scenarios with the description of the key parameters. 
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Table 1: Scenario descriptions 

 Regulation scenario 
(Section 3) 
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nd 
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Techno economic (Sections 5 to 7) 

 Fair 
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star
t 
yea
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sect
or 
offse
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Trade 
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price 
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scenari
o 

Slow 
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ng 
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NP
V 
yea
r 

b.t
c 

Technol
ogy 
cost 

Scenari
o 1 - 
Validati
on run 

- - - SSP3 

All 
fuels 
excludi
ng H2 

2-
degr
ee 
price 

Lower 
bound 

Very 
limited 3 50

% Full 

Scenari
o 2 -
BAU 

- - - SSP3 

All 
fuels 
excludi
ng H2 

2-
degr
ee 
price 

Lower 
bound 

Very 
limited 3 50

% Full 

Scenari
o 3 - 
BAU no 
EEDI 

- - - SSP3 

All 
fuels 
excludi
ng H2 

2-
degr
ee 
price 

Lower 
bound 

Very 
limited 3 50

% Full 

Scenari
o 4 18 Gt 202

5 0% SSP3 All 
fuels  

2-
degr
ee 
price 

Mid-
range 

Relaxe
d 3 50

% Full 

Scenari
o 5 23 Gt 202

5 20% SSP3 All 
fuels 

2-
degr
ee 
price 

Mid-
range Limited 3 50

% Full 

Scenari
o 6 33 Gt 203

0 20% SSP3 All 
fuels 

2-
degr
ee 
price 

Lower 
bound Limited 3 50

% Full 

Scenari
o 7 33 Gt 203

0 20% SSP3 All 
fuels 

2-
degr
ee 
price 

Lower 
bound Limited 3 50

% 
0.25% of 
full price 

Scenari
o 8 33 Gt 202

5 20% SSP3 All 
fuels 

2-
degr
ee 
price 

Mid-
range Limited 3 50
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Scenari
o 9 33 Gt 202

5 50% SSP3 

All 
fuels 
excludi
ng H2 

LNG 
low 

Mid-
range Limited 3 50

% Full 

Scenari
o 10 79 Gt 202

5 80% SSP3 All 
fuels 

LNG 
low 

Higher 
bound 

Relaxe
d 5 80

% Full 
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2 Regulation Scenario  
The following sections describe the data and assumptions used to take into account the regulatory 
scenario.  

2.1 Fair share 
The IMO has acknowledged that the shipping industry must play its part in addressing climate 
change, and at the United Nations Climate Change Conference held in Durban in 2011 declared that 
shipping “will make its fair and proportionate contribution towards realizing the objectives that [the 
UNFCCC] and the global community pursue”1. However, said “fair and proportionate contribution” has 
never been defined. 

The idea of defining shipping’s contribution to global efforts to reducing GHG emissions has recently 
been taken up again by the Marshall Islands at MEPC 68 and by several countries and industry 
organisations. 

At MEPC 69, the majority of member states supported the suggestion by Belgium, France, Germany, 
Marshall Islands, Solomon Islands and Morocco, as well as a similar proposal by the International 
Chamber of Shipping, to define shipping’s ‘fair share’ in reducing its GHG emissions. 

A working group to be established at MEPC 70 will continue to discuss this topic and most likely also 
focus on the question what fairness means in the context of the reduction of shipping GHG emissions. 

Various interpretations, principles and concepts of ‘fairness’ have been invoked in climate change 
negotiations and it is likely that the IMO discussions in this respect will be no different. For the sake of 
brevity and simplicity, this study suggests two widely used fairness principles – responsibility and 
egalitarian principle - with two variants each: 

• Option 1: Responsibility principle, 1.5 degrees, 18Gt (scenario 4) 
• Option 2: Responsibility principle, 2 degrees, 33Gt (scenario 6,7,8,9)  
• Option 3: Egalitarian principle, developed country based, 23Gt (scenario 5) 
• Option 4: Egalitarian principle, developing country based, 79Gt (scenario 10) 

Figure 1 shows the correspondent target trajectory for each scenario with the correspondent option.  

                                                        
1 MEPC 63/5/5, Outcome of the United Nations Climate Change Conference held in Durban, South Africa from 
28 November to 11 December 2011, Note by the Secretariat 
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Figure 1 Emission target trajectories by scenario 

 

2.1.1 Responsibility Principle – Inputs for Scenarios 1 and 2 

According to the principle of responsibility, those who have caused a problem (e.g. pollution) should 
also be the ones to rectify the situation in proportion to their contribution to that problem. It is also 
known as the Polluter Pays principle and as such well-established within domestic and international 
environmental law.2   

According to the Third IMO GHG Study 2014, CO2 emissions from ships amounted to 2.33% of global 
CO2 emissions over the period 2007-2012. In line with the responsibility principle, this means that 
shipping has contributed to the problem of anthropogenic climate change by 2.33% and should take 
measures to mitigate climate change in proportion with its share in global CO2 emissions. Such an 
approach would also be in line with the above-cited words of the then IMO Secretary General to make 
a ‘proportionate’ contribution, or more explicitly to “seek solutions that will be proportionate to 
shipping’s responsibility in the development of the overall conditions that contribute to climate 
change”3. 

With the adoption of the Paris Agreement, governments agreed to a long-term goal of keeping the 
increase in global average temperature to well below 2°C above pre-industrial levels and to aim to 
limit the increase to 1.5°C. Using the climate model MAGICC4, two carbon budgets have been 
calculated which have a 50% chance of limiting global warming to 2˚C and 1.5˚C, respectively. 

