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Ref: 28/2016/MC 
Madrid, 30 de agosto de 2016 

 
 
Asunto: Comité de Protección del Medio Marino de la OMI (MEPC) - Octubre 2016 
 
Muy Srs. nuestros: 
 
Entre los días 24 y 28 de octubre está previsto que se celebre en Londres la 70ª reunión del Comité de 
Protección del Medio Marino de la OMI (MEPC-70) y se están ya conociendo algunos de los 
documentos que se van a discutir en la misma, de los cuáles, por su interés, queremos informarles en 
relación a tres asuntos concretamente: 
 
1. Fecha definitiva para la aplicación del límite de azufre del 0,5% en los combustibles consumidos 

fuera de las zonas SECA (2020 o 2025).  
2. Convenio sobre gestión de las aguas de Lastre. 
3. Emisiones de CO2. 
 
A este fin, hemos elaborado la nota que adjuntamos como Anexo 1. Los demás anexos que 
adjuntamos se citan en dicha nota. 
 
Muy cordialmente 
 
 
Manuel Carlier 
Director General 
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ANAVE 
 

(Anexo 1 a Circular SMA 28/2016/MC, de 30 agosto 2016) 
 

NOTA SOBRE ASUNTOS A TRATAR EN LA REUNIÓN MEPC70 DE LA OMI 
(24 a 28 de octubre 2016) 

 

1. Fecha definitiva para la aplicación del límite de azufre del 0,5% en los combustibles consu-
midos fuera de las zonas SECA (2020 o 2025).  

 
Según establece el Anexo VI de MARPOL, la OMI tiene que decidir (a más tardar en 2018) si el límite 
del 0,5% se aplicará desde 2020 o 2025, en función de un estudio sobre la disponibilidad o no en 2020 
de combustible suficiente de tales características.  
 
No obstante, tanto el sector naviero como el refinero pidieron a la OMI que no se agotase dicho plazo 
de estudio, dado que conviene a ambos sectores conocer cuanto antes la fecha definitiva para poder 
decidir las inversiones a llevar a cabo: en el caso de los armadores, sobre la instalación de scrubbers, 
en el de las refinerías, sobre la posible instalación de nuevos sistemas de producción de combustible 
de bajo contenido de azufre. 
 
En consecuencia, en mayo de 2015, la OMI aprobó los términos de referencia del estudio en cuestión 
que, en septiembre de 2015 se encargó a un consorcio de los consultores CE Delft / Stratas. En parale-
lo, varias organizaciones del sector refinero (IPIECA, Canadian Fuels Association, Japanese Petroleum 
Association y FuelsEurope/Concawe) junto con BIMCO, encargaron un estudio paralelo e independien-
te a la consultora norteamericana EnSys, si bien con los mismos términos de referencia. 
 
Los resultados de ambos informes ya se conocen y han sido difundidos por ICS y por la OMI a los Es-
tados miembros. Los resultados de las estimaciones cuantitativas de demanda y oferta de combustibles 
para 2020 son bastante similares en ambos estudios. Incluso sobre una variable muy difícil de estimar, 
como es el número de buques que habrán instalado scrubbers en 2020 (y, por tanto, podrán seguir 
utilizando HFO de alto contenido de azufre), las cifras que manejan ambos estudios son bastante pare-
cidas. En los Anexos 2 y 3 adjuntamos los resúmenes ejecutivos de los mismos. No obstante, las 
conclusiones cualitativas finales que se extraen de los mismos son bastante diferentes. A saber: 
 

CE Delft: "Los resultados indican que la industria de refino puede producir suficiente cantidad de 
combustibles marinos de la calidad demandada en los tres casos analizados (base, alto y bajo), 
mientras suministra a otros sectores al mismo tiempo los productos del petróleo que necesitan." 
 
EnSys: "Teniendo en cuenta estas previsiones, los resultados apuntan a una extrema dificultad, 
y de hecho a una potencial inviabilidad para el sector de refino de suministrar el combustible ne-
cesario por debajo del nuevo tope global de azufre y satisfacer simultáneamente la demanda de 
todos los demás sectores, sin excedentes o déficits. Los impactos correspondientes en el mer-
cado se estima serían substanciales en todos los productos y regiones del mundo, no sólo sobre 
los combustibles marinos, y, en consecuencia, potencialmente importantes sobre todas las eco-
nomías y sectores". 

 
Sin entrar en muchos detalles, las causas de estas diferentes conclusiones se deben, sobre todo, a las 
diferentes consideraciones que ambos estudios hacen sobre las medidas que las refinerías tendrían que 
tomar para poder producir los combustibles necesarios. EnSys considera que será preciso dedicar un 
número elevado de unidades FCC (Fluid Catalytic Cracking) a la producción de combustibles de bajo 
azufre y que ello produciría un gran aumento de las emisiones de SOx en las refinerías que, para evitarlo, 
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tendrían que instalar numerosas nuevas unidades de Flue Gas Scrubbers (scrubbers en tierra) que son 
muy costosas y que llevaría varios años poner en marcha. EnSys pone en tela de juicio que se vayan a 
acometer dichas inversiones y a tiempo para que estén funcionando en 2020. El estudio de CE Delft no 
entra en ese detalle y parece dar por hecho que las refinerías invertirán lo que sea necesario y a tiempo. 
 
IPIECA (que es la asociación mundial del sector petrolero y refinero para asuntos sociales y medioam-
bientales) ha hecho público un análisis comparativo de ambos estudios en el que pide a los Estados 
miembros de la OMI que tengan plenamente en consideración también el estudio de EnSys (al que 
concede mayor credibilidad).  
 
En suma, cuando ya se consideraba muy probable que la decisión sobre la fecha definitiva se tomaría 
en el MEPC70 y que probablemente sería sobre la fecha de 2020, esta decisión podría diferirse o 
bien decantarse por la fecha de 2025, que concedería más tiempo a las refinerías para poner en 
marcha las inversiones necesarias. 
 

2. Convenio sobre gestión de las aguas de Lastre. 
 
Respecto de la fecha de entrada en vigor del convenio, Finlandia ha anunciado recientemente que 
espera depositar su instrumento de ratificación en la OMI a mediados de septiembre, lo que, a falta de 
confirmación definitiva de las cifras, debería disparar, esta vez seguramente sí, la entrada en vigor a 
septiembre de 2017.  
 
En consecuencia, se espera que en el MEPC70 se dé prioridad a los asuntos relacionados con este con-
venio y, en particular, que se aprueben definitivamente las Directrices revisadas de la OMI sobre la homo-
logación de sistemas de tratamiento de aguas de lastre. No se esperan, sin embargo, cambios sensibles 
en la actitud de los EEUU que, como es sabido, siguen su propio procedimiento de homologación.  
 
Como hemos anunciado, el Grupo de Trabajo de ANAVE sobre este convenio se reactivará tan pronto 
se confirme esta fecha y organizaremos una reunión del mismo a comienzos de noviembre, con el 
fin de que estén ya disponibles los resultados del MEPC70. 
 

3. Emisiones de CO2. 
 
Según les hemos venido informando, tras el acuerdo alcanzado en París por la COP21 sobre objetivos 
de mantenimiento bajo control del efecto invernadero, han aumentado las presiones sobre el sector 
marítimo para que se concreten cuanto antes unos compromisos de reducción de sus emisiones. 
 
A lo largo de los meses de julio y agosto, la International Chamber of Shipping (ICS) ha trabajado muy 
activamente junto con otras importantes organizaciones del sector naviero (BIMCO, Intertanko, Intercargo 
y World Shipping Council) y finalmente se ha conseguido consensuar un documento conjunto que se va a 
remitir formalmente a la OMI para su consideración en el MEPC70, que adjuntamos como Anexo 4. 
 
En el mismo, todas las organizaciones citadas piden que la OMI determine cuál debe ser la "contribu-
ción justa" (fair contribution) del transporte marítimo a la consecución de los objetivos acordados en el 
COP21. Uno de los principales obstáculos ha sido precisamente el nombre con qué designar el esfuer-
zo del sector (compromiso, reducción…, habiéndose finalmente acordado llamarle "contribución"). 
 
Es probable que se presenten al MEPC70 otros documentos similares por diferentes Estados, pero no 
se considera probable que se avance significativamente en esa reunión, dado que hay otros 
asuntos mucho más urgentes, como los que se han mencionado más arriba. 
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SUMMARY 

Executive summary: This document contains in its annex the executive summary of the 
final report of the "Assessment of fuel oil availability". The complete 
final report is contained in document MEPC 70/INF.6. 

Strategic direction: 7.3 

High-level action: 7.3.2 

Output: 7.3.2.1 

Action to be taken: Paragraph 9 

Related documents: MEPC 68/21, MEPC 69/5/4, MEPC 69/21 and MEPC 70/INF.6 

 
Background 
 
1 In accordance with regulation 14.8 of MARPOL Annex VI, a review of the standard set 
forth in regulation 14.1.3, i.e. 0.50% m/m maximum sulphur content fuel oil on and 
after 1 January 2020, shall be completed by 2018 to determine the availability of fuel oil for 
ships to comply. 
 
2 MEPC 68 approved terms of reference for the review of fuel oil availability as required 
by regulation 14.8 of MARPOL Annex VI (MEPC 68/21, annex 5).   
 
3 In addition, MEPC 68 established a Steering Committee to provide input to the IMO 
tender process and confirmed that the Steering Committee is de facto the "group of experts" 
required in regulation 14.9 of MARPOL Annex VI and so responsible for the development of 
the appropriate information to inform the decision to be taken by the Parties to 
MARPOL Annex VI. 
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4 Further, MEPC 68 agreed to the composition of the Steering Committee as follows: 
 

Member States 
 
Brazil, China, France, India, Japan, Liberia, Marshall Islands, Netherlands, Nigeria, 
Republic of Korea, Singapore, South Africa, United States 
 
Intergovernmental organization 
 
European Commission (EC) 
 
Non-governmental organizations 
 
International Chamber of Shipping (ICS), BIMCO, International Petroleum Industry 
Environmental Conservation Association (IPIECA), The Institute of Marine 
Engineering, Science and Technology (IMarEST), International Bunker Industry 
Association (IBIA) and Clean Shipping Coalition (CSC). 

 
5 In this regard, MEPC 68 requested the Secretariat to initiate the fuel oil availability 
review in accordance with the agreed terms of reference, including the establishment of the 
Steering Committee, so that the review could begin on 1 September 2015, with a view to the 
final report being submitted to MEPC 70 (MEPC 68/21, paragraph 3.97). 
 
6 Following a competitive tender, the contract to undertake the assessment was awarded 
in September 2015 to an international consortium under the lead of CE Delft. 
 
7 MEPC 69 considered a progress report of the Steering Committee (MEPC 69/5/4) 
together with document MEPC 69/5/11 (ICS and INTERTANKO) and: 
 

.1 noted the progress made by the Steering Committee and reiterated that, in 
accordance with the agreed terms of reference, the review is expected to be 
completed in time for reporting to MEPC 70; and 

 
.2 agreed, in principle that a final decision on the date of implementation of the 

0.50% sulphur limit should be taken at MEPC 70, so that maritime 
Administrations and industry can prepare and plan accordingly (MEPC 69/21, 
paragraph 5.26). 

 
8 To enable the assessment to be undertaken, financial contributions were received from 
Australia, the United Kingdom and the United States.  
 
Action requested of the Committee 
 
9 The Committee is invited to approve the assessment of fuel oil availability and to take 
action as appropriate. 
 
 

*** 
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List of abbreviations and acronyms and Glossary 
 

2DO #2 Diesel 

2FO Heating oil 

AGO Atmospheric gasoil, a CDU product 

AGO HDS Atmospheric gasoil hydro desulphurization 

API American Petroleum Institute 
ATRES Atmospheric residue, a CDU product 

ATRES HDT Atmospheric residue hydrotreating 

BWMC Ballast Water Management Convention 

BWMS Ballast Water Management System 

CAGR Compound Annual Growth Rate 

CDU Crude Distillation Unit 
COKER/VBR HY 
DIST 

Heavy distillate blend coming from hydrocrackers and 
visbreakers 

CUTTER STOCK Lighter product used to lower fuel oil viscosity (e.g. FCC heavy 
naphtha) 

CNRB Canadian Natural Resource Board 
Delayed coker Delayed coker, converts vacuum residue to naphtha, diesel, 

and coker gas oil via thermocracking 
DME Dimethyl Ether 

EGCS Exhaust Gas Cleaning System 

EGR Exhaust Gas Recirculation 

EIA US Energy Information Administration 

EPA US Environmental Protection Agency 

FCC Fluid Catalytic Cracking 

FCC LCO Fluidized Catalytic Cracker light cycle oil 

GHG Greenhouse Gas 

GloTraM Global Transport Model 
GASOIL HDS Gasoil hydrodesulphurization. Includes AGO and LCO 

desulphurization 
GOHDS TOTAL Gasoil hydrodesulphurization (FCC feed) 

HC UCO Hydrocracker unconverted oil 

HFO Heavy Fuel Oil 
H-OIL® Vacuum and Atmospheric Oil Catalytic hydrogenation. H-Oil® 

uses a catalytic hydrogenation technology in which 
considerable hydrocracking takes place. The process is used 
to upgrade atmospheric and vacuum residue to low sulphur 
distillates 

H-OIL BTMS Bottom product from H-Oil® Process (Vacuum residue 
hydrocracking) 

H-OIL HY DIST Heavy distillate coming from H-Oil® process 

HOL Residue Hydrocracking 

HP Hydrocarbon Processing  
HSD High sulphur diesel 

Hydrocracker Upgrades residues from the atmospheric or vacuum 
distillation columns (bottoms), FCC and coking units into jet 
fuel, diesel and gasoline via heavy molecules cracking in the 
presence of hydrogen and a catalyst 
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IAMs Integrated Assessment Models 

IEA International Energy Agency 

ISOMERIZATION An Isomerization unit converts low octane n-paraffins (light 
naphtha from CDU) into high octane iso-paraffins via a 
chloride fixed bed reactor 

IMO International Maritime Organization 

IMP CUTTER Imported cutter stock 

Kerosene Kerosene, a CDU product 

LCO Light cycle oil, a FCC product used as a blending component 
in the heavy fuel oil pool 

LCO HDS Light cycle oil hydro desulphurization 

LNG Liquefied Natural Gas 

LP  Linear Programming 

LPG Liquid Propane Gas 

LSD Low-sulphur diesel 

MARPOL International Convention for the Prevention of Pollution from 
Ships 

Middle distillate 
hydroprocessing 

Atmospheric gasoil hydro desulphurization 

MECL Marine and Energy Consulting Limited 

MGO Marine Gas Oil 

MMSCFD Million Standard Cubic Feet per Day 

NGL Natural Gas Liquids 

NPRA National Petroleum Refiners Association  

OGJ Oil & Gas Journal 

PADD Petroleum Administration for Defense Districts 

PAHs Polyaromatic Hydrocarbons  

REFORMER A Reformer converts low octane linear paraffins into branched 
isoparaffins and cyclic naphthenes, which are then partially 
dehydrogenated to produce high-octane aromatic 
hydrocarbons in the presence of a catalyst 

Residue 
hydroprocessing 

Atmospheric residue hydrotreatment 

RCPs Representative Concentration Pathways 

SCF Standard Cubic Feet 

SCFD Standard Cubic Feet per Day 

SDDG Gasoil hydrotreatment  
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Slurry Heaviest product from the FCC, also known as Decanted Oil 
(DO) 

SR AGO Straight run atmospheric gas oil 

SR DIESEL Straight run diesel, a CDU Product 

SSP Shared Socio-Economic Pathway 

TR LT DIST Treated light distillate 

TRT AGO 85% Treated atmospheric gasoil up to 85% desulphurization 

TRT ATRES Treated Atmospheric Residue 

TRT KERO Hydrotreated Kerosene 

TRT KERO (DSL 
TR) 

Hydrotreated Kerosene desulfurized Jet blend 

TRT LCO Treated light cycle oil  

TRT LT DIST -MED 
HDS 

Treated Light Distillate under medium-severity 
hydrodesulphurization conditions 

TRT PURCH 
GASOIL 

Imported/purchased hydrotreated gas oil 

ULSD Ultra-low-sulphur diesel 

UULSD Ultra-Ultra-low-sulphur diesel 

VCRES Residue coming from the VDU 

VDU Vacuum Distillation Unit  

Visbreaking Reduction of the viscosity and pour point of VDU bottoms via 
thermal cracking of large hydrocarbon molecules in a furnace. 

VISBR TAR Visbreaker Tar 
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1 Brief summary 
 
MARPOL Annex VI requires all ships to use fuels with a sulphur content of 0.50% m/m 
from 1 January 2020 onwards (in emission control areas, other limits apply). The 
implementation date is subject to a decision by the Parties to MARPOL Annex VI that these 
fuels are by then sufficiently available. In order to inform this decision, the IMO has 
commissioned the present study, which aims to assess the availability of fuel oil with a 
sulphur content of 0.50% m/m or less in 2020. 
 
The study comprises three elements. First, the demand for marine fuels in 2020 has been 
estimated, based on the fuel consumption of ships in 2012, projected increases in energy 
demand, the use of alternative compliance options such as exhaust gas cleaning systems 
(EGCSs) and the use of LNG. 
 
The study has developed three scenarios, a base case with transport demand growth, fleet 
renewal, LNG and EGCS uptake in line with current projections; a high case with higher 
transport demand growth and fleet renewal and lower uptake of EGCSs and LNG, leading 
to greater demand for compliant petroleum fuels; and a low case which is the mirror image 
of the high case. Table 1 shows the fuel demand in each of these scenarios.  
 

Table 1 - Fuel demand projections in the base case, high case and low case in 
2020 

  
Sulphur (% m/m) 

Petroleum derived fuels LNG 

<0.10% 0.10-0.50% >0.50% 

 Million tonnes per year 

Base case 39 233 36 12 

High case 48 290 14 12 

Low case 33 198 38 13 

 
Second, a refinery supply model has been developed and calibrated to global fuel 
production in 2012. This model has subsequently been updated to 2020 by taking into 
account all refinery expansions and closures that are expected to be completed by mid-
2019 (see Table 2). 
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Table 2 - Global Refinery Capacity (2012 and mid-2019) 

  
 

2012 2019 Change 

 Million tonnes per year  

Crude Distillation 4,630 5,020 +8% 

Light Oil Processing    

   Reforming 610 626 +3% 

   Isomerization 94 122 +30% 

   Alkylation/polymerization 117 118 +1% 

Conversion    

   Coking 312 421 +35% 

   Catalytic cracking 862 916 +6% 

   Hydrocracking 388 532 +37% 

Hydroprocessing    

   Gasoline 148 204 +38% 

   Naphtha 759 810 +7% 

   Middle distillates 1,109 1,306 +18% 

   Heavy oil/residual fuel 439 507 +15% 

 
Third, the model has been used to assess whether the global refinery sector will be able 
to produce the marine fuels in sufficient quantities in 2020, while at the same time meeting 
demand from other sectors, and whether the production of these fuels is economically 
viable. These model runs were based on the projected crude slate for each region (which 
is different from the 2012 crude slate). The model was run conservatively, by e.g. limiting 
the capacity utilization of key units to 90% of stream day capacity and using conservative 
estimates of sulphur removal rates while setting sulphur contents of marine fuels that were 
10% lower than the limit. 
 
The main result of the assessment is that in all scenarios the refinery sector has the 
capability to supply sufficient quantities of marine fuels with a sulphur content of 0.50% 
m/m or less and with a sulphur content of 0.10% m/m or less to meet demand for these 
products, while also meeting demand for non-marine fuels (see Table 3). 
 

Table 3 - Global Refinery Production (2012 and 2020) - million tonnes per year 

  Production in 2012 Production in 2020 

Gasoline 963 1,086 

Naphtha 256 305 

Jet/Kero Fuel 324 331 

Middle Distillate  1,316 1,521 

  of which MGO 64 39 

Total Marine Heavy Fuel Oil (HFO)  228 269 

  of which Marine HFO (S ≤ 0.50% m/m) 0 233 

  of which Marine HFO (S > 0.50% m/m) 228 36 

LPG 113 110 

Other 784 537 

Total 3,984 4,159 

 
That future demand can be met is due to several developments. Capacity growth of crude 
distillation units enables production of larger quantities of fuel oil, while expansion of 
hydrocracking capacity increases the potential supply of unconverted gas oil, with a very 
low sulphur content which can be blended with heavy fuel oil to lower its sulphur content. 
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Moreover, the increase in middle distillate and heavy fuel oil hydroprocessing helps meet 
the low sulphur requirements for marine distillates and heavy fuel oils, respectively. 
 
In addition to these developments, the high-demand case requires refineries in the Middle 
East and Asia to increase the utilization rates of their refining and processing units and to 
change their crude oil slate. For example, the average sulphur content of the crude slate 
in the Middle East will need to be lowered from 2.01% in the base case to 1.99% in the 
high-demand case. 
 
All compliant fuels (petroleum fuels with a sulphur content of 0.50% m/m or less) are blends 
of several refinery streams. Untreated atmospheric residue is typically only a fraction of 
the total blend. Most of these fuels have a considerably lower viscosity than HFO. 
 
While supply and demand are balanced globally, regional surpluses and shortages are 
projected to occur. In most cases the Middle East has an oversupply, while in some cases 
other regions have a higher production than consumption as well. Regional imbalances 
can be addressed by transporting fuels or by changing vessels’ bunkering patterns. 
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2 Introduction 
 
2.1 Policy context 
 
Since its adoption in 1997, MARPOL Annex VI has included a 4.50% m/m limit to the 
sulphur content of marine fuel. In October 2008, MEPC 58 agreed to reduce the maximum 
sulphur content to 3.5% m/m from 2012 and to 0.50% m/m from 2020 onwards (in emission 
control areas, stricter limits apply) by prohibiting the use of any fuel oil that exceeds this 
limit. These fuels may be petroleum fuels or other fuels with a sulphur content below the 
limit, such as LNG. 
 
Apart from using compliant fuels, MARPOL Annex VI allows ships to comply by using 
alternative compliance options, as long as those options are at least as effective in terms 
of emission reductions as the sulphur content limits. In the case of sulphur, alternative 
compliance options comprise the use of exhaust gas cleaning systems that remove sulphur 
oxides from the exhaust (commonly called EGCSs). 
 
MEPC 58 also agreed on a review provision. By 2018, a group of experts are to have 
conducted a review of the availability of fuel oil to comply with the standard, taking into 
account global market supply and demand for compliant fuel oil, an analysis of trends in 
fuel oil markets and any other relevant issue. 
 
The Parties to MARPOL may then decide whether it is feasible for vessels to comply with 
the 2020 implementation date, based on the information developed by the group of 
experts. 
 

2.2 Aim of this study 
 
The overall objective of the present project is to conduct an assessment of the availability 
of fuel oil with a sulphur content of 0.50% m/m or less in 2020.  
 
In order to meet the overall objective, there are three specific objectives: 
 

.1 develop quantitative estimates of the demand for fuel oil meeting the global 
0.50% m/m sulphur limit, both globally and for individual world regions, 
based on: 

 
.1 the 2012 fuel volumes reported in the Third IMO GHG Study 2014; 
 
.2 appropriate growth factors to project fuel demand volumes for 2020; 

and 
 
.3 variations in the input assumptions, representing the foreseeable 

high to low ranges of each assumption that will result in high to low 
ranges in demand;  

 
.2 assess the ability of the refinery industry to supply the projected demand 

by: 
 

.1 building a base case for 2012; and 
 
.2 modelling 2020 supply, taking into consideration fuel demand and 

specifications from other sectors; and 
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.3 compare the demand and supply scenarios to assess their implications with 
respect to the availability of compliant fuels. 

 

2.3 Scope of the analysis 
 
The time horizon of the study is 2020. The study compares demand for and supply of 
compliant fuel oil in 2020. In order to account for uncertainty in projections and forecasts, 
we develop a range of estimates for both supply and demand, comparing these both 
globally and regionally to assess whether supply will be sufficient to meet demand. 
 
In line with the definition in MARPOL Annex VI, regulation 2, ‘fuel oil’ means any fuel 
delivered to and intended for combustion purposes for propulsion or operation on board a 
ship, including gas, distillate and residual fuels (Resolution MEPC. 258(67) (MEPC, 2014).  
 
Since regulation 14 of MARPOL Annex VI sets limits for ‘[t]he sulphur content of any fuel 
oil used on board ships’, the analysis includes demand from all ships, including ships on 
domestic voyages. 
 
Although not all States are Party to MARPOL Annex VI and consequently are not bound 
by the sulphur limit imposed by regulation 14, the analysis is aimed at all fuel used on 
board ships, regardless of where they sail. 
 
