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EXECUTIVE SUMMARY
Shipping is facing fundamental changes to its frame conditions with sustained high fuel prices and
increasingly strict environmental regulations. Increasing complexity and uncertainty towards 2030 is
expected to be the reigning shipping paradigm.
DNV has released a study on behalf of the Norwegian Shipowners’ Association that examines future
scenarios in deep sea shipping towards 2030 and how ship owners, yards and cargo owners can respond
to the challenges. The key findings are:
1. Increasing fuel costs and strict regulations will change shipping
Fuel costs, regulations and stakeholder pressure are the key drivers for environmental and energy
efficiency technology uptake in deep sea shipping. This has already resulted in improved ship designs and
implementation of measures for reducing fuel consumption. Low sulphur fuel requirements are expected to
lead to a 30 - 50% fuel cost increase in 2020 or 2025. This combined with the EEDI requirements and
expected additional CO2 regulations will lead to the development and use of novel technologies and fuels
such as biofuel, hybrid propulsion systems and batteries.
2. The fuel mix will be more diverse in 2030, with distillates and LNG becoming more prominent
sources
Energy prices, sulphur regulations and stricter CO2 requirements will change the fuel mix. Most deep sea
ships now use relatively cheap HFO. Towards 2030, ships will not be allowed to run on traditional high
sulphur HFO unless they are equipped with a sulphur scrubber. Alternatively, deep sea ships may run on
distillates, LNG, renewables, batteries, and biofuels such as methanol. There will be a demand for and
supply of residual fuels as long as there is no prohibition on the use of residual fuels in shipping. HFO is
prohibited in Antarctica and there are early-stage discussions of a similar ban in the Arctic. While highly
uncertain, this may lead to increased political pressure for a global HFO ban.
3. LNG as a marine fuel will be priced relative to MGO in the short term, but prices will fall over
time
LNG for marine use will initially be priced relative to MGO - or to HFO and a scrubber. Over time,
increased supplier competition will reduce the LNG price towards a global LNG spot price. Infrastructure
for bunkering is the most important short-term barrier to the uptake of LNG in deep sea shipping, in
addition to high investment costs. LNG will generally have become available globally by 2020 - 2025.
4. New builds should be designed with space for a scrubber or LNG retrofit
Uncertainty regarding global sulphur regulations and availability and quality of compliant fuels lead to
delayed decisions on technology installations. The price spread between HFO and MGO may peak at
more than 50% in the short term but refineries will adapt their capacity and over time the spread will
stabilise at around 30 - 50%. Scrubbers will be retrofitted on ships younger than 10 - 15 years when the
global sulphur limit enters into force.
5. Ships will need to be flexible and fuel efficient over a broad speed range
High fuel costs and EEDI requirements will drive the speed down from current norms. The optimal speed
will continue to vary with fuel price, market levels and trade. A ship’s ability to increase and decrease
speed without compromising fuel efficiency will become a major competitive factor. More advanced design
tools will enable designs that are optimal over a broader speed range and different weather conditions.
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6. A future CO2 tax will not be an important driver for technology uptake unless the tax is
significant compared to the fuel price
Ship owners will soon have to report fuel consumption and emissions to the EU and later to the IMO
through a monitoring, reporting and verification (MRV) regime. This will most likely form the basis for
further CO2 emission regulations. Direct technical or operational requirements for CO2 emissions are more
likely to be developed than market-based measures such as a tax and will have a greater impact. Any
price mechanism must be significant compared to current fuel costs to incentivise technology uptake.
7. The charter and second-hand markets will pay increased premiums for fuel efficient ships
Market premiums for energy efficient ships already exist and provide incentives for improvement. However,
the current limited volume of efficient ships is too low to create a consistent premium in the market. There
is also lack of standardised and verified fuel consumption information, but this will be resolved with the
upcoming MRV regime. With increasing fuel costs, tighter regulations, and mandatory reporting, market
premiums will increase and also include ships with scrubbers or LNG fuelled engines.
8. Environmental regulations in new areas may be developed and introduced towards 2030
Issues such as black carbon/particulate matter, underwater noise, bio-fouling and VOC emissions may
become part of additional mandatory requirements. The type of requirements and compliance options will
not be clear before the regulations start to be developed between 2015 and 2020. Implementation will take
time, but some or all of these regulations will be implemented by 2030.
9. Uncertainty in regulations makes ship owners cautious and reactive about making technology
decisions
Numerous international, regional and local regulations are a major uncertainty factor in shipping,
complicating decision-making and adding costs. Current technologies and solutions may not remain
compliant in the future due to change in regulations and use of different standards. This leads to
reluctance to invest in promising solutions and an adoption of a wait-and-see attitude.
10. Ship owners should actively monitor key indicators to be a successful player in an uncertain
market
Ship owners in the deep sea segment should in particular monitor the following issues:
Development of refinery capacity of distillates
Export of LNG from the US and the development of a global LNG market and distribution network
Feasibility and availability of biofuels
Introduction of a monitoring, reporting and verification regime, regionally and internationally
Further developments in technical and operational requirements for CO2 emissions

DNV Reg. No.: 166SFPL-13
Revision No.: 1
Date : 2013-06-18

Page 2 of 44

Det Norske Veritas
Report for The Norwegian Shipowners' Association
Future scenarios towards 2030 for deep sea shipping

MANAGING RISK

1

INTRODUCTION

The study Future scenarios towards 2030 for deep sea shipping has been commissioned by the
Norwegian Shipowners’ Association (NSA).
The aim of this study is to examine environmental technology uptake in deep sea shipping towards 2030
and how ship owners can respond to future challenges. The study examines questions such as: Which
drivers will influence technology choices in deep sea shipping in the next two decades? Which
technologies are most likely to be adopted by deep sea ships? This study does not go into details on
specific technologies, but outlines the possibilities within technology development and adaptation for the
different deep sea shipping segments.
In the report Shipping 2020, DNV did a scenario analysis on environmental technology uptake in the
maritime industry towards 2020. In an eight year time frame technologies are more or less known and the
marine environmental regulations only have minor adjustment options. The major uncertainties around
technology uptake were thus on the market conditions and fuel prices, and the study investigated how
market and regulatory trends will drive technology uptake towards 2020.
When looking another ten years ahead towards 2030 it is more important to examine technology
development and regulatory trends. Which technologies will mature and which will not? What is the next
level of environmental requirements? Regulations and fuel prices drive technology development and
uptake, but technology developments also drive the development and implementation timeline of
regulations. This interaction is important in a long term perspective.
This study uses a scenario approach to examine possible developments towards 2030, and the
implications on technology uptake in deep sea shipping are outlined in four case studies. The study is
structured as follows:


Chapter 2 – Approach provides an overview of the approach used in this study.



Chapter 3 – Trends and drivers examines five driving forces that will impact environmental
technology uptake in deep sea shipping towards 2030: the world economy and demand for
seaborne transport, marine environmental regulations, expectations from stakeholders, technology
development, and fuel development. For each driver, trends and possible developments are
outlined.



Chapter 4 – Scenarios presents two scenarios based on the drivers and trends outlined in
Chapter 3. The scenarios describe alternative realities of what the shipping industry could look like
in 2030.



Chapter 5 – Case studies presents case studies that examine how the scenarios impact
technology uptake in four specific deep sea segments: chemical tankers, vehicle carriers, bulk
carriers, and very large gas carriers. For each case a specific ship size and trade type is selected.
The case studies illustrate the decisions and possible outcomes put forward to ship owners.



The final part of the study, Chapter 6 - Discussion, discusses the findings.
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2

APPROACH

This chapter briefly describes the study approach and process, as illustrated in Figure 2-1.
The study first identified key drivers and trends that will impact environmental technology uptake in deep
sea shipping towards 2030, based on the following sources: external research pieces, internal DNV
research, and discussions with DNV experts on the different subject matters. An outline of the drivers and
trends was discussed with the members of the NSA Deep Sea Group in a workshop, and a chapter was
subsequently developed based on the workshop discussions.
Two scenarios representing two distinct 2030 possibilities were developed based on the identified drivers
and trends.
Four cases representing the main segments in the Deep Sea Group were selected to explore the impact of
the two scenarios on environmental technology uptake. The scenarios and case studies were then
discussed in a workshop with the Deep Sea Group.
Based on the input from the second workshop, the study performed a case analysis to examine the impact
of the different scenarios on technology decisions in the four selected segments. The case analysis is
qualitative, but supported by high level quantitative calculations on sulphur compliance options. The
findings were then developed based on a comparative analysis of the case studies.
Figure 2-1: Overview of study approach
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3

TRENDS AND DRIVERS

This chapter examines five driving forces that will impact environmental technology uptake in deep sea
shipping towards 2030: the world economy and demand for seaborne transport, marine environmental
regulations, expectations from stakeholders, technology development, and fuel development. For each
driver, trends and possible developments are outlined.

3.1 The world economy and demand for seaborne transport
The global economic outlook towards 2030 is uncertain. It will likely contain several up and downturns and
we may see global or regional financial crises that will affect global growth and the demand for seaborne
transport. The opening of the North East Passage and increased production of shale gas may have a
significant impact on the deep sea shipping market towards 2030.