                                                        
2 Soltau (2009). Fairness in International Climate Change Law and Policy, Cambridge University Press; Ringius 
et al. (2002). Burden Sharing and Fairness Principles in International Climate Policy, International Environmental 
Agreements: Politics, Law and Economics 2, pp. 1–22 
3 MEPC 60/INF.24, Address of the Secretary-General at the opening of the sixtieth session of the Marine 
Environment Protection Committee 
4 Meinshausen et al. 2011a. Emulating coupled atmosphere-ocean and carbon cycle models with a simpler  
model, MAGICC6--Part  1:  Model  description  and  calibration.  Atmospheric  Chemistry  and  Physics  
11(4):1417-1456; Meinshausen  et  al.  2011b.  Emulating  atmosphere-ocean  and  carbon  cycle  models  with  
a  simpler  model,  
MAGICC6-Part 2: Applications. Chemistry and Physics 11(4):1457-1471.   
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In the 1.5˚C reference scenario, cumulative CO2 emissions over the period 2011-2100 are estimated 
to be 773GtCO2. Assuming that international shipping cuts its emissions by the same proportion that 
is required for the global average and in proportion with its 2.33% share, the carbon budget from 
2011-2100 for international shipping is 18Gt of CO2 under this scenario.5 

In the 2˚C reference scenario, cumulative CO2 emissions over the period 2011-2100 are an estimated 
1428GtCO2. Again assuming that international shipping cuts its emissions by the same proportion that 
is required for the global average and in proportion with its 2.33% share, the carbon budget from 
2011-2100 for international shipping is 33Gt of CO2 under this scenario.6 

2.1.2 Egalitarian Principle – Inputs for Scenarios 3 and 4 

Another widely cited principle is the egalitarian principle which argues that equals should be treated 
alike. For example, Norway in MEPC 59/4/24 suggested that shipping’s burden of reducing GHG 
emissions should be similar to that of comparable sectors. Another option would be to compare it to 
other countries, as for example suggested by the International Chamber of Shipping in MEPC 69/7/1.  

In this study, we will use ICS’ suggestion for IMO to develop an Intended IMO Determined 
Contribution which effectively means comparing international shipping’s contribution to that of other 
countries. This of course begs the question which countries to compare shipping to. Within the 
context of climate change, the most widely used distinction is that between developed and developing 
countries.  

In MEPC 69/7/1, ICS argues that because “more than half of current international shipping activity 
now services developing economies, a proportion that is expected to increase in the future”, “an 
expectation that international shipping should somehow decarbonize at the same rate at which 
developed nations have committed to decarbonize their economies in their INDCs would therefore be 
inconsistent with the "spirit of Paris"  and  the  principle  of  differentiation  as  set  out  in  Article  2  of  
the  UNFCCC  Paris Agreement.” ICS therefore suggests the decarbonisation of international 
shipping should progress like that of developing countries. 

On the other hand, there are arguments why international shipping should instead decarbonise at a 
similar pace and ambition level to that of developed countries. A study commissioned by the 
European Parliament argues that the sector is well advanced and highly industrialised and should 
therefore be treated like an industrialised country. The study refers to the European Community 
Shipowners’ Association (ECSA 2015) that suggests that the European shipping industry contributes 
€147 billion to the European GDP. Extrapolating this figure based on UNCTD’s shipowner statistics to 
the world at large, the shipping industry would rank 23rd.7 

In order to identify the average GHG reduction commitment of developing and developing countries 
and deduce what it should be for international shipping, we have collated the INDCs submitted so far 
in a database and analysed the conditional and unconditional GHG reduction targets. Please note 
that not all nations have absolute GHG targets.  

A total of 189 Parties (96% of all Parties to the UNFCCC and including EU who submitted their INDC 
as a blow) have submitted their INDCs. Out of these, 137 nations have submitted GHG targets. There 
is some inconsistency on target years (2025, 2030 or 2035, but vast majority use 2030) and baseline 
years (mostly 2005). Many countries also distinguish between unconditional (less ambitious) and 

                                                        
5 Traut et al. (2015) Emissions budgets for shipping in a 2°C and a 4°C global warming scenario, and 
implications for operational efficiency. Shipping in Changing Climates 2015 Glasgow. 
6 Traut et al. (2015) Emissions budgets for shipping in a 2°C and a 4°C global warming scenario, and implications 
for operational efficiency. Shipping in Changing Climates 2015 Glasgow. 
7 Cames et al. (2015) Emission Reduction Targets for International Aviation and Shipping. Study commissioned 
by the European Parliament 
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conditional targets (more ambitious), the latter depending on provision of climate finance. This 
analysis takes both into account. 

For developed countries, the commitments made in INDCs are on average a 35% reduction (both for 
minimum and maximum commitments, baseline year 2005 and target year 2030). 

For developing countries (including transitioning countries), the average INDC is a 23% minimum 
average reduction (unconditional) and a 35% maximum (conditional on finance) average reduction on 
BAU levels (baseline year 2005 and target year 2030). 

Given that the vast majority of INDCs use 2030 as a target year, but the time period used in this study 
extends to 2050, a time gap of 20 years needs to be bridged.  