In addition to MARPOL Annex VI, the EU and China, amongst others, have set regional 
limits on the sulphur content of marine fuels, some of which are currently in place and 
some of which will be implemented at a later stage. To the extent that they are implemented 
by 2020, these limits are taken into account in the analysis. 
 

2.4 Outline of the report 
 
This report is structured as follows: 
 

.1 Chapter 3 presents an overview of the maritime fuels market in 2012, the 
latest year for which comprehensive data on both supply and demand 
are available. The chapter also reviews global refinery production as a 
context for the information presented on the maritime fuels market;  

 
.2 Chapter 4 develops the projections of maritime fuel demand by 2020. It 

presents a projection of the energy demand by maritime transport and a 
projection of the use of EGCSs. It also includes a projection for non-
maritime fuel demand by 2020;  

 
.3 Chapter 5 focuses on the projection of refinery capacity and fuel supply 

by 2020. It analyses whether and, if so, how refineries can meet demand 
for compliant fuels in different scenarios; 

 
.4 Chapter 6 presents the assessment of fuel availability in 2020; and 
 
.5 Chapter 7 contains the main conclusions. 
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3 Supply and demand of maritime fuels in 2012 
 

3.1 Introduction to 2012 supply and demand 
 
This chapter presents quantitative data on the supply and demand of maritime fuels in 
2012, both globally and regionally. These data serve as the starting point for the demand 
projections for 2020 in Chapter 4. In combination with the supply of non-maritime fuels, the 
supply figures serve to calibrate the refinery model employed to project 2020 production in 
Chapter 5.  
 
The size of the maritime fuels market (both supply and demand) is presented in 
Section 3.2. Section 3.3 analyses how fuel sales (fuel demand) are distributed over world 
regions, while Section 3.4 assesses the refining capacity in the same regions. Section 3.5 
concludes this chapter. 
 

3.2 Size of the maritime fuels market in 2012 
 
The estimation of global demand for maritime fuels in 2012 is based on the bottom-up 
approach used in the Third IMO GHG Study 2014. In that year total global consumption of 
maritime fuels was estimated to be 300 million tonnes. Using the data from the Third IMO 
GHG Study 2014, total global fuel consumption can be broken down by fuel type (HFO, 
MGO, LNG) and machinery component. The resultant values are reported in Table 4.  
 

Table 4 - Global shipping fuel consumption in 2012 by fuel type and machinery 
component based on the Third IMO GHG Study (million metric tonnes) 

 HFO MGO(1) LNG(2) 

Main engine 188 18 7 

Auxiliary 33 42 1 

Boiler 7 5 0 

TOTAL 228 64 8 
Source:  This study, based on Third IMO GHG Study 2014.  
(1) The reported MGO total is lower than the sum of consumption per machinery component owing to 

rounding. 
(2)  LNG was used both by gas carriers as a boil-off and to a lesser extent by LNG-fuelled ships. 

 
The confidence interval of the 2012 fuel consumption data is between -17 and +5% of the 
values shown in Table 4. 
 
3.2.1 Global supply of maritime fuels in 2012 
 
Petroleum fuels for ships are supplied by refineries. Typically, various products are 
blended to achieve a product meeting specifications for sulphur content, viscosity, specific 
gravity, et cetera. Table 5 summarizes the global supply of refinery fuels in 2012, based 
on calibration model results. 
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Table 5 - Global Refinery Production (2012) - million tonnes per year 

Refinery Production(5)     

   Sulphur (% m/m) 

Gasoline 963  

Naphtha 256  

Jet/Kerosene Fuel 324  

Middle Distillate Oil 1,316  

        of which MGO(1,4) 64 0.14(3) 

Marine Heavy Fuel Oil (HFO) 228 2.51(3) 

LPG 113  

Other(2) 784  

Total 3,984  
Source: Stratas Advisors, 2015-2016. 

(1)  Global marine fuel demand. Source: (IMO, 2014). 

(2)  Includes petroleum coke, refinery fuel, non-marine fuel oil and other products. 

(3)  MEPC 65/4/19. Production volume and quality (% m/m sulphur) is the model output. 

(4)  MGO is part of Middle Distillate. 
(5)  Biofuel is included in the gasoline and middle distillate quantity. 

 
In order to supply the products shown in Table 5, the supply model calculates average 
regional utilization rates1. Table 6 shows that the CDU utilization rates vary from 56% in 
Africa to 85% in Russia and CIS. CDU utilization reasonably matches available historical 
data, given that the reported rates for 2012 are based on 92% of stream day capacity and 
crude throughput (Africa 67%, Asia 85%, Europe 80%, North America 86%, Latin America 
79%, Middle East 79%, Russia & CIS 85% (BP, 2013)). The utilization rates are plausible 
and indicate that the refinery model was appropriately calibrated. 
  

                                                 
1  Utilization rate is the percentage ratio of the total amount of liquids run through a process unit to the 

capacity of the unit. It is based on nameplate capacity, considering 8,000 hours of continuous operation, 
which is about 8.6% lower than stream day capacity (based on 8,760 hours of annual operation). For 
CDU, the utilization rate is the ratio of the total amount of crude run through crude distillation unit to the 
capacity of the CDU. 
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Table 6 - Regional Refinery Utilization rates for major units (2012)(1,2) 

PROCESS(3) Africa Asia Europe North 
America 

Latin 
America 

Middle 
East 

Russia 
& CIS 

CDU  56% 76% 76% 64% 72% 77% 85% 

HYDROCRACKER  92% 69% 92% 77% 89% 92% 92% 

GOHDS TOTAL  0% 91% 57% 84% 33% 92% 92% 

ATRES HDT  0% 23% 46% 2% 0% 92% 0% 

H-OIL  92% 92% 52% 36% 0% 92% 84% 

GASOIL HDS  92% 92% 92% 10% 0% 0% 0% 

AGO HDS  92% 92% 92% 6% 0% 0% 0% 

LCO HDS  0% 0% 0% 5% 0% 0% 0% 

DELAYED COKER  0% 75% 87% 88% 81% 92% 71% 

FCC 92% 69% 81% 80% 63% 92% 92% 

REFORMER 66% 70% 92% 83% 83% 70% 61% 

ISOMERISATION 92% 92% 92% 64% 4% 92% 92% 
Source: Stratas Advisors, 2015-2016. 
(1)  The numerical values are reported as percentages. 
(2)  Utilization rates are calculated based on 92% of stream day capacity (92% of stream day capacity is 

about 8,000 hours of continuous operation out of 8760 hours maximum a year). 
(3) Processes are described in the Glossary. 

 
In 2012 global HFO and MGO demand accounted for 46% and 5%, respectively, of global 
fuel oil and middle distillate supply (Table 7).  
 

Table 7 - Global Marine Fuel sales as a percentage of refinery production (2012) 

Marine Fuel share of global supply  

Marine HFO share (%) 46 

MGO share (%) 5 

Source: Stratas Advisors. 
 

3.3 Regional demand for maritime fuels in 2012 
 
The data on regional demand for maritime fuels in 2012 adopted in this study are provided 
in Table 8. The first set of columns reports absolute regional demand, the second the 
relative regional share for each fuel type.  
 

Table 8 - Regional demand for maritime fuels and relative shares in 2012  
(million tonnes per year) 

 HFO MGO LNG HFO MGO LNG 

 Million tonnes Regional share (%) 

Africa 7 3 0.51 3 5 7 

Asia 95 31 1.92 42 48 24 

Europe 52 15 0.64 23 23 8 

North America 21 7 2.04 9 11 26 

Latin America 18 6 0.17 8 9 2 

Middle East 25 1 1.29 11 2 16 

Russia & CIS 10 2 1.34 4 3 17 

TOTALS 228 64 8 100% 100% 100% 
Source: This report. 
Note: Because of rounding values may not add to totals. 
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The approach used to derive disaggregated regional demands was as follows: 
 

.1 disaggregate global fuel demand based on the IEA shares of regional fuel 
sales;  

 
.2 verify regional fuel demand data against third-party data sources, adjusting 

as required; and 
 

.3 specifically for LNG a slightly different approach was adopted, using 
spatially explicit data from the bottom-up method of the Third IMO GHG 
Study and IEA statistics on natural gas. 

 

3.4 Regional supply of maritime fuels in 2012 
 
Asia is the world’s largest petroleum product producer. In 2012, Asia’s total refinery 
production reached 1,266 million tonnes per year, accounting for 32% of global total 
refinery production (Table 9). Asia’s marine heavy fuel oil and MGO made up 42% and 
48% of global production, respectively. 
 

Table 9 - Regional Refinery Production (2012) - million tonnes per year 

Refinery Production(1) 

  Africa Asia Europe North 
America 

Latin 
America 

Middle 
East 

Russia 
& CIS 

Global 

Gasoline(2) 17 234 135 399 78 50 51 963 

Naphtha 12 130 38 12 11 33 20 256 

Jet Fuel 7 81 37 72 16 23 14 250 

Kerosene 2 38 12 1 1 19 1 74 

Middle 
Distillate Oil 

34 453 280 257 105 98 89 1,316 

  of which 
MGO 

3 31 15 7 6 1 2 64 

Marine HFO 7 95 52 21 18 25 10 228 

LPG 2 41 17 21 8 5 18 113 

Other(3) 28 194 121 141 103 89 108 784 

Total 109 1,266 692 924 340 342 311 3,984 

Non-Marine 
Total 

99 1,140 625 896 316 316 299 3,692 

Source: Stratas Advisors, 2015-2016, CE Delft. 
(1) Because of rounding values may not add to totals. 
(2) Gasoline and Diesel both include biofuel blended volume. 
(3) Includes lubricants, asphalt, refinery fuel gas, non-marine fuel oil, coke and miscellaneous products. 

 

3.5 Conclusions on 2012 supply and demand  
 
In 2012, the global consumption of HFO and MGO by ships amounted to 228 and 64 million 
metric tonnes, respectively, representing 46% and 5%, respectively, of global fuel oil and 
middle distillate supply. In addition, ships used 8 million metric tonnes of LNG, mainly in 
gas carriers. 
 
In addition to marine refinery fuel production, non-marine refinery fuel production 
amounted to 3,692 million tonnes in 2012. Average regional refinery utilization rates varied 
considerably between regions. The highest rates were typically in Russia & CIS, the lowest 
in Africa.  
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4 Projections of fuel demand in 2020 
 
4.1 Introduction to 2020 demand analysis 
 
This chapter develops the projections of fuel demand by 2020 that have been used to run 
the refinery models. Global demand is disaggregated by fuel type and by region. 
 
The projections are developed in four steps: 
 

.1 project the energy demand of maritime transport using the projections of 
the Third IMO GHG Study 2014 as a basis, taking into account the possible 
impacts of the short-term business cycle (Section 4.2); 

 
.2 project investments in exhaust gas cleaning systems (EGCSs), which can 

remove SOx from the exhaust, enabling ships to use fuels with a sulphur 
content over 0.50% m/m (Section 4.3); 

 
.3 project demand for non-petroleum fuels with a sulphur content of 0.50% 

m/m or less (Section 4.4); and 
 
.4 calculate global and regional demand for marine fuels, taking into account 

the amount of fuel consumed by ships with an EGCS, the amount of non-
petroleum fuels used, and demand for 0.10% S and 0.50% S fuels 
(Section 4.5). 

 
To enable modelling of supply from refineries, which encompasses all petroleum fuels, 
Section 4.6 projects the demand for non-marine fuels. Section 4.7 presents the estimates 
of total fuel demand by 2020. 
 
Three projections of marine fuel demand are developed; a base case, a high-demand case 
which reflects a high but still plausible demand for marine fuels with a sulphur content of 
0.50% m/m or less, and a low-demand case reflecting a scenario in which demand for such 
fuels is low. The main input assumptions are summarized in Table 10, with further details 
provided in Section 4.2. In all scenarios it has been assumed that there are no additional 
regulatory driven fuel efficiency improvements. 
 
All cases take into account that, independent of the decision of MEPC, from 2019 ships 
sailing in areas near the Pearl River Delta, Yangtze River Delta and the Bohai Sea will be 
obliged to use fuel with a sulphur content of 0.50% or less, as well as in Hong Kong, China 
(L.N. 51/2015). Similarly, ships sailing in territorial seas, exclusive economic zones and 
pollution control zones of EU Member States, other than in ECAs, will be obliged to use 
fuel with a sulphur content of 0.50% or less as per Directive 2012/33/EC. Finally, ships 
sailing in the North American, the United States Caribbean Sea and European ECAs will 
continue to be obliged to use fuel with a sulphur content of 0.10% m/m or less or an 
alternative compliance option. 
 
These regional regulations affect demand for fuel with a sulphur content of 0.50% or less 
in a scenario where the IMO decides to defer the implementation of regulation 14 until after 
2020. If the implementation date remains unchanged, ships sailing in the aforementioned 
areas will be required to use fuel with a sulphur content of 0.50% or less anyway, and total 
demand for fuel of this quality will not be affected. 
 



MEPC 70/5/3 
Annex, page 23 

 

https://edocs.imo.org/Final Documents/English/MEPC 70-5-3 (E).docx 

Table 10 - Input assumptions for fuel demand projections 

  Base case High-demand 
case 

Low-demand 
case 

Socio-economic 
scenarios 

RCP 6.0/SSP 1 RCP 8.5/SSP 5 RCP 4.5/SSP 3 

Uptake of EGCS Central-range 
stakeholder 
consultation 

Lower than base 
case 

Higher than base 
case 

Uptake of alternative 
fuels 

Central range Lower than base 
case 

Higher than base 
case 

Additional market-driven 
fuel efficiency 
improvements 

Central Marginal 
Abatement Cost 
Curve (MACC) 
results 

Low-range MACC 
results 

High-range MACC 
results 

Source: CE Delft. 

 
The projections distinguish the following fuel types: 
 

a petroleum fuels with a sulphur content of 0.10% m/m or less; 
b petroleum fuels with a sulphur content of more than 0.10% m/m but equal to or 

less than 0.50% m/m; 
c petroleum fuels with a sulphur content of more than 0.50% m/m; 
d LNG; 
e Methanol; 
f Biofuels; 
g LPG; and 
h DME. 

 
Fuel types a, d, e, f, g and h can be used in emission control areas, as well as b and c 
provided that the SOx emissions are reduced to a level at least equivalent to using 
petroleum fuels with a sulphur content of 0.10% m/m. After 1 January 2020 (or 2025 if so 
decided by IMO), fuel type c can only be used in combination with an EGCS that reduces 
SOx emissions to a level at least equivalent to using petroleum fuels with a sulphur content 
of 0.50% m/m outside ECAs and 0.10% m/m in ECAs (as of 1 January 2015). 

 
4.2 Projections of global maritime energy demand 
 
Global maritime energy demand has been estimated using the emissions projection model 
employed in the Third IMO GHG Study 2014. The model has been rerun to take into 
account recent developments in economic activity, fuel prices and fleet composition. 
 
This section first presents the model and the inputs used. It then goes on to present the 
results of the energy demand projections.  
 
4.2.1 Energy demand projection model 
 
The energy demand projection model projects the energy demand of maritime transport in 
a future year based on energy demand in a base year and developments in relevant factors 
between the base year and the projection year. Because the Third IMO GHG Study 2014 
has detailed data on energy demand in 2012, this has been chosen as the base year. The 
model takes into account the following factors: 

 
.1 market-driven vessel efficiency developments. The model employs a MACC 

model in which all major options for efficiency improvements are included. 
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It calculates the cost-effective emission reduction potential at a given fuel 
price and assumes that a certain fraction of cost-effective measures are 
implemented. The ship energy efficiency management plan (SEEMP) is 
assumed to draw attention to cost-effective measures; 

 
.2 regulatory efficiency improvements. The energy efficiency design index 

(EEDI) requires new ships for which the building contract is placed in or 
after 2013 to meet or exceed an increasingly stringent energy efficiency 
standard. The model assumes that ships will meet these EEDI 
requirements. In addition, ships sailing to and from EU ports will have to 
monitor and report their fuel use, emissions and several efficiency 
parameters. The efficiency improvements stemming from these operational 
efficiency measures are expected to total 2% on relevant voyages (EC, 
2013); 

 
.3 fleet composition, which may change in response to developments in 

transport demand. Transport demand has been projected based on socio-
economic trends, using the method employed in the Third IMO GHG Study 
2014 (IMO, 2014). Besides transport demand, developments in vessel size 
also affect fleet composition; and 

 
.4 fleet productivity, the amount of transport work per unit vessel deadweight, 

which may change as a result of changes in average speed or cargo load 
factor. The Third IMO GHG Study 2014 assumes a gradual return of fleet 
productivity to longyear averages, through higher cargo load factors, faster 
sailing or a combination of both. This means that fleet productivity in 2020 
is projected to be higher than in 2012. 

 
Figure 1 presents a schematic overview of the energy demand model.  
 

Figure 1 - Schematic overview of energy demand model 

 
 
4.2.2 Plausibility check of maritime energy demand modelling 
 
Three scenarios were run using the data employed for the Third IMO GHG Study 2014. To 
check the plausibility of the results, the results were checked against recently available 
data (Table 11). The checks show that transport work in 2015 is almost the same as 
projected by the model. The model projects a higher rate of global GDP growth between 
2015 and 2020 than the latest IMF forecast at the time of writing of this report, which will 
result in a higher rate of transport work growth. The rate of fleet renewal is in close 
agreement with the fleet renewal in the period 2012 to 2015.  
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Table 11 - Scenario plausibility checks 

Parameter Plausibility check Results 

2012-2015 Growth in 
maritime transport work 

2012-2015 maritime 
transport work forecast 
(UNCTAD 2015) 

The UNCTAD forecast for 
transport work in 2015 
(made in October of that 
year) is 11% higher than 
transport work in 2012.  
The base case modelled 
transport work increase as 
10.50%, the high case as 
14% and the low case as 
9.8%. 

2015-2020 GDP forecasts World Economic Outlook  
(IMF, 2015) 

IMF projects that world GDP 
will increase by 20% 
between 2015 and 2020. 
The base case assumes a 
GDP increase of 27%, the 
high case 28% and the low 
case 25%. 

2012-2020 Fleet renewal New ships in the fleet 2012-
2015 (Clarksons Research, 
2016) 

Clarksons reports that 18% 
of the ships in the fleet in 
December 2015 have 
entered the fleet in or after 
2012. If fleet renewal 
continues at this rate, 41% 
of the ships in the 2020 fleet 
will have been built after 
2012. 
The base case projects 45% 
new ships in the fleet by 
2020; the high case 46% 
and the low case 44%. 

Source: CE Delft. 

 
The plausibility check shows that the energy demand of maritime transport in 2015 is very 
likely to be close to the modelled energy demand, because the share of new ships as well 
as the amount of transport work are close to the modelled values. In the coming years, 
economic growth and, by implication, transport demand growth may be lower than 
projected in the model if IMF forecasts are realised. This suggests that the energy demand 
projections and the fuel projections are more likely to be an overestimate than an 
underestimate of the 2020 energy demand. Still, we consider the differences to be small 
enough to continue to use the base case scenario of the Third IMO GHG Study 2014, while 
at the same time opting to develop new high and low cases, as explained in Section 4.2.3. 
 
4.2.3 Accounting for the economic cycle 
 
The long-term socio-economic and energy policy scenarios used in the Third IMO GHG 
Study 2014 were developed to analyse long-term trends and, as such, do not take into 
account short-term fluctuations of the business cycle. Since this study analyses the 
situation in 2020, less than four years after the analysis was performed, the potential 
impacts of the short-term economic cycle cannot be ignored, however. 
 



MEPC 70/5/3 
Annex, page 26 

 

 
https://edocs.imo.org/Final Documents/English/MEPC 70-5-3 (E).docx 

Table 12 shows the fuel use and transport work of the maritime sector from 2007 through 
to 2012. While transport work shows a steady upward trend (with a dip in 2009), fuel use 
shows greater variation. Focusing on the period 2009 to 2012, i.e. after the start of the 
financial crisis and the adoption of slow steaming, Table 12 shows that the amount of fuel 
used per unit of transport work may be up to 13% higher or 11% lower than the average. 
Guided by these figures, we account for the economic cycle in the energy demand 
projections by assuming an 11% higher energy demand in the high case and an 11% lower 
energy demand in the low case. 
 

Table 12 - Shipping emissions and transport work, 2007-2012 

Year Transport work Fuel use Fuel/unit of transport 
work 

  
Billion tonne-miles Million tonnes 

Tonne/million tonne-
miles 

2007 40,759 352 8.64 

2008 41,926 363 8.66 

2009 40,099 313 7.81 

2010 44,369 293 6.60 

2011 46,617 327 7.01 

2012 48,864 300 6.14 

Source: Third IMO GHG Study 2014 (IMO, 2014); (UNCTAD, 2015). 

 
4.2.4 Energy demand projection model results 
 
The energy demand of the shipping sector is projected to vary from 11.9 EJ in 2012 to 
11.4 to 14.6 EJ in 2020, depending on the scenario. The base case projection is 12.8 EJ. 
The energy demand projection model results are presented in Figure 2.  
 

Figure 2 - Energy use per ship type in 2012 and 2020 

 

Source: CE Delft. 
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Figure 3 shows the contribution of the different factors to the change in energy use between 
2012 and 2020. Transport demand grows by 35% and translates into a proportional change 
in energy demand of cargo ships. The energy use of non-cargo ships is assumed to remain 
constant, resulting in an overall increase in energy demand of 29%. Because there are 
more large ships in the fleet in 2020, especially container ships, the energy demand is 
reduced by 1%. A further 6% reduction stems from higher cargo load factors as they 
gradually return from low 2012 values to long term averages (a process that will not be 
completed by 2020 in our modelling). The EEDI reduces the energy consumption by 1.5%, 
and market driven efficiency improvements by 8%. 
 
Figure 3 - Decomposition of changes in energy use between 2012 and 2020, base 

case 

 
Source: CE Delft. 

 

4.3 Projections of use of Exhaust Gas Cleaning Systems (EGCSs) 
 
The projection of uptake of EGCSs and their use in 2020 is based on economic 
considerations, technical and operational constraints, availability of EGCSs and installation 
capacity, and regulatory uncertainty. We apply a five-stage filter model to each of the 53 
generic ship type and size categories defined in the Third IMO GHG Study 2014: 
 

.1 Economic analysis. For each generic ship category, the costs and benefits 
of an EGCS are estimated. The costs are the sum of annualized capital 
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Section 4.3.1. 

 
.2 Regulatory constraints to operating EGCSs. While the use of EGCSs is 

allowed under MARPOL Annex VI (regulation 4) and under the national and 
regional ECA regulations, the discharge of washwater is sometimes 
constrained or prohibited because of water quality considerations. The 
impact of these regulations on the business case and investments are 
discussed in Section 4.3.2. 
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.3 Technical and operational feasibility. Even if the cost-benefit analysis is 
positive, there may be reasons why EGCSs cannot be installed on ships, 
e.g. because of space limitations, impacts on stability or compatibility with 
Tier III NOx regulations. The impact of the technical and operational 
feasibility is analysed in Section 4.3.3. 

 
.4 Availability of EGCSs. Even if the cost-benefit analysis is positive and 

installing EGCSs is technically and operationally feasible, their availability 
may be limited due to the production capacity of EGCSs or the installation 
capacity. These are analysed in Section 4.3.4. 

 
.5 Other constraints. Finally, there may be other considerations, discussed in 

Section 4.3.5, that may limit the uptake of EGCSs. 
 

4.3.1 Economics of EGCS use 
 
The costs of an EGCS are the sum of the costs of investment in an EGCS and operational 
costs. The investment depends on type of EGCS, engine size and whether the EGCS is 
installed on a new ship or retrofitted on an older vessel. 
 
There are three types of EGCS: open loop, closed loop and hybrid. Open loop EGCSs are, 
on average, cheaper than closed loop EGCSs, which require additional pumps, cooling 
units for washwater, tanks for sludge, et cetera. Hybrid EGCSs, which can operate both in 
open and closed loop mode, thus requiring two sets of pumps and piping, are the most 
expensive. 
 
We have liaised with EGCS manufacturers and with shipping companies that have recently 
invested in EGCSs or studied the costs and benefits of doing so. This has resulted in an 
estimate of investment costs (acquisition of the EGCS and installation), as presented in 
Table 13. 
 

Table 13 - EGCS investment costs used in this study 

EGCS type Fixed investment costs 
(million USD) 

Variable investment costs 
(USD per kW of installed 

engine power) 

Open loop, retrofit 2.3 55 

Open loop, newbuild 1.9 38 

Hybrid, retrofit 2.8 58 

Hybrid, newbuild 2.4 44 
Source: CE Delft. 