3.1.1 Market trends
Towards 2030, economic growth will likely vary between different parts of the world and we will continue to
see a shift in the balance of economic power. Fast growing economies like China and India will become
more important trading partners for countries that have traditionally traded with Western countries. It is, for
example, expected that by 2020, 40% of global economic activity will take place in Asia (DNV, 2012c). The
BRICKTIM countries (Brazil, Russia, India, China, Korea, Turkey, Indonesia and Mexico) are expected to
have higher growth rates than Western countries, and we can assume that economic power will continue
to shift from the current ‘developed world’.
Figure 3-1 below provides a forecast for growth in the main deep sea segments (IHS Global Insight ,
2012). The forecast shows an annual average growth in seaborne trade of 5% for the container and
general cargo segments. This implies that trade will more than double towards 2030. The liquid bulk
segment is expected to have an annual growth rate of 2% which implies a 50% increase in trade by 2030.
The dry bulk segment forecast shows an annual growth of 4%, which means that trade will have doubled
by 2030.
Figure 3-1: IHS Global Insight trade projections per segment (IHS Global Insight, 2012)
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The figures below show additional IHS Global Insight trade projections for chemicals and vehicles.
Figure 3-2: Chemical exports by country towards 2030 (IHS Global Insight, 2012)
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Figure 3-3: Chemical imports by country towards 2030 (IHS Global Insight, 2012)
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Figure 3-4: Vehicle exports by country towards 2030 (IHS Global Insight, 2012)
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Figure 3-5: Vehicle imports by country towards 2030 (IHS Global Insight, 2012)
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Figure 3-6 below shows the major exporters and importers of some of the main trading commodities for
the 2030 projections above, measured in million seaborne tonnes.
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Figure 3-6: World trade projections for 2030 based on IHS Global Insight data, measured in million seaborne
tonnes. Natural gas production for USA is based on EIA projections. The potential impact of US shale oil is not
included in the projections.

The largest natural gas importers in 2030 are expected to be Germany, Japan, South Korea and China.
The largest exporters of natural gas are expected to be the US, Russia, and countries located around the
Arab Gulf. Towards 2030, China and India will have the largest growth in imports of crude oil. Other large
importers will be the US and Japan. The largest exporters of crude oil will still be Saudi Arabia, the United
Arab Emirates, other countries in the Arabian Gulf, and Western African countries.
Ores, scrap, and coal make up a large part of the dry bulk trade and are projected to constitute five billion
tonnes of seaborne trade by 2030. The expected largest importers of coal will be India, China, Brazil and
Malaysia, and the largest exporters of coal will be Indonesia, Australia, the US, the southern part of Africa,
and Colombia. The largest importers of ore and scrap will be China, Japan, South Korea and Germany.
The largest exporters of ore and scrap will be Brazil, Australia, India, Indonesia and the Southern part of
Africa.

3.1.2 Possible game-changers
There are several possible game-changers that can influence the development of the shipping industry
towards 2030. A game-changer can be an event or a development that has a fundamental impact on the
current situation. Examples of previous game-changers in the shipping industry are the containerisation of
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goods and the opening of the Panama Canal. Looking at a 17 year time span towards 2030 there are
many wild cards and potential game-changers for the industry.
The challenge is to identify a trend as a potential game-changer that could change the frame conditions for
shipping and the technology onboard vessels. There are several topics that are covered in this study that
have this potential, and there are changes we are not able to predict. The world is already at the start of a
significant game-changer with sustained high fuel prices and strict environmental regulations. Two
possible game-changers that can impact deep sea shipping are described below.

3.1.2.1 Increasing production and export of US gas
In recent years the US production of shale gas has increased considerably due to new discoveries and
improved extraction methods. The US Energy Information Administration has increased their projections of
shale gas production and project production to grow 44% by 2040 compared to 2011 (US Energy
Information Administration, 2012a). IHS Global Insight projects a steady increase in US natural gas
exports.
The increase in availability of natural gas will have a large impact on the composition of resources used to
supply the world demand for energy. If a large amount of natural gas becomes available this could lead to
relatively low prices. Barring a regulation or cap on production, natural gas may become the world’s
second largest energy source after oil (US Energy Information Administration, 2012a).

3.1.2.2 Opening of the Northeast Passage for commercial traffic
In recent years it has become possible to sail through the Northeast Passage during parts of the year. The
AIS plot in Figure 3-7 shows the activity in this area in 2010 (PAME, 2011). In 2011 there were 33 transits
through the Northeast Passage transporting 820,000 tonnes of cargo (Mikkelsen & Sander, 2012). The
Northwest Passage, however, is not considered likely to become a commercial route within the next
couple of decades as it will still be covered by ice for large periods of the year.
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Figure 3-7: Traffic density in the Arctic, August-November 2010. Red indicates areas with a higher degree of traffic
and yellow indicates moderate traffic (PAME, 2011)

There are a series of hazards and uncertainties related to sailing through the Northeast Passage, such as
sea ice, harsh weather conditions, and the availability and cost of ice breakers. Challenges include
winterisation issues, like icing on the ship and cargo, freezing in ballast tanks, and wind chills affecting the
crew. This has to be weighed against the benefit of reduced distance which may translate into profits due
to reduced costs of fuel and inventory-holding.
A study by DNV Research and Innovation shows that by 2030 only part year traffic will be possible through
the Northeast Passage due to ice conditions (DNV R&I, 2010). The study predicts that ice-breakers will still
be necessary. The results show that the Northeast Passage may be economically attractive for part-year
container traffic to and from Northern Asia, with an estimated 480 passages in 2030 and 850 passages in
2050.
The IMO is currently working on establishing a Polar Code to regulate ship traffic in polar waters. If the
Polar Code mandates requirements that induce high costs (for example ice class, training of crew,
additional equipment, hiring ice-breakers), sailing through the Suez Canal may seem like a better
alternative (IMO, 2012c). However, the Northeast Passage may be an attractive alternative if fuel prices
increase substantially and conditions in the Arctic allow passages for greater parts of the year. The
opening of Arctic routes can change operational patterns for some trades, but more important is the
exploitation of resources in these areas that will attract ship traffic.
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3.2 Environmental regulations
Upcoming environmental regulations this decade address emissions of sulphur oxides (SOX), particles
(PM), nitrous oxides (NOX), and greenhouse gases (in particular CO2), as well as ballast water treatment.
Compliance is challenging due to a number of factors, such as technological immaturity and uncertainty on
how the regulations will be enforced.
Towards 2030, issues such as black carbon/particulate matter, underwater noise and bio-fouling may be
part of mandatory requirements. The type of requirements and compliance options will not be clear until
the regulations start to develop between 2015 and 2020, though some indications may be gathered from
existing proposals and voluntary guidelines. The recycling convention may be ratified and enter into force
at the end of this decade. In the next two decades we may also see a number of local maritime
environmental regulations, making it increasingly complicated for ship owners to comply with regulatory
requirements.

3.2.1 Sulphur oxides, nitrous oxides and particulate matter/black carbon
SOX, NOX and particulate matter are emissions to air that result from the combustion of marine fuels.
These emissions are internationally regulated by MARPOL Annex VI, which mandates a combination of
general maximum global emission levels and more stringent levels in Emission Control Areas (ECAs). The
number of ECAs may increase towards 2030, and we will likely see the inclusion of NOx in the ECAs in the
Baltic Sea and North Sea.
The global 0.50% sulphur cap will enter into force in 2020 or 2025, depending on an IMO decision in 2018.
There will be no preliminary study on fuel availability covering the period 2015-2016. The IMO is expected
to only perform the study required to be completed in 2018. Whether the global limit will enter into force in
2020 or be delayed to 2025 will depend on the global supply and demand for fuel oil at the time of the
review.
We may see changes in the standards for emission reduction measures. IMO is for example debating
whether the wash water criterion for scrubbers is too stringent and should be relaxed. This may result in
smaller amount of water being used which saves energy. On the other hand, in enclosed waters such as
ports, wash water release may not be allowed at all. A consequence can also be that uncertainty on
standards leads to reluctance to install new technologies as they may become outdated in the near future.
Local and regional initiatives will complicate the regulatory landscape. The EU, for example, has decided
to implement a 0.50% sulphur limit in all EU waters from 2020 regardless of the results of the IMO review.
We may also see new emission control areas in Asia outside the IMO ECA system. For example, China
may develop national regulations, driven by local air pollution issues. Hong Kong is considering regulating
SOx emissions, but it is not certain whether it will be an ECA or a local regulation. These developments will
complicate operator considerations if regulatory standards and enforcement differ from region to region.
In addition, emissions of black carbon (BC) are high on IMOs agenda, primarily due to ice melting effects
in the Arctic. Black carbon, or soot, is a strongly light-absorbing carbonaceous aerosol produced by
incomplete combustion of fuel oil. When deposited on snow and ice, black carbon darkens light surfaces
and absorbs energy, causing snow and ice to melt. Particulate matter/black carbon is currently not
regulated directly. IMO is working on developing a definition of black carbon, measurement methods, and
appropriate control measures in the Arctic.
On-going international studies are examining particulate matter/black carbon formation processes,
including fuel and combustion parameters. Studies are also looking at abatement measures, for example
exhaust gas scrubbers and fuel types. This knowledge is needed before further regulatory initiatives.
However, additional regulatory actions are likely within 2030.
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3.2.2 Ballast water and hull bio-fouling
The implementation of the IMO Ballast Water Convention will likely have a significant regulatory impact
this decade. The Convention is close to its ratification threshold, and once ratified a strong surge in system
demand can be expected. IMOs schedule implies that most systems will be installed by 2020. However,
there are on-going discussions on extending the implementation period. Installation of ballast water
treatment systems on existing ships will probably continue after 2020.
The US will not be ratifying the IMO convention in the foreseeable future. The US Coast Guard (USCG)
has instead published federal legislation. The main difference from the IMO regulation is a stricter
equipment approval scheme. It is at this date uncertain whether equipment approved under the IMO
scheme will be able to meet USCG requirements. The US Environmental Protection Agency has in parallel
revised its federal Vessel General Permit (VGP) scheme to also cover ballast water. The USCG and the
EPA regulations are not fully harmonised, with requirements to water sampling and analysis being the key
differences. There are also uncertainties around enforcement of the US legislation. The US federal
legislation may lead to a change in the IMO ballast water regulation over time.
Hull bio-fouling is recognised as a major transport pathway for alien species of the same order as ballast
water. The convention on anti-fouling from ships and the Ballast Water Convention do not directly address
this problem. The IMO has developed voluntary guidelines for the control and management of ships’ hull
bio-fouling, which could develop into a regulation over the next 10-15 years with potentially significant cost
implications. The voluntary guidelines state that a ship should implement bio-fouling management
practices, including the use of anti-fouling systems and other operational management practices to reduce
the development of bio-fouling. The USCG ballast water regulation has similar, but not identical,
mandatory requirements to bio-fouling management. The EU is also currently working on a legislative
instrument on invasive alien species as part of its 2020 Biodiversity Strategy, including ship’s hull biofouling.