Under the Paris Agreement, countries are expected to communicate their Nationally Determined 
Contributions (NDCs) detailing actions towards meeting the goal of the Agreement every five years. 
All countries are requested to submit a new NDC by 2020. Each new NDC should represent an 
increase in ambition. 

In line with this approach, the IMO would have to revise shipping’s contribution on a five-yearly basis 
as well and increase its level of ambition. This means that from 2030 to 2050, the level of ambition 
would have to be raised four times.  

It is difficult to foresee by how much countries will raise their levels of ambition when revising their 
NDCs. As a proxy, we have compared GHG reduction targets submitted under the Copenhagen 
Accord with the Paris INDCs.8 Almost all GHG reduction targets under the Copenhagen Accord use 
the target year 2020, so comparing ambition levels between Copenhagen and Paris Commitments 
(majority use target year 2030) provides an indication of how much countries raise their ambition over 
a ten-year period. We then assume that countries will raise their average level of ambition by the 
same amount at the next revision of their INDCs. Given that we are now looking at a ten-year time 
horizon rather than five years, we will only incorporate two rounds of revision for the time period 2030-
2050. 

For developed countries, the level of ambition from Copenhagen to Paris was raised by 16% for 
minimum commitments and by 11% for maximum commitments – or by 13% incorporating both 
minimum and maximum commitments.  

Only a few developing countries  have committed reduction targets (BAU or absolute) under the 
Copenhagen Accord. Based on the submitted commitments, we observe that the ambition level 
increased by an average of 9% for minimum commitments and by 18% for maximum commitments. 

2.1.2.1 Intended IMO Determined Contribution (Developed Country) - Inputs for Scenario 3 
Based on the commitments developed countries made under the Paris Agreement and the 
Copenhagen Accord, the IMO would have to reduce its CO2 emissions by 35% by 2030 compared to 
2005. From 2030-2040, this commitment would have to increase by 13% and again for the period 
2040-2050.  

In 2005, CO2 emissions from international shipping amounted to 795 million tonnes. According to the 
outlined reduction commitments, these emissions would have to be reduced to 516.75 million tonnes 
CO2 by 2030, to 268.71 million tonnes CO2 by 2040 and to 104.80 million tonnes CO2 by 2050. If 
reduction commitments were to continuously increase by 13% every decade, international shipping 
would reach zero emissions in 2080.  This is equal to a carbon budget of 23Gt CO2 during the period 
2010 to 2100.  

                                                        
8 Overview of commitments under Copenhagen Accord: 
http://unfccc.int/focus/mitigation/pre_2020_ambition/items/8167.php 
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2.1.2.2 Intended IMO Determined Contribution (Developing Country) – Inputs for Scenario 4 
Based on the commitments developing countries made under the Paris Agreement and the 
Copenhagen Accord, the IMO would have to reduce its GHG emissions by between 23-35% by 2030 
compared to the BAU scenario. From 2030 - 2040, minimum commitments would then have to 
increase by 9% and maximum commitments by 18%, and again for the period 2040-2050.  

For this study, we will use the lower bound reduction commitments (i.e. 23% by 2030 and 9% 
increase, so 31% by 2040 and 40% by 2050) and the BAU projections are based on scenario 16 of 
the Third IMO GHG Study (RCP2.6, SSP4). Based on these assumptions, international shipping's 
CO2 emissions should not exceed 762.3 million tonnes by 2030, 884 million tonnes by 2040 and 885 
million tonnes by 2050. This is equal to a carbon budget of 79.3 Gt CO2 during the period 2010 to 
2100. 

2.2 Market Based Measures 
Over the past few years the IMO has been considering proposals for a Market Based Measure (MBM) 
– an economic instrument to control the sector’s GHG emissions. In line with this, a number of 
candidate proposals are considered for further IMO regulation of GHG emissions and this will be 
needed to enable GloTraM to achieve the CO2 emission trajectories defined in section 3.1.1. 

We assume that the mechanism that is adopted to enable these trajectories applies a carbon price 
signal (e.g. it is an ETS or a Fund/Levy type scheme).  

In order to define a carbon price measure, a number of assumptions are required: 

• Year of first implementation:  
o 2020 - It is expected that for a carbon price to enter into force, the IMO will need to 

adopt a new convention. The time-scale required to establish a new convention, 
design the administrative infrastructure and debate the specification of the MBM will 
make entry into force sooner than 2020 infeasible. Mounting pressure from IMO 
members (particularly EU) and other agencies (UNEP) is assumed to ensure that 
implementation does not occur later.  

o 2030 - assess the implication of a later year of implementation (e.g. 2030) 
• We assume revenue generated from a carbon price will contribute towards several uses 

shown in Figure 2. The split between Rebate and Green Fund is fixed at 50%. The split 
between in-sector use and buying offsets is examined through a number of sensitivity 
analyses in order to study the effects of in-sector/out-sector use of revenue.  

 

 

 

 

 

 

Figure 2: Revenue allocation within the model 

• The carbon price is calculated as an output from GloTraM. It is calculated iteratively to find 
the level which will achieve a certain CO2 trajectory for the sector (see Figure 3), and in this 
instance we will use the CO2 trajectories defined in Section 3.1.1  

Revenue from carbon pricing  

Rebate (40%)  Green fund  (10%)  

Buying off-sets  In-sector use   

Elsewhere  (50%)  
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Figure 31: Carbon pricing with GloTraM 

 

2.3 EEDI limits 
The regulation scenario will apply the achievement of a minimum attained EEDI for all new vessels 
built after 2013 according to the stringency described in MARPOL Annex VI, chapter 4, repeated here 
in Table 2. 