 
The operational expenditures of EGCSs comprise: 
 

.1 the additional energy required for the pumps, heat exchangers, 
hydrocyclones and other equipment; 

 
.2  disposal of sludge; 
 
.3  maintenance; and 
 
.4 in the case of closed loop EGCSs and hybrid EGCSs operating in closed 

loop mode, consumption of caustic soda. 
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The estimated operational cost data used in this study, based on the stakeholder 
consultation, are presented in Table 14. 
 

Table 14 - EGCS operational costs used in this study 

EGCS type Operational costs 

Open loop 1% additional fuel + USD 13,000 + 0.4 * PM.E. (kW) 

Hybrid 0.50% additional fuel + USD 25,000 + 0.4 * PM.E. (kW) 
Source: CE Delft. 
Note: PM.E.(kW) is the power of the main engine in kilowatt. 

 
When evaluating investments, different shipping companies employ different methods, 
which fall broadly into two groups. The first, which is most common in retrofit projects, is 
to assess the payback time. The investment is divided by the annual sum of the operational 
expenditures and fuel expenditure savings. The second, which is most common for 
newbuilds, is to compare the annuity of the investment with the projected fuel cost savings. 
The annuity is calculated from the investment costs, discount rate and economic life. 
 
Based on a stakeholder consultation, this study uses the parameters summarized in 
Table 15. 
 

Table 15 - Financial parameters used in this study 

Newbuilds: discount rate 3% 

Newbuilds: economic life 10 years 

Retrofits: payback period 3 years 
Source: CE Delft. 

 
Figure 4 shows, for each of the 53 ship type and size categories used in the Third IMO 
GHG Study 2014, the share of ships for which EGCSs are cost-effective as a function of 
the total installed engine power of the ship. For these calculations, a price difference 
between conventional fuels and low-sulphur fuels of USD 129 per tonne has been 
assumed (see Section 5.5). Figure 4 shows that for engines up to about 5 MW, retrofitted 
EGCSs are hardly ever cost-effective at the assumed fuel prices. For newbuilds, the share 
of ships for which EGCSs are cost-effective is higher. The cost-effectiveness improves for 
engines between 5 and 20 MW, while for most ships with over 20 MW of engine power 
EGCSs are a cost-effective option to comply with the sulphur limit at the assumed fuel 
price difference. 
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Figure 4 - Cost-effectiveness of EGCSs as a function of engine size 

Source: CE Delft. 
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.1 the space required for EGCSs and the impact on cargo space; 
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.3 impacts on power requirements; and 
 
.4 compatibility of EGCSs with NOx Tier III requirements. 
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The evidence presented to us in the stakeholder consultation suggests that, in many 
cases, EGCSs can be designed to fit the available space. For ships that have free deck 
space available or large engine rooms, fitting EGCSs is almost never a problem. In some 
cases, however, cargo space may need to be sacrificed. This appears to be especially the 
case for container ships. For large container ships with equally large EGCSs, examples 
are available of EGCSs that would take up the space of a few forty-foot containers. 
Whether this is acceptable depends on the company. 
 
In new ships, EGCSs can be incorporated in the design of the ship, thus eliminating space 
constraints. 
 
Many small container ships and RoRo feeders have insufficient power generation capacity 
to retrofit EGCSs. For these ships, the installation would require expanding the power 
generation capacity which generally renders the investment uneconomical. 
 
The other constraints are only of minor importance for the uptake of EGCSs, because they 
can be taken into account in EGCS design for both newbuilds and retrofits. 
 
4.3.4 EGCS availability 
 
EGCSs can be installed during regular dry dockings, though some of the work can be done 
while the ship is in service or in a port. Hence, as long as the demand for EGCSs does not 
exceed the dry docking capacity, yard availability is not a constraint. The production 
capacity is also not a constraint. 
 
4.3.5 Other constraints 
 
Many studies have shown that cost-effective solutions in shipping are not always 
implemented. A prime reason is the split incentive between the shipowner and the 
charterer. When the former makes the investment but micro-economics dictate that he will 
only be able to reap a share of the benefits, the business case deteriorates. Moreover, the 
risk of underperformance lies with the owner and he may demand an additional reward. A 
second reason may be financial constraints. 
 
This study has accounted for these constraints by assuming that 25% of the ships for which 
an EGCS is cost-effective will nevertheless decide not to install one. 
 
4.3.6 Conclusions on EGCSs  
 
In summary, our analysis points to the following conclusions: 
 

.1 installation of EGCSs on ships will continue at the current rate until 2017; 
 
.2 provided that IMO decides in 2017 to uphold the 2020 implementation date 

for the 0.50% sulphur limit, we expect that shipowners will make the 
following investment decisions: 

 
.1 small container ships and RoRo feeders will not install EGCSs, 

because of power limitations; 
 
.2 shipowners will generally opt for EGCSs that can operate in zero 

discharge model for a sufficient length of time, so they can operate 
in areas where discharges are prohibited. We have modelled this as 
if they opt for hybrid EGCSs; 
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.3 in the base case, 75% of the ships built in 2018 and 2019 will be 
fitted with an EGCS if it is cost-effective to do so; 

 
.4 of the existing container ships for which it is cost-effective to do so, 

75% will retrofit EGCSs during their regular dry docking in the base 
case. The cost-effectiveness of EGCSs for container vessels takes 
into account that cargo space needs to be sacrificed; 

 
.5 in the base case, 75% of the other existing ships for which an EGCS 

is cost-effective will retrofit EGCSs during regular dry docking; 
 
.6 the total number of ships installing EGCSs will not exceed 3,000 per 

year due to yard availability;  
 
.7 should IMO decide before 2017 to uphold the 2020 implementation 

date, this will only have a limited impact on the uptake of EGCSs, 
because installation prior to 2018 would imply there is hardly a 
return on investment for over two years; 

 
.8 should IMO decide after 2017, this will reduce the number of EGCSs 

installed, because lead time and yard capacity will become limiting 
factors; and 

 
.9 installations will be scheduled as closely as possible to the 

implementation date of the sulphur limit. We expect installations to 
begin in the second half of 2018. 

 
In total, in the base case we expect about 3,800 ships to be installed with EGCSs on 
1 January 2020. Collectively, these vessels consume 36 million tonnes of HFO with a 
sulphur content of more than 0.50% m/m a year. 
 
The most important assumption in the sensitivity analysis is the price difference between 
HFO and low-sulphur fuels. If this difference were to disappear and the other assumptions 
remained unchanged, demand for HFO would all but die out and demand for low-sulphur 
fuels would be 13% higher. Most other assumptions have a smaller impact. 
 
In the high case, 14 million tonnes of HFO with a sulphur content of more than 0.50% m/m 
will be consumed by ships with EGCSs, in the low case 38 million tonnes.  
 

4.4 Projections of consumption of alternative marine fuels 
 
Alternative fuels are defined as fuels with a sulphur content of 0.50% m/m or less that are 
not derived from petroleum. The use of alternative fuels is an option for regulatory 
compliance. The following alternative fuel types are considered: 
 

.1 LNG; 

.2 methanol; 

.3 biofuels; 

.4 LPG; and 

.5 DME. 
 
Of these alternative fuels, LNG currently has the largest market share and its possible use 
is therefore analysed in more detail than the uptake of the other alternative fuels, which 
are briefly discussed in Section 4.4.5. We assess the share of such fuels by 2020 as 
negligible. 
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In this study we distinguish the use of LNG consumed on board gas carriers from the use 
of LNG as fuel market. In the former case, evaluation is based on the projected number of 
LNG carriers operating in 2020, which will determine LNG consumption by 2020. In the 
latter case, evaluation is based on a quantitative estimate using the shipping model 
GloTram, comprising the following steps: 
 

.1 alignment of the shipping model GloTraM with the assumptions used in this 
study (e.g. scrubber costs, fuel price projections, transport work); 

 
.2 sourcing of estimates for model input assumptions that could not be aligned 

(because of differences in model structure), using existing literature and 
where necessary expert judgment;  

 
.3 comparison of the total energy demand obtained with GloTraM with that 

obtained with CE Delft’s model, for validation of the use of GloTraM as a 
source for LNG demand estimates; and  

 
.4 estimation of global fleet LNG consumption by 2020 by extrapolating 2020 

LNG use of the fleet analysed within GloTraM (the GloTraM fleet is deemed 
a representative subset of the energy demand of the total fleet). 

  
The final estimate includes both LNG use on board carriers and LNG use as a fuel market. 
The total use is disaggregated by region using regional shares by 2020 found in the 
existing literature.  
 
4.4.1 Evaluation of LNG use by 2020 
 
The evaluation of the use of LNG consumed on board LNG carriers is based on the 
projected number of LNG carriers that will be operating in 2020. The estimated LNG use 
in 2012 presented in Section 3.2 is associated with the consumption of LNG in gas carriers. 
Approximately 8 million tonnes are estimated to have been consumed in 2012. Based on 
our analysis, we estimate that the number of LNG carriers that will be operating in 2020 
may increase by 20% to 35% relative to 2012. Table 16 presents estimated LNG demand 
for the three cases (base, high and low) in million tonnes.  
 
Table 16 - Estimated LNG demand for gas carriers over the period 2012 to 2020 in 

shipping 

 2012 2020 base 2020 high 2020 low 

LNG consumed on board LNG 
carriers 

8 9.8 10.8 9.7 

Source: This study. 

 
In order to evaluate the use of LNG as a fuel market by 2020, we used the shipping model 
GloTraM, which ensures that a number of key input assumptions are taken into account. 
These include:  
 

.1 socio-economic developments (e.g. transport work); 

.2 marine fuel price projections; 

.3 LNG prices; 

.4 costs of LNG engines, storage tanks and other required equipment; 

.5 costs of other compliant technologies (e.g. scrubbers); 

.6 technical aspects (e.g. efficiency, space required for LNG tanks, impact on 
vessel autonomy, required power of LNG engines); and 
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.7 regulatory compliance. 
 

4.4.2 LNG input assumptions 
 
LNG has for a long time had a lower price per unit energy than conventional fuels, although 
there may be variations in LNG prices across world regions at any given time. In this study 
we performed an analysis of the potential uptake of LNG based on the assumption that up 
to 2020 LNG will be sold at a discounted price per unit of energy relative to HFO. The LNG 
price projection is provided in Table 17. LNG price is a key variable for evaluating the 
potential LNG market in 2020: the greater the reduction relative to the HFO and MGO 
price, the greater the uptake of LNG.  
 

Table 17 - LNG price projection used in this study (USD/tonnes) 

Product  2016 2018 2020 

LNG  292 462 583 
Source: This study.  
Note: Gas is typically priced in dollars per MMBtu, but in this study we converted the LNG price in dollars 

per tonne of fuel by assuming the energy density of LNG to be 53.6 MJ per kg and converting 
MMBtu to Joules: 1 MMBtu = 0.94782 Giga Joules. 

 
LNG-fuelled ships require higher investments than conventional vessels (CE Delft; TNO, 
2015). In general, investment costs will depend on ship type and size. There are cost 
differences between newbuilds and retrofit. There is some evidence of retrofitting of LNG 
machinery, but the number of retrofits is expected to be small because of the additional 
costs associated with the required modifications. We therefore focus on LNG for 
newbuilds, as this is expected to be the predominant way the technology enters the global 
fleet. On new ships, the LNG fuel system can be taken into account during the design of 
the ship (DNV-GL, 2014); (Wärtsilä, 2012), possibly reducing the additional costs. The 
assumed capital cost for newbuilds used in this study is presented in Table 18. 
 

Table 18 - LNG capital costs for newbuilds used in this study 

Description Investment costs 

LNG dual-fuelled engines + LNG storage system 1.40 million USD per MW 
Source: This study. 

 
Technical constraints might influence investment decisions for LNG-powered ships. For 
example, there is currently a limit to the size of LNG engines, with dual-fuelled engines 
available up to approximately 35 MW (DNV, 2014), which is sufficient for most ships except 
for large container and cruise ships. However, based on our consultation, dual-fuelled 
engines could go up to 60 to 70 MW. In this analysis we assumed no constraints on the 
size of LNG engines. 
 
LNG tanks require a different piping system, which, in combination with the lower energy 
density of LNG (compared with petroleum-derived fuels), could reduce cargo space or 
reduce vessel autonomy compared with conventional marine fuels. LNG on board 
therefore affects a ship’s energy and economic performance, to an extent likely to vary 
according to ship type and size. In our analysis it is assumed that, in comparison with 
conventional marine fuels, a LNG-fuelled ship will lose 0.09 tonnes of cargo capacity 
per MWh of energy stored on board. 
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Based on an internal consultation, this study uses the financial parameters for LNG 
newbuilds summarised in Table 19. 
 

Table 19 - Financial parameters for LNG newbuilds used in this study 

Discount rate 5% 

Life time 30 years 

Payback period 3 years 
Source: This study. 

 
4.4.3 LNG as a bunker fuel by 2020 
 
For the three cases: base, high and low, estimated demand in 2020 for LNG as a fuel 
market is presented in Table 20. The fleet analysed within GloTraM is considered 
representative of the major part of the total fleet. The LNG consumption of the global fleet 
by 2020 was obtained by extrapolating the LNG use obtained using GloTraM.  
 
Table 20 - Estimated LNG demand over the period 2012 to 2020 in shipping (million 

tonnes per year) 

 2020 base case 2020 high case 2020 low case 

LNG as a fuel market  3.22 3.66 3.00 
Source: This study. 
Note that the designators ‘high’ and ‘low’ refer to the demand for compliant fuels, not to the consumption of 
LNG. A high LNG consumption results in a low-demand for compliant fuels. 
 

Based on this analysis, a total of 170 ships among dry, container and oil tanker ship types 
will be powered by LNG in 2020.  
 
These results seem to be in the range of the values for LNG market size in 2020 found in 
the existing literature.  
 
4.4.4 Regional LNG availability and demand as a bunker fuel by 2020 
 
There is growing availability of LNG as a bunker fuel. The existing LNG bunkering 
infrastructure is focused mainly in the Baltic Sea and the North Sea. In all European regions 
a number of planned projects will expand LNG infrastructure and increase LNG availability. 
As emphasized by the European Directive 2014/94, strategic refuelling points for LNG 
should be available at least by the end of 2030. In North America, a few ports have planned 
new LNG projects and additional projects are under discussion. Similarly, in the Asia-
Pacific region there are ports in the Republic of Korea, China, Japan and Singapore that 
are offering LNG bunkering or will start doing so in the coming years. Hence, the availability 
of LNG as a bunker fuel is improving along the major shipping routes and will continue to 
improve in the coming years.  
 
An average of regional shares of LNG bunkering demand is reported in Table 21. 
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Table 21 - Estimated regional shares for LNG demand over the period 2012 to 2020 
in shipping 

 2012 2020 average  

Africa 7% 5% 

Asia 24% 25% 

Europe 8% 11% 

North America 26% 28% 

Latin America 2% 1% 

Middle East 16% 15% 

Russia & CIS 17% 15% 

TOTAL 100% 100% 
Source: This report, based on spatially explicit data analysis, LNG bunkering infrastructure data and informed 

by LNGi - DNV GL’s intelligence portal for LNG as a shipping fuel. 
 

4.4.5 Other alternative shipping fuels by 2020 
 
Driven particularly by MARPOL Annex VI air pollution regulations on NOx and SOx 
emissions, a number of alternative marine fuels may see increased uptake by 2020. These 
alternatives include methanol, biofuels, LPG and DME. 
 
Methanol has a low sulphur content and is widely available (albeit with little bunkering 
infrastructure developed for use as a marine fuel). While it can be considered alternative 
to petroleum-derived low-sulphur fuels, it has several limitations from a technical and 
commercial perspective. Although methanol fuel systems consist mainly of familiar 
components, among other additions a ship requires certain modifications to engines and 
tanks (e.g. an inert gas system for the tanks) and methanol is therefore likely to be used 
only on ships specifically designed for its use (as opposed to being installed as a retrofit). 
Even assuming that a methanol-propelled ship requires only minor additional capital 
investment, methanol needs to be available and cheaper than MGO on an energy-
equivalent basis for it to be commercially competitive (FCBI Energy, 2015) (DNV-GL, 
2016). 
 
According to IEA (IEA, 2011), to achieve the ambitious biofuel projections presented in its 
Blue Map scenario, biofuel demand needs to increase rapidly, reaching approximately 
760 Mtoe (32 EJ) in 2050, but only 5 EJ in 2020, of which a share of 5% would be used as 
transport fuel (0.25 EJ). The international shipping fleet could adopt biofuels by blending 
them with conventional marine fuels and consuming about 11% of the biofuels used in the 
transport sector, which corresponds to approximately 0.03 EJ (30 million GJ). This amount 
represents less than 0.3% of the total energy demand of the base case estimate of this 
study, which makes biofuels share by 2020 negligible. 
 
While LPG (Liquid Propane Gas) and DME are potential marine fuel candidates, there is 
limited information available on their viability. As LPG is a premium product, it seems to be 
too expensive compared with other alternative fuel options and in addition presents safety 
issues, which could limit its use on board ships (IEA, 2014). For LPG and DME, owing to 
the lack of significance of these fuels in the shipping market today, in 2016 we deem it 
unlikely that they will contribute significantly by 2020.  
 
Given the above considerations, we assess that the share of other alternative shipping 
fuels by 2020 will be negligible. 
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4.4.6 Conclusions on LNG consumption  
 
The final estimate of the use of alternative fuels in shipping by 2020 relates solely to the 
use of LNG, as the projected shares of other alternative fuels in 2020 is found to be 
negligible. Use of LNG as a fuel market and its consumption on board LNG carriers has 
been evaluated independently. Total LNG consumption in 2020 is presented in Table 22, 
distinguishing three cases (base, high and low), which represent the sensitivity of LNG use 
to changes in transport demand.  
 
Table 22 - Estimated LNG demand in million tonnes over the period 2012 to 2020 in 

shipping 

 2012 2020 base 
case 

2020 high 
case 

2020 low 
case 

LNG carriers 8 9.76 10.85 9.70 

LNG as a fuel market (global 
fleet) 

0 3.22 3.66 3.00 

Total 8 13.0 14.5 12.7 

Percentage of total energy 
demand  

3.6% 5.4% 5.3% 6% 

Source: This study. 

 
Table 23 shows regional LNG demand for the three cases. 
 
Table 23 - LNG potential regional use in 2020 in million tonnes as estimated in this 

study 

 2020 base 2020 high 2020 low 

Africa 0.7 0.7 0.6 

Asia 3.3 3.6 3.2 

Europe 1.4 1.6 1.4 

North America 3.6 4.1 3.6 

Latin America 0.1 0.1 0.1 

Middle East 2.0 2.2 1.9 

Russia & CIS 2.0 2.2 1.9 

TOTALS 13.0 14.5 12.7 
Source: This study. 

 
Based on our analysis we estimate that in the period up to 2020 LNG consumption may 
increase by 60% to 80% relative to 2012. We expect about 75% to be consumed by LNG 
carriers, with the remainder consumed by unitized, passenger vessels, dry bulk oil and 
chemical tankers and miscellaneous types of ship, as well as inland vessels. 
 

4.5 Global and regional demand of maritime fuels by 2020 
 
This section presents the base case projection of global and regional demand for maritime 
fuels by 2020, based on projected global maritime energy demand (Section 4.2). This 
energy demand can be met by four types of fuel: 
 

.1 petroleum fuels with a sulphur content of 0.10% or less will be used in ECAs 
as well as in some auxiliary engines; 

 
.2 petroleum fuels with a sulphur content of over 0.10% but no more than 

0.50% will be used outside ECAs; 
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.3 petroleum fuels with a sulphur content of over 0.50% will be used by ships 
with an EGCS both inside and outside ECAs; and 

 
.4 LNG will be used by LNG carriers and other ships fitted with LNG engines. 

 
Section 4.2 estimates the global marine energy demand in the base case to be 12.8 EJ in 
2020. 
 
Section 4.3 projects the amount of fuel consumed in 2020 by ships that will be fitted with 
EGCSs to be 36 million tonnes of HFO, with an estimated energy content of 1.4 EJ. 
 
Section 4.4 projects the amount of LNG used by ships in 2020 to be 13 million tonnes, with 
an estimated energy content of 0.6 EJ. In order to arrive at a conservative estimate and 
given the uncertainties in the development of LNG infrastructure under current fuel prices, 
we have lowered our projections of LNG by 10% to 12 million tonnes in 2020, with an 
estimated energy content of 0.5 EJ. 
 
The remaining 10.8 EJ will need to be supplied by petroleum fuels with either a sulphur 
content of less than 0.10% m/m or a sulphur content between 0.10 and 0.50% m/m.  0.10% 
fuel is used in ECAs. While the market offers 0.10% HFO, most of this fuel is MGO. 
Conversely, most MGO offered has a low sulphur content. 
 
The Third IMO GHG Study 2014 estimated that, in 2012, 14% of the energy provided by 
petroleum fuels was MGO and 86% HFO. MGO was typically consumed by smaller 
auxiliary engines and high-speed diesel engines, although an increasing share of auxiliary 
engines are fitted to be able to run on HFO.  
 
The Third IMO GHG Study 2014 estimated that in 2012 the share of fuel used in ECAs 
was 6.3%. A large proportion of this fuel will be MGO, but some will be HFO (for ships fitted 
with a scrubber) or LNG. 
 
It is expected that by 2020, more ships will be able to run their auxiliary engines on HFO 
than in 2012. In total, we expect that 15% of the energy consumed by ships that do not 
have an EGCS and do not run on LNG will be provided by MGO with a sulphur content of 
0.10% or less and the remainder by HFO with a sulphur content between 0.10% and 0.50% 
m/m. This is a conservative estimate, because increasing the amount of MGO by 
increasing middle distillate production requires less hydroprocessing capacity and is 
therefore easier to realise than increasing the amount of compliant HFO. 
 
Assuming that the regional shares of fuels do not change between 2012 and 2020, the 
projection of base case marine fuel demand is presented in Table 24. 
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Table 24 - Global and regional marine fuel demand (2020) - base case 

  
Sulphur (% m/m) 

Petroleum-derived fuels LNG 

<0.10% 0.10-0.50% >0.50% 

 In ECAs Outside ECAs Globally in 
combination 

with an EGCS 

Globally 

 Million tonnes per year 

Africa 2 12 1 0.6 

Asia 18 110 15 3.1 

Europe 9 54 8 1.2 

North America 4 26 3 3.4 

Latin America 3 21 3 0.1 

Middle East 1 5 4 1.8 

Russia & CIS 1 7 1 1.8 

Global 39 233 36 12 
Source: This report. 
Note: Because of rounding values may not add to totals. 

 
Table 25 presents global fuel demand for the low case and high case. In the low case, the 
demand for petroleum fuels with a sulphur content of 0.50% m/m or less is 15% lower than 
in the base case. In the high case, the demand for petroleum fuels with a sulphur content 
of 0.50% m/m or less is 24% higher than in the base case. 
 

Table 25 - Global marine fuel demand (2020) - low case and high case 

  
Sulphur (% m/m) 

Petroleum-derived fuels LNG 

<0.10% 0.10-0.50% >0.50% 

 In ECAs Outside ECAs Globally in 
combination 

with an EGCS 

Globally 

 Million tonnes per year 

Low case 33 198 38 13 

High case 48 290 14 12 
Source: This report. 

 

4.6 Non-marine fuel demand 
 
The demand forecast of refinery products is based on Stratas Advisors’ database of market 
data, pulled from a wide variety of sources including the IEA, EIA and country reporting 
agencies for major global energy consumers. It takes into account key structural factors 
like economic growth, population, energy intensity/efficiency and urbanization.  
 
Table 26 summarizes product demand per region and globally. Product demand, refinery 
configuration and refinery capacity permit assessment of whether or not petroleum and 
refined products trade flow is required to meet regional supply-demand balances.  
 
In 2020, global non-maritime fuel demand will approach 4,190 million tonnes/year, versus 
3,692 million tonnes/year in 2012 (Table 9, Table 26). From 2012 to 2020 global non-
maritime fuel demand will increase by 13%, driven by strong growth of refined product 
demand in Latin American, Middle Eastern, African and Asia-Pacific markets. The majority 
of the remaining growth will originate in the North American region.  
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Table 26 - Non-Marine Product Demand (2020) - million tonnes per year(1) 

  Africa Asia Europe North 
America 

Latin 
America 

Middle 
East 

Russia 
& CIS 

Global(2) 

Gasoline(4) 45 277 81 421 136 76 49 1,086 

Naphtha 3 214 47 16 13 7 22 322 

Jet/Kero 
Fuel 

15 124 62 75 19 21 15 331 

Middle 
Distillate(4) 

85 524 290 233 167 125 58 1,482 

LPG 15 120 36 89 36 42 19 357 

Other(5) 27 195 70 90 91 98 40 611 

Total, non-
marine  

190 1,454 585 925 462 371 203 4,190 

Source:  Stratas Advisors, 2015-2016. 
Note: Rounding of modelling outputs has led to differences in the totals. 
(1) For marine (MGO/HFO) demand, which is not included in this table, see Table 24.  
(2) Non-marine refinery product demand is 4,190 million tonnes.  Of this, 338 million tonnes is met by other 

installations than refineries, such as NGL plants and direct from oil production sources: 17 million tonnes 
as Naphtha, 247 million tonnes as LPG, and 74 million tonnes as other products. 