3.2.3 Recycling
The Hong Kong Convention on Ship Recycling may enter into force within the next decade, depending
primarily on the governments of India and Bangladesh. However, the standards outlined in the Convention
are likely to be upheld by a part of the industry without ratification.
The EU is also working on a recycling directive built on the Convention, but with stricter regulations
possibly making beach recycling impractical. The directive may include an additional incentive mechanism,
but at present it is not clear what type. Entry into force may be as early as towards the end of 2013 or,
given recent political complications, sometime in 2014/2015. This regional regulation will have cost
implications for all ships calling at EU ports.

3.2.4 Underwater noise
Underwater noise has received additional attention in recent years due to its possible impact on oceandwelling mammals. The United States first raised the issue in IMOs Marine Environmental Protection
Committee (MEPC) in 2008. While the science remains unclear, regulatory initiatives and public sentiment
may be building towards international regulation. We may also see local regulations such as additional or
more tightly regulated whale sanctuaries.
The IMO is examining the available options for ship noise abatement technologies and operational
practices, and is working on non-mandatory draft guidelines for reducing underwater noise from
commercial ships (IMO, 2011a). Propeller cavitation and machinery are the primary sources of noise from
ships. The proposed draft guidelines include design, operational, and maintenance considerations.
Applying noise control measures to ship engines, hulls or propellers would be technically challenging and
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also likely expensive. There has, however, been limited progress in IMO over the last past couple years. A
regulatory proposal can be expected by 2020 the earliest.

3.2.5 Greenhouse gases
Greenhouse gas emissions from international shipping have increased steadily over the past years with
the general increase in traffic. To date, GHG emissions have been largely unregulated, both at the regional
and international level.
Protracted negotiations at the IMO led to the adoption of the Energy Efficiency Design Index (EEDI) and
Ship Energy Efficiency Management Plan (SEEMP) in 2011. These mechanisms entered into force
January 2013. The EEDI will enter its last phase in 2025 with a 30% emission reduction requirement. The
development of new designs will determine if this is the lowest level or if a phase four will be implemented.
In the coming decade, we may see that the EEDI will become increasingly commercially relevant in
markets where charterers prefer energy efficient ships.
However, technical and operational measures have been recognised as insufficient by regulators and
stakeholders for reducing GHG emissions from international shipping. A majority in IMO has agreed that in
principle market-based measures (MBMs) are needed as an additional mechanism to regulate GHG
emissions. Market-based measures put a price on GHG emissions and provide an economic incentive to
reduce fuel consumption. MBM proposals to IMO include contribution schemes for CO 2 emissions, to be
collected and transferred to a fund, emission trading systems, and schemes based on ships’ actual
efficiency based on design and operation (IMO, 2013).
Negotiations on MBMs in the IMO have had significantly less success than those on EEDI and SEEMP. A
major reason for this is a fundamental disagreement between developing and developed countries on the
vessel scope of such mechanisms and in particular on the applicability of the UNFCCC Kyoto Protocol
principles to IMO regulations. Discussions are now heading in the direction of monitoring GHG emissions
and setting technical and operational requirements using MARPOL.
Slow progress on GHG emissions in IMO has lead the European Commission to move forward with
developing a monitoring, reporting and verification (MRV) scheme as a first step towards regulating GHG
emissions from international shipping. A legislative proposal is expected to be ready by autumn 2013. The
MRV regulation may form the basis of a voluntary market-based measure that eventually becomes
mandatory. If IMO manages to implement additional requirements on GHG, the EU will likely not go
forwards with a regional MBM.
If IMO manages to develop a regulation on CO2 emission reduction, a similar MRV scheme will be needed.
The US has made a proposal to the IMO that when viewed in conjunction with the EU MRV developments
may become the basis for international negotiations at the IMO. Such a system may enforce a higher
degree of transparency in the maritime industry and gradually increase the accuracy of measuring fuel
consumption and emissions. This can lead to new dynamics between charterers and ship owners as
emission and efficiency claims can be documented and consequently also be subject to charterer
requirements.

3.2.6 VOC
Emission of volatile organic compounds (VOCs) to air contributes to both local pollution and greenhouse
effects. MARPOL Annex VI acknowledges VOC as an air pollutant from shipping, but does not regulate the
emissions of VOC directly. Instead, it puts forward provisions to be followed by port authorities that want to
regulate VOC emissions.
MARPOL Annex VI requires tankers carrying crude oil to have onboard written procedures (VOC
Management Plan) for minimising VOC emissions. There are however no specific requirements to
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technical arrangements or procedures for how to achieve this, nor are there requirements to measure the
effects of technical arrangements or procedures.
The current international regulations concerning VOC are considered to have limited effect. Very few flag
states have established and effectively implemented mandatory requirements to the installation of vapour
emission control systems. On the other hand, the majority of crude tankers have certified vapour emission
control systems onboard. Many terminals have vapour reception facilities in place, but the use of these
systems appear to be limited.
There is no agreed method for estimating VOC emissions from ships and as such no foundation for
assessing actual reductions. A methodology is needed for an efficient future VOC management and
reduction regime. In the period towards 2030 we may see the implementation of VOC emission criteria, for
example as kg VOC/Sm 3 cargo loaded, based on a specific crude vapour pressure. Due to the high
complexity of VOC release mechanisms, it is foreseen that verification would require on-board
measurements, although it may not be required to have such systems permanently installed on-board.
More specific procedures subject to enforcement can also be expected.
Provided the focus on emission control and reduction is maintained towards 2030, it can be assumed that
the availability and regularity of terminal vapour reception facilities will be improved, and that incentives
that contribute to VOC reduction at terminals will be implemented.

3.3 Stakeholder expectations
A shipping company’s stakeholders include a variety of actors such as charterers, investors, banks,
insurance providers and NGOs. Managing stakeholder expectations and pressure will become ever more
relevant in a world where an organisation’s actions are exposed around the clock.

3.3.1 Sustainability
Stakeholders are increasingly demanding more sustainable business practices and transparency from
shipping companies. The shipping industry has traditionally lagged behind on sustainability practices
compared to other industries such as automobiles, utilities, and oil and gas. Over the past decade,
however, the environmental impact of shipping and its contribution to global GHG emissions has received
increased attention. If there is a lack of global standards and regulations, this may drive stakeholders to
introduce separate schemes and requirements.
Disclosing sustainability information such as greenhouse gas emissions will likely become a norm in the
near future, driven by initiatives such as the Global Reporting Initiative and the Carbon Disclosure Project
(CDP). We now see that a growing number of charterers are asking for sustainable transportation of their
products and consider this aspect in the contract phase (Lloyd's List, 2013). In addition, investors are
becoming more aware of climate risk and the materiality of environmental, social and governance (ESG)
issues on financial return. Evaluating how companies manage ESG risks is seen by many investors as a
fundamental part of assessing the value and performance of companies over the medium and long term,
and consider these issues in asset allocation, stock selection and portfolio construction.

3.3.2 Monitoring and reporting
Performance management will become increasingly important to meet demands for transparency,
particularly on sustainability performance and GHG emissions. Companies will need tools for decision
support and optimisation, and for documenting fuel consumption and reduction for charterers so as to
justify investments in energy efficiency. Tracking performance towards dedicated targets and
benchmarking will be essential for improved energy efficient operation.
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In the long run, we may see a shift from manual measurements and logging of information to automatic
measurements and database entry. In 2030, details about the vessel and vessel conditions could be
available everywhere and anytime. Equipment and vessel parameters may be monitored, controlled and
adjusted by on-shore experts, giving operators the opportunity to optimise operations.
There is also a potential future role for satellite AIS and LRIT in providing automated, real time emission
reporting as well as for providing aggregated emissions inventories. The European Maritime Safety
Agency (EMSA) is working actively on this (European Maritme Safety Agency, 2012).

3.3.3 Rating schemes
Different actors, ranging from ship owners to financial institutions, have identified rating schemes as a
positive element within international shipping to document environmental performance. Stakeholders such
as cargo owners, banks and port state authorities may provide incentives such as better contract terms,
reduced interest rates, or reduced port fees to ships that are rated more efficient than its competitors. Ship
owners/operator can use the rating schemes for branding purposes and negotiations in the market.
There are a variety of rating schemes at present and more will likely come over the next years. The
longevity of rating schemes will depend on whether actors in the market find them valuable. This involves
using rating methodologies that consider both design and operational parameters to make it possible to
compare the performance of both new and existing ships.
Over time, we may see convergence of different rating schemes to one or a few methods of benchmarking
a ship’s energy efficiency and environmental performance. We may also see rating schemes being used
in conjunction with a funding scheme such as the Norwegian NOx fund, or the EU TEN-T programme, to
provide incentives for investing in new technology.

3.3.4 Premium markets in the maritime transport industry
With stricter regulations towards 2030 and high fuel prices, the potential economic gains from more energy
efficient ships are increasing. As investment decisions concerning ship design and technology rest with
ship owners and fuel costs are in many cases covered by the charterer, cooperation between these actors
will be important for reducing fuel consumption and costs. We may see new contracts and incentive
schemes that make investments in fuel efficiency technology more attractive.
A major incentive for investing in technology and energy efficiency is to gain premium in the charter market
– or to avoid a penalty for an inefficient ship. All charterers prefer using energy efficient ships, however
there has to date been little evidence that charterers are willing to pay more for efficient ships.
A premium market can only exist as long as new designs are significantly better than existing ships (new
build market), or there are significant differences between existing ships (charter and second hand
market). A standard for comparing vessels are also needed. An MRV system will provide documentation to
charterers of the performance of the available vessels.
Currently the volume of efficient ships is too low, and cargo capability and position are more important
factors when efficient ships are not available. Over time there will be more energy efficient vessels
available and the standard market rate will apply to increasingly efficient ships. This also applies to ships
able to run on LNG or with a scrubber installed. Over time we expect ship designs to become standardised
and less efficient ships will get lower rates and over time be forced out of the market.
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3.4 Technology trends
Shipping will have to adopt new technologies over the next decade to adapt to market changes, upcoming
regulations, stakeholder expectations, and increasing fuel prices. Making the right technology choices will
require knowledge of the technologies’ effects, side-effects and operational implications.
Shipping 2020 (DNV, 2012c) provides an overview of the technologies enabling a ship to comply with the
upcoming environmental regulations in the coming decade. This chapter therefore focuses mainly on the
changes that may arise in the period 2020 to 2030.