Table 21: EEDI reduction factors and implementation limits 

 

Whilst the existence of SEEMP regulation is acknowledged, it will be assumed that this does not have 
a measurable effect on emissions as there is currently no enforcement of its implementation beyond 
the presence of a SEEMP on-board each vessel. 

2.4 Non-GHG regulation 
In addition to regulation of GHG, there is existing regulation of air pollutants which are expected to 
impinge significantly on the technology and economics of energy efficiency. IMO’s MARPOL Annex VI 
contains regulation of both SOx and NOx, as shown in Figure 4 and Figure 5. 

These regulations will be included in the regulation scenario as they are specified in Annex VI 
documentation, the North Sea, Channel and Baltic are assumed to be both a SOx and NOx controlled 
ECA. 
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Just starting to be discussed at EC and IMO level are the emissions from shipping of particulate 
matter (including black carbon). No regulation exists for their control at present and as none is 
currently envisaged they will not be considered in the regulation scenario. However, it is not 
inconceivable that they might become controlled during the period of analysis (2010-50). 

 

Figure 4: SOx limits as used in GloTraM 

 

 

Figure 2: NOx limits as used in GloTraM 
 

  

  

  

C r e a t i n g  t h e  e n v i r o n m e n t  f o r  b u s i n e s s  

Box 2.1 Revised MARPOL Annex VI - Regulation 14: Sulphur Oxides (SOX) and Particulate Matter 

General Requirements 
1. The sulphur content of any fuel oil used on board ships shall not exceed the following limits: 

1 4.50% m/m prior to 1 January 2012;  
2 3.50% m/m on and after 1 January 2012; and 
3 0.50% m/m on and after 1 January 2020. 

Requirements within Emission Control Areas 
3. For the purpose of this regulation, Emission Control Areas shall include: 

1 the Baltic Sea area as defined in regulation 1.11.2 of Annex I, the North Sea as defined in regulation 5(1)(f) of Annex V; and  
2 any other sea area, including port areas, designated by the Organization in accordance with criteria and procedures set forth    

in appendix III to this Annex. 
4. While ships are operating within an Emission Control Area, the sulphur content of fuel oil used on board ships shall not exceed the 

following limits: 
1 1.50% m/m prior to 1 July 2010; 
2 1.00% m/m on and after 1 July 2010; and 
3 0.10% m/m on and after 1 January 2015. 

Review Provision 
8. A review of the standard set forth in subparagraph 1.3 of this regulation shall be completed by 2018 to determine the availability of 

fuel oil to comply with the fuel oil standard set forth in that paragraph (…). 
10. The Parties, based on the information developed by the group of experts, may decide whether it is possible for ships to comply 

with the date in paragraph 1.3 of this regulation.  If a decision is taken that it is not possible for ships to comply, then the standard 
in that subparagraph shall become effective on 1 January 2025. 

Figure 2.1 Revised MARPOL Annex VI - Fuel Sulphur Limits 
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C r e a t i n g  t h e  e n v i r o n m e n t  f o r  b u s i n e s s  

The NOX emission limits are set for diesel engines depending on the rated engine speed (crankshaft revolutions per 
minute (rpm)), as shown in Table 2.1 and presented graphically in Figure 2.2. ‘Tier 0’, Tier I and Tier II limits are 
global, while the Tier III standards apply only in NOX ECAs (there are currently no NOX ECAs designated in 
European waters). 

Table 2.1 Revised MARPOL Annex VI - NOX Emission Limits (n = rated engine speed, rpm) for New Engines, and, for 
Tiers I, II and III, for Engines Undergoing Major Conversions 

NOX emission limit, g/kWh Tier Date 

n < 130 130 � n < 2000 n � 2000 

‘Tier 0’ 1990-2000 17.0 45 × n-0.2 9.8 

Tier I 2000 - 2011 17.0 45 × n-0.2 9.8 

Tier II 2011+ 14.4 44 × n-0.23 7.7 

Tier III 2016+ (Note 1) 3.4 9 × n-0.2 1.96 

Note 1: In NOX ECAs (Tier II standards apply outside ECAs). 

Figure 2.2 Revised MARPOL Annex VI - NOX Emission Limits 
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* Also applicable to certain engines 1990-2000 'Tier 0'. 

 
 © Crown copyright 

Doc Reg No.  21897-01 
Page 9 

November 2010 
 



Page 14 of 26 
 

2.5 Transport demand 
Shipping is a derived demand and therefore highly sensitive to the trade forecast. However, there is 
large uncertainty surrounding any forecast of trade with uncertainty increasing through time. As a 
result, this project adopts a scenario based approach. There are several datasets available. The 
datasets used in the projections are outlined below. 

The starting point is the dataset in NEA (2009), through the TRANSTOOLS V-2 approach, which 
provides the trade dataset for the main scenario sufficiently disaggregated both geographically (to a 
country to country level) and by commodity9. The approach is an agent based financial trade model 
that captures country to country interactions. Projections from this source have been used in the 
European Commission funded iTREN-2030 project. The GDP projections used in the NEA projection 
are broadly consistent with the projection for development of the future transport demand used the 
IPCC SRES scenario A1B. 