(3) Gasoline and Middle distillate includes biofuel demand. 
(4) Includes petroleum coke, refinery fuel, non-marine fuel oil and other products. 

 
Refinery fuels (gasoline, naphtha, jet fuel, kerosene and middle distillate) will make up 77% 
of global refined-product, non-marine demand in 2020. Middle distillate will be dominant, 
comprising 36% of the market. Gasoline will be close to this volume (26% of product 
demand) and jet fuel/kerosene will make up 8% of the market. Non-marine heavy fuel oils 
will account for 4% of product demand and LPG will make up 8% of the market. Other 
products, which will make up 13% of product demand, include lubricants, asphalt, refinery 
fuel gas, non-marine fuel oil, coke and miscellaneous products. The non-marine fuel oil 
market includes the heavy fuel oil used as heating oil in steam power plants, furnace/forced 
air heating systems and high-pressure steam boilers. Large reductions in non-marine fuel 
oil demand have resulted and will likely come from its substitution in power generation 
plants in favour of environment-friendly natural gas. 
 
This study projects a 13% increase in total petroleum fuel demand between 2012 and 
2020, translating to a compound annual growth rate (CAGR) of 1.5%. This is higher than 
projections in OPEC’s World Oil Outlook 2015 (6.7% demand growth between 2014 and 
2020, a CAGR of 1.1%); IEA’s Medium Term Oil Market Report 2016 (6.5% demand 
growth between 2015 and 2020, a CAGR of 1.3%) and EIA’s International Energy Outlook 
2016 (EIA, 2016) (11% demand growth between 2012 and 2020, a CAGR of 1.3%). The 
main reasons for the differences between the studies are different assumptions about 
economic growth and the fuel economy of road transport. Chapters 5 and 6 analyze what 
the consequences of lower overall fuel demand would be for the supply of marine fuels. 
 

4.7 Conclusions on 2020 fuel demand  
 
Marine fuel demand by 2020 is driven by transport demand, fleet composition and 
operational efficiency, which together determine total energy demand, and by the share of 
fuel consumed in ECAs, the share of MGO, the share of LNG and the use of scrubbers on 
ships. 
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Marine energy demand will increase by 8% between 2012 and 2020. The mass of marine 
petroleum fuels will increase by 5.5% in the base case, while LNG will increase by 50% 
(Table 27). The amount of HFO with a sulphur content of over 0.50% m/m will decrease 
from 228 to 36 million tonnes in the base case. In addition, there will be demand for 233 
million tonnes of HFO with a sulphur content of 0.50% m/m or less and 39 tonnes of MGO, 
most of which will have a sulphur content of 0.10% m/m or less. 
 
Global fuel demand will increase from approximately 4,000 million tonnes in 2012 to 
approximately 4,500 million tonnes in 2020, a 13% increase. Non-marine fuel demand will 
increase by 13%; marine fuel demand will grow by 5% in the base case, increase by 21% 
in the high case and decrease by 8% in the low case. 
 

Table 27 - Total fuel demand in 2020 (million tonnes per year) 

 

 Marine petroleum Marine LNG 

Non-marine Base case High case Low case Base case High case Low case 

2012 3,692 292 292 292 8 8 8 

2020 4,190 308 352 269 12 13 12 
Source: This study. 
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5 Projections of maritime fuel supply in 2020 
 
5.1 Introduction to the 2020 supply analysis 
 
This chapter presents projections of maritime fuel supply in 2020. Because maritime fuels 
account for about 7.3% of refinery production by mass (in 2012), the modelling underlying 
this chapter analyses all refinery product streams. 
 
Section 5.2 briefly describes the model used for the base case run. Section 5.3 presents 
the assessment of refinery capacity in 2020, which is an important constraint in the model. 
Section 5.4 presents another constraint, viz. the quantity and quality of the crude oil slate 
in 2020. Section 5.5 presents the projected product prices used by the model for optimizing 
refinery outputs. The results of the model run are presented in Section 5.6. Section 5.7 
contains the results of the sensitivity analyses and Section 5.8 conclusions. 

 
5.2 Fuel supply projection model 
 
The supply model is a linear programming (LP) mathematical model that accurately 
describes regional refinery operations. The supply model maximizes the refinery margins 
while meeting the required refinery fuel volume within given quality constraints. In doing 
so, each model calculates refinery fuel products and inputs constrained with respect to 
product quality, using refinery capacity and configuration. Higher value products like 
gasoline and diesel are produced to meet demand, while intermediate streams of fuel oil 
are routed to conversion units and hydro-desulphurization units until volume and quality 
constraints are met. The model calculates blending volume of biofuels (ethanol, bio-diesel) 
and oxygenates (MTBE, ETBE) based on regional specification and availability of biofuel. 
Subsequently, the intermediate streams (such as hydrocracker unconverted oil) are 
blended to meet volume requirements of other oils. For example, once the low-sulphur fuel 
oil production requirement is met, the additional intermediate oil streams are then blended 
with high-sulphur oil streams to meet the latter’s production requirement. The model 
maintains material balance as well as optimizing on marginal revenue. The supply model 
includes interregional trade flow in a purchase and sell table. Further purchase in one 
region is balanced in the sell from other region.  
 
The model comprises seven regions, which are the same regions as used throughout this 
report. Most regions are represented as a single refinery, but North America comprises 
several sub-regions: all five PADDs and Canada. Refinery representation in the model is 
based on the known capacity of central distillation units and other refinery units in 2012 
and on the capacities projected for 2020. The crude oil used in each region and the flow 
of intermediary and final products between regions is ensured in the model solver. The 
overall material balance is performed for material streams (Crude, Products) and their 
constituent components (Sulphur, Metal). The model results are provided once the material 
balance is met, with a material imbalance error otherwise being reported. Without a 
material balance, the model does not yield a converged solution. 
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Table 28 - Regions in the supply model 

Africa 

Asia 

Europe 

North America 

Latin America 

Middle East 

Russia & CIS 
Source: Stratas Advisors, 2015-2016. 
Before assessing scenarios in 2020, each model was calibrated with a 2012 base case, as indicated in Section 
3.2.1. 

 
The refinery model is customized for each region taking into account historical refinery 
throughput, crude slate, refinery capacity and product slate. Historical data are used to 
calibrate the model in order to reduce the risk of over-optimization of the model. 
 
The gas oil is required as a feedstock for FCCs and hydrocrackers, while residue serves 
as a feedstock for cokers, asphalt plants and residual fuel hydrocrackers. In addition to 
being sold as product streams, the atmospheric gas oil, vacuum gas oil and residue are 
also produced as intermediate streams and are modelled using conversion units, 
hydrocrackers, FCCs and cokers to calculate blend stock for fuel oil as well as lighter 
products. The conversion units convert the heavier oil fractions to lighter fractions (to be 
blended with gasoline and middle distillate) and leave unconverted fuel oil to be recycled 
back or used for fuel oil/residual fuel oil blending. The unconverted fuel oil from 
hydrocrackers is hydroprocessed oil, so the sulphur content is lowered. 
 
Model runs for 2020 projections-Case 1 were based on assessing the supply of marine 
middle distillate oil (MGO) and demand for marine heavy fuel oil (HFO), as specified in 
Table 24. For assessing the availability of compliant marine fuels in 2020, the refinery 
products were assigned to fulfil marine fuel demand, as indicated in Table 29. 
 
Table 29 - Refinery products categories used to assess availability of marine fuels 

in 2020 

Fuels categories  Case 1 

Refinery product Marine fuel 

Marine middle distillate oil (low-sulphur) MGO (S <0.10% m/m) 

Heavy fuel oil (% S <0.50) HFO (S <0.50% m/m) 

Heavy fuel oil (% S > 0.50%) (high sulphur) HFO (S > 0.50% m/m) 
Source: Stratas Advisors. 

 
5.2.1 How the model is run 
 
The model was calibrated using 2012 EIA/IEA data for all refinery inputs (crude volume 
and quality, NGLs, …) and the volumes of refinery products (LPG, Naphtha, Gasoline, 
Middle Distillate..). Refinery capacity, utilization and configurations are at the core of the 
model calibration. Capacity and configuration are mostly sourced from O&G Journal data. 
To fine tune product and input volumes, the utilizations rates of different refinery units are 
allowed to vary for the model to generate a solution, thus ensuring the model does not 
make unrealistic assumptions about e.g. the amount of sulphur removed from products, 
amount of crude used or intermediary products purchased. 
 
Before starting a model run, the global demand of refinery products is defined, with regard 
to both quantity and quality (including sulphur content). The crude slate is also defined and 
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a range of quantities is assigned to each crude, as well as the sulphur content and specific 
gravity. Minimum and maximum amounts of each product are assigned to regions, as well 
as quantity ranges for different crudes.  
 
The model is then run for each region separately. After each run, product and crude 
quantity ranges assigned to the other regions are reassessed and adjusted if necessary. 
So, for example, if a region produces more of a certain product than there is demand for 
in that region, the excess production is exported to other regions, taking into account trade 
statistics, and production in the importing regions is lowered accordingly. Transport of 
products and intermediary feedstocks between regions is controlled for. The model is run 
in iterations until the model has yielded results for all regions and a global material balance 
has been achieved. 
 
In running the model, a conservative approach is taken. The utilization rates of units that 
are in operation both in 2012 and 2020 are capped to the 2012 values. New units have a 
utilization rate that cannot exceed 90% of the nameplate capacity. Only expansions that 
are expected to be operational by June 2019 are taken into account. Sulphur removal in 
hydrodesulpurization units was limited to 90% or less, depending on the grade of oil. 
Marine product sulphur specifications are 10% below the limit values. 

 
5.3 Refinery capacity in 2020 
 
Global crude distillation capacity is projected to increase from 4,630 million tonnes in 2012 
to 5,020 million tonnes in June 2019 (Table 30). Major initiatives include additional large 
refineries/expansions in China, India and the Middle East. Additional refineries and 
expansions are underway and/or have been announced for all other regions, including 
North America, Latin America, Russia & CIS and Africa. The expansion projects include 
all identified new refineries, as well as expansions at existing refineries deemed highly 
probable to be completed. 
 
Global middle distillate hydroprocessing capacity is expected to increase from 1,109 million 
tonnes per year to 1,306 million tonnes by mid-2019 (an increase of 17% relative to 2012), 
with this expansion occurring mainly in the Middle East, Asia, Russia & CIS and North 
America.  
 
For heavy fuel oil/residual fuel oil, hydroprocessing capacity is expected to rise from 439 
to 507 million tonnes per year (an increase of 15 % relative to 2012), owing mainly to 
expansion in the Middle East, Russia & CIS and Asia. Capacity in both Europe and North 
America will be slightly down, by 3%. 
  



MEPC 70/5/3 
Annex, page 45 

 

https://edocs.imo.org/Final Documents/English/MEPC 70-5-3 (E).docx 

 
Table 30 - Regional Refinery Capacity June 30, 2019 (change since 2012) - million 

tonnes per year 

  

Crude Distillation 

Africa Asia Europe North 

America 

Latin 

America 

Middle 

East 

Russia 

& CIS 

Global 

197  

(+11%) 

1,630  

(+9%) 

723  

(-9%) 

1,047  

(+2%) 

484  

(+33%) 

502  

(+26%) 

437  

(+23%) 

5,020  

(+8%) 

Secondary Processing Units 

Light Oil Processing  

Reforming 23 

(+15%) 

163 

(+5%) 

105.9 

(-8%) 

186 

(-6%) 

29 

(+5%) 

58 

(+52%) 

61 

(+15%) 

626 

(+3%) 

Isomerization 2.8 

(+100%) 

13.4 

(+47%) 

24.3 

(-8%) 

38 

(0%) 

2.4 

(0%) 

22.6 

(+163%) 

17.8 

(+324%) 

122 

(+30%) 

Alkylation/ 

polymerization 

2 

(+54%) 

17 

(+9%) 

14.3 

(-8%) 

65 

(-2%) 

11.2 

(0%) 

5 

(+6%) 

3.8 

(+153%) 

118 

(+1%) 

Conversion  

Coking 4.4 

(-2%) 

132 

(+28%) 

33.7 

(+23%) 

159 

(+20%) 

45 

(+62%) 

23 

(+461%) 

23 

(+78%) 

421 

(+35%) 

Catalytic cracking 16.6 

(+38%) 

298 

(+16%) 

111 

(-7%) 

309 

(-4%) 

91.6 

(0%) 

48.6 

(+54%) 

41 

(+50%) 

916 

(+6%) 

Hydrocracking 11.3 

(+126%) 

177 

(+16%) 

102 

(+18%) 

124 

(+27%) 

6.59 

(+18%) 

54.39 

(+63%) 

56 

(+700%) 

532 

(+37%) 

Hydroprocessing  

Gasoline 0 

(0%) 

49.9 

(+73%) 

20.6 

(+1%) 

96 

(+5%) 

6.22 

(+196%) 

15.5 

(+638%) 

15.7 

(+362%) 

204 

(+38%) 

Naphtha 25.5 

(+9%) 

163 

(-1%) 

175 

(-8%) 

272 

(+10%) 

47 

(+53%) 

68 

(+33%) 

59 

(+13%) 

810 

(+7%) 

Middle distillates 26.4 

(+44%) 

407 

(+11%) 

250 

(-5%) 

305 

(+14%) 

49 

(+23%) 

140 

(+118%) 

128 

(+49%) 

1,306 

(+18%) 

Heavy oil/residual 

Fuel 

4.5 

(+13%) 

184 

(+22%) 

75 

(-6%) 

156 

(-2%) 

31.1 

(+23%) 

32 

(+36%) 

23 

(+17%) 

507 

(+15%) 

Source:  Stratas Advisors, 2015-2016. On the basis of Oil and Gas Journal Data, FuelsEurope, IEA, EIA, 
OPEC. Announced projects as of Dec 2015, assumed to be online on June 2019 when no start-up 
year is indicated.  

Note:  The numbers in bracket () are capacity changes since 2012. 

 

5.4 Crude quality and volume for each region 
 
The crude slate used by refineries in each region comprises an indigenous-imports pool 
and is particular for each region. All regions primarily use indigenous oil, resorting only to 
crude imports if their indigenous crude does not represent the best fit for their refineries or 
if indigenous production does not meet their domestic demand. 
 
The crude slate outlook to 2020 is based on Stratas Advisors’ global crude outlook, trade 
flow outlook to 2020 and crude oil assay database.  
 
Table 31 summarizes Stratas Advisors’ best estimates of the volume and quality of crude 
slate processed on each region in 2020, used in model runs to assess 2020 refinery 
production projections (base case). 
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Table 31 - Refinery Input, Crude Oil and Quality (2020, (2012)) 

  Africa Asia Europe North 

America 

Latin 

America 

Middle 

East 

Russia 

& CIS 

Crude Oil (million tonnes 

per year) 

136 

(108) 

1,328 

(1,233) 

527 

(662) 

932 

(827) 

323 

(285) 

448 

(334) 

320 

(329) 

API gravity 35.41 

(35.92) 

35.26 

(35.76) 

34.48 

(35.71) 

30.6 

(30.8) 

26.2 

(25.2) 

31.34 

(31.46) 

32.5 

(32.5) 

Sulphur %S (m/m) 0.68 

(0.64) 

1.07 

(1.03) 

1.01 

(0.77) 

1.59 

(1.55) 

1.44 

(1.45) 

2.01 

(1.92) 

1.32 

(1.32) 

Source: Stratas Advisors. 
Note: 2012 numbers are in brackets (). 
 

Africa refinery input is light sweet crude (35° API, S<0.70% m/m). Middle East refinery 
input is sour crude (S>1.90% m/m). Latin America refinery inputs is mostly heavy crude 
(<25° API) while North America refineries input is medium sour (mostly imports) and light 
sweet crude (mostly domestic production).  
 

5.5 Projected Crude and Refinery Products prices 
 
Stratas Advisors maintain price historical data on major refinery inputs and product prices. 
The forecasting methodology starts by assessing these data to identify major drivers 
influencing global benchmark prices. The model incorporates the drivers that factor in a 
variety of assumptions and potential scenarios. The refinery fuel prices are highly 
influenced by input cost (mainly crude price) and other factors such as demand, supply, 
GDP and geopolitical risks. 
 
The price differences between HFO with a sulphur content of max. 1% m/m and MGO with 
a sulphur content of 0.10% m/m or less are inputs to the assessment of the uptake of 
scrubbers and alternative fuels. 
 
The following prices are added as a guidance to assess the fuel price used in the model. 
 

Table 32 - Refinery Products and Crude Oil prices (USD/tonnes except for Brent) 

Product  2010 2012 2014 2016 2018 2020 

MGO 0.10% m/m 
SUL  

672 997 896 452 552 616 

Fuel oil 0.50% m/m 
SUL  

- - - - - 595 

Fuel oil 1% m/m SUL 625 918 809 390 497 569 

Fuel oil 3% m/m SUL 521 741 616 252 377 466 

Brent crude (USD/bbl) 80 112 99 49 63 77 

Source: Stratas Advisors; CE Delft, www.bunkerindex.com. 
 
The fuel oil sulphur quality and crude oil price are major drivers of fuel oil price.  
The current fuel grade of 0.10% m/m S is high-sulphur diesel and is the price benchmark 
for MGO (0.10% m/m S). For HFO (0.50% m/m), the price will be above the fuel oil price 
of 1% m/m S. The guidance of 0.50% m/m sulphur HFO is taken from 0.10% high-sulphur 
diesel (MGO) and 1% S (heavy fuel oil). For 2020 (Table 32) the 0.50% HFO price is guided 
entirely by 0.10% high-sulphur diesel (MGO) and fuel oil 1% m/m S. Depending on the 
demand supply gap, the price will remain between the price of 0.10% S MGO and 1% S 
HFO, maintaining a price differential of about $ 47/tonne. 
 

  

http://www.bunkerindex.com/
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5.6 Projection results: base case 
 
The calibrated model developed for 2012 was updated using the following information for 
the base case for 2020: 
 

.1 regional refinery capacities were updated with the latest information on 
projects that will be completed before 1 July 2019; 

 
.2 the capacity of hydroprocessing units (hydrocrackers, FCC gasoil feed 

hydrotreating, residue hydrocracking (HOL) and gasoil hydrotreating) were 
downsized to 90% in order to give a realistic representation of capacity 
utilization (90% max.) in various regions (see Table 35); 

 
.3 the sulphur removal in hydrodesulphurization units (such as gas oil 

hydrotreaters, residual hydrotreaters and atmospheric oil hydrotreaters) 
was limited to 90% or less (Table 36); 

 
.4 fuel specifications were updated for 2020. The MGO/HFO sulphur 

specification was further tightened by 10%. For HFO the max. specification 
of 0.50% m/m S was thus reduced to 0.45% m/m S, and for MGO from 
0.10% to 0.09% m/m S. This was done to guarantee a certain margin in the 
model; 

 
.5 based on 2020 demand numbers, the maximum and minimum of refinery 

products and refinery inputs range were updated; and 
 
.6 the price for 2020 was updated. Fuel oil and crude updated prices are 

reported in Table 32. 
 

Table 33 and Table 34 summarize the global and regional refinery projections for 2020, 
including marine fuels. The projections show that global supply will just be able to meet 
global demand for marine fuel oils in 2020 in terms of both quantity and sulphur 
specification. 
  



MEPC 70/5/3 
Annex, page 48 

 

 
https://edocs.imo.org/Final Documents/English/MEPC 70-5-3 (E).docx 

 
Table 33 - Global Refinery Production (2020 (2012)) - million tonnes per year 

Refinery Production (Base case - 2020 (2012)) (1, 2, 3) 

  Production in 2020 

(2012) 

Demand in 2020 

(2012) 

Gasoline 1,086 (963) 1,086 (963) 

Naphtha 305 (256) 305(3) (256) 

Jet/Kero Fuel 331 (324) 331 (324) 

Middle Distillate  1,521 (1,316) 1,521 (1,316) 

             of which MGO (S ≤ 0.10% m/m) (4) 39 (64) 39 (64) 

Total Marine Heavy Fuel Oil (HFO)  269 (228) 269 (228) 

             of which Marine HFO (S ≤ 0.50% m/m) (5) 233 (0) 233 (0) 

             of which Marine HFO (S > 0.50% m/m)  36 (228) 36 (228) 

Non-marine Heavy Fuel Oil (6) 194 (272) 194 (272) 

LPG 110 (113) 110(3) (113) 

Other (7) 343 (512) 343 (512) 

Total (marine + non-marine, refinery only) 4,159 (3,984) 4,159 (3,984) 

Total (non-Marine only from refinery) (8) 3,852 (3,692) 3,852 (3,692) 

Source:  Stratas Advisors; CE Delft. 
(1) Production numbers in brackets () are 2012 numbers from Table 4 and Table 5. 
(2) Demand numbers are from Table 4 and Table 26. 
(3) For LPG, naphtha and other products demand is also met from NGL (Natural Gas Liquids) plants, coal 

mining and upstream, the table shows only demand met from refineries. 
(4) Note that this is just MGO with a sulphur content of 0.10% m/m or less. Low-sulphur marine HFO also 

contains low-viscosity fuels. 
(5) Some of these fuels have a sufficiently low viscosity to be used in small main engines and auxiliary engines 

instead of MGO. 
(6) Non-marine fuel oil is intended for a well-defined industrial market (power plants, high pressure steam 

boilers, etc.). 
(7) Includes petroleum coke, lubes, asphalt, other oils and miscellaneous products and does not include "Non-

marine Heavy Fuel Oil". 
(8) Numbers for "MGO (S ≤ 0.10% m/m)" and "Total Marine Heavy Fuel Oil (HFO)" subtracted from number 

for "Total (marine+ non-marine, refinery only)".  Rounding of modelling outputs has led to a 1 million tonnes 
difference in the total (non-Marine only from refinery). 

 
The various factors impacting the supply of marine fuel oil (both MGO and HFO) are 
discussed below: 
 

− Capacity: 
 

.1 crude Distillation Units (CDU): CDU capacity is set to increase globally by 
390 million tonnes (8%), with the exception of Europe. The additional CDU 
capacity adds to capacity for atmospheric and vacuum gas oil and residue, 
adding in turn to fuel oil volume;  

 
.2 hydrocracking: Globally, hydrocracking capacity will increase by 144 million 

tonnes (37%). The unconverted gas oil from hydrocrackers is already 
hydroprocessed and helps lower heavy fuel oil sulphur after blending. It also 
produces blend stock for middle distillate marine fuel (MGO); 

 
.3 middle distillate hydroprocessing is set to increase globally by 197 million 

tonnes (17%), helping to meet the low-sulphur requirement for MGO; 
 
.4 heavy oil/residual fuel capacity will increase globally by 68 million tonnes 

(15%). The increase in residue hydroprocessing helps reduce sulphur from 
heavy oil/ residue. The 15% capacity increase will help reduce the sulphur 
from heavy oil of high sulphur content; and  
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.5 catalytic cracking capacity is set to rise by only 6% globally, compared with 

8% for CDU. This helps ensure an additional volume of gas oil will be 
available for marine fuel oil and middle distillate, provided diesel demand is 
already met. 

 
In addition to the catalyst replacement cost, the hydrogen (H2) cost is the major expense 
associated with fuel oil desulphurization. However, fuel oil blends comprise mainly light 
distillates when the lowering of fuel oil sulphur content of is the aim. In this regard the 
refinery supply model calculates the H2 consumption in the whole plant and each specific 
unit. Globally, H2 consumption increases owing to the overall tightening of the sulphur fuel 
specification in middle distillate oil. Refiners anyway have to meet the hydrogen 
consumption requirement calculated when capacity is added. Furthermore, hydrogen is 
also available from flashed streams, which are recycled back for hydroprocessing, in 
addition to hydrogen available from steam and naphtha reformers. 
 