3.4.1 Energy efficiency measures
A variety of technologies are available, or under development, to improve the energy efficiency of a ship.
Energy efficiency measures can broadly be divided into three main categories: Ship design, propulsion,
and machinery. The best effect can be achieved on new builds. However, we expect that changing market
conditions, increased fuel prices, new regulations on GHG emissions, and stakeholder pressure will lead
to a variety of measures being retrofitted on ships in operation.

3.4.1.1 Ship design
Ship design measures include topics such as ship dimensions, hull shape and ship concepts. W hile some
measures can be retrofitted, the main efficiency gains are achieved if ship design measures are introduced
at the beginning of the ship design process.
Ship dimensions: Ship size and weight can be optimised to create significant savings. Increasing the ship
size will in most cases result in increased transport efficiency (Wärtsilä, 2010). However, a size increase
will be limited by port and canal restrictions, as well as cargo availability. Lighter and stronger materials
can be used to reduce ship weight (DNV, 2012b). For instance, composite materials can be used for hatch
covers, reducing the weight of the covers and the lifting equipment. The use of composite materials for
parts of the ship has been tested and is likely to become increasingly common (DNV, 2011).
Hull shape: Hull resistance can be minimised by optimising the ship’s hull shape. Slender hulls have a
smaller wave resistance, reducing fuel consumption (DNV, 2012b). Other existing technologies that reduce
resistance include ducktails lengthening the waterline, and interceptor planes that create a lift effect
(Wärtsilä, 2010).
Rapidly evolving computer tools that calculate and predict how a hull design will perform are becoming
more and more accurate and will enable new, improved hull designs. In today’s market, the actual sailing
speed of a ship is often lower than what it is designed for. In the future, hull shapes are likely to be
designed for a broader range of speeds than today, due to both fuel costs and EEDI compliance. Hull
shapes will be optimised for different speeds, trims and drafts, and ships will have a broader operational
profile. Ships may also be designed for specific weather conditions.
The increase in fuel prices will drive the demand for ships with low fuel consumption and investment in hull
design is expected to increase. Depending on fuel prices, ship owners will focus more on ship
performance and may be willing to pay a higher price for energy efficient ships. We may therefore see a
shift from a current focus on operational expenditure to capital expenditure.
In the coming years, shipyards and designs may be differentiated based on price and performance. There
will be more documentation available on actual fuel consumption and performance. As designers use the
same design tools, designs will converge over time towards a new and more energy efficient standard.
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Ship concept: Non-conventional technologies that affect the design of the ship will become more mature
towards 2030 but will not likely become common. The frictional resistance between the water and the hull
surface can be reduced by introducing an air carpet under the hull (air lubrication/air cushion). A ballast
free ship or a ship with reduced ballast will have a lighter displacement and thus a lower resistance.
However, the draft of a ballast free ship may be a barrier to access some ports.
Multi-hull vessels can present an energy efficient solution in cases where port and canal limitations restrict
the size of ships. These vessels will maximize the transported cargo while complying with the port
restrictions. In addition, multi-hull vessels could be ballast free. Multi-hull vessels will be reserved for
volume cargo carriers, such as car carriers, due to displacement issues with other ship types. These
technologies will initially be reserved for specific trades and will become more common only if successful.
Ship designs are owned by yards or specialised ship designer companies, but the building process is in
the hand of the yard. The ability of ship owners to alter designs will depend on the market situation. In a
busy market, yards will prioritise building standard designs in large series to maximise profits, while in a
low market they may be willing to build to owners’ specifications and directions. It will be important for ship
owners to investigate whether yards are willing and capable of delivering energy efficient designs and how
this will be specified in the contract. The performance of new designs is uncertain until tested in real
operation.

3.4.1.2 Propulsion
Propulsion measures cover topics such as propeller design and propeller hull interaction. Existing
technologies focus on improving propulsion efficiency and improving cavitation characteristics. Propeller
efficiency can be increased by adding tip winglets or by optimising the blade sections. Propulsion
efficiency can also be improved by combining the design of the propeller and of the rudder by adding wing
or pulling thrusters (Wärtsilä, 2010). In addition, optimising the interaction between the hull and the
propeller leads to better propulsion efficiency (DNV, 2012b).
The understanding of hydrodynamic phenomena has recently improved due to the development of
advanced numerical tools for fluid dynamics. Propeller optimisation technologies will likely be widely used
in the future as these technologies are becoming more common, have a high return on investment, and as
propellers are easy to retrofit.
Most current research and development activities are based on fixed and ideal design conditions, for
example calm water. Few designs are tested on full scale ships. Designing for realistic operational
conditions will become more common towards 2030 and will bring further technological advances in
propulsion efficiency, such as for instance actively controlled devices or dynamic shape adaptation (DNV
R&I, 2012b).

3.4.1.3 Machinery
The machinery category covers subjects related to energy harvesting, energy recovery and energy
storage, and hybrid configurations. These subjects are discussed in turn below.
A waste heat recovery system recovers energy from exhaust gas. The heat can be used directly or be
turned into electric power. There is less fuel reduction potential when slow steaming or when the exhaust
contains a large amount of sulphur, but waste heat recovery has a significant potential for further
development and will be more widely adopted towards 2030.
Engine modifications can be implemented on both the main and the auxiliary engines to reduce fuel
consumption. For instance, operating pumps with a variable speed optimises the pump energy
consumption. Lower fuel consumption can also be achieved by controlling the combustion at all loads by
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for example retrofitting common rail to old engines. Engines can also be de-rated to reduce fuel
consumption at slow speed.
Incorporating diesel-electric propulsion, renewable energy sources, heat recovery and batteries will
improve a ship’s overall energy efficiency and reduce emissions (DNV, 2012d). Hybrid propulsion
systems are already in use and currently focus on main propulsion. The main benefits are for operations
with high variations on engine load such as cargo operations or dynamic positioning.
The use of renewable energy such as wind, solar and wave power will receive increased attention
towards 2030. Wind energy is especially relevant for ultra-slow ships on which the wind energy potential
can be better exploited (Claudepierre, Klanac, & Aleström, 2012). The development of wind energy will
depend on the design speed of the ships and on the use of slow steaming. Wave power will become
relevant if efficient ways of harvesting this type of energy are developed. However, the cost, limited energy
potential, and complexity in design and operation that wind, wave and solar power are presenting will slow
their development and limit industry uptake.
The use of multiple energy sources will require energy storage. Batteries can store energy surplus and
release it at peak demands (DNV, 2012d). Batteries are also required for storing harvested energy from
wind, waves or sun. In hybrid systems the batteries are currently used as energy buffers. For deep sea
shipping, hybrid systems including batteries will be most relevant for auxiliary systems during cargo
operations, as the machinery operates at steady load at sea.
The use of LNG as fuel will allow a vessel to comply with both NOX and SOX regulations. LNG and dualfuel engines currently have a higher price than diesel fuelled engines. This relative difference will be
reduced with the increasing demand for LNG fuelled engines. Pure gas engines may then have the same
price as diesel engines, while dual fuel engines will always remain slightly more expensive as they need to
have both injection systems installed. However, the price difference between a diesel and a gas fuelled
ship will still be high due to the price of the LNG system. LNG tanks will not become smaller towards 2030
as they will still need to transport the same amount of energy. However, they are likely to become more
space efficient, with for instance the development and implementation of hull shaped tanks. This will make
the LNG solution feasible for new ship types.
Fuel cells convert chemical energy into electricity and can be used as auxiliary power or as
supplementary propulsion power in hybrid ships. Fuel cells for maritime use are still at the prototype stage,
but are expected to become commercially available and used by some specialised ships before 2030
(DNV R&I, 2012a).
When a ship is in port, energy can be produced from shore. This is known as cold ironing or shore
power. Shore power requires significant infrastructure investments by ports and shipping companies.
However, cold ironing is already in use in some ports, for example in California and in Oslo, and will be
more common in the next decade as ports are experiencing pressure to improve air quality (DNV, 2010).
Energy produced from shore could also be stored on-board in batteries and then be used in transit. Energy
harvested from renewable sources in transit could be stored and used when in port.
The combination of energy harvesting (wind, solar, wave), energy recovery (WHR, cranes, etc.) and
energy storage (i.e. batteries) will be important for increasing energy efficiency. Especially the
combination energy recovery and energy storage will be important, letting the system store recovered
energy for later use and also simplifying load optimisation. Energy harvesting would mainly be a green
supplement in the energy balance (i.e. Skysail, Flettner rotors and solar panels), but we expect increased
potential if used in combination with energy storage.
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3.4.2 SOX and PM reducing technologies
The 0.10% ECA sulphur limit enters into force in 2015. Approximately 40% of the world fleet enter into the
current ECAs during a year, although half of these vessels spend less than 5% of their time there (DNV,
2012c). One consequence of this regulation could be deep sea ships avoiding the different ECAs by
ending their voyage outside ECAs, using feeder ships to connect to the destination harbour. This will
require development of port infrastructure outside ECAs and will only be a temporary solution until the
global SOx regulation is implemented. The costs will be high and we do not see yet any evidence of this
happening.
As alternatives to avoiding ECAs, operators will have to choose between installing exhaust gas cleaning
systems known as scrubbers and switching to low sulphur fuel. Scrubbers are in early 2013 on the brink of
commercialisation. Some 20 systems have been installed on different ships to date, mainly test and
prototype plants. However, the technologies are maturing and the first large commercial projects are
underway. In the coming years, the technology is anticipated to improve mainly in areas such as energy
efficiency and reliability.
Open loop scrubbers using seawater, closed loop scrubbers using freshwater, or hybrid systems using
both approaches are available in the market (DNV, 2012c). There are also dry SOx scrubber systems
available for maritime use, using calcium hydroxide (limestone) as a reagent. These systems often have a
large physical foot-print and are not viable for the largest engine sizes. The use of open loop systems in
sensitive environmental areas or in ports may become limited if regulations on water discharge become
stricter.
The exhaust cleaning systems available today remove a substantial amount of PM by mass. Reported
figures claim up to 80%, but this is notably the larger particles. Smaller particles below 1 micron present
the main health hazard and are significant drivers for climate change. It is possible that the exhaust
cleaning systems towards 2020 and onwards will be better at trapping PM. However, given the physics
behind the principle of the current wet scrubber technologies, new technologies have to be developed
using for example the wet electrostatic principle. This involves removing particles by applying an
electrostatic charge (U.S. Environmental Protection Agency).
A critical technical success factor for large scale scrubber commercialisation towards 2030 will be the
development of combined NOx and SOx removal systems. There have been some developments in the
industry, however no large scale system have successfully been tested to date.