Transport demand projections described in the Third IMO GHG Study 2014 are used to reflect 
different storylines. We apply modifications to the starting point dataset using: 

• projections driven by GDPs from SSP3 by 2050 as displayed in Figure 6 
• projections of coal and energy demand driven by RCPs 2.6 by 2050 as displayed in Figure 7 

Each of the aggregated trajectory underlines a specific storyline10,11. Those trajectories are used to 
proportionally adjust the trade at country to country level by shipping segment and by commodity in 
the NEA dataset.  

Using a combination of these two trajectories we define a single transport demand scenario that will 
be used in this project 

• 2-degree SSP3 transport demand scenario is the combination of SSP3 and RCP 2.6 

The 2.6 RCP trajectory is characterised by a radiative forcing of 2.6 W/m2 by 2100, which means that 
ambitious greenhouse gas emissions reductions would be required to reach a level of emissions that 
ensure an equal chance of keeping the average global temperature rise below the 2 degree.  

Transport demand for ship-transported coal and liquid fossil fuels will decrease due to the reduced 
demand for oil and coal in a decarbonised world. 

 

                                                        
9 Commodities are disaggregated to the NSTR level 2 (99 commodity groupings). NST/R is a standard goods 
classification for transport statistics 
http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database. 
10 SSPs datasets https://tntcat.iiasa.ac.at/SspDb/static/download/ssp_suplementary%20text.pdf    
11 RCPs datasets http://tntcat.iiasa.ac.at/RcpDb/dsd?Action=htmlpage&page=welcome#intro  
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Figure 6: Transport work for non-coal combined bulk dry cargoes and other dry cargoes (billion tonne-
miles). Source: Figure 11, Third IMO GHG Study 2014 

 

Figure 7: Transport work for ship-transported coal and liquid fossil fuels (billion tonne-miles). Source: 
Figure 12, Third IMO GHG Study 2014 
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2.6 Fuel options  
In this work the conventional marine fossil fuels are represented by one category representing marine 
distillates (MDO/MGO) and two categories representing residual fuel of different sulphur contents 
(HFO and LSHFO). LSHFO category includes petroleum fuels with a sulphur content equal to or less 
than 0.50% m/m. The alternative fuel choice implemented for this work includes LNG, hydrogen and 
biomass derived products equivalent or substitutes for the options mentioned. Table 3 shows the fuels 
considered in the study and their technology specification. Generally, all fuel options are included in 
the model, however we propose some scenarios that exclude the availability of hydrogen.  

Table 2: Conventional and bio-derived fuel options modelled in GloTraM 

Fuel name Fuel type Feedstock Production technology 

MDO 
Marine distillate 
including marine 
diesel and gas oil 

Oil Refinery 

HFO Marine residual oil Oil Refinery 

LSHFO Low Sulphur fuel oil Oil Refinery 

LNG Liquefied natural gas Natural gas Extraction and liquefaction 

H2 Hydrogen Methane Steam methane reforming 

Bio_MDO Biodiesel Biomass (e.g. rape 
seed oil) Transerification 

Bio_HFO Biodiesel Biomass (e.g. rape 
seed oil) Mechanical extraction 

Bio_LSHFO Low sulphur biodiesel Biomass (e.g.  rape 
seed oil) Mechanical extraction 

Bio_LNG Liquefied bio-
methane Food waste Anaerobic digestion 

Bio_H2 Hydrogen Renewable energy 
(wind) Wind / electrolysis 

 

2.7 Biofuels’ availability  
In this study, the term biofuels refers to liquid and gaseous fuels produced from biomass. The global 
biomass availability is reviewed from IEA (2011) and the critical research report published by Slade et 
al (2011) in which the methodological approaches to size the biomass resource availability are 
classified as: 

§ Resource focussed studies, based either on simple estimation rules or on spatially explicit 
assessments.  

§ Demand driven studies, focused on the competitiveness of bioenergy as an alternative to 
other conventional energy sources.   
Integrated studies, aiming at combining resource and demand assessments into a unified 
modelling framework.  
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A review by Offermann et al. (2011) of 19 studies finds that estimates of global bioenergy potential 
range from near-zero to 1,550 EJ per year. For comparison, the global primary energy supply in 2009 
was just under 500 EJ, with biomass use accounting for a tenth of that value. Table 8 summarizes the 
global biomass resource sizes reported in the literature.  

Table 8: Global biomass resource sizes 

Source Definition Value in 2050 Classification 
IEA  Maximum technical 

potential 
1500 EJ High band 

IEA Low risk potential 475 EJ Medium band 
TIAM-UCL High scenario 236 EJ Medium Band 
GET Chalmers Base-case 200 EJ Medium Band 
IEA Roadmap BLUE Map Scenario 145 EJ Medium Band 
TIAM-UCL CCC estimate 38 EJ Low Band 
TIAM-UCL Limited scenario 9 EJ Low Band 
 

In this study the international shipping fleet is assumed to adopt biofuels in a similar way as the road 
transport sector is already doing given the blending targets and mandates for fossil fuels. We assume 
the final share of the international shipping industry is expected to be 2.42% of the global share in 
2050. Based on that we define three levels of marine bio-fuel availability as: 

• lower bound: 1 EJ (38 EJ global) 
• mid-range: 4 EJ (127 EJ global) 
• upper bound: 11 EJ (460 EJ global) 

2.8 Fuel prices projection  
Fuel prices have a clear effect on the development of the shipping industry by determining fuel market 
share, influencing the operational costs of vessels and finally having an impact on freight rates. There 
is large uncertainty surrounding any forecast of fuel price. This project adopts a scenario based 
approach for future fuel price projections. Typically, oil based fuels are priced in USD/ton, while gas 
derived fuel is priced in USD/MMbtu. In this report, all fuel prices are shown in USD/GJ. The 
conversion is made using the energy density for each fuel.  