Table 34 - Base case for Regional Refinery Production (2020, (2012)) - million 
tonnes per year 

Refinery Production (1) 

  Africa Asia Europe North 

America 

Latin 

America 

Middle 

East 

Russia & 

CIS 

Gasoline 22   

(17) 

236  

(234) 

120  

(135) 

472  

(399) 

104  

(78) 

80  

(50) 

52  

(51) 

Naphtha 14  

(12) 

145  

(130) 

49  

(38) 

16  

(12) 

13  

(11) 

45  

(33) 

22  

(20) 

Jet/Kero Fuel 10  

(9) 

120  

(119) 

43  

(49) 

84  

(73) 

21  

(17) 

36  

(42) 

18 

 (15) 

Middle Distillate  51 

(34) 

513 

(453) 

269 

(280) 

304 

(257) 

103 

(105) 

166 

(98) 

115 

(89) 

Of which: MGO <0.10 % 

m/m S 

2  

(3) 

18  

(31) 

9 

(15) 

4 

(7) 

3 

(6) 

1 

(1) 

1 

(2) 

Marine HFO <0.50 % 

m/m S 

9 

(0) 

104 

(0) 

55 

(0) 

17 

(0) 

24 

(0) 

18 

(0) 

7 

(0) 

Marine HFO >0.50 % 

m/m S 

1 

(7) 

15 

(95) 

8 

(52) 

3 

(21) 

3 

(18) 

4 

(25) 

1 

(10) 

Non-marine Heavy Fuel 

Oil 

15 

(21) 

11 

(6) 

2  

(32) 

13  

(13) 

49  

(53) 

70  

(67) 

34  

(80) 

LPG 2  

(2) 

41  

(41) 

12  

(17) 

24  

(21) 

11  

(8) 

11  

(5) 

9  

(18) 

Other products(2) 9  

(7) 

58  

(188) 

44 

 (89) 

101  

(128) 

64  

(50) 

20  

(22) 

47  

(28) 

Total 133 

(109) 

1,241 

(1,266) 

602 

(692) 

1,036 

(924) 

392 

(340) 

449 

(342) 

306 

(311) 

Source: Stratas Advisors, 2015-2016. 
(1) Numbers in brackets () are for 2012. 2012 production numbers are from Table 9. 
(2) Includes petroleum coke, lubes, asphalt, other oils and miscellaneous products. 

 
Table 35 shows the regional refinery capacity utilization for major units in 2020 and, for 
comparison, in 2012. In most regions, the hydrocracker and hydrotreatment units have 
utilization rates that are very similar or lower than in 2012, with the obvious exception of 
regions that did not have these units in 2012.  
 
Table 36 shows the sulphur removal on fuel for selected processes. As noted above, the 
values look conservative, which is why they are often lower than the corresponding values 
obtained in the model calibration for 2012. The values assume that all hydrocracking and 
hydroprocessing units come with sufficient sulphur plant capacity in order to convert 
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hydrogen sulfide in elemental sulphur. Sulphur plants usually have a higher capacity, so 
that the operation of the hydroprocessing units is not constrained. This is not always 
supported by our capacity projections, however. This assumption is not accurate; refineries 
will need to expand the capacity of their sulphur plants to fulfill 2020 demand. 
 
Table 35 – Percentage Regional Refinery Capacity Utilization for major units (2020 

and 2012) (1,2,3) 

PROCESS Africa Asia Europe 
North 

America 

Latin 

America 

Middle 

East 

Russia 

& CIS 

CDU  
57% 

(56%) 

68% 

(76%) 

60% 

(76%) 

64% 

(64%) 

55% 

(72%) 

74% 

(77%) 

60% 

(85%) 

HYDROCRACKER  
83% 

(92%) 

76% 

(69%) 

83% 

(92%) 

69% 

(77%) 

83% 

(89%) 

83% 

(92%) 

56% 

(92%) 

GOHDS TOTAL  
0% 

(0%) 

83% 

(91%) 

83% 

(57%) 

81% 

(84%) 

65% 

(33%) 

83% 

(92%) 

75% 

(92%) 

ATRES HDT  
0% 

(0%) 

83% 

(23%) 

83% 

(46%) 

10% 

(2%) 

0% 

(0%) 

46% 

(92%) 

0% 

(0%) 

H-OIL  
83% 

(92%) 

83% 

(92%) 

83% 

(52%) 

76% 

(36%) 

0% 

(0%) 

83% 

(92%) 

36% 

(84%) 

GASOIL HDS  
81% 

(92%) 

51% 

(92%) 

83% 

(92%) 

13% 

(10%) 

83% 

(0%) 

0% 

(0%) 

0% 

(0%) 

AGO HDS  
81% 

(92%) 

30% 

(92%) 

83% 

(92%) 

2% 

(6%) 

83% 

(0%) 

73% 

(0%) 

0% 

(0%) 

LCO HDS  
0% 

(0%) 

22% 

(0%) 

0% 

(0%) 

11% 

(5%) 

0% 

(0%) 

2% 

(0%) 

0% 

(0%) 

DELAYED COKER  
83% 

(0%) 

48% 

(75%) 

46% 

(87%) 

70% 

(88%) 

55% 

(81%) 

83% 

(92%) 

38% 

(71%) 

FCC 
92% 

(92%) 

66% 

(69%) 

70% 

(81%) 

92% 

(80%) 

82% 

(63%) 

92% 

(92%) 

78% 

(92%) 

REFORMER 
68% 

(66%) 

58% 

(70%) 

65% 

(92%) 

83% 

(83%) 

80% 

(83%) 

86% 

(70%) 

55% 

(61%) 

ISOMERISATION 
28% 

(92%) 

92% 

(92%) 

62% 

(92%) 

92% 

(64%) 

35% 

(4%) 

11% 

(92%) 

13% 

(92%) 

Source: Stratas Advisors, 2015-2016. 
(1) 2012 and 2020 utilization rates are based on 92% of stream day capacity (92% of stream day capacity is 

about 8,000 hours of continuous operation out of 8780 hours maximum a year). 
(2) 2020 Utilization is calculated based on 90% capacity of hydroprocessing units. 
(3) 0% utilization is for regions where no capacity is reported for the processing in question. 
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Table 36 - Percentage(1, 2) of sulphur removal on fuel for selected hydrotreating 
processes - 2020 (2012) 

Regional Process Sulphur Removal Percentage (2020, (2012)) 

PROCESS Africa Asia Europe 
North 

America 

Latin 

America 

Middle 

East 

Russia & 

CIS 

HYDROCRACKER(1) 
100% 

(100%) 

100% 

(100%) 

100% 

(100%) 

100% 

(100%) 

100% 

(100%) 

100% 

(100%) 

100% 

(100%) 

GOHDS TOTAL(1) 
0% 

(0%) 

87% 

(93%) 

86% 

(96%) 

89% 

(96%) 

86% 

(93%) 

87% 

(98%) 

87% 

(94%) 

ATRES HDT (1) 
0% 

(0%) 

89% 

(89%) 

89% 

(89%) 

90% 

(89%) 

0% 

(0%) 

89% 

(89%) 

0% 

(0%) 

H-OIL(1) 
81% 

(78%) 

87% 

(86%) 

86% 

(82%) 

90% 

(89%) 

0% 

(0%) 

91% 

(91%) 

86% 

(86%) 

GASOIL HDS (1) 
85% 

(97%) 

83% 

(85%) 

85% 

(97%) 

88% 

(96%) 

85% 

(0%) 

85% 

(0%) 

0% 

(0%) 

AGO HDS (1) 
85% 

(97%) 

83% 

(85%) 

85% 

(97%) 

88% 

(96%) 

85% 

(0%) 

85% 

(0%) 

0% 

(0%) 

LCO HDS (1) 0(0%) 
0% 

(0%) 

0% 

(0%) 

88% 

(96%) 

85% 

(0%) 

0% 

(0%) 

0% 

(0%) 

Source: Stratas Advisors, 2015-2016. 
(1) Percentage sulphur removal in fuel oil is limited to 90% or less for 2020. 
(2) Percentages are rounded to the nearest integer; therefore 100% sulphur removal does not mean total 

sulphur removal. When 0% is indicated, it means either non-existent or unused capacity. 

 
At the regional level (Table 37), Africa, Asia and North America will be short of HFO 
(<0.50%) to fulfil demand. These regions will be able to import HFO (<0.50%) from Europe, 
Latin America and Middle East, which will have a supply surplus. 
 
Table 37 - Global marine fuel demand and supply (2020) base case - million tonnes 

per year 

Base case marine fuel demand 2020 (supply) 

  

Sulphur (% m/m) 

Petroleum-derived fuels LNG 

<0.10% 0.10-0.50% >0.50% 

Africa 2 (2) 12 (9) 1 (1) 0.6 

Asia 18 (18) 110 (104) 15 (15) 3.1 

Europe 9 (9) 54 (55) 8 (8) 1.2 

North America 4 (4) 26 (17) 3 (3) 3.4 

Latin America 3 (3) 21 (24) 3 (3) 0.1 

Middle East 1 (1) 5 (18) 4 (4) 1.8 

Russia & CIS 1 (1) 7 (7) 1 (1) 1.8 

World 39 (39) 233 (233) 36 (36) 12 

Source: Stratas Advisors, 2015-2016. 
Note: Because of rounding values may not add to totals. 
 Supply model results are in brackets. 

 
Stratas Advisors’ fuel oil trade flow outlook to 2020 suggests that North America could 
import HFO (<0.50%) from Latin America, and Europe. Africa could import HFO (<0.50%) 
from Middle East. Asia could import HFO (<0.50%) from Middle East (Table 38). 
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Table 38 - Trade flows of HFO <0.50 m/m S % for (2020), million tonnes per year 

From/to l 
(S<0.50%)  

Africa Asia Europe North 
America 

Latin 
America 

Middle 
East 

Russia & 
CIS 

Middle East 3 6 0 4 0 0 0 

Europe 0 0 0 1 0 0 0 

Latin America 0 0 0 3 0 0 0 
Source: Stratas Advisors. 2015-2016. 
 

5.7 Projection results: sensitivity analysis 
 
The supply model runs were organized around a base case scenario with sensitivities as 
shown in Table 39. The cases include the high and low case, as well tests of the maximum 
amount of compliant fuel (petroleum fuels with a sulphur content of 0.50% m/m or less) 
that can be produced and sensitivities with regards to the sulphur content of the crude oil 
slate. A further explanation of each model run is provided below the table. 
 
Table 39 - Supply model runs to assess availability of marine fuels in 2020 - million 

tonnes per year 

 Fuel sulphur content   

Scenario <0.10 % 
SUL m/m 

<0.50 % 
SUL m/m 

>0.50 %  
SUL m/m 

Notes 

Case 1 - Base case 
demand 
(production) 

39 
(39) 

233 
(233) 

36 
(36) 

Base case 

Case 2 - Flash point 
demand 
(production) 

39 
(39) 

233 
(233) 

36 
(36) 

Sensitivity  
Lower flash point 

Case3 - High-demand 
case (production) 

48 
(48) 

290 
(290) 

14 
(14) 

High-demand case 

Case 4 - Low-demand 
case 
(production) 

33 
(33) 

198 
(198) 

38 
(38) 

Low-demand case 

Case 5 - Maximum 
production case 
(production) 

 (48) (296)  (14) Largest (Maximum) 
production of compliant 
oil 

Case 6 - High-sulphur 
case 
(production) 

 (39)  (233)  (36) Sensitivity 
Blending of high-sulphur 
crude  
10% increase on %S 
m/m in crude slate 

Case 7 - Low viscosity 
case 
(production) 

 (39)  (233)  (36) Sensitivity 
Increasing low viscosity 
blending stocks 
(Kerosene, light gas oil) 

Case 8 - Maximum non-
marine fuel demand 
case 
(Production) 
(2020) 

 (39)  (233) (36) Sensitivity 
maximum Middle 
distillate and gasoline 
production by 
maximizing utilization 

Source:  Stratas Advisors, 2015-2016; CE Delft. 
Note: Numbers in bracket () are production numbers for 2020, numbers not enclosed in brackets are the 

demand number for 2020. 
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The supply model was used to estimate the ability of the refinery industry to supply the 
projected demand of marine and non-marine fuels in 2020 as per the scenarios outlined in 
Table 39 and discussed individually in subsequent subsections. 
 
5.7.1 Case 1: base case 
 
Case 1 is the base case. It uses the capacity projected for 30 June 2019 and assesses the 
global MGO and HFO fuel supply. It assumes the base case demand shown in Table 24 
for marine fuel and in Table 26 for non-marine fuel, given that both MGO and HFO marine 
fuels are integral elements of total middle distillate and fuel oil demand, respectively. For 
assessing marine fuels availability, the sulphur content in high-sulphur middle distillate 
(MGO 0.10% S m/m), low-sulphur fuel oil (HFO S <0.50% m/m) and high-sulphur fuel oil 
(HFO >0.50% S m/m) were specified in the model input to calculate marine fuels sulphur 
demand. 
 
In this base case, production is in line with demand for both MGO and HFO. For low-
sulphur HFO (<0.50% S m/m), the blend stock includes residue, cutter stock, unconverted 
hydrotreated oil, treated light distillate and very small fractions of kerosene in some cases. 
 
Section 5.6, Table 36, provides details about hydrodesulphurization conversion for 
different units. Hydrocracker unconverted oil contains almost no sulphur, but other 
hydrotreater sulphur removal rates are between 80% and 90%. Africa has no reported 
capacity for atmospheric residue hydrotreaters and conversion is reported as 0%. 
 
5.7.2 Case 2: low flash point 
 
This case assesses fuel availability if the minimum flash point were to be lowered from 
60°C to 52°C. It assumes the base case demand shown in Table 24 for marine fuel and 
Table 26 for non-marine fuel, given that both MGO and HFO marine fuels are integral 
elements of total middle distillate and heavy fuel oil demand, respectively. For assessing 
marine fuels availability, low-viscosity fuel oil (HFO) volume was increased to meet the 
marine fuels sulphur specification indicated in Table 26.  
 
The blend stock is mostly residue, unconverted oil from hydrocrackers, hydrotreated oil 
and hydrotreated light distillate. These blend stocks are only available for fuel oil after 
meeting middle distillate demand, and regional refineries can divert treated hydrotreated 
oil to the fuel oil pool. The model output gives no indication of a flash point issue. 
 
While the minimum flash point of most of the blend stock is over 60°C, that of kerosene 
varies from 38°C to 70°C. Refiners must ensure a minimum flash point for the fuel blend 
stock as per specification, as North America and Middle East have less than 2% of 
kerosene stream blending into fuel oil. Further reducing the minimum flash point to 52°C 
will certainly help improve fuel oil availability, if kerosene can be used to meet volume 
requirements. 
 
5.7.3 Case 3: high-demand case 
 
This is the high-demand case. For assessing marine fuels availability, non-marine fuels 
refinery production was handled as in the base case (Case 1). Under this demand 
scenario, Asia and Middle East produce all additional marine fuels, because these regions 
will have sufficient capacity (Table 40). Furthermore, these regions enjoy greater flexibility 
with the crudes available to them (both volume and quality). 
 
Each region will be able to supply MGO and high-sulphur marine HFO (>0.50% m/m S). 
However, Europe, Africa, Latin America, Russia & CIS and North America will be in short 
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supply for marine low-sulphur HFO (<0.50% S m/m), which can be supplied from the 
Middle East. In this high-demand case, Asia will be self-sufficient (Table 41). 
 
Table 40 - Global marine fuel demand and supply (2020) high case - million tonnes 

per year 

Marine Fuels Case 3: High marine fuels demand (supply) 

  Petroleum-derived fuels LNG 

Sulphur (% m/m) <0.10 % 
 SUL m/m 

<0.50 % 
 SUL m/m 

>0.50 %  
SUL m/m 

Africa 
2020 Demand 
2020 Production 

2.40  
(2.40) 

14.49  
(8.77) 

0.41  
(0.41) 

0.00 

Asia 
2020 Demand 
2020 Production 

22.60  
(22.60) 

136.17  
(135.75) 

5.68  
(5.68) 

3.59 

Europe 
2020 Demand 
2020 Production 

11.06  
(11.06) 

66.64  
(55) 

3.11 
 (3.11) 

3.88 

North America 
2020 Demand 
2020 Production 

5.29  
(5.29) 

31.87 
 (17.24) 

1.22 
 (1.22) 

2.49 

Latin America 
2020 Demand 
2020 Production 

4.33  
(4.33) 

26.08  
(24) 

1.08  
(1.08) 

0.81 

Middle East 
2020 Demand 
2020 Production 

0.96  
(0.96)   

5.79  
(42.09) 

1.49  
(1.49) 

0.81 

Russia & CIS  
2020 Demand 
2020 Production 

1.44  
(1.44) 

8.69 
 (7.02) 

0.54 
 (0.54) 

0.00 

World 
2020 Demand 
2020 Production 

48  
(48) 

290 
 (290) 

14 
 (14) 

11.57 

Source: CE Delft; Stratas Advisors, 2015. 
Note: Supply model results are in brackets. 

 
For assessing marine fuels availability, marine fuels refinery production was handled as in 
the base case (Case 1).  
 

Table 41 - Global marine fuel trade flow (2020) - million tonnes per year 

Trade flow 
fuels with a 
Sulphur 
content of 
0.50% m/m or 
less 
From/to 

Africa Asia Europe North 
America 

Latin 
America 

Middle 
East 

Russia 
& CIS 

Middle East 5 0 12 15 2 0 2 
Source: Stratas Advisors, 2015-2016. 

 
The crude volume was increased for high-demand case in both Asia (1,312 million tonnes). 
For the high-demand case, crude volume was increased in both Asia (1,312 million tonnes 
instead of 1,267) and the Middle East (502 million tonnes instead of 448). H2 consumption 
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and sulphur production were likewise increased. In Asia the former was increased from 
7,526 to 7,705 MMSCFD, relative to base case, in the Middle East from 2,827 to 2,889 
MMSCFD. The increased H2 consumption is to meet the higher demand for low-sulphur 
fuel.  
 
The blend component for HFO takes the naphtha/kerosene swing for the high case and 
will impact the flash point, as the naphtha/kero swing flash point is 40 to 70°C. Refineries 
will therefore need to ensure that the flash point of their blending components are over 
60°C. 
 
5.7.4 Case 4: low-demand case 
 
This case assumes low-demand for assessing marine fuels availability, non-marine fuels 
refinery production was handled as in the base case (Case 1). Under this demand 
scenario, marine fuels demand and production were as presented in Table 42. 
 

Table 42 - Global marine fuel demand and production - low case (2020)  
million tonnes per year 

Marine Fuels Case 4 (Low-demand case for marine fuels) 

  Petroleum derived fuels LNG 

Sulphur (% m/m) <0.10 % 
 SUL m/m 

<0.50 % 
 SUL m/m 

>0.50 %  
SUL m/m 

Africa 
2020 Demand 
2020 Production 

1.65 
(1.65) 

9.92 
(8.77) 

1.14 
(1.14) 

0.00 

Asia 
2020 Demand 
2020 Production 

15.48 
(15.48) 

93.26 
(69.66) 

15.96 
(15.96) 

4.07 

Europe 
2020 Demand 
2020 Production 

7.57 
(7.57) 

45.64 
(55) 

8.74 
(8.74) 

4.40 

North America 
2020 Demand 
2020 Production 

3.62 
(3.62) 

21.83 
(17.24) 

3.42 
(3.42) 

2.83 

Latin America 
2020 Demand 
2020 Production 

2.96 
(2.96) 

17.86 
(24.00) 

3.04 
(3.04) 

0.92 

Middle East 
2020 Demand 
2020 Production 

0.66 
(0.66) 

3.97 
(17.54) 

4.18 
(4.18) 

0.92 

Russia & CIS 
2020 Demand 
2020 Production 

0.99 
(0.99) 

5.95 
(7.02) 

1.52 
(1.52) 

0.00 

World 
2020 Demand 
2020 Production 

32.93 
(32.93) 

198 
(198) 

38.01 
(38.01) 

13.14 

Source: CE Delft; Stratas Advisors, 2015. 
Note: Supply model results are in brackets. 

 
Each region will be able to supply MGO and high-sulphur marine HFO (>0.50% m/m S). 
However, Asia, Africa and North America will be in short supply for marine low-sulphur 
HFO (<0.50% m/m S), which can be supplied from other regions. 
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Asia will be able to reduce production of low-sulphur fuel oil (HFO <0.50%S m/m). Asia 
refinery crude input is projected to decrease from 1,328 to 1,294 million tonnes, with minor 
changes to crude API and sulphur. 
 
Compared with the base case, sulphur production decreases in the Middle East and 
increases in Asia. In Asia, H2 consumption increases slightly from 7,759 to 7,787 
MMSCFD, owing to a slightly higher volume being processed in hydrocrackers and a 
higher volume in gasoil hydrotreatment (SDDG) relative to the base case. The reduced 
sulphur production is a result of the lower demand for low-sulphur fuel. 
 
In Asia, capacity utilization also decreases for most of the major processing units except 
delayed coker and LCO HDS, as feedstock availability increases towards coker. 
 
The blending components move towards heavier product, with 15% of treated light distillate 
being replaced by 9% of naphtha/kero swing and the rest replaced by hydrotreated oil 
blend. 
 
5.7.5 Case 5: maximum amount of compliant marine fuels 
 
This case assesses the maximum amount of compliant marine fuels that can be produced 
given projected refinery capacity in 2020. For assessing marine fuels supply, non-marine 
fuels refinery production was handled as in the base case (Case 1).  
 
Asia and Middle East will be able to supply a greater volume of compliant fuel oil thanks to 
the additional refinery capacity added by mid-2019. Asia will be able to increase output of 
HFO (<0.50% S), but will need sweeter crude to process. The maximum supply is indicated 
in Table 43. 
 

Table 43 - Asia and Middle East marine fuel maximum production (2020) - million 
tonnes per year 

Marine Fuels Case 5 (Marine Fuel Maximum Production)(1) 

  Petroleum-derived fuels 

Sulphur (% m/m) <0.10 % 
 SUL m/m 

<0.50 % 
 SUL m/m 

>0.50 %  
SUL m/m 

Asia 
2020 Demand 
2020 Production 

23  
(23) 

136.17 
(135.75)  

6.0  
(6) 

Middle East 
2020 Demand 
2020 Production 

0.96  
(0.96) 

5.79  
(42.09) 

1.49  
(1.49) 

Source: CE Delft, Stratas Advisors, 2015-2016. 
(1) 2020 Production numbers are in brackets (); demand numbers are not bracketed. 

 
Compared with the base case, Asia refinery input sulphur will have to decrease by 2% 
(1.07 to 1.05) and refinery crude input increase from 1,328 to 1,371 million tonnes per year. 
Middle East refinery sulphur input will remain almost the same, with minor adjustments for 
sulphur and API.  
 
Capacity utilization increases further in Asia for all processing units. In the Middle East, 
atmospheric residue hydrotreater utilization increases. In Asia, higher coker utilization 
indicates availability of high-sulphur residue oil for processing. 
 
In the Middle East, H2 consumption and sulphur production both increase. In Asia, the H2 
consumption increases significantly from 7,759 to 8,238 MMSCFD, relative to the base 
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case. Sulphur production decreases, however, as crude slate becomes sweeter to 
maximize production. 
 
There is little change in the HFO blend.  
 
5.7.6 Case 6: the impact of high-sulphur crude 
 
This case assesses the uncertainty of the quality of future crude oil production by studying 
the impact of worsening the quality of the crude oil processed (higher-sulphur crude). For 
assessing marine fuels availability, non-marine fuels refinery production was handled as 
in the base case (Case 1).  
 
The Middle East, Africa, Asia and Europe regions will be able to meet the demand for all 
fuels when crude has a 10% higher sulphur content than in the base case (see Table 31). 
Russia & CIS, Latin America and North America are projected to have difficulties meeting 
the fuel specification with respect to diesel and/or gasoline. For example, the Russia & CIS 
region will have difficulty meeting the gasoline sulphur specifications if the sulphur content 
of the crude increases, while Latin America will have a problem meeting the ultra-low-
sulphur diesel fuel specification. Compared with the base case, the Middle East could 
process up to 10% higher sulphur in the crude (2.22%S m/m).  
 
From the capacity point of view, the Middle East will be able to absorb a 10% rise in sulphur 
increase in crude; refiners will increase their production of other products, however, as 
production is dynamic with regard to meeting distillate and gasoline demand. Owing to 
higher crude consumption for other products, CDU utilization will be higher, though 
utilization of other processing units will be close to the base case. 
 
The low-sulphur blending component will increase towards hydrotreated oil, while the 
treated atmospheric residue blending fraction will decrease owing to heavier sour crude 
slate.  
 