3.4.3 NOX reducing technologies
Ships keel-laid after January 1 2016 will need to comply with the IMO Tier III NOX requirements when
entering an ECA. The three main technologies that currently satisfy Tier III requirements are: Selective
catalytic reduction (SCR), exhaust gas recirculation (EGR) and low pressure LNG engines.
New diesel engines delivered after 2016 are likely to have an SCR or EGR integrated. There are on-going
efforts to develop a Tier III engine without cleaning technologies. This is the case for 2-stage turbocharging
engines that, while at an early phase of development, have already been tested and are expected to be
commercially available within the next decade. NOX reducing technologies that currently do not reach Tier
III level will probably not be further developed for marine use.
SCR and EGR systems are sensitive to the sulphur content in the exhaust and this will be a challenge for
ships not running on low sulphur fuel. EGR, for example, may need an internal scrubbing system. In order
to comply with both NOX and SOX regulations, new technologies combining EGR or SCR with a scrubber
and therefore reducing both pollutants can be expected to arise.
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3.4.4 Ballast water treatment
By 2020, the IMO ballast water convention will most likely be fully implemented on all existing ships and
the demand for ballast water treatment will only be for installation on new builds. Ballast water treatment
units will have matured, however the units will most likely still consist of a filtration unit to protect the
equipment upstream and an additional treatment unit. Which of the different treatment technologies will
dominate is uncertain. The technologies may converge towards a ship type or a volume rate. If the US
implements a stricter enforcement regime, manufacturers will need to create technologies that can meet
the new standards. A side effect may be reluctance to install IMO approved systems before they are
approved by the US.
Another option for ballast water management is the use of ballast free ships. This concept will be more
mature towards 2030 and may then be applicable to every ship type. After the implementation of the IMO
Convention, ship owners will become more aware of the problems and the costs that ballast water
treatment systems create. This will be an incentive to develop ballast water free ships. However the
development of this technology is also dependent on port infrastructure. Ballast free ships will not be able
to access some ports due to draft limitations.

3.4.5 VOC
A variety of measures are possible and available to reduce VOC emissions from ships. Such measures
are typically categorised in operational procedures, passive technologies, and active technologies.
Sequential transfer of tank atmosphere, periodical testing of P/V-valves, avoidance of manual pressure
relief during voyage, reduced frequency and extent of crude oil washing (COW), and positioning of the ship
to minimize vessel movement (roll / pitch), are examples of operational procedures that might be included
in VOC management requirements by 2030.
Passive VOC management technologies are available and are relatively simple and cost effective.
However, the effect of these systems has yet not been fully proven. Passive technologies relate to for
example cargo loading system design that prevent vapour formation, increased cargo tank design
pressure (pressure relief device settings), vapour emission control piping systems (returning VOC to
loading facility), and cargo tank venting system design (passive automatic pressure relief arrangements). It
is realistic to assume that the effectiveness of such systems (and the conditions required) can be fully
proved before 2030. This can facilitate passive VOC management technologies to be used and
implemented cost efficiently.
Active technologies represent higher investment and operational costs and more complex operation than
passive technologies. Active technologies are available today, and the demand for such systems might
also increase in the future, particularly if a strict VOC management regime is implemented, as the other
measures might not be able to meet such requirements for all crudes/products and related conditions.
Examples of active technologies that can be implemented on ships are plants for re-absorption, readsorption and re-liquefaction. Automatic pressure control systems for the cargo loading system or for the
cargo tank venting system, and hydrocarbon blanketing systems (not possible on all tankers) are other
examples.

3.4.6 System integration
To comply with current and upcoming regulations, new technologies and components will need to be
installed on-board. This will create a need for tighter machinery integration. Integration will lead to higher
efficiency but will increase the ship machinery complexity. Reliability, operability and safety considerations
will become increasingly important.
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System engineering approaches will dominate the design and operation of the entire integrated machinery
system. The focus will be on overall system levels rather than on individual components behaviour to
achieve better optimal performance. Essential enablers in these directions will be software tools that will
allow designers to model, simulate, and thus predict and optimise the whole ship machinery before the
ship is built. Software tools can also be used for continuous performance assessment and optimisation
during operation. Land-based machinery systems and systems engineering applications have come much
further on this than shipping. However, ship machinery is expected to catch up or at least to get
significantly more advanced by 2030.
Ships with complex machinery will need more experienced crew. Crew competence may become a barrier
to the development of machinery integration. The current competence of crew will not be sufficient for
dealing with integrated systems and this will present challenges to safety. The lack of competent
candidates and the importance of crew costs are significant challenges. One solution is to improve
communication between shore and the vessel in order to have specialists onshore assisting the crew on
board, which will lead to less autonomy for the seafarers. Another solution is for the engine manufacturer
to become more involved in ship operations, like in the aviation industry. Some engine suppliers are
already taking more responsibility for engine-related equipment.
As machinery becomes more complex, there is also need for accurate condition monitoring, prognostics,
and fast action implementation. Sensor technology is increasingly important in this respect. New sensors
will need to be able to measure and transmit information more accurately, while operating in harsh
conditions. Real time monitoring and control of the efficiency of the entire vessel will make it possible to
operate with optimal fuel performance.
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3.5 Fuel trends
Fuel cost is the largest cost element for virtually every shipping company today, particularly for companies
in the deep sea segment. We will see significant changes in the shipping industry’s fuel mix towards 2030,
driven by rising energy prices, stricter regulations, new energy sources, and rising regulatory and
stakeholder pressure on reducing GHG emissions.
The price development of marine fuels is very uncertain. Following the growing demand for distillate fuels,
we may see increased average fuel prices due to a shift towards more expensive fuels and increased
energy prices. This can lead to increased use of LNG and alternative fuels for deep sea shipping.

3.5.1 Heavy fuel oil
Heavy fuel oil is today the most common fuel for the deep sea segment. 80% of the consumed fuel in
shipping is residual fuel with high sulphur content (DNV R&I, 2011). During the past decades we have
seen a slow reduction of the world production of residual fuel. The demand for HFO for marine usage is
likely to decrease over the next ten years and be replaced by lighter distillate fuels. Following the 0.10%
ECA sulphur limit in 2015, ships without scrubbers operating in ECAs will have to switch to a distillate fuel.
From 2020 (or 2025) the demand for HFO will be significantly reduced due to the global 0.50% sulphur
limit as 0.50% HFO is not likely to become a fuel option.
The pricing of HFO will depend on the availability of residuals from refineries, alternative marine fuels, and
of ECA compliance strategies which set the demand. Scrubbers will enable the ships to continue running
on HFO and this may bolster HFO demand. Increasingly sophisticated refineries are expected to produce
less HFO and more distillates, in particular if the demand in shipping decreases.
HFO is a product sold in a market where ships are one of the main consumers, while distillate fuels are
sold in a very competitive market with many consumers. Thus, refinery economics and future expansion is
expected to be towards highly complex refineries, producing decreasing amounts of HFO, as already seen
in the Middle East, India and East Asia (The Australian, 2012).

3.5.2 Low sulphur fuels (LS HFO, MGO, MDO)
LNG-fuelled ships and ships equipped with scrubbers are not expected to constitute a large portion of the
world fleet in the near future. The most viable option for ships trading in ECAs is then to use a distillate
fuel. Globally, about 1,300 MTOE of middle distillates was produced by refineries in 2011. However, only a
small portion, 130 MTOE, of that was sold for marine use (EIA, 2013), either as a pure distillate or blended
with residual fuel.
Fuel consumption by ships trading in ECAs is limited compared to fuel consumption by the remaining
global fleet. The use of distillate fuels by ships trading in ECAs will therefore likely have a limited effect on
the global supply of distillates in the period up to the global sulphur limit in 2020 or 2025. The future price
of low sulphur fuels depends on refinery activities. The demand for distillate fuels as a result of global SOX
regulations will lead to an increase in the price of distillate fuels relative to HFO. The price ceiling of
distillates will most likely not exceed the price for ultra-low sulphur diesel (10 ppm sulphur) used for cars.
The price difference between HFO and MGO after the introduction of a global limit may increase for a
short period, but over time refineries will increase production and prices for MGO is likely to stabilise on a
30-50% price premium over HFO.
To comply with stricter regulations, desulphurising HFO is an alternative. However, this process requires
energy and thus increases CO2 emissions. The cost is similar to producing distillates. Which method is
preferred will depend on the price of the resulting products. The price premium for low sulphur HFO will
likely be somewhat lower than the premium for distillates. Producing distillates also has the advantage of
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being able to sell to other markets. There is little information on this topic from oil majors or companies
experimenting with desulphurising HFO.
Today, refineries are blending fuels to create a LS HFO that is compliant for ECA areas. Fuel blends
comprise low sulphur oil products such as gas oil, cycle oil, slurry oils/cutter stocks and low sulphur
components from other sources. The quality of LS HFO is variable and generally lower than HFO and the
viscosity is lower. Quality issues may improve, as blenders gain more experience with LS HFO blends. We
will likely see new compliant products (middle distillates) in the market to meet shipping’s demand for low
sulphur fuels.