In this study we use two fuel price projection scenarios: “2-degree price” and “LNG low”. The only 
difference between the two scenarios is the projection of LNG price.  

If possible fuel prices projections for the period 2015 to 2050 are obtained using the output of the 
model TIAM-UCL. The model is a linear programming cost optimisation model which generates 
equilibria between supply and demand for each commodity of the global energy system. For example, 
the oil price falls if demand dries up faster than supply reduces. HFO, MDO, and hydrogen prices are 
directly derived from the scenario of TIAM-UCL in which the average global temperature rise is below 
2 C. 

LSHFO complained with the 0.5 sulphur content limit enter into the market in 2020. Its price is linked 
to MDO price by a factor of 1.28 (historical average of LSHFO/HFO and MDO/HFO).  

LNG price projection can be divided by period. The first period 2015 to 2020 LNG price is linked to 
HFO price. The second period the price is linked to the TIAM-UCL’s projection as for HFO, MDO and 
hydrogen. The price in the first period is obtained by calculating, first, the “LNG price parity” which is 
the LNG price that would be equal to that of HFO on an energy basis. Eventually, this price is 
discounted by a representative coefficient of $ 30/ton.  
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Figure 8 displays the fuel price projection in the “2-degree price” fuel price scenario of this study. A 
sensitivity case can be considered for LNG price projection, in which LNG is projected to stabilise 
after 2035. This is displayed in Figure 8 with the dot line.  

 

 

Figure 8:  Fuel price scenarios: “2-degree price” and “LNG low” 

  



Page 19 of 26 
 

2.9 Technology scenario 

2.9.1 Engine technology options 

A matrix of compatibility exists within the model which combines fuels with main engine technologies. 
A fuel can be used in different types of main engines. For example, LNG can be used with fuel cells, 
dual fuel engine and gas engine, while hydrogen is assumed to be used only with fuel cells. Four key 
input parameters are estimated for each combination, which are: 

• Unit procurement cost (UPC) or upfront capital cost, which encompasses cost of storage 
tanks, different type of engines, fuel cells and electric motor (as applicable). It also includes 
additional costs such as pipelines, gas alarm systems and additional safety systems when 
required. 

• Through life cost (TLC) excluding fuel costs. For concept design options with fuel cells, TLC 
depends on the number of fuel cell stack changes required and other maintenance 
requirements. For concepts design options with an internal combustion engine, TLC is 
assumed to be negligible and included in other annual maintenance costs. 

• Specific fuel consumption at 75% MCR (sfc), which includes both the efficiency of the 
technology and the energy density of the fuel 

• Deadweight tonnes loss12 (dwt_loss) to estimate the effect of the machinery and fuel storage 
in combination on loss of cargo carrying capacity e.g. due to lower energy volumetric density 
of fuel storage compared to the current storage tanks. 

 

The following engine technology options are considered in the model: 

- 2-stroke engine 
- 4-stroke engine 
- Diesel electric 
- Dual fuel engine 
- Gas engine 
- Fuel cells 

Among the input assumptions that are used to estimate the input parameters there is the capital cost 
for each engine technology options.    

Table 93: Capital cost for each engine technology 

Description Costs Performance 

  UPC TLC sfc (@75% 
MCR) dwt_loss 

($/MW) ($/MW) (g/kWh) (tonne/MWh) 
2 stroke diesel  4.00E+05 - 190 0 
4 stroke diesel 4.44E+05 - 200 0 
diesel electric 5.00E+05 - 210 0.03 
4 stroke spark ignition (LNG) 1.40E+06 - 172 0.09 
FC and H2 5.30E+06 1.70E+05 65 0.26 
FC and LNG 2.40E+06 1.70E+05 168 0.09 

 

In the case of alternative fuels such as LNG and Hydrogen, the capital cost for the fuel storage 
system needs to be considered as well. For example, for fuel cells and hydrogen the upfront capital 
cost consists of capital cost for fuel cell and capital cost for a hydrogen storage system. Marine fuel 
                                                        
12 Deadweight refers to cargo capacity, fuel, ballast, etc. Note that deadweight tonnage is not the same as cargo 
weight  
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cells cost is based on the best-guess projected cost taken from Raucci (2016), which is 830 $/kW. 
This value is comparable with other estimates found in Ludvigsen and Ovrum (2012), Cohen (2011), 
and Han (2012). A liquid hydrogen storage system is assumed to be on board ships. The unit cost of 
such a technology is based on the best-guess projected cost taken from Raucci (2016), which is 71 
$/kg. This value is in the range of the recent estimates from IEA (2015) which is from 27 to 333 $/kg.  
Therefore, assuming that the same amount of energy will be stored on board, the capital cost of fuel 
cells in combination with hydrogen is assumed to be 5.3 million USD/MW (which includes also the 
capital costs for the electric motor and extra equipment). Similarly, is applied with LNG. The assumed 
unit capital cost for a LNG storage system is 3000 $/m3 (about 7 $/kg), which is based on the value 
found in Andersen (2011).  