5.7.7 Case 7: increasing low-viscosity blend stock in HFO 
 
This case assesses adding/increasing low-viscosity blend stocks towards low-sulphur fuel 
oil (HFO<0.50%S m/m). By increasing kerosene blending into the diesel pool and blending 
light gas oil and light cracked naphtha into the distillate pool, fuel oil production will 
increase. After fulfilling kerosene demand, the supply model shifts the remaining fractions 
to the diesel blend pool. After meeting gasoline demand, the additional light cracked 
naphtha will be shifted towards distillate fuels. For assessing marine fuels availability, 
marine fuels refinery production was handled as in the base case (Case 1).  
 
Low-viscosity blend stock is needed for increasing the volume of low-sulphur HFO (<0.50% 
m/m S). In the high Case 3 and maximum Case 5, the amount of blend stock needed is 
included in the model.  
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5.7.8 Case 8: maximum refinery utilization 
 
This case assesses maximum middle distillate and gasoline production by hydrocracker, 
coker, VGO hydrotreater, residual desulphurization, visbreaker and oligomerization 
utilization. By running refinery conversion units at maximum utilization, the higher yields of 
desired product (middle distillate and gasoline) are assessed here. For assessing non-
marine fuels availability, marine fuels refinery production was handled as in the base case 
(Case 1).  
 
Table 44 presents the maximum refinery production per region. North America, Latin 
America and Middle East have sufficient capacity to increase the output of middle 
distillates. Africa, Europe and Middle East can increase their output of gasoline. Overall, 
most regions can increase their output, with total production 2.6% higher by mass than 
assumed in the other cases. 
 

Table 44 - Regional Refinery Maximum Production 2020- million tonnes per year 

Refinery Production (1)  

  Africa Asia Europe North 

America 

Latin 

America 

Middle 

East 

Russia 

& CIS 

Total 

Gasoline 26  

(22) 

236  

(236) 

146  

(120) 

474  

(472) 

123 

(104) 

86 

(80) 

52  

(52) 

1,143 

(1,086) 

Naphtha 14  

(14) 

145  

(145) 

49  

(49) 

16  

(16) 

13  

(13) 

45  

(45) 

22  

(22) 

305  

(305) 

Jet/Kero Fuel 10  

(10) 

120  

(120) 

43  

(43) 

84  

(84) 

21  

(21) 

36  

(36) 

18 

 (18) 

331  

(331) 

Middle Distillate  53 

(51) 

513 

(513) 

269 

(269) 

321 

(304) 

120 

(103) 

174 

(166) 

115 

(115) 

1,565 

(1,521) 

Of which MGO <0.10 

% S m/m (2) 

2 

(2) 

18 

(18) 

9 

(9) 

4 

(4) 

3 

(3) 

1 

(1) 

1 

(1) 

39 

(39) 

marine HFO <0.50 % 

S m/m (3) 

9 

(9) 

104 

(104) 

55 

(55) 

17 

(17) 

24 

(24) 

18 

(18) 

7 

(7) 

233  

(233) 

marine HFO >0.50 % 

S m/m  

1 

(1) 

15 

(15) 

8 

(8) 

3 

(3) 

3 

(3) 

4 

(4) 

1 

(1) 

36  

(36) 

LPG 2  

(2) 

41  

(41) 

12  

(12) 

24  

(24) 

11  

(11) 

11  

(11) 

9  

(9) 

110  

(110) 

Other(4) 24  

(24) 

68 

(68) 

46 

 (46) 

115  

(115) 

113  

(113) 

90  

(90) 

81  

(81) 

537  

(537) 

Total 138  

(133) 

1,241 

(1,241) 

628  

(602) 

1,055 

(1,036) 

392  

(392) 

463  

(449) 

306  

(306) 

4,260 

(4,159) 

Source: Stratas Advisors, 2015-2016. 
(1) Numbers in brackets () are the base case (Case 1) production number for 2020. Unbracketed 

numbers are 2020 maximum production numbers. 
(2) Note that this is just MGO with a sulphur content of 0.10% m/m or less. Low-sulphur marine HFO also 

contains low-viscosity fuels. 
(3) Some of these fuels have a sufficiently low viscosity to be used in small main engines and auxiliary 

engines instead of MGO. 
(4) Includes petroleum coke, lubes, asphalt, non-marine fuel oil, other oils and miscellaneous products. 

 

5.8 Conclusions on 2020 fuel supply  
 
The modelling results indicate that the refinery industry can produce sufficient amounts of 
marine fuels of the required quality in the base case, the high case and the low case while 
at the same time supplying other sectors with the petroleum products they require. 
 
Maritime fuel demand can also be met when the minimum flash point for marine fuels is 
lowered from 60 to 52°C. Only in the Middle East can regional demand production be met 
if the crude slate contains 10% more sulphur; other regions have insufficient capacity. The 
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maximum amount of compliant fuels that the global refinery industry can produce is 24% 
above the demand projected in the base case and 2% above the demand projected in the 
high case. This maximum amount can only be produced if the crude slate is sweeter than 
in the base case, especially in Asia. 
 
Although the utilization rates of the major conversion units will need to be high, they remain 
within realistic limits. We have assumed that all units have sufficient sulphur plant capacity. 
If this assumption is not accurate, refineries will need to expand the capacity of their 
sulphur plants to fulfill 2020 demand. 
 
In all cases, but especially in the high-demand case, interregional transport of marine fuel 
will be required. If supply and demand is to be balanced in all regions, the Middle East and 
in some cases Europe and Latin America may have to export fuel with a sulphur content 
of 0.50% m/m or less to other regions. 
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6 Assessment of fuel oil availability 
 
6.1 2020 Assessment Introduction 
 
This chapter presents our assessment of maritime fuel availability in 2020 under the 
assumption that MEPC will decide to maintain the 2020 date for implementation of the 
global sulphur limit of 0.50% m/m. It compares the demand projections of Chapter 4 with 
the results of the supply modelling of Chapter 5 with the aim of assessing whether the 
refinery industry can and will produce enough to meet demand. It also considers under 
what circumstances demand or supply could evolve differently from expected and how this 
would impact on the assessment. Finally, the chapter discusses possible implications of 
occurrences of global or regional over- or undersupply. 

 
6.2 Projected 2020 demand 
 
This study projects global demand for marine fuels to amount to 319 million metric tonnes 
in the base case, 14% higher in the high case and 12% lower in the base case. The drivers 
of overall fuel demand are transport demand and operational efficiency of ships. The base 
case assumes an increase in transport demand between 2012 (the model base year) and 
2020 that is in line with the UNCTAD maritime transport work projection and the most 
recent IMF global economic growth forecast. The high case and the low case have a 8.5% 
higher and a 2.3% lower transport demand. The operational efficiency of the fleet is 5% 
worse in the high case, which has more new and efficient ships which sail slower, and 11% 
better in the low case, which sees ships sail considerably slower. 
 
It is conceivable that the economy will pick up rapidly or hit another recession; transport 
demand will then fall outside the range considered here and ships speed up or slow down 
to an even greater extent, although we are not aware of any such projections. In 2007 and 
2008, the amount of fuel consumed per tonne-mile was 25% higher than in the period 2009 
to 2012, owing mainly to faster sailing ships. We consider a return to these speeds unlikely, 
however, because the fleet is currently much larger than in 2007 and 2008, so the increase 
in transport demand would need to be very large to induce ships to increase their average 
speeds to previous levels.  
 
The fuel split is driven by investments in EGCSs and LNG-fuelled ships. If more ships are 
fitted with EGCSs or capable of sailing on LNG (and provided the prices of LNG and high-
sulphur fuels are sufficiently attractive), demand for petroleum fuels with a sulphur content 
of 0.50% m/m or less will be lower and vice versa. Many factors affect investments in 
EGCSs, as was discussed in Section 4.3: their costs, relative fuel prices, cost of capital, 
regulatory constraints, availability and yard capacity.  
 
It is conceivable that investments in EGCSs will be higher or lower than projected in any 
of the scenarios, either because assumptions pan out higher or lower than in any of our 
cases, or for other reasons. One factor that might be relevant in this respect is the ability 
of shipping companies to raise capital. If in the coming years the Ballast Water 
Management Convention (BWMC) enters into force, this will require shipping companies 
to invest in ballast water management systems, which require a similar amount of capital 
as EGCSs. If market conditions for shipping companies are unfavourable in the coming 
years, not all the owners of the 3,000 to 4,000 ships projected to invest in scrubbers may 
be able to raise sufficient capital to do so. Such market circumstances will likely be due to 
low transport demand, however, thus reducing overall demand for marine fuels. On 
balance, the demand for fuel with a sulphur content of 0.50% m/m or less is therefore 
unlikely to be higher than projected. 
 



MEPC 70/5/3 
Annex, page 61 

 

https://edocs.imo.org/Final Documents/English/MEPC 70-5-3 (E).docx 

If, on the other hand, market conditions are favourable, more companies could invest in 
EGCSs. Favourable market circumstances would be brought about by high-demand, 
resulting in higher demand for fuels. If more of that demand can have a high-sulphur 
content, because more ships are equipped with EGCSs, it will be even higher. 
 
Another reason for possible diversion from the projections could be that more or fewer new 
ships are built. For these new ships, EGCSs require lower investments because they can 
be incorporated in the original design. Consequently, EGCSs are more often cost-effective. 
If more new ships are built, demand for high-sulphur fuels would likely increase. The impact 
in 2020 would not be that great, however, because ships built in 2018 and 2019 make up 
a relatively small share of the fleet. 
 
It is also conceivable that there will be more LNG-fuelled ships by 2020 than projected in 
any scenario. But even if the number of ships were to double or triple, which is more than 
even the most optimistic outlooks project, this would not have any major impact on demand 
for compliant fuels (petroleum fuels with a sulphur content of 0.50% m/m or less) because 
the share of LNG in the fuel mix is so low. 
 
In summary, the base case, low case and high case are plausible estimates and demand 
for marine fuels in 2020 will therefore in all likelihood be within the range presented here. 
Still, scenarios are conceivable, but unlikely, in which demand will be either higher or lower. 
The main reason for demand being outside the ranges projected here would be 
unexpected economic developments (either a prolonged economic slowdown or 
unexpectedly rapid growth). Another reason could be an unexpectedly high or low 
investment in EGCSs, although this would have to coincide with much higher or lower 
transport demand to result in fuel demand lying outside the range projected by our cases. 
Although these possibilities cannot be ruled out entirely, it is most probable that demand 
in 2020 will be within the range bounded by the low case presented in this report. 

 
6.3 Projected 2020 supply 
 
This study shows that demand for petroleum-based marine fuels, which constitutes about 
6.8% of the total demand for petroleum products in the base case in 2020, can be supplied 
by refineries in the base case, as well as in the high and low case. Fuel with a sulphur 
content of 0.10% m/m or less will be predominantly middle distillate, while fuel with a 
sulphur content between 0.10% and 0.50% m/m, as well as fuel with a sulphur content 
over 0.50% m/m, will be mostly high-viscosity fuel oil and in some cases low-viscosity fuel 
oil. 
 
The main reason that the average sulphur content of marine fuels can be considerably 
lower by 2020 than it was in 2012 is that while global crude distillation capacity is projected 
to increase by 8% relative to 2012, middle distillate hydroprocessing capacity (which is 
used to desulphurize MGO and road diesel) is expected to increase by 17% and heavy 
fuel oil hydroprocessing capacity by 15%. In addition, coking and hydrocracking capacity 
will increase by 35% and 37%, respectively, and both processes also produce low-sulphur 
fuels. This allows refineries to lower the sulphur content in their products, despite a slightly 
higher average sulphur content and a 14% higher total amount of crude. 
 
The maximum amount of compliant fuels that can be produced is 24% more than demand 
in the base case and 2% more than in the high case. In order to produce this amount, the 
Asian region needs crude oil with a lower sulphur content. If, on the other hand, the sulphur 
content of crude increases, only the Middle East has sufficient hydrotreatment capacity to 
produce compliant fuels in sufficient amounts. 
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Although to the best of our knowledge new hydroprocessing units or expansions of these 
units always include sufficient sulphur plant capacity, this is not always supported by our 
capacity projections.  In our modelling, we have nevertheless assumed that the sulphur 
plant capacity will not limit the sulphur removal rates of hydroprocessing units. If this 
assumption is not accurate, refineries will need to expand the capacity of their sulphur 
plants to fulfill 2020 demand. 
 
Although the assessment of refinery capacity has been conservative and, for example, 
only projects that are projected to be completed by June 2019 have been taken into 
account in this study, it is conceivable that projects are delayed or aborted, or that projects 
planned to be completed in or after June 2019 will come on stream early. Still, over half 
the expansion in middle distillate hydroprocessing capacity projected between 2012 and 
2019 had already been realised by February 2016, as well as 20% of the heavy oil 
hydroprocessing capacity expansion. Moreover, the supply models have been run with a 
tighter fuel specification than required by MARPOL and the utilization rates have been 
limited to 90%. Hence, there is sufficient spare capacity and we do not consider this risk 
to be significant.  
 
Another reason why supply could diverge from the modelling results presented here is that 
refineries may market new blends or intermediary streams. This occurred in 2015, for 
example, when several oil companies started marketing ultra-low-sulphur heavy fuel oil in 
ECA regions, a development that had not been foreseen by many studies and reports on 
the availability and prices of marine fuels published before 2015 (see e.g. (CONCAWE, 
2009), (EPA, 2008) although (Purvin & Gertz, 2009) did consider this possibility). If this 
occurs, it is likely to increase supply and thus make it easier to meet demand for compliant 
fuels. 
 
If downtime and maintenance for residual and gas oil hydrotreatment units in the second 
half of 2019 and the beginning of 2020 is much higher than expected, the availability of 
compliant fuel oil will be impacted negatively. However, maintenance can be planned well 
in advance, and refiners may even adopt new advanced hydroprocessing catalyst to 
mitigate this risk.  
 
A faster than expected change in demand towards more ultra-low-sulphur diesel will lead 
to refiners producing more diesel from gas oil and will reduce the availability of low-sulphur 
HFO (<0.5% m/m S). Refiners can mitigate this risk by using more medium sweet crude. 
 
Finally, a change in the crude slate, for example as a result of geopolitical tensions, may 
affect the availability of compliant fuels. If the resulting slate contains more high-sulphur 
crude, more hydrotreatment will be required to produce sufficient amounts of compliant 
fuels. Because of the conservative assumptions in the modelling, this need not change the 
conclusion. Conversely, if the crude slate is sweeter on average, more compliant fuel may 
be produced. 
 
In summary, the refinery modelling indicates that a sufficient amount of fuel oil of the 
required quality can be produced for the base case, the low case and the high case for 
demand. In fact, there seems to be sufficient capacity to produce more than the high case 
as a result of anticipated capacity expansions, with capacity likely to increase still further 
after June 2019. Still, scenarios are conceivable, but unlikely, that refineries will be unable 
to supply a sufficient amount of compliant fuels. The main risks are that refinery expansion 
projects are delayed or aborted, suitable grades of crude are unavailable, demand shift 
towards ultra-low-sulphur diesel happens earlier than currently planned, or that refineries 
face capacity downsizing owing to unplanned shutdowns. Although unexpected 
developments cannot be ruled out, all information currently available indicates that the 
global refinery industry will be able to produce marine fuels in sufficient quantities in 2020. 
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6.4 Matching supply and demand 
 
The previous two sections showed that a thorough analysis of the best available 
information indicates that a sufficient amount of marine fuels will be available in 2020 
globally to comply with regulation 14 of MARPOL Annex VI. This section analyses what 
could happen if unexpected developments result in a global oversupply or shortfall of 
marine fuels and what the impact of regional surpluses or shortages would be. 
 
If, unexpectedly, there were to be a global shortage of marine fuel with a sulphur content 
between 0.10 and 0.50% m/m, this would result in an increase in the price of this type of 
fuel. This would have the following consequences: 
 

.1 EGCSs and LNG engines will become more economically viable for a larger 
number of ships. More shipping companies would invest in these 
technologies, but because there is a considerable lead time between an 
investment decision and actual installation, this will not start to have an 
impact on demand until about a year after the price increases; 

 
.2 higher fuel prices will induce ships to slow down, thus reducing demand for 

fuel and mitigating the impact of the production shortfall. Speed changes 
cannot always be implemented instantaneously because of charter 
contracts and delivery schedules, but they can have an impact on demand 
on a shorter time scale than investments in EGCSs and LNG engines;  

 
.3 As the price difference between fuel with a sulphur content of 0.50% and 

0.10% becomes smaller, the latter becomes more attractive and ships may 
increasingly use it; and 

 
.4 higher prices make blends that were previously uneconomical to market 

become viable alternatives, allowing fuel suppliers to increase the supply of 
compliant fuels. 

 
All these actions would mitigate the impact of a global shortfall of compliant fuels. 
 
Even though this report considers a global shortfall of the availability of marine fuels very 
unlikely, it expects regional shortfalls to occur, although they would be offset by surpluses 
in other regions. There are two ways in which this can be addressed: 
 

.1 fuels can be transported from one region to another. Since an oversupply 
of fuel with a sulphur content of 0.50% or less is projected in Latin America, 
Europe and the Middle East and a shortfall in Africa, Asia and North 
America, fuel may be transported from any of the former regions to any of 
the latter regions in order to balance regional supply and demand. This is 
already standard practice and will not require a change in business 
practices; and 

 
.2 ships can change their bunkering patterns. Regions that have an 

oversupply of compliant fuels will most likely have lower prices than regions 
that need to import fuels from elsewhere. As a result, interregional shipping 
will bunker to a greater extent in regions where there is an oversupply of 
fuel. 
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7 Fuel Availability Study Conclusions 
 
The overall objective of the project has been to conduct an assessment of the availability 
of fuel oil with a sulphur content of 0.50% m/m or less by 2020. To that end, demand for 
marine fuels has been modelled and a thorough analysis conducted of the ability of the 
refinery industry to produce the required quantities of fuel while at the same time supplying 
refinery products to other sectors. 
 
The total energy demand for maritime transport is projected to increase from 11.9 EJ 
(2012) to 11.4 to 14.6 EJ as a result of transport demand growth and changes in fleet 
composition and technical and operational efficiency. The base case projects energy 
demand to be 12.8 EJ in 2020. 
 
Energy demand can be met by a mix of: 
 

.1 petroleum fuels with a sulphur content of 0.10% m/m or less (in order to 
comply with emission control area requirements and in engines that use 
MGO); 

 
.2 petroleum fuels with a sulphur content between 0.10% and 0.50% m/m; 

 
.3 petroleum fuels with a sulphur content of over 0.50% m/m in combination 

with an EGCS; and 
 

.4 LNG. 
 
Other fuels are not projected to provide any significant share of the energy consumption 
of the marine sector. 
 
The consumption of LNG, both in LNG carriers that use the boil-off cargo for propulsion 
and in ships with LNG engines, is projected to increase from 8 million tonnes in 2012 to 
11 to 13 million tonnes in 2020. 
 
EGCSs are projected to be installed on ships that collectively consume 14 to 38 million 
tonnes of HFO by 2020. 
 
The study has developed three scenarios, a base case with moderate transport demand 
growth, fleet renewal, LNG and EGCS uptake, a high case with higher transport demand 
growth and fleet renewal and lower uptake of EGCSs and LNG, so that demand for 
compliant petroleum fuels is larger, and a low case which is the mirror image of the high 
case. Table 45 shows the fuel demand in each of these cases. 
 

Table 45 - Fuel demand projections in the base case, high case and low case 

  
Sulphur content (% 
m/m) 

Petroleum derived fuels LNG 

<0.10% 0.10-0.50% >0.50% 

 Million tonnes per year 

Base case 39 233 36 12 

High Case 48 290 14 12 

Low Case 33 198 38 13 

 
Non-marine petroleum demand will increase by 13% between 2012 and 2020 to 4,190 
million tonnes per year. 
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Overall refinery capacity is projected to increase by 8% between 2012 and June 2019. 
Hydrocracking capacity will increase by 37%, middle-distillate hydroprocessing by 17% 
and HFO hydroprocessing by 15% (see Figure 5).  
 

Figure 5 - Refinery capacity increases 2012 - June 2019 

 
Source: Stratas Advisors, 2015-2016. 

 

With projected refining capacity for June 2019 as an input, the refinery model was used to 
analyse whether sufficient amounts of compliant maritime fuels can be produced in 2020, 
while at the same time meeting demand for other products and not producing products for 
which there is insufficient demand. The model takes into account that the average sulphur 
content of crude oil will increase between 2012 and 2020 and that non-marine fuels will be 
subject to lower sulphur limits in many countries and territories. 
 
In the base case, capacity utilization rates of Crude Distillation Units are close to 60% in 
all regions, while hydrocracking and hydroprocessing units have a higher utilization on 
average, although never higher than 83% and lower than the regional maximum observed 
in 2012. 
 
The analysis demonstrates that in all cases, as well as in a number of sensitivity scenarios, 
the refinery sector can produce sufficient amounts of maritime fuels with a sulphur content 
of 0.50% m/m or less to meet demand, while at the same time producing fuels for other 
sectors of the required quality. The maximum amount of compliant fuels that the global 
refinery industry can produce is 24% above the demand projected in the base case and 
2% above the demand projected in the high case. 
 
The maritime fuels with a sulphur content between 0.10 and 0.50% m/m will typically be 
blends of residuals, hydrotreated residuals, heavy fractions from hydrocrackers and lighter 
hydrotreated fractions. The blend varies per region, depending on regional refinery 
capacity and crude inputs. The viscosity of the fuels ranges from 10 cSt to 180 cSt. The 
maritime fuels with a sulphur content of 0.10% m/m or less will be marine gasoil. 
 
While globally, supply and demand are balanced, regional surpluses and shortages will 
occur. In most cases, the Middle East has an oversupply that can be transported to other 
regions to offset regional shortages. In some cases, other regions have a higher production 
than consumption as well. 
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Introduction 
 
1 MARPOL Annex VI, regulation 14.8, requires a review of the standard set forth in 
regulation 14.1.3 to be completed by 2018 to determine the availability of fuel oil to comply 
with the fuel oil standard set forth in that paragraph. 
 
2 The Parties to MARPOL Annex VI may decide whether it is possible for ships to 
comply with the date in regulation 14.1.3 of MARPOL Annex VI based on 
information developed by the group of experts established according to regulation 14.9 of 
MARPOL Annex VI. 
 
3 MEPC 68 established the terms of reference for the fuel oil availability study and 
appointed a Steering Committee to act as a focal point for the activity. MEPC 68 also decided 
that the Steering Committee would be de facto the "group of experts" mentioned in 
regulations 14.9 and 14.10 of MARPOL Annex VI. The Steering Committee submitted its report 
to the Committee (MEPC 70/5/6).  
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Multi-stakeholder study 
 
4 Shortly after the IMO fuel availability study was launched, a highly qualified consultant 
offered to conduct a supplemental study guided by the IMO terms of reference as set out in 
document MEPC 68/21. The stated objectives of the proposal included informing the debate 
by providing additional insights and reducing uncertainties, thereby providing a stronger basis 
for a sound decision. Sponsorship was sought from national and international shipping and 
refining industry organizations. Five organizations, including IPIECA and BIMCO, and covering 
a broad geographic spectrum, elected to co-sponsor this work. 
 
5 An executive summary report with the result of this supplemental study is provided as 
an annex to this document. The full report can be found in document MEPC 70/INF.9. 
 
Action requested of the Committee 
 
6 The Committee is invited to review the results of this supplemental study in addition 
to the report of the Steering Committee and to take action as appropriate. 
 