3.5.3 LNG as fuel
LNG has become a more popular fuel for shipping in recent years, particularly in Norway. This
development has much to do with the development of a distribution network and the availability of natural
gas in the form of LNG, as well as strong economic incentives from the Norwegian NOx fund. There are
now clear signals that this development is spreading outside Norway, and we have seen recent orders for
larger commercial ships. Still, the number of confirmed projects is less than 100, compared to the tens of
thousands ships currently in operation.
Based on input from ship owners, the preference with regard to the LNG engine set-up is for a single fuel
engine. A dual fuel solution will be used in a transition period while infrastructure is developed.
Regulations concerning the use of low flashpoint fuels and bunkering standards are being developed and
are not a significant barrier. Infrastructure for bunkering is the most important short-term barrier to the
uptake of LNG in deep-sea shipping, in addition to high investment costs. LNG will likely first penetrate the
short sea market and some niche markets. After a global distribution network comes into place, we will see
a broader adaptation of LNG as fuel for deep sea shipping in 2020-2025. A distribution network does not
need to be dense, as traditionally a significant portion of bunker fuels is sold in a small number of ports. If
a distribution network is established and the price of LNG remains lower than for other fuels, LNG as fuel
will be a competitive alternative for the deep sea segments.
The price of natural gas and LNG varies from country to country and with time. The difference in natural
gas prices in North America and Asia has been as high as a factor of eight in recent times. The variance in
price is due to the natural gas export ban in the US, limited transportation capacity, and lack of export
terminals in gas rich countries. However, the US is expected to start exporting gas in near future which is
likely to impact the global LNG market. LNG for marine use is expected to be available in small scale at a
competitive cost compared to the alternatives: MGO or scrubber using HFO.

3.5.4 Alternative fuels
Biofuel such as methanol and biogas, nuclear, hydrogen, and LPG are among possible alternatives to lowsulphur marine fuel oil towards 2030. This section focuses on biofuel, nuclear and hydrogen. Concerns for
energy security in different parts of the world, subsidies, and strict local emission regulations could make
some of these fuels more attractive. This includes the introduction of regimes that increase the cost of
emissions, making low emission alternatives more attractive.
The introduction of alternative fuels in shipping is associated with a number of challenges with respect to
technical, safety, regulatory, and price issues. It is necessary to ensure that the use of alternative fuels
does not violate regulations. Biodiesel, for example, can increase NO X emissions, and may have a widely
varying CO2 impact. In addition, the fuels must become cheap enough to compete with traditional fuels and
offset the investment cost of changing to an alternative fuel.
Table 3-1 below provides an overview of 2010 total global consumption of alternative fuels.
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Table 3-1: Global consumption of alternative fuels in 2010 (DNV R&I, 2011)

Fuel
Oil-based
Natural Gas
LPG
Methanol
Ethanol
DME
Fischer-Tropsch
Biodiesel
Biogas
Hydrogen

Consumption (million TOE/year)
1
4 028
2 858 (LNG: 250-300)
275
23
58
3–5
15
18 – 20
Very low
Very low

3.5.4.1 Biofuel
Biofuel is a renewable energy source with the potential to reduce lifecycle CO 2 emissions. SOX and
particulate matter emissions are also reduced in operation, while NOx emissions are slightly increased
depending on the type, design and age of the engine. Existing diesel engines can in principle run on
biofuel blends. The most promising biofuels for ships are biodiesel, methanol and crude plant oil, although
issues like net energy losses, minimal greenhouse gas savings and conflicts with food production need to
be resolved. Biodiesel is most suitable for replacing marine distillates, and plant oil is suitable for replacing
residual fuels. Several shipping companies and governments are experimenting with biofuel as an energy
source to comply with sulphur regulations in an ECA. The US Navy has also initiatied a biofuel programme
to reduce dependence on petroleum-based fuel.
There are, however, various unresolved problems with applying biofuels for commercial shipping.
Problems include fuel instability, corrosion, susceptibility to microbial growth, adverse effects on piping and
instrumentation, and poor cold flow properties. Although these technical challenges could be resolved in
the next decade, widespread use of biofuel in shipping will depend on price, incentives, and availability.
Breakthroughs in production methods and new regulations could have a significant impact.
Another issue with biofuels are lifecycle CO2 emissions. Current biofuels have a large spread in the CO2
reduction potential. Third generation biofuel, algae based fuel, can provide a higher uptake of biofuels in
shipping, as this fuel is expected to be cheaper and more effective in production. Algae can deliver 6-10
times more energy per hectare than conventional cropland biofuels, and does not compete with food
resources. Challenges for third generation biofuel include energy and water consumption. However, algaebased fuel can be produced locally, giving it a lower distribution cost and lower lifecycle emissions. The
uptake of this fuel is expected to gradually increase towards 2030, but will not take a major part in the fuel
mix in the near future (DNV, 2012d). In the coming years, biofuels and biogas are likely to be a part of the
fuel mix for niche trades and regional use.

3.5.4.2 Nuclear
Nuclear power plants have no GHG emissions during operation and are especially well suited for ships
with slowly varying power demands. Although several hundred nuclear-powered navy vessels exist, few
nuclear-powered commercial ships have been built. Commercial nuclear ships would have to run on low
enriched uranium. The main barriers to nuclear shipping relate to uncontrolled proliferation of nuclear
material, decommissioning and storage of radioactive waste, significant investment costs, and societal
acceptance.
Unless there is significant shift in the public opinion on the use of nuclear power, and a clear commitment
to reduce GHG emission from ships beyond what can be achieved with energy efficiency and other fuels,
1

Approximately 7-8% for shipping
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commercial ships will most likely not run on nuclear fuel in 2030. However, an option can be to use nuclear
power on land to produce carbon free fuel such as hydrogen.

3.5.4.3 Hydrogen
Hydrogen is an energy carrier that in the future might foster economic growth without a negative
environmental impact. For large scale use in transport applications, renewable energy sources such as
wind, but also solar, tidal energy and hydro power need conversion into a form suitable for storage and
transportation from the point of production. Hydrogen can be produced from a wide range of energy
sources, including the above mentioned renewable sources. It can be used to store electrical energy for
load levelling, and to deal with the challenges associated with the intermittent nature of many renewable
energy sources (DNV R&I, 2011). Today common production methods for hydrogen are electrolysis using
electricity from both non-renewable and renewable sources, and reforming of natural gas. Hydrogen is
also available as a by-product from some industrial processes. Looking ahead, hydrogen can be a mean of
introducing renewable energy and zero emission energy solutions in the transport sector. The technology
for hydrogen fuel cell cars and buses, and the associated filling infrastructure has been developed, but the
associated costs are still high.
Today the main use of hydrogen is industrial, but hydrogen is also already in use in some niche segments
in the transport industry. As fuel prices increase and local emission regulations become stricter, we can
expect to see more pilot projects with this fuel also in in the maritime industry, specifically in niche
segments with suitable operational patters. The development of hydrogen technology to suit a maritime
environment and the development of standard rules are barriers that need to be tackled. When we look
towards 2030, we will likely see the development of hybrid fuel vessels, where hydrogen can be one of the
energy carriers. Hydrogen has the largest potential in cases with incentives for zero emission solutions. It
can therefore be feasible to consider synergies between hydrogen (used in fuel cells) and battery
applications. Several pilot projects and extensive testing is needed before a broad commercial application
can be expected. For deep sea shipping purposes fundamental breakthroughs in storage technologies are
also needed if acceptable energy density is to become available.
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4

SCENARIOS

This chapter presents two scenarios towards 2030 based on the drivers and trends outlined in Chapter 3.
A scenario is not a prediction of the future but rather a story of what the future may look like, exploring the
effects of the different trends and drivers, without having to investigate all possible futures. The study has
identified fuel cost and regulatory and stakeholder pressure as the key drivers for technology adoption in
shipping.
Given the trends, it is unlikely that fuel prices and regulatory and stakeholder pressure will be low in the
future. Based on this, the study has developed two scenarios which represent two distinct possibilities:
“Scenario A - Business as usual” which outlines a world which looks much like today, without much more
development on the fuel and regulatory side; and “Scenario B - Sustainable shipping” where sustainability
is a key driving force in society and fuel costs are increasing further. This is illustrated in Figure 4-1.
The scenarios focus on CO2 emissions, energy efficiency and sulphur compliance as these are key topics
in the case studies, and do not include details on NOx, black carbon, ballast water treatment, recycling,
VOC, and underwater noise.