2.9.2 Energy efficiency technology options  

A number of technologies and operational interventions are made available to the model for selection 
(as a function of fuel price and policy). The detailed assumptions for these interventions (their impact 
on the ship and the associated costs) will be supplied in a separately.   
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2.10 Economic parameters 

2.10.1 Freight prices, capital and operating costs 

2.10.1.1 Time Charter rates 
Time charter rates negotiated on the market describe the amount of money charged per day in order 
to hire a ship for a predetermined amount of time. We have used historical data using the Clarksons 
SIN database. Our time charter rates forecast is based on the understanding that the market 
conditions observed in 2004-2008 have been the consequence of a booming demand occurring in 
presence of a tight supply for ships which lead to unprecedented increases in the rates, especially in 
the dry bulk market. While a reoccurrence of these market conditions cannot be excluded our long-
term forecast is based on ordinary market conditions. For these reasons we have decided to use the 
average of the historical time charter rates observed for different ship sizes in different markets after 
excluding time periods with unusually high price as our long-term forecast. As one would expect data 
were not available for all ship sizes we model in this study. When historical data were not available, 
time charter rates have been interpolated linearly from the data available for the closest ship size. 
Considering the linear relationship between time charter rates and size, we consider this a robust and 
justified approach. 

Table 10: Values of the Time charter rate for the ship sizes and three ship types used in this study 

Dry Bulk Wet Bulk Containers 
Size (dwt) TC ($ / day) Size (dwt) TC ($ / day) Size (teu) TC ($ / day) 

227,000 28,713 295,000 31,962 5,197 23,496 
163,000 21,859 152,000 25,810 3,057 16,168 

74,000 14,407 103,000 18,757 2,181 11,942 
45,000 9,759 66,000 16,740 1,273 8,147 
11,543 5,546 39,000 12,695 530 6,353 

3,716 4,708 4,000 10,138 280 5,373 
 

2.10.1.2 New-build prices (for a baseline specification ship) 
In the case of the price of new build we have adopted the same methodology we discussed in the 
case of time charter rates. Data have been sourced from Clarksons SIN database. We understand the 
new-build price to be a representative average of the prices of the ships built in each time period, 
therefore representing the average price for the standard ship being sold. As such, the data is 
assumed to be inclusive of the cost of the engine, and the variation of this cost with engine model is 
not possible to be shown explicitly. The assumption used in GloTraM is that the engine specification 
used is that associated with the baseline year (2010) fleet specification and the costs are estimated 
for this on the basis of ship size alone (not manufacturer or model) due to an absence of data. 

Table 11: Values of the new build price for the ship sizes and types used in this study 
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DryBulk WetBulk Containers 

Size Price (million $) Size Price (million $) Size (teu) Price (million $) 
227,000 53 295,000 82 5,197 65 
163,000 45 152,000 54 3,057 43 

74,000 24 103,000 42 2,181 35 
45,000 20 66,000 37 1,273 25 
11,543 13 39,000 30 530 13 

3,716 12 4,000 23 280 9 
 

2.10.1.3 Capital and operating costs 
Capital and Operating costs could be specified as external factors to the model in order to remunerate 
the investors who financed the building of a vessel of a certain size and type as well to those 
financing its operation. Although this is reasonable capital and operating costs of the vessels can be 
unreliable. For these reasons much of the modelling and discussion in the literature is done by using 
Time Charter rates. As Time Charter rates convey the dollars per day needed to hire a vessel of a 
certain size and type over a certain time period, the Time Charter Rates are normally used to 
represent the financial amount required to cover capital costs and operating costs which are not 
related to fuel costs. As this is the approach we follow in our model, no information about capital and 
operating costs are needed.   

2.10.2 Investment Parameters 

Adoption of technology and operational energy and carbon saving interventions are assessed in 
GloTraM according to an investment appraisal formula. This formula calculates whether or not the 
intervention would increase or decrease the profitability of the vessel, according to the total impact on 
revenue and costs over a prescribed period. Taken into account with this assessment is the cost, to 
the vessel owner, of any capital needed to finance the investment and the time period over which the 
profitability is to be considered. The cost of capital varies depending on the firm, how it is financed 
etc. A discussion of representative values for the fleet can be found in IMO MEPC 61 Inf. 18 and 
concluded that a value of 10% was appropriate for use in models assessing the economics of energy 
saving investments for ships. The report did not provide a similar discussion on the investment period. 
Similarly, this varies depending on the firm and will be a function of how the ship is financed, any 
time-charter periods, owner’s expectation of when the ship might be resold, internal imposition of 
investment hurdles to manage risk etc. A value that is commonly in use in equivalent analysis is 3 
years. This value will be used as a default value for almost all scenarios. We will use 5 years only in 
one scenario in order to assess how robust the results are to the assumption of this value. 

In terms of barrier to market, an index of 1 (B.tc = 1) indicates that 100% of the profits gained by 
technology investment is passed to the ship owner. In all scenarios we use a value of 50%, except for 
one scenario in which we use 80%. 

2.10.3 Slow steaming constraint 

Slow steaming is assumed to take place according to market conditions, however it is limited to a 
certain level. We assume three different cases: 

• Very limited: in this case the minimum powering is limited to reduction of installed power up to 
40% 

• Limited: in this case the minimum powering is limited to reduction of installed power up to 
20% 
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• Relaxed: in this case the minimum powering is limited to reduction of installed power up to 
1% 

2.11 Definitions and Taxonomies 
The components of the world shipping system that contribute significantly to CO2 emissions differ in a 
number of ways, e.g. technical characteristics, market structures and dynamics, regulatory 
jurisdiction, routes and modes of operation. To make sure that sufficient disaggregation is applied to 
enable differentiation between the key ship types and sizes, the fleet is broken down into a number of 
constituents described below.  