 

*** 
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Acronyms & Abbreviations 

bbl    Barrel 

boe   Barrel of oil equivalent (on energy content basis) 

b/d   barrels per day 

BTX   Benzene, toluene, xylene (mixed) aromatics 

cd calendar day – used in reference to plant capacity to denote 

maximum long term sustainable throughput allowing for planned 

shutdowns (see CD)  

CTL   coal-to-liquids 

DM   Distillate Marine (per ISO 8217 Specification) 

DWT   Deadweight capacity of a ship 

ECA    Emissions Control Area 

EIA    Energy Information Administration 

EPA    Environmental Protection Agency 

FCC   fluid catalytic cracker 

HCR   hydrocracker 

HDS   hydrodesulphurization (unit) 

HFO   heavy fuel oil (taken in this report as equating to IFO) 

H2S   hydrogen sulphide 

HS   high sulphur  

GTL   gas-to-liquids 

IEA    International Energy Agency 

IEO   [EIA] International Energy Outlook 

IFO   (marine) intermediate fuel oil 

IMO    International Maritime Organization 

ISO    International Standards Organization 
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LNG   liquefied natural gas 

LS   low sulphur 

MARPOL   International Convention for the Prevention of Pollution from Ships 

mb/d    million barrels per day 

mb/cd    million barrels per calendar day (referring to refinery plant capacity) 

mtpa   million tonnes per annum 

MDO   marine diesel (taken here as equating to ISO-8217 DMB) 

MGO   marine gasoil (taken here as equating to ISO-8217 DMA) 

MTOMR  [IEA] Medium Term Oil Market Report 

NGL’s   natural gas liquids 

RO-RO   Roll-on/ roll-off – ship designed to carry wheeled cargo 

RM   Resid Marine (per ISO 8217 Specification) 

scf/d   standard cubic feet per day (of natural gas or hydrogen) 

scf/cd   standard cubic feet per day (in reference to capacity) 

sd stream day – used in reference to plant capacity to denote maximum 

short term throughput (see CD)  

st/d   short tons per day (1 short ton = 2000 lbs) 

st/cd   shorts tons per calendar day (in reference to sulphur plant capacity) 

VLCC   Very large crude carrier 

WORLD   [EnSys] World Oil Refining Logistics Demand Model 

WEO   [IEA] World Energy Outlook 

WOO   [OPEC] World Oil Outlook 

UNEP   United Nations Environmental Protection 

‘switch volume’ the volume of high sulphur marine fuel to be converted to 0.5% 

sulphur standard under the IMO Global Sulphur Cap  
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1 Introduction 

 

MARPOL Annex VI calls for a Marine Fuel Availability Study that will inform the debate, 

scheduled for MEPC 70 in October 2016, and the related decision to be taken by the IMO, 

over whether the 0.5% Global Sulphur Cap should be implemented in 2020 or delayed to 

2025. EnSys and Navigistics, as others, have believed for some time that the IMO decision 

will have major impacts on the maritime and refining industries, as well as the global 

environment. We have also been concerned that any single study would generate debate 

whereas adding a second study could reduce uncertainty and place the IMO in a stronger 

position to make a sound decision.  Accordingly EnSys Energy and Navigistics Consulting 

have undertaken this Supplemental Marine Fuels Availability Study with the aim of providing 

additional insight and a ‘second opinion’ that will inform the IMO and stakeholders. As 

always in these studies, our goal has been to provide an assessment that is impartial, 

objective and thorough.   This work has been executed with sponsorship from several 

associations, namely: IPIECA, BIMCO, Fuels Europe / CONCAWE, Canadian Fuels Association 

and Petroleum Association of Japan.    

In undertaking this analysis, we have been mindful of the Terms of Reference for the IMO 

study and have aimed to address the items raised therein.  This Summary Report 

summarises the work we have undertaken, our methods, findings and conclusions. The full 

Final Report contains several sections and appendices covering: 

 

 The Navigistics demand analysis comprising (1) findings from our detailed evaluation 

of scrubber potential, (2) an assessment of projected total 2020 marine fuels ‘base’ 

demand, i.e. before application of the Global Sulphur Rule and (3) resulting assessed 

potential required ‘switch volumes’ of HS HFO to LS (0.5% sulphur) compliant fuel.   

 The use of EnSys’ proprietary WORLD model, a fully integrated model of the global 

petroleum ‘liquids’ supply, refining, demand and trade industry that has been in use, 

calibrated and verified since 1987. The WORLD Model cases and associated premises 

are detailed including our refinery capacity outlook.   

 The results from the WORLD Model cases which get to the heart of the analysis, 

including discussion of a range of factors that could influence the results either ‘up’ 

or ‘down’.  These provide a critical context for viewing and evaluating the Model 

results themselves. The factors reviewed cover both features of the WORLD Model 

itself which are likely to influence results and external developments which could 

affect the premises used and hence results.   
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 Appendices which provide (a) background on the EnSys WORLD Model, (b) detail on 

refinery projects and (c) supporting detail on WORLD Model results, including 

refinery operations and CO2 emissions, crude and product movements and marine 

fuel blends.   

  

  

 

  

  

Price Terminology Used in the Report 

In order to maintain clarity, throughout this Report, ‘price’ is used solely 

to refer to published reported prices, as for instance 2015 average 

reported prices for selected crude oils and products or ‘world’/IEA 

import crude oil price as included in the IEA WEO.  ‘Supply cost’ is used 

to refer to results generated within the WORLD Model relating to 

products and crude oils.  In mathematical terms, the Model generates 

‘marginal prices’. These EnSys equates to open market prices for crude 

oils or products but – again – to avoid confusion – we refer to these as 

‘supply costs’.  Likewise, when used, the terms ‘differentials’, ‘margins’ 

and ‘crack spreads’ refer to WORLD Model results that have been 

derived from Model supply costs.  
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2 Executive Summary 

EnSys, refining and oil markets specialists, and Navigistics, marine specialists, have 

combined their experience and expertise to evaluate the outlook for marine fuels supply 

and demand in 2020 on the basis that the MARPOL Annex VI 0.5% sulphur Global Fuel 

standard would be implemented at the start of that year. Our goal is to support the IMO 

and stakeholders in making their decision on 2020 versus 2025 timing by conducting an 

analysis which supplements the ‘2018’ study now being undertaken by another contractor 

for the IMO, i.e. to provide a ‘second opinion’ which should hopefully reduce the range of 

uncertainty facing the IMO.    

This Summary Report and the associated Final Report present our findings with respect to 

the following key questions: 

1. What is the marine fuel outlook for 2020, firstly for total demand and then, critically, 

for the volume that would need to be ‘switched’ from high sulphur to 0.5% sulphur 

fuel to meet the IMO Global Sulphur Cap?  

2. What is the likely range of variability or uncertainty in the ‘switch volume’ outlook? 

3. What are the potential options for formulation of the 0.5% Global Fuel?     

4. What is the base outlook for global ‘liquids’ supply, demand and refining in 2020 

including the level of available refining capacity?  

5. Given the above: 

a. How is the global refining industry likely to respond and adapt its operations?  

b. Will it be able to meet the full Global Rule supply requirements? 

c. What are the expected economic impacts across marine fuels and all other 

fuels worldwide as a result of the Global Sulphur Cap?  

Our ‘bottom line’ assessment from having addressed the above, item by item, is that: 

 The uptake of scrubbers will be limited by end 2019 such that the required ‘switch 

volume’ from high sulphur to Global Fuel standard is estimated as 3.8 mb/d (195 

million tpa) plus and minus a range of uncertainty 

 Based on this outlook, the global refining industry will lack sufficient capacity in one 

critical respect in 2020, namely sulphur plant and to a lesser degree hydrogen plant, 

(both vital to the ability to desulphurise refinery streams) to fully respond to the 

Global Sulphur Cap  

 However, even if sufficient sulphur and hydrogen plant capacity were to become 

available, which we believe to be unlikely, for the industry to attempt to fully 

respond to the Global Sulphur Cap in 2020 would lead to severe strains on global oil 

markets with sharply increased supply costs not only for marine fuels but, critically, 

for nearly all fuels in all regions worldwide.  Further, the scale of the needed refining 

adjustments and the impossibility in the refining industry of adding capacity in 
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months rather than years are such that strained supply and markets can be expected 

to be sustained over an extended period 

 Even the possibility of alleviating the market strain through the expansion of markets 

for HS HFO displaced from consumption on ships is uncertain, would take time and 

would bring its own consequences including increases in crude oil and – potentially - 

product costs stemming from increased use of crude oil.   Further, it could result in a 

reallocation of HS fuel and emissions from ships to land rather than a net reduction 

in sulphur emissions.     

The balance of this Summary Report sets out the basis for these findings.  

 

2.1 2020 Marine Fuels Demand 

We developed our 2020 marine fuel demand perspective using the IMO’s 3rd GHG Study as 

our basis. We assessed the likely impact on global marine fuel demand of increased ships’ 

speeds based on projected marine distillate costs in 2020 (based on $80 per barrel Brent 

crude oil) and actual vessel speeds in 2016 - based on a sampling of data for bulkers (over 

60k DWT), containerships (over 3,000 TEUs), and crude oil tankers (over 80k DWT). The 

speed adjustment increased marine fuel demand by 7.1%. We conducted a survey of 

Exhaust Gas Cleaning System Association (EGCSA) members to determine the actual 

scrubber installations to date and calculated the expected installation of scrubbers by year-

end 2019 based on those findings. Scrubbers are predicted to be installed on ships 

consuming 48 million tons of HS IFO in 2020.  Our total calculated marine fuel consumption, 

with speed up, in 2020 is 342 million tons (energy balanced). (3rd GHG Study scenario 

average was 330 million tons.) The most critical finding, from a fuel availability perspective, 

is that we assess the need to “switch” 205 million tons of HS HFO to 195 million tons (3.8 

mb/d) of marine distillates (or other 0.5% sulphur fuel).1  Exhibit 2-1 summarises this central 

assessment.  

                                                      
1 The tons and volume differences derive from the energy content differences as per Exhibit 2-1.  
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Exhibit 2-1 Navigistics 2020 Marine Fuel Demand Outlook (Energy balanced) 

Allowing for a greater degree of vessel speed-up could, we believe, raise required ‘switch 

volume’ to around 4.2 mb/d.  We thus set out a range of +/-0.4 mb/d around our central 

estimate of 3.8 mb/d.  This central estimate for a 3.8 mb/d (195 mtpa) switch volume to 

marine distillate equates to a reduction in 2020 marine HFO demand from 253 to 48 mtpa 

(per Exhibit 2-1).  Since 2020 inland HFO demand is projected at 210 mtpa (3.7 mb/d), the 

effect of the Global Sulphur Cap is thus to drop total 2020 HFO demand by some 44%. 

   

2.2 2020 Global Fuel Formulation 

Most earlier studies have expressed the view that the Global Sulphur Cap would require a 

switch to 0.5% sulphur marine distillate.  However, the fact is 0.1% sulphur ECA fuel 

offerings have included proportions of heavier fuels. There is also a clear refining incentive 

to produce heavier compliant fuels as these would use less distillate, more heavy 

components and thus be lower cost.  We therefore assessed that Global Fuel compliance via 

100% marine distillate would not be realistic.    

Our High MDO cases assumed 90% MDO (at DMB standard) and 10% heavier fuel.2  This low 

penetration scenario for heavier fuel can be taken to reflect either an initial situation, early 

in 2020, where the refining and blending industry reacts by supplying predominantly 

previously proven marine (distillate) fuels and/or a somewhat longer term situation where 

technical or other issues relating to heavier fuel grades have continued to limit their 

acceptance.    

                                                      
2 ECA and non-ECA marine distillates (other than Global Fuel) were taken to be at DMA standard.  

Navigistics 

Scenario

MJs/ 2020 MJs/ 2020 2020 2020

Ton (1) Ton (1)

HS HFO 253 41,030 10,380,590 1,969,440 1,969,440 40,900 48 (205) (3.6)

ECA & Global 

Fuels
88 43,555 3,832,840 12,243,990 43,340 283 195 3.8

LNG (2) 11 51,919 571,109 571,109 51,919 11 0 0

352 14,784,539 14,784,539 342

mTons/ 

yr
MJs/ Year MJs/ Year MJs/ Year

mTons/ 

yr

mTons

/ yr
mb/d

Notes:

1. Mjs/ton energy contents were derived from WORLD Model results for marine fuels, No 0.5% from the 2020 Base Case and With 

0.5% from the Mid Switch High MDO case.

2. LNG is included at a fixed percentage of global marine fuel consumption (on an energy content basis) to be consistent with the 

IMO 3rd GHG Study. 

Switch

Weight Basis - 

Metric (MJ/kg)
2020 2020 Scrubbers

No 0.5% With 0.5%
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We also examined Low MDO scenarios with higher levels of penetration by heavier 0.5% 

marine fuel types, anything from a light to a heavy IFO but always within ISO 8217 

specifications for RM grades. (There is nothing in the IMO MARPOL Annex VI regulation 

which states that the Global Fuel must be a particular grade.)  For the Low MDO scenario, 

we opted to be relatively conservative and assumed that, during 2020, acceptance and 

penetration of heavier 0.5% sulphur marine fuel formulations could at best reach around 

half of the total 0.5% marine fuel supplied.   The resulting WORLD Model cases are as 

summarised in Exhibit 2-2 below.  

 

WORLD Model Cases 

Case 
No. 

Year Case Description Global 
Fuel 

Switch 
Volume 
mb/d 

Switch 
Volume 

mtpa 

% MDO 
in Global 

Fuel 

0 2015 Base / Calibration Case No 0 0 0% 

1 2020 Base Case No 0 0 0% 

2 2020 Low Switch – High MDO Yes 3.4 175 90% 

3 2020 Mid Switch – High MDO Yes 3.8 195 90% 

4 2020 High Switch – High MDO Yes 4.2 215 90% 

5 2020 Low Switch – Low MDO Yes 3.4 175 50% 

6 2020 Mid Switch – Low MDO Yes 3.8 195 50% 

7 2020 High Switch – Low MDO Yes 4.2 215 50% 

 
Exhibit 2-2 WORLD Model Cases 

 

2.3 2020 Global Demand 

Given the scale of the recent drop in crude oil prices, we see it as essential to use as a basis 

for our global (WORLD) modelling a ‘top down’ supply/demand/world oil price outlook that 

reflects this development.  Outlooks available to us in March that had been produced in 

2015 or early 2016 by the three main agencies that develop public world supply/demand 

projections, namely the IEA, EIA and OPEC Secretariat, ranged from a low of 97.4 to a high of 

100.5 mb/d for global demand in 2020.  As a ‘central’ case, and effectively the IEA’s 

reference long term outlook, we elected to use the IEA WEO New Policies Case which 

projects 2020 demand at 98.9 mb/d.  (After applying our 2020 Base Case marine fuels 

outlook, this adjusts to 99.2 mb/d.)  

Since that time, two new EIA outlooks have 2020 demand at 100.3-101.5 mb/d and a recent 

comment by a prominent energy analyst Daniel Yergin would appear to indicate that his 

analytical firm, IHS, now sees 2020 demand at 101.3 mb/d.  Therefore, as further discussed 
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below, the outlook used is somewhat low compared to latest projections, with implications 

for the impacts the Global Sulphur Cap would have.   

The WEO New Policies case projected world oil price in 2020 at $80/barrel.3  EnSys 

combined ‘top down’ regional projections for supply and demand in the WEO with ‘bottom 

up’ detailed data on crudes and non-crudes supply and on demand by product to flesh out 

the base supply/demand picture for 2020.   

 

2.4 2020 Refining Capacity 

In developing the basis for this study, EnSys undertook a thorough update to our refinery 

capacity, projects and closures data. For this, we drew on multiple sources. We have 

continued to make limited adjustments to that outlook and have incorporated our latest 

assessments as of early June into our modelling. Recognising that projects by definition 

comprise somewhat of a moving target,  we project that total capacity additions from 

projects for 2016 through 2019 are likely to add some 5.6 mb/cd of new distillation capacity 

together with close to 3 mb/cd of upgrading capacity and 3.6 mb/cd of desulphurisation.  

Partially offsetting these additions, we have assessed potential closures to end 2019 at 2 

mb/cd. Combining these developments with base capacity as of January 2016 leads us to 

projected available capacity at end 2019 of 101.3 mb/cd to which WORLD Model cases 

added a further 0.3 to 0.45 mb/cd of capacity via minor debottlenecking (small capacity, low 

cost expansions).  The resulting total of around 101.7 mb/cd of 2020 available capacity is 

close to the 101.8 mb/cd projected by the IEA in its February 2016 MTOMR.   

As a key component of our refinery capacity analysis, we paid particular attention to 

capacity ‘effective availability’ (i.e. maximum utilisation rate).  Capturing this distinction 

versus ‘nameplate’ capacity is essential to developing realistic assessments of global refining 

system capability.  We used our 2015 Calibration case as a means to fine tune values in 

order to get the Model set to the right degree of ‘tightness’ in the global system (i.e. a good 

match to major published 2015 crude and product price differentials); also to achieve 

regional refinery throughputs that were close to 2015 actuals.  

Finally, we also paid particular attention to supplementing published data for hydrogen and 

sulphur plant capacities via additional research and Model checks. We did this to ensure 

that the 2020 Base Case would have adequate – but not much excess – hydrogen and 

sulphur plant capacity against which the impacts of the Global Fuel cases could be gauged.        

                                                      
3 IEA import price in $2014.   
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2.5 WORLD Model Case Results 

2.5.1 2020 Base Case (No Global Fuel)  

As previously noted, significant time was spent achieving a good 2015 Calibration case.  The 

initial 2015 case was adjusted in June for minor assessed refinery base capacity changes.  All 

subsequent 2020 cases were run using the adjusted refinery capacity data, i.e. the figures 

presented above. The next step was the 2020 Base Case, i.e. no Global Fuel.  This 

constituted a key reference point against which the impacts of the two sets of three Global 

Fuel cases could be evaluated.  Versus 2015, the 2020 Base Case shows differentials for 

(inland) diesel versus HS IFO that are within but close to the upper end of the recent 

historical range.  This derives from an embedded projection of continuing growth for 

diesel/gasoil and jet/kerosene demand.  As we discuss below, this outlook may not fully 

reflect a recent softening in (inland) diesel demand growth.      

2.5.2 2020 Global Fuel Cases 

The two sets of Global Fuel cases simulate substantial, and relatively immediate, changes 

imposed on to the 2020 Base Case.  The results point to severely strained and potentially 

infeasible refining sector conditions, impacting supply costs for all products across all world 

regions, not just marine fuels.   Regarding the two sets of cases, the High MDO series had 

greater impacts on the system and product supply costs than the Low MDO (High Heavier 

Fuel) cases.  This is to be expected since the allowed heavier marine fuels are generally 

easier and less costly to produce.  Equally, the impacts increased in going from Low to Mid 

to High Switch volumes.     

2.5.2.1 Inadequate Capacity 

Our view is that in 2020 the global refining industry will lack sufficient sulphur plant and 

secondarily hydrogen plant capacity to fully meet the Global Sulphur Cap, i.e. switch 3.8+/- 

mb/d (195+/- mtpa) to 0.5% Global Fuel standard.  This is based on our assessment that 

expected 2020 hydrogen and sulphur plant capacity, in the form of current base plus firm 

projects less effects of closures, will not be adequate to meet the increased 

desulphurisation load (which requires hydrogen as a key input and produces H2S which must 

be recovered in sulphur plants).  Based on the hydrogen and sulphur plant effective 

availabilities we employed, additional hydrogen plant capacity would be needed to the tune 

of some 35-50% of the level of additions via known 2016-2019 projects (and an increase of 

20-35% over the 2020 Base Case which allowed for and included hydrogen plant additions 

equating to 17% of firm projects).  While this might be plausible, the corresponding level for 

sulphur plants is that further additions equating to 60-75% of the planned 2016-2019 

projects would be needed to meet the industry’s sulphur recovery needs under the Global 

Fuel cases.  (The 2020 Base Case showed only 2% of further sulphur plant additions needed 

beyond projects.)  



Supplemental Marine Fuel Availability Study 

July 15, 2016 

 

  
9 

 
  

Even if we are being overly conservative on hydrogen and sulphur plant maximum 

utilisations, (we have global averages of around 70-75% of calendar day capacity for 

hydrogen plants and 48.5-52.5% for sulphur plants depending on the case), the message is 

that we do not see 2020 capacity for these units as adequate to meet the increased sulphur 

recovery load under the Global Fuel cases.  

In addition, we placed constraints on the level of FCC stack gas SOx emissions allowed in the 

Global Fuel cases.  This was necessary because FCC’s act as partial sulphur removal units; 

increased feed sulphur leads to increased sulphur, in the form of SOx, in FCC stack gas.  In 

the Global Fuel cases, we only allowed FCC stack gas emission to rise provided FCC SOx 

scrubbers were installed.  In the Global Fuel cases, SOx scrubbers were installed at the level 

of some 200 – 400 st/d of sulphur removal capacity.  Firstly, the fact that such capacity was 

installed in the Global Fuel cases confirms the pressure to raise FCC feed sulphur levels.  

Second, and more critical here, we do not believe such capacity would be installed by 2020 

(or an equivalent alternative in the form of FCC feed desulphurisation units).   This projected 

inability to handle increased FCC sulphur emissions adds to the projected inability to handle 

the increased hydrogen and sulphur recovery requirements.   

Our Model cases show that, if extra hydrogen, sulphur recovery and FCC SOx scrubber 

capacity were to exist,  the global system’s hydrocrackers and desulphurisation units should 

be able to handle the needed extra sulphur removal load, albeit with associated severe 

market strain developing as detailed below.  Base Case sulphur removal load of around 

69,000 st/d total on the hydrocracker and desulphurisation units would need to rise to 

79,000 +/- st/d in the Global Fuel cases.  We have not evaluated the degree to which this 

increase would comprise increases in feed sulphur level with relatively little change in 

percent desulphurisation levels or would entail appreciable increases in percent 

desulphurisation. (The latter is less likely to be achievable.)  We believe mainly the former.   

However, our view is that this result – that the global system’s hydrocracking and 

desulphurisation units can handle the increased load - needs to be treated with some 

degree of circumspection since desulphurisation processes tend to be limited in terms of the 

maximum percentage desulphurisation they can achieve.    

Overall, on the above basis, we believe full compliance with the Global Sulphur Cap is not 

feasible with the refinery equipment expected to be in place in 2020.  Put another way, for 

the global refining system to be able to adjust fully to the Global Sulphur Cap in 2020, we 

believe additional sulphur and hydrogen plant beyond expected 2020 capacity plus FCC SOx 

scrubber capacity would be needed.   

The projections selected and developed under this study for 2020 global demand and 

available refining capacity are broadly similar to those being projected by the IEA.  However, 
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where we differ with the IEA is on projected ‘switch volume’ to compliant fuel under the 

Global 0.5% Sulphur Rule.  Against our assessment here of 3.8 mb/d (195 mtpa)4, (3.4 mb/d 

[175 mtpa] without any vessel speed up), the IEA has presented in its 2015 and 2016 

MTOMR’s switch volumes of respectively 2.2 and 2.0 mb/d (approx. 110 and 100 mpta).  At 

the same time, they have declared that they see those volumes as causing severe challenges 

to the global refining industry.   

 

2.5.2.2 Major Changes to Refinery Operations, Marine Fuels Blending, Crude and 

Product Movements  

The Model cases (run with hydrogen and sulphur plant capacity added in order to obtain 

feasible results) quantify and illustrate that the Global Sulphur Cap would have extensive 

impacts on refinery processing, marine fuel blending and crude and product routing.   

Essentially all refinery units would be affected.  As components of the mechanism by which 

refiners would react: 

 Crude runs would increase by 0.25-1.25 mb/d (approx. 12.5-62.5 mtpa).  This is 

because of increased processing intensity and associated fuel and hydrogen use and 

because throughputs to cokers5 would be maximised in order to process high 

sulphur residua which have to be removed from the marine fuel pool  

 Operations would change on FCC units (notably increases in low sulphur resid feed) 

and on hydrocrackers 

 Desulphurisation load on HDS units and hydrocrackers would rise and throughputs 

would be maximised 

 Catalytic reforming unit severities would rise to generate more hydrogen, needed as 

part of the increased desulphurisation load. This shift would affect yields of LPG 

streams and gasoline ‘reformate’ from catalytic reformers, in turn impacting gasoline 

and LPG economics 

 All of these assuming the increased hydrogen and sulphur plant capacity described 

above. 

 Refinery CO2 emissions are also projected to increase under the Global Sulphur Cap 

because of the increase in refinery processing intensity.    

                                                      
4 The advent of the 0.5% Global Sulphur Cap, would at 3.4 – 4.2 mb/d switch volume increase total global 
distillate demand (gasoil/diesel plus jet/kero) ‘overnight’ by some 10%.  Since IFO today contains proportions 
of lighter, distillate type, blendstocks as well as residual streams, the total volume of residual fuel to be 
upgraded to distillate and desulphurised to 0.5% would be less than the assessed 3.8 mb/d central switch 
volume (from HFO to MDO or other compliant fuel) but the impact on global refining would still be substantial.   
5 Cokers (delayed or fluid coking units) ‘crack’ most frequently low quality vacuum residual streams to lighter 
components but some 30-40 weight percent of the product yield is solid petroleum coke which is ‘lost’ from 
the petroleum liquids system.   
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Whether the industry would be able to achieve worldwide the full suite of changes shown as 

needed would be very dependent on actual operating capacity, on achievable utilisation 

rates and also on the evolution by 2020 of global supply and demand, including the quality 

of the global crude slate.      

In terms of marine fuel blending, Model results show that the Global Sulphur Cap would 

lead to up to 2.8 mb/d (approx. 145 mtpa) of distillates/VGO plus low sulphur resid being 

added to the global marine fuel pool and over 2.6 mb/d (close to 150 mtpa) of medium and 

high sulphur residual removed.  (The quantity differences are in part because of different 

volume energy contents.)   Taken down to the refinery and port/blender level, these equate 

to massive changes in marine fuel blends across the sector.   