High fuel cost

Low regulatory and
stakeholder pressure

Unlikely with less regulation

B
Sustainable
shipping

A
Business
as usual

High regulatory and
stakeholder pressure

Unlikely with low fuel cost

Low fuel cost

Figure 4-1: Illustration of 2030 scenarios
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4.1 Scenario A: Business as usual
The shipping industry is conservative and faces limited pressure from regulators
and stakeholders. Fuel is expensive, but prices are not significantly higher than
today. Technology uptake is slow with a focus on mature and tested solutions.
The demand for transportation of goods develops steadily towards 2020, but shipping continues to see
cycles. The North East Passage is open for traffic in summer, and there is moderate Arctic oil and gas
activity. In 2030, the North Europe to North East Asia traffic through the North East Passage has increased
due to lower cost of transportation. The extraction of shale gas in the US has grown tremendously and the
US is now one of the world’s largest gas exporters. There is a global LNG market with small geographic
price differences, with LNG prices similar to crude oil. This has kept energy prices at about the same level
as today.
The shipping industry faces limited pressure from regulators and stakeholders to improve environmental
performance. The wave of regulations already in motion runs its course, but there is no further tightening in
the period up to 2030. There has been no success in implementing market-based measures for CO2
emissions, mainly due to major disagreements on the applicability of such mechanisms. The EU has also
been unsuccessful in implementing regional mechanisms to reduce CO 2 emissions from shipping. In 2018,
the 0.50% global sulphur cap planned for 2020 is postponed until 2025. The current ECAs run as planned,
however there are no further areas with limit on sulphur emissions. The ballast water and recycling
conventions are not ratified.
There is a public demand for transparency and reporting, however the shipping industry experiences less
pressure than other industries, in particular the segments not transporting finished goods. Rating schemes
still exist, but their impact on the market is limited. Performance management is used by a selected group
of large ship owners with large shore-based staff. Charterers have limited information and documentation
on fuel consumption and do not offer large premiums for energy efficient ships. Incentives for optimising
performance and reducing fuel consumption are limited. There is some innovation on ship design driven by
EEDI compliance. However, this is restricted to incremental improvements, speed (engine power)
reduction, and to some degree LNG.
The technology adaptation and development of novel technologies is slow. Hybrid systems and batteries
are only used in niche segments. Renewables are not used in deep sea shipping due to cost and
complexity. There is limited system integration, driven by regulatory compliance, but simple machinery
systems are preferred by the deep sea segments.
With the delayed but firm sulphur limit, the refineries respond and there is no shortage of MGO in 2025.
The use of HFO will decline sharply after 2025 as a large part of the fleet will use MGO. The fuel prices
stabilise at current levels, with the price difference between HFO and MGO about 30 - 50% in the long
term. Reduced demand for HFO will result in lower prices in the short term, but over time refineries will
adapt to demand. In 2020 scrubbers are mature but see limited use due to delay in sulphur regulations.
After 2025 the demand will pick up, depending on the HFO/MGO price spread. LNG is available globally,
but slow development of infrastructure and low competition puts LNG price at the same level as MGO,
making it less attractive for deep sea use. Biofuel is used in niche markets from 2020.
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4.2 Scenario B: Sustainable shipping
Pressure from civil society is high and international bodies enforce strict
regulation of shipping. Driven by higher fuel costs and regulations, we see a high
degree of innovation and new solutions implemented on ships.
The demand for transportation develops steadily towards 2020, but shipping continues to see cycles. The
North East Passage is open for traffic in summer, but strict environmental and safety regulations make it
an expensive route to use. Driven by high energy prices there is moderate gas exploration and production
in the Arctic. In the US, global sustainability demands and energy needs trump environmental concerns
over shale gas extraction, and the US is now one of the world’s largest gas exporters. There is a global
LNG market with only minor geographic price differences. A global tax of USD 50 per tonne CO2 and
reduced exploration activities makes crude oil more expensive than LNG. In general energy prices are
higher than today.
The global temperature is increasing due to the greenhouse effect and there are severe consequences in
terms of flooding in several parts of the world. Civil society and international bodies are acutely aware of
the environmental impacts of shipping, and support local and international initiatives to improve
environmental performance.
The EU starts enforcing monitoring, reporting and verification of CO2 and other emissions in 2016. In 2018,
the IMO implements the same regime globally, including operational requirements to CO2 emissions from
existing ships in 2020. In addition, a phase 4 of the EEDI from 2030 with a 50% reduction requirement is
adopted in 2020. Pollution levels in coastal cities, especially in Asia, lead to regional regulations on SO X,
NOX and PM emissions leading up to 2020. An ECA in the Mediterranean is established in 2020, and
additional ECAs follow towards 2030. In 2018, the global limit on sulphur is decided to be enforced from
2020, even with limited MGO availability. The ballast water convention is ratified and enters into force in
2015, while the recycling convention is ratified in 2020.
High fuel costs make high-performing companies competitive. Investors prefer to invest in the most
sustainable companies in each segment. The market offers a clear premium on energy efficient ships and
ships with scrubbers or LNG engines. Charterers use ratings in their chartering process in order to
compare vessel performance. Port and flag states also use rating schemes actively to provide financial
incentives for visiting vessels. There is a consolidation of rating schemes over the years, with one global
standard prevailing in 2018. Driven by this, transparency of sustainability performance is now the norm.
There is a high degree of innovation on ship designs to meet new requirements, as well as requirements
from ship owners to increase competitiveness. Port and canal authorities strive to remove restrictions on
ship dimension to allow for new designs. New ship concepts are developed towards 2030. Renewable
energy sources and batteries for propulsion are piloted on deep sea ships. Batteries in conjunction with
auxiliary systems, in particular for cargo operations have become common. Ships with multiple abatement
and energy efficiency technologies have sophisticated system integration. Hiring competent crew is a
challenge, but a focus on robust systems, advanced software, and improved training alleviates the
problem.
The demand for MGO in 2020 leads to an increased price on distillates and a rush for scrubbers.
Correspondingly, total HFO demand and price will decrease. The availability of MGO is uncertain, with a
short-term price spread of 80%. Over time the refineries adapt production capacity and the price spread
between HFO and MGO settles at 30-50%. Regulatory compliance and stakeholder pressure makes LNG
an attractive alternative. The LNG infrastructure is well developed in 2020, and deep sea ships have
started using LNG as fuel. LNG is priced between HFO and MGO, but with increased supplier competition
prices decrease over time. Innovation and technology developments related to LNG as a fuel are strong.
Biofuel is used in niche markets initially, but towards 2030 several deep sea liner trades are also using
biofuels.
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4.3

Timeline

Scenario A – Business as usual

EEDI phase 3

Global LNG
infrastructure in place

EEDI phase 1

0.1% ECA sulphur limit

NOx tier III for new
builds

2015

2016

0.5% global sulphur
cap postponed
2018

EEDI phase 2

2020

0.5% global sulphur
cap
2025

0.1% ECA sulphur limit

NOx tier III for new
builds

Global rating scheme
standard

Operational
requirements on CO2

BC, noise, bio-fouling
and VOC regulation

Ballast Water
Convention

EU CO2 monitoring,
reporting and
verification

Global CO2
monitoring, reporting
and verification

0.5% global sulphur
limit comes into force

EEDI phase 3

EEDI phase 1

Scenario B – Sustainable shipping

Mediterranean ECA
established
Recycling convention
ratified
Global LNG
infrastructure in place

EEDI phase 2
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5

CASE STUDIES

The case studies explore the impacts of the two scenarios on four specific deep sea segments: chemical
tankers, vehicle carriers, bulk carriers, and very large gas carriers. For each case a specific ship size and
trade type is selected.
The aim of the case studies is to illustrate the decisions that ship owners are facing and the possible
response options given the drivers in each scenario. The case studies do not look at all topics, but focus
on energy efficiency/CO2 emissions and sulphur limit compliance as the main challenges. The analysis is
qualitative, but supported by high level quantitative calculations on sulphur compliance options. Each case
study examines the following topics:





High level market outline
Energy efficiency, and monitoring, reporting and verification (MRV) of CO2 emissions
Sulphur compliance and fuel
Possible response options

A timeline for technology uptake is estimated for each of the case studies based on the market
characteristics and trends discussed in the case.
The possible response options outlined in the case studies focus on types of measures rather than specific
technologies. Chapter 3.4 describes specific technologies that can be used to comply with different
regulatory requirements.
An overview of the case studies is provided in Figure 5-1.
Figure 5-1: Overview of case studies
Size

Geography
Global

A fully integrated ship owner, with commercial,
technical and operational management.

Combination
of Contracts of
Affreightment
(COA) and
spot voyage
charters

6 500 CEU

Global

A fully integrated ship owner, with commercial,
technical and operational management. The
fleet is partly owned and partly chartered in.

Liner

50 000 dwt

Global

Typically operated in cargo pools. Ship
operators manage a portfolio of Contracts of
Affreightment and short-term charter parties.
Technical management of ships is outsourced.

Contracts of
Affreightment
and short-term
charter parties

80 000 m3

Global,
mainly
Middle
East-Asia

A fully integrated ship owner, with commercial,
technical and operational management.

Voyage
charters

SUPRAMAX BULK CARRIERS

VERY LARGE GAS CARRIERS
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5.1 Chemical tankers
This case study examines 45 000 DWT chemical tankers, typically transporting chemicals, hydrocarbons,
vegetable oil and other liquid products. The main customers for these vessels are process industry and oil
majors. The vessels operate based on a combination of Contract of Affreightment and spot voyage
charters. The ship owner is fully integrated with technical, operational and commercial management inhouse. Chemical tankers are built to last 20 to 30 years and are technologically sophisticated due to the
nature of the cargo and strict regulations. These chemical tankers trade globally and with a wide range of
cargoes. Flexibility with regards to trading area and tank capacities are important to efficient operation.
The demand for seaborne transport of chemicals is expected to increase by more than 200% towards
2030. Export patterns will be similar compared to today, with US, Saudi Arabia, China, Malaysia and
Indonesia as the biggest exporters. Increased demand from China constitutes the largest source of
increase in import demand for chemicals in the coming 20 years, pushing the centre of activity to the east.
The main driver for improving energy efficiency for chemical tankers is regulatory requirements, with fuel
costs as a runner up. The ship owner only pays the fuel bill for vessels that operate under a Contract of
Affreightment. A MRV regime and an emerging two-tier market with a premium for efficient ships are less
important for driving technology development. Performance management is already in place.
Price differentials between fuels and the availability of fuel will be the main drivers for technology decisions
to meet sulphur requirements. LNG is feasible for chemical tankers as the tanks can be placed on deck
and do not occupy cargo space. The availability of LNG is currently a barrier but is expected to gradually
be removed with improved infrastructure. LNG will become an option for chemical tankers over time,
particularly for regional trades where vessels bunker at predicable locations. Scrubbers will be an option
already from 2015 for vessels that spend more than 30% of the time in ECAs.
In Scenario A, the main focus for chemical tankers will be to comply with the EEDI requirement. Mature
and tested solutions will be the main compliance measures, focusing on hull shape, increased ship sizes
and improved machinery. Chemical tankers will experience some demand on transparency and reporting
from oil majors, however this will not be a significant driver to implement radically innovative solutions.
Scrubbers will be a main option for compliance from 2025 for ships younger than 10 years, with MGO used
on ships older than 10 years. LNG may be a solution for new builds with stricter EEDI requirements and
that will trade regionally already from 2015, expanding to deep sea from 2025.
In Scenario B, ship owners experience significant pressure from regulators and charterers to improve
energy efficiency. There will be a high level of transparency and benchmarking between vessels and
operators, and high performing companies are the most competitive in the market. Operational
requirements on CO2 from 2020 will give further incentives to increase energy efficiency. New ship
concepts are piloted. Chemical tankers have to become more specialised in order to optimise performance
and comply with regulations, at the expense of trading flexibility. Renewables and hybrid systems will be
piloted from 2020. The uncertainty of MGO availability and high price will drive the use of scrubbers on
existing ships younger than 15 years from 2020. LNG is an attractive alternative for the vessels that
operate regionally from 2015 and with the rapidly expanding infrastructure will be viable for deep sea from
2020. With the introduction of EEDI Phase 4 from 2030, development on fuel cells and biofuel is
accelerated, and may be piloted from 2025.
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Figure 5-2 below provides an estimated timeline for technology uptake for chemical tankers.