2.11.1 Ship types  

GloTraM considers the detailed technical and operational characteristics of ships, and also the 
transport demand for which their activity is derived. Therefore, an added complication to determining 
an appropriate disaggregation is that the ship categories match with disaggregation of the trade and 
transport demand data. For example, crude oil is predominantly transported in crude oil tankers and 
so there is a one-to-one mapping of the transport demand to the transport supply. However, some 
chemicals are carried in product tankers and some in chemical tankers and substitution might occur 
between the ship types. To achieve this balance and whilst matching the constraints in the input data, 
the following disaggregation has been selected. Table 12 provides the names used for each ship type 
category and the correspondent category in the classification used in the Third IMO GHG Study 2014.   

Table 4: Ship type disaggregation 

Ship type ID Name Third IMO GHG Study 2014 taxonomy 
1 Dry Bulk carrier 
3 Product and Chemical  Chemical tanker 
4 Unit Container Container 

5 General cargo General cargo 
6 Liquefied gas tanker Liquefied gas tanker 
7 Wet crude Oil tanker 
8 Other liquids tankers Other liquids tankers 
9  Ferry-pax only 
10  Cruise 
11  Ferry-RoPax 
12  Refrigerated cargo 
13 Ro-Ro Ro-Ro 
14  Vehicle 
15  Yacht 
16  Service - tug 
17  Miscellaneous - fishing 
18  Offshore 
19  Service - other 
20  Miscellaneous - other 

 

2.11.2 Ship sizes 

The ship size ranges are chosen for their consistency with the Third IMO GHG study. This enables 
comparability of results against other models (which have used the IMO size taxonomy), and also the 
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deployment of assumptions (e.g. operational parameters), in the event that no other data is available. 
Table 13 provides the specified size categories. 

Table 13: Ship type and size categories 

Type ID Type name Size ID Capacity unit Size range  

1 Bulk carrier 1 dwt 0-9999 
1 Bulk carrier 2 dwt 10000-34999 
1 Bulk carrier 3 dwt 35000-59999 
1 Bulk carrier 4 dwt 60000-99999 
1 Bulk carrier 5 dwt 100000-199999 
1 Bulk carrier 6 dwt 200000-+ 
3 Chemical tanker 1 dwt 0-4999 
3 Chemical tanker 2 dwt 5000-9999 
3 Chemical tanker 3 dwt 10000-19999 
3 Chemical tanker 4 dwt 20000-+ 
4 Container 1 TEU 0-999 
4 Container 2 TEU 1000-1999 
4 Container 3 TEU 2000-2999 
4 Container 4 TEU 3000-4999 
4 Container 5 TEU 5000-7999 
4 Container 6 TEU 8000-11999 

4 Container 7 TEU 12000-14500 
4 Container 8 TEU 14500-+ 
5 General cargo 1 dwt 0-4999 
5 General cargo 2 dwt 5000-9999 
5 General cargo 3 dwt 10000-+ 
6 Liquefied gas tanker 1 cbm 0-14,999 
6 Liquefied gas tanker 2 cbm 15999 - 39999 
6 Liquefied gas tanker 3 cbm 40000-99999 
6 Liquefied gas tanker (LNG) 4 cbm 100000+ 
7 Oil tanker 1 dwt 0-4999 
7 Oil tanker 2 dwt 5000-9999 
7 Oil tanker 3 dwt 10000-19999 
7 Oil tanker 4 dwt 20000-59999 
7 Oil tanker 5 dwt 60000-79999 
7 Oil tanker 6 dwt 80000-119999 
7 Oil tanker 7 dwt 120000-199999 
7 Oil tanker 8 dwt 200000-+ 
8 Other liquids tankers 1 dwt 0-+ 
9 Ferry-pax only 1 GT 0-1999 
9 Ferry-pax only 2 GT 2000-+ 
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10 Cruise 1 GT 0-1999 
10 Cruise 2 GT 2000-9999 
10 Cruise 3 GT 10000-59999 
10 Cruise 4 GT 60000-99999 
10 Cruise 5 GT 100000-+ 
11 Ferry-RoPax 1 GT 0-1999 
11 Ferry-RoPax 2 GT 2000-+ 
12 Refrigerated bulk 1 dwt 0-1999 
13 Ro-Ro 1 dwt 0-4999 
13 Ro-Ro 2 dwt 5000-+ 
14 Vehicle 1 vehicle 0-+ 
14 Vehicle 2 vehicle 4000-+ 
15 Yacht 1 - 0-+ 
16 Service - tug 1 - 0-+ 
17 Miscellaneous - fishing 1 - 0-+ 
18 Offshore 1 - 0-+ 
19 Service - other 1 - 0-+ 
20 Miscellaneous - other 1 - 0-+ 

 

2.11.3 Region/country definition  

In this section we specify the regions that will be used in GloTraM for trade and emissions. These 
regions are used to aggregate trade among different regions. The regions are named as follow: 

• North America 
• Central and Caribbean 
• South America 
• Europe 
• Africa 
• Middle Eastern Gulf, Red Sea 
• Indian Subcontinent 
• North East Asia 
• South East Asia 
• Australasia 
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Figure 3: Region definition as used in GloTraM 