In similar vein, Model results show changes to regional crude runs and major shifts in crude 

flows.  At the aggregate level, the 2020 Mid Switch High MDO case projects 44 mb/d 

(approx. 2,200 mtpa) of crude oil trade between the major regions (up from 43 mb/d 

[approx. 2,150 mtpa] in the Base Case).  Of this 44 mb/d, there are over 8.5 mb/d (approx. 

430 mtpa) of crude oil routing changes, i.e. 20% of exported crude.  Changes in product 

flows are also identified as being substantial. These, like the refining changes, constitute a 

major set of realignments for the industry to accomplish and ones that would not be 

achieved overnight or likely even in a few weeks.  (Apart from anything else, transit times on 

longer crude hauls run in the range of 15 – 30 days and full purchase-to-delivery cycles still 

longer.)    

2.5.2.3 Need for Time 

As stated above, the projected changes to refinery operations, blending and crude and 

product flows are of such a scale that, even with preparation, they would not occur 

‘overnight’.  The world’s refineries, pipelines and maritime shippers react efficiently to 

changes in markets and economics, but changeovers of this magnitude would take weeks 

and potentially months to complete.   

Compounding this situation is the presence of uncertainty over the formulation of the 

Global Fuel.  There is an economic incentive for refiners to offer – and shippers to buy - 

heavier 0.5% sulphur grades since they would be lower cost than marine distillate.  

However, ‘new’ marine fuels formulations generally will only be accepted gradually and 

once they are shown to not cause problems during on-board use.   Such acceptance could 

therefore take many months.     

2.5.2.4 Severe Economic Impacts 

The changes in projected product supply costs and refining economics as a result of a full 

switch to Global Fuel are indicated as potentially extreme.  The precise numbers in these 

strained Model cases are not the main point.  What is most important is the finding and 

message that the modelling analysis is pointing to a severe degree of economic strain on the 
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global refining and supply system should the Global Sulphur Cap be enacted in full force in 

January 2020.   

Exhibits 2-3 and 2-4 illustrate the market impacts projected in the Model cases.6 Starting 

from a 2020 Base Case within - if at the upper end of - the normal historical range, i.e. 

around $35-38/barrel for inland ULS diesel – HS IFO380 differentials, projections for the 

High MDO cases lie in the $70-80/barrel range.  In the Low MDO scenarios, the situation is 

noticeably ‘better’, but these differentials are still in the $60-70/barrel range. In $/tonne, 

these differentials range up to $380 versus under $190 in the Base Case. These are well 

beyond anything in recent history, including 2008 when distillate became extremely tight.    

In the WORLD Model, we compute and report what we term product ‘supply costs’.  These 

are computed by multiplying the projected ‘marginal cost’ (which we equate to regional 

supply cost) of each product in each region by its sale / consumption volume to arrive at 

total $/day cost for that product.  These costs are then added together across all Model 

regions and products to arrive at the total global supply cost.  Dividing by the demand 

volume for each product we can express supply cost as average $/barrel.  

The results from the Model cases indicate the effect of the Global Sulphur Cap would be to 

increase open market prices by some $10 to nearly $20 /barrel average across all products 

in all regions worldwide – not just across marine fuels. (See Exhibit 2-5.) The corresponding 

percentage increases are around 11 to 23 percent.  Expressed as $billion per year, the 

increase in global supply costs across all petroleum products is projected to range from 

somewhat under $350 bn/yr to over $700 bn/yr depending on the scenario.  This ‘all 

products’ effect arises because refining is a co-product industry and so developments in 

marine fuels quality and mix impact inland diesel and gasoil which in turn impact the closely 

related products jet/kerosene, then gasoline and so on.   

A further implication of this is that light/heavy crude differentials would be significantly 

impacted as would be refining margins, with different types of refinery impacted differently.  

As an illustration of the impact on light versus heavy crude oils, Brent-Mayan differentials 

are projected to double under the High MDO cases and to still widen significantly under the 

Low MDO cases.   These same Model projections indicate sophisticated refineries that run 

heavy sour crude and fully upgrade to clean products, with emphasis on distillates 

(gasoil/diesel and jet/kero), would see large increases in margins.  Conversely, refineries 

that are simpler and have an appreciable yield of high sulphur residual fuel would be 

expected to see margins deteriorate versus ‘business as usual’.  One potential implication is 

                                                      
6 The 1.5% / 0.5% designation on MGO in Exhibit 2-4 refers respectively to the existing 1.5% sulphur 
specification for MGO (DMA) in ISO 8217:2012 and to the 0.5% standard that would apply under the IMO 
Global Sulphur Cap.  
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that sustained low margins resulting from the advent of the Global Sulphur Cap could lead 

more refineries to close.   

One question these Model results pose is how long the strained market conditions could be 

expected to continue.   Our view is that the strained conditions could be relatively long 

lasting.  Yes, the refining industry would attempt to adapt but investments would be needed 

and those would take years not months to bring on stream. Scrubbers would become highly 

attractive economically but it would still take time to equip large numbers of vessels.  It is 

more likely that in the short to medium term something else would have to ‘give’, most 

likely either a reduction in the volumes of Global Fuel refiners attempt to produce and 

shippers to purchase or the interjection of a clearing mechanism for surplus heavy fuel that 

would entail continued market stress because of low residual fuel prices and (still more) 

increases in crude runs.   

Manolo
Highlight
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Exhibit 2-3 Diesel – IFO Price Differentials Northwest Europe 
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Exhibit 2-4 Northwest Europe MDO vs HS IFO Prices - $/tonne 

 

 

 

Exhibit 2-5 Impact of Global Rule on Global Product Supply Costs - $/barrel Change 
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2.6 Context for Viewing Results 

WORLD is a detailed, powerful and proven model.  But it is just that – a model.  Results out 

are dependent on premises in and the Model itself embodies certain facets which can affect 

results.  We have therefore set out several points which we believe are key to setting a 

context within which to view the Model results.  The ‘bottom line’ from this is that we see 

most factors pointing to the Model results understating rather than overstating the 

challenges and costs the industry and markets would face.   

2.6.1 Factors Intrinsic to the WORLD Model 

One aspect of the WORLD Model is that is generally run with only very limited constraints 

on crude movements.  In contrast, in the real world, many movements are tied to 

ownership interests and/or term contracts.  Thus there is potentially more flexibility 

inherent in the WORLD Model cases to reallocate crudes than exists in the real world, 

especially in the near term after an event such as the Global Sulphur Cap.   Therefore, if 

anything, the Model results arguably overstate the ease with which the crude oil market 

could adapt (at least in a period of a few months) and understate the difficulty and costs.    

A central aspect of any mathematical model is that it reacts instantly to changes.  WORLD 

results implicitly have the world’s refineries responding rapidly and fully to the Global Fuel 

Rule.  While much of the world’s refining industry operates at a very sophisticated level in 

terms of economic planning, it is not necessarily the case either that the industry in total will 

react (which is implicitly assumed in the Model) or that all affected refineries would react 

swiftly or fully.   For these reasons, if anything, the Model results are also likely to overstate 

the ease and speed with which the industry would react in terms of refining adjustments 

and thus again understate the supply and market impacts, especially in the shorter term.   

A related factor is that refineries in WORLD are aggregated into large regional groups (36 

spread across the Model’s 23 regions with highest disaggregation in the United States of 

America and Canada).  Over time, EnSys has applied methods to offset the resulting implicit 

risk of over-optimisation.  However, in the Model, all refineries within a region are implicitly 

inter-connected and can share units, capacities and also blend streams.  In reality, that is 

often not the case since refineries may be dozens or hundreds of miles apart.  Thus the 

Model intrinsically tends to overstate the ease with which blendstocks can be shared or 

traded within a region and thus may understate the costs of meeting a regulation such as 

the Global Sulphur Cap.  Even to the extent refineries are coastal and can ship blend stocks 

to other refineries, doing so adds costs which are not reflected in the Model.    

For regions outside the United States of America and Canada, the Model intrinsically 

assumes, through regional refinery aggregation, that none of the refineries in a given region 

is isolated inland and thus unable to contribute to marine fuels production.  An assessment 
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by EnSys led to the conclusion that, in WORLD, this effect relates to some 9% of the world’s 

refinery capacity – and around 6% of upgrading and desulphurisation capacity.  Thus, while 

not large, this effect nonetheless leads to a minor degree of over-optimisation in the 

WORLD Model results.7   

2.6.2 External Factors 

The Model results show a clear need for increases in crude runs under the Global Sulphur 

Cap.  In the Model cases, we held marker crude price constant in order to maintain 

consistency across cases.  Yet it is clear that a (relatively rapid) increase in crude oil demand 

at a non-trivial level would almost certainly lead to an increase in global crude oil prices. 

Even a $1/barrel increase in crude oil price would add on the order of $35 billion/year to 

global petroleum product supply costs, a $5/barrel increase around $180 billion / year to 

cost increases already assessed at $350 to $700+ billion / year per Model cases depending 

on the scenario.  The market would eventually adapt and price elasticity effects would bring 

demand and supply costs down. However, the potential for damage to the world’s 

economies from petroleum product price spikes is well known.  

As noted above, latest available global outlooks have higher global demand for 2020, at 

around 100 – 101.5 mb/d, than the 98.9 mb/d we used from the 2015 WEO (99.2 mb/d 

after adjustment to our marine fuels demand outlook).  There is of course uncertainty in 

these outlooks but, were EnSys to re-run WORLD cases with 2020 demand in the 100 – 101 

mb/d range to be more in line with the latest agency outlooks, the difficulties being 

projected would be further exacerbated.  Again, the implication is that the current WORLD 

Model results may be understating the difficulty and challenge to implement the Global 

Sulphur Cap.   Offsetting this is the fact that assessments of 2015 actual ‘demand’, allowing 

for product inputs to inventory, and of refinery crude runs have recently been adjusted 

upward by the IEA and other agencies.  Were EnSys to rerun the 2015 Calibration case, we 

would likely moderately adjust upward maximum allowed process unit utilisation rates to 

still ‘hit’ the same supply costs and differentials at higher global refinery throughput. This 

would carry through into the 2020 cases and tend to ease the economic impact of the 

Global Fuel cases.  Overall, our view is that these two global demand / refinery runs effects 

broadly offset each other.     

Recent press articles have referred to a ‘diesel glut’. Recognizing that our initial projection 

for 2020 inland diesel demand was potentially above what latest projections would show 

(i.e. that there is a softening in the rate of growth for diesel), EnSys adjusted global 2020 

land-based diesel demand down by 0.25 mb/d and gasoline 0.25 mb/d up across all final 

                                                      
7 Restrictions of time and budget prevented EnSys from addressing this issue by re-working the Model’s 
refining groups but this could be done in the future.   
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cases versus our original (April) 2020 demand projection. We tested the potential impact of 

a further softening in diesel demand by running sensitivity cases with a further 0.25 mb/d 

less inland diesel demand and 0.25 mb/d more gasoline. While, under this assumption, the 

impacts of the Global Rule on distillates supply costs worldwide softened, the impacts on 

gasoline supply costs increased so that aggregate supply costs across all products indicated 

no net improvement.         

Overall, our assessment is that the majority of the factors either inherent in the modelling 

analysis or which would impact key premises regarding the 2020 outlook point to these 

current Model results if anything understating rather than overstating the challenges in 

meeting the Global Sulphur Cap in 2020.   

        

2.7 Summary of Findings & Conclusions 

Our demand analysis projects that a limited fraction of ships will be running with onboard 

scrubbers by end 2019 and therefore that the bulk of the compliance load will fall on 

refiners to supply 0.5% sulphur Global Fuel.     

Given this outlook, Model results point to extreme difficulty – and indeed potential 

infeasibility - for the refining sector to supply the needed fuel under the Global Sulphur Cap 

and to simultaneously meet all other demand without surpluses or deficits. Market impacts 

are projected as very substantial across all products and regions worldwide, not just marine 

fuels, and, consequently, to have potentially significant impacts across economies and 

sectors.  Moreover, as stated above, we see the Model results if anything understating 

rather than overstating the challenges in meeting the Global Sulphur Cap in 2020.   

The WORLD Model results themselves indicate the global refining industry is unlikely to be 

able to meet the needed extra sulphur removal demand because 2020 sulphur plant (and 

hydrogen plant) capacity will not be adequate based on current capacity plus projects. The 

projection is that these capacity limitations would prevent the industry from supplying the 

volumes (and qualities) needed to achieve full compliance with the Global Sulphur Cap.    

The Model results further show that, even if sufficient added sulphur plant and hydrogen 

capacity were to become available, the industry could potentially meet the Global Fuel 

volumes but only with attendant severe economic impacts in the form of substantial 

increases in supply costs not only for marine fuels but also for nearly all fuels (except high 

sulphur HFO) across all regions of the world.  Refining economics would also be impacted 

with potential adverse consequences for simpler refineries that could lead to more closures.   

Should the shipping industry be able to accept relatively new IFO 0.5% sulphur fuel 

formulations, (versus marine distillate), that would moderately alleviate the economic 
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impacts of the fuel switch but this would almost certainly take time and is not guaranteed 

given recent ship operational issues with 1% sulphur fuels. It should be born in mind that 

achieving compliance using a higher proportion of LS IFO fuels does little or nothing to 

change the issue regarding potentially inadequate sulphur plant capacity; this because the 

sulphur removal load is unchanged.    

We therefore conclude that a full-on switch to the Global Sulphur standard in January 2020 

does not look workable.    

This study has been focussed on one question – if the Global Sulphur Cap is implemented in 

full in January 2020 what is the impact?  Any rigorous analysis of the follow-on implications 

of our findings on this question is beyond the scope of this assignment.   However, our 

findings clearly beg the question of what would or could happen.   Our judgement and 

experience indicate that, if the rule were in full force with all refiners and shippers 

attempting to comply, the impacts across all products (not just marine) worldwide would be 

severe. Refiners would not be able to put in capacity rapidly to resolve the market strain – 

even minor projects take one to two years to implement and major ones often three to as 

much as seven.  

Also, an added factor to be considered by refiners in making investment decisions 

specifically to address the marine fuels market is that the projected extreme price 

differentials caused by the shift to 0.5% sulphur marine fuel would greatly enhance the 

economics of and arguably orders for scrubbers. This would create the prospect of the 

proportion of vessels able to use HS marine fuel growing over time, in turn cutting the 

volumes of Global Fuel needed.  An expectation of such a scenario would create a perceived 

risk that marine-fuel-specific refinery investments could become ‘stranded’. This, in its turn, 

would cut the justification for and likelihood of such investments occurring. Thus achieving 

full compliance, whether by scrubbers or refining, would take time. The expected adverse 

market impacts from the rule would also take time to fade, with the potential for 

widespread economic consequences in the interim.      

We do not see any easy resolution of this situation.  Even the possibility of alleviating the 

market strain through the expansion of markets for HS HFO is uncertain, would take time 

and would bring its own consequences including increases in crude oil and – potentially - 

product costs stemming from increased use of crude oil.   Further, it could result in a 

reallocation of HS fuel and emissions from ships to land rather than a net reduction in 

sulphur emissions.    
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SUMMARY 

Executive Summary: The co-sponsors comment on the suggestion that international 
shipping should contribute its fair share to the international 
community's efforts to curb greenhouse gas (GHG) emissions.  It is 
proposed by the co-sponsors that the Committee should develop a 
road map to determine such a	possible IMO fair share contribution, 
which initially focuses on the development of a timeline, consistent 
with the ‘three step’ approach.  In addition, the co-sponsors also offer 
some principles that might assist the possible development of this 
work.   

Strategic direction:   7.3 

High-level action      7.3.2   

Planned output       7.3.2.1 

Action to be taken  Paragraph 20 

Related Documents   MEPC 69/7, MEPC 69/7/1, MEPC 69/7/2, MEPC 69/7/4 

Introduction  

1 The co-sponsors acknowledge that, consistent with the spirit of the UNFCCC (COP 
21) Paris Agreement, IMO is expected to determine the need for the international shipping 
sector to further reduce GHG emissions, in particular CO2 and if so, how this can be done.   
The international shipping industry, as represented by the co-sponsors, fully supports this 
objective.   

2 At the 69th Session, ICS submitted MEPC 69/7/1 which proposed that the 
Organization should develop an Intended IMO Determined Contribution on GHG reduction 
for the international shipping sector as a whole, taking account of the language used in the 
Paris Agreement to describe contributions that governments will make in the form of 
Intended Nationally Determined Contributions (INDCs).  Belgium et al submitted MEPC 
69/7/2 which invited the Committee to develop a work plan to define international shipping’s 
fair share of the international community’s efforts to curb greenhouse gas emissions.  WSC 
et al submitted MEPC 69/7/4 suggesting a number of principles to guide the development of 
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a long term carbon objective.  The Committee agreed to forward MEPC 69/7/1, MEPC 
69/7/2, and MEPC 69/7/4 to MEPC 70 for further consideration.   

3 The following submission proposes the development of a road map to determine a 
possible IMO fair share contribution on CO2 emissions, initially focusing on a timeline for the 
development of this work, as suggested in MEPC 69/7/2, and on the need for the Committee 
to agree some guiding principles.    

4 The co-sponsors believe that the priority for the Committee at MEPC 70 must be the 
adoption of the CO2 data collection system and the finalisation of the associated IMO 
Guidelines.  This will be necessary to demonstrate that IMO is not only responsible but is 
also the only appropriate forum for regulating CO2 reduction measures by the international 
shipping sector.  Nevertheless, the co-sponsors recognise that the data collection system 
will only represent one step towards addressing CO2 emissions from shipping.  When the 
Committee gives consideration to a possible IMO fair share contribution and its associated 
timeline, the following comments may be helpful. 

A fair share contribution on behalf of the sector 

5 Consistent with the Paris Agreement, the co-sponsors fully agree that IMO should 
determine a possible fair share contribution for the international shipping sector, which if 
developed, should take into account the circumstances that are relevant to the international 
shipping sector, including the importance of international trade in supporting the sustainable 
development of national economies. 

6 Many UNFCCC Parties have made INDCs which make clear, after taking account of 
their national circumstances, that they are currently unable to commit to absolute CO2 

reductions by their national economies in the immediate future.  This is presumably due to 
projections regarding the growth of their population, and their legitimate desire to maintain 
sustainable economic development.  

7 Great care is therefore needed in attempting to define a ‘fair share’ for the 
international shipping sector, which is the concept proposed by Belgium et al in MEPC 
69/7/2.  The Paris Agreement does not contain any reference or framework for determining a 
‘fair share’ with respect to the contributions that will be made by UNFCCC Parties.  

8 Whereas many land-based industrial and transportation sectors have increased 
access to alternative low carbon energy sources, such very low carbon fuels are unlikely to 
be viable and readily available for international shipping which will therefore continue to be 
dependent on fossil fuels for several more decades.    

9 Shipping is already, by far, the most energy efficient form of commercial transport.  
Any increase in shipping activity due to a shift from other less efficient transport modes will in 
fact contribute to an overall reduction in the world’s total CO2 emissions.  On the other hand, 
an unrealistic contribution to reduce the sector’s absolute CO2 emissions could lead to a shift 
to less energy efficient transport modes.  This would clearly be counterproductive with 
respect to reducing the world’s total CO2 inventory and the achievement of INDCs.  The 
opportunity to switch from land and air based transport modes to shipping should be 
encouraged.  Maritime transport needs to be acknowledged as part of the solution to 
reducing global CO2, and any fair share contributed by IMO should take account of this.    

10 In the same way that the INDCs under the Paris Agreement cover GHG reductions 
for entire national economies, a fair share contributed by IMO should be made on behalf of 
the international shipping sector as a whole.     
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Taking account of the ‘three step approach’ 

11 While developments such as the implementation of the EEDI since 2013 (and its 
possible future review) will further increase the efficiency of ships, it is still an open question 
whether additional CO2 reduction measures will in the longer term remain compatible with 
both the maintenance of world trade and the UN Sustainable Development Goals.    

12 The co-sponsors therefore emphasize that until the IMO CO2 data collection system 
is up and running, there is insufficient data to determine whether or not it would be realistic 
for IMO to adopt a firm contribution on behalf of the sector.   Moreover, any future decision 
on actions required to meet such a contribution would have to be consistent with the ‘three 
step approach’ which has been widely accepted by IMO Member States during previous 
discussions within the Committee. 

An ambitious time line  

13 The development of any IMO fair share contribution must be consistent with the 
‘three step approach’, utilising real ‘bottom up’ data from individual ships that will be provided 
through the IMO CO2 data collection system.  The co-sponsors support starting the 
discussion on the proposal in MEPC 69/7/2 for the Committee to establish a timeline, but 
emphasize that this must take account of the need to analyse the CO2 data that will be 
provided by the IMO data collection system.  As soon as data on the fuel consumption of the 
world fleet has been submitted to IMO by Member States, a period of evaluation and 
analysis should then follow.  However, this need not prevent preliminary consideration of 
what IMO’s fair share contribution might possibly entail in advance of the ‘bottom up’ data 
becoming available.      

14 The Committee should then be in a position to make a decision with respect to any 
initial fair share contribution.  As more data is collected, this could then serve as a precursor 
to the eventual consideration of revising the fair share in the long term, following the 
UNFCCC stocktaking exercise of the global CO2 inventory which is meant to take place in 
2023.    

15 Any decision regarding what a revised, more ambitious, long term fair share might 
entail should also be preceded by an update to the IMO GHG Study.  Taking account of 
input from the IMO data collection exercise, and the latest developments in maritime trade 
growth, the next GHG Study should be positioned to provide far more accurate projections 
for future changes in CO2 emissions from shipping.  The co-sponsors anticipate that growth 
in maritime trade will be found to have increased at a slower rate than was projected in the 
unrealistically high CO2 growth scenarios contained in the 2014 GHG Study.  However, only 
data from the new IMO data collection system will be able to establish this with any certainty. 

16 The co-sponsors therefore suggest that MEPC 70 should agree to develop a road 
map, which includes: 
 

• The timing for a decision on a possible IMO fair share contribution on behalf of the 
sector that will take into account the circumstances relevant to international shipping; 
and  
 

• The possible timing for the consideration of IMO contributing a revised fair share in 
the longer term.   
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Principles 

17 The co-sponsors encourage the Committee to establish a road map with an 
ambitious timeline for future work in order to demonstrate to the global community that the 
Organization is taking steps in line with the Paris Agreement.  In addition, the Committee 
could usefully create a set of guiding principles for its future work that would include the 
methodologies to be used and the nature of the “fair share” of emission reductions to be 
developed.   

18 The Committee will recall the principles which were adopted with respect to previous 
IMO work on GHG reduction.  The co-sponsors suggest that most of these principles remain 
directly relevant to the consideration of a possible IMO fair share contribution on behalf of 
the sector: 

1. Effective in contributing to the reduction of total global greenhouse gas emissions; 
2. Binding and equally applicable to all flag States in order to avoid evasion; 
3. Cost-effective; 
4. Able to limit, or at least, effectively minimize competitive distortion; 
5. Based on sustainable environmental development without penalizing global trade 

and growth; 
6. Based on a goal-based approach and not prescribe specific methods; 
7. Supportive of promoting and facilitating technical innovation and R&D in the entire 

shipping sector; 
8. Accommodating to leading technologies in the field of energy efficiency; and 
9. Practical, transparent, fraud free and easy to administer. 

 
19 The co-sponsors also recommend that the five principles contained in paragraph 6 of 
MEPC 69/7/4 be taken into account when developing a possible IMO fair share contribution.  
In addition, the co-sponsors suggest the Committee should take account inter alia of the 
following guiding principles: 
 

10.  Consistent with the Paris Agreement, a fair share should be ‘in sector’ and take 
account of circumstances that are relevant to international shipping;   

11. A fair share will only apply to the sector as a whole; 
12. A fair share should ensure non-penalisation of early movers who have already made 

important efforts to reduce GHG emissions from shipping: 
13. The development of a fair share must be evidence-based, with the final decision 

utilising data from the IMO CO2 data collection system;    
14. The need to take account of the extent to which a fair share can realistically be 

addressed; 
15. That the adoption of a fair share for IMO to contribute does not itself imply any 

agreement, or necessity, to develop Market Based Measures; 
16. The need to take account of the reliance of the sector on fossil fuels and the 

challenge of switching to low carbon alternatives when compared to land-based 
industries and other transportation sectors; and 

17. The need to prevent modal shift to less carbon efficient transport modes. 
 

Action requested of the Committee 

20 The Committee is requested to consider the comments above and to decide as 
appropriate. 

 