Scrubbers on ships in
operation <10 years
MGO on ships >10
years

Scenario A
Scenario B

Scrubbers on ships
>30% of time in ECAs

Possible LNG on new
builds

Improved hull shapes
and machinery

Reduced engine
power on new builds

LNG common on new
builds

2015

2020

2025

2030

Scrubbers on ships
>30% of time in ECAs

Scrubbers on ships in
operation <15 years

LNG common on new
builds

Hybrid and
renewables common

Improved hull shapes
and machinery

MGO on ships >15
years

Piloting of fuel cells
and biofuel

Possible LNG on new
builds
Piloting of hybrid and
renewables

Figure 5-2: Estimated timeline for technology uptake for chemical tankers
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5.2 Vehicle carriers (PCTC)

This case study looks at 6 500 CEU vehicle carriers, typically transporting new cars to consumer markets
and with possible spot cargoes such as agriculture machines/equipment, to ensure a balanced trade
pattern. The main customers are car manufacturers. The ship owner is fully integrated with technical,
operational and commercial management, with a fleet partly owned and partly chartered in. A vehicle
carrier is built to last for 30 years and is not expected to be sold during its lifetime. However, with such a
long life span the ship will have to be flexible with regards to cargo types and geography as trade area
may change. Lead time and thus turnaround times in port are critical for the operation. The ships today
have a design speed of around 20 knots and have a high auxiliary power demand in port due to ventilation
requirements on deck.
The demand for seaborne transport of vehicles is expected to increase by approximately 80% towards
2030. Export patterns will be similar compared to today, with Japan, South Korea, US, Germany and
China as the biggest exporters. However, the rise in demand comes primarily from fast growing
economies, which will change the trade pattern. The size of the ships may increase with the expanded
Panama Canal.
The main driver for energy efficiency in this segment is the high fuel cost. The owner pays the fuel bill and
has direct incentives to reduce fuel consumption. An emerging two-tier market with premium for efficient
ships and a MRV regime are less important. Performance management is already in place and will
improve with further experience and analysis tools. Required EEDI for vehicle carriers will be in force from
2015/16 and will drive down the main engine power and design speed.
Price differentials between fuels and the availability of fuel will be the main issue for sulphur compliance.
Using LNG is a challenge as the tanks will occupy cargo space. The availability of LNG is currently an
issue but is expected to gradually be improved. For vehicle carriers with stable trade patters this could be
an option relatively early, at the cost of reduced flexibility of the ships. For new builds and younger ships
that spend more than 30% of time in ECAs, a scrubber may be feasible already from 2015.
In Scenario A, the main focus will be on meeting the EEDI requirement and retaining an acceptable speed.
Hull shape, waste heat recovery, and improved machinery will be the main compliance measures.
Charterers will demand transparency and sustainability reporting, but will not put extra requirements on the
ship owner. With fuel cost being important, scrubbers will be a main option for compliance from 2025, with
MGO used on ships older than 10 years. LNG may be an option for new builds from 2025 as it also makes
compliance with EEDI easier.
In Scenario B, the pressure from car manufactures as they are close to end-users will be high. There will
be a high level of transparency and benchmarking between vessels and operators. The operational
requirements on CO2 emissions from 2020 will give further incentive to increase energy efficiency, and
also to use LNG which meets both EEDI and sulphur requirements. A high requirement for power in port
drives the uptake of batteries and hybrid systems. Renewables and hybrid systems will be piloted from
2020, and depending on technology development may be common from 2025 - 2030. The uncertainty of
MGO availability and high price will drive the use of scrubbers on existing ships younger than 15 years
from 2020. With the introduction of EEDI phase 4 from 2030, development on fuel cells and biofuels is
accelerated, and may be piloted from 2025.
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Figure 5-3 below provides an estimated timeline for technology uptake for vehicle carriers.
Scrubbers on ships in
operation <10 years
MGO on ships >10
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Reduced engine
power on new builds

LNG common on new
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2015
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Figure 5-3: Estimated timeline for technology uptake for vehicle carriers
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5.3 Supramax bulk carriers

This case looks at 50 000 DWT Supramax bulk carriers that typically transport bulk commodities such as
iron ore, coal, coke, fertilisers, alumina, grain, sugar and salt. Supramax bulk carriers are typically
operated in cargo pools, and ship operators manage a portfolio of Contracts of Affreightment and shortterm charter parties in order to have a high utilisation of the vessels and limited ballast legs. Technical
management of ships is outsourced. The vessels are relatively simple, but have to be flexible with regards
to cargo operations, and be able to trade everywhere at all times. Ship owners and operators have a shortterm investment horizon, and usually own or charter vessels for a period of max 5 to 10 years. The vessels
should retain a high second hand value.
The demand for seaborne transport of dry bulk goods is expected to double by 2030. Australia, Indonesia,
the US, Colombia and the southern parts of Africa will dominate the export market for coal, while China,
India, Brazil and Malaysia will be the main importers. The largest exporters of iron ore and scrap will be
Australia, Brazil, India, Indonesia and the southern parts of Africa. On the import side, China, Japan, South
Korea and Germany are expected to be the largest import markets.
The main drivers for improving energy efficiency for bulk carriers are regulatory requirements and fuel cost.
The ship owner only pays the fuel bill for vessels that operate under a Contract of Affreightment. A market
premium for efficient ships is important for driving technology development in this segment. A MRV regime
may force operators to focus on fuel consumption and give charterers the opportunity to choose efficient
ships.
The main driver for bulk carriers with regard to sulphur compliance is keeping investments to a minimum,
but at the same time avoiding ending up with an outdated ship. The use of scrubbers and LNG in other
segments will likely influence bulk carrier owners preferring mature and tested solutions. LNG is a
challenge for bulk carriers. The tanks cannot be placed on deck as it restricts the use of cargo gear and
hatches, and the tanks will have to occupy cargo space. The availability of LNG is currently a barrier but is
expected to gradually be removed with improved infrastructure. A dense network of bunkering facilities will
have to be available if the ships can only run on LNG. A dual-fuel solution may be a transition option.
Scrubbers will be an option already from 2015 for vessels that spend more than half the time in ECAs.
In Scenario A, the main focus for Supramax bulk carriers will be to comply with the EEDI requirement, and
to ensure that the ship is tradable for at least the first 10-15 years. Low market premium for efficient ships
means that there are fewer incentives to invest heavily in energy efficiency. Few bulk carrier owners will
experience transparency and reporting demands from charterers, and this will not be significant driver to
implement radically innovative solutions. Mature and tested solutions will be the main compliance
measures, focusing on hull shape and improved machinery. In 2025 the EEDI phase 2 lead to reduced
installed power and thus speed. LNG may be an option for new builds from 2025, but there will be limited
uptake without a market premium, and significant fuel cost savings. MGO will be the main compliance
option for ships in ECAs, and in 2025 scrubbers will be used only on new builds and ships younger than 510 years.
In Scenario B, Supramax bulk ship owners experience pressure from regulators and charterers to improve
energy efficiency. There will be a high level of transparency and benchmarking between vessels and
operators, and high performing companies are the most competitive in the market. Operational
requirements to CO2 emissions from 2020 will give further incentives to increase energy efficiency. Ship
owners keep an eye on new ship concepts that are piloted in other segments and will test new concepts
such as hybrid systems and battery powered cargo systems if the market conditions are good from 2020.
The uncertainty of MGO availability, high fuel prices, and a market premium will drive the use of scrubbers
on existing ships younger than 10 years from 2020. With rapidly expanding infrastructure, LNG will be
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viable for deep sea from 2020. However, bulk owners are reluctant to invest in LNG until there are no
significant restrictions on where vessels can bunker LNG, possibly from 2025. Dual-fuel may be used in a
transition period. With the introduction of EEDI phase 4 from 2030, development on biofuels is
accelerated, and may be piloted on bulk ships from 2025.
Figure 5-4 below provides an estimated timeline for technology uptake for Supramax bulk carriers.

Scrubbers on ships in
operation <5-10 years
MGO on ships >5-10
years
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Scenario B
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Figure 5-4: Estimated timeline for technology uptake for Supramax bulk carriers
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5.4 Very large gas carriers (VLGCs)

This case examines 80 000 m 3 VLGCs that transport liquefied petroleum gas (LPG) on voyage charters.
The main customers in this segment are industries using gas, and oil and gas majors. The ship owner is
fully integrated, with technical, operational and commercial management in-house, due to the high
technology level of the vessels and the close cooperation with charterers in the segment. A VLGC is built
to last 25-30 years and is not expected to be sold during its lifetime. The vessels operate globally, but are
usually designed for specific routes, in this case from the Middle East to Asia. VLGC are technologically
advanced vessels, with high crew competence.
New trade routes are expected to develop due to the shale gas revolution in the US, with the US
potentially becoming a main exporter of LPG. However, export volumes from the Middle East are expected
to remain high in 2030.
The main driver for improving energy efficiency for very large gas carriers is the high fuel cost, in addition
to compliance with the EEDI. The owner pays the fuel bill and will have direct incentives to reduce fuel
consumption. Emerging two-tier market with premium for efficient ships and an MRV regime are less
important. Performance management is already in place and will improve with further experience and
increasingly sophisticated analysis tools. High crew competence makes this a segment viable for piloting
new solutions.
Price differentials between fuels and the availability of fuel will be main driver for selecting technologies to
meet sulphur requirements. LNG is feasible for gas tankers as the tanks can be placed on deck and do
not occupy cargo space. The availability of LNG is currently a barrier but is expected to gradually be
removed with improved infrastructure, and with relatively predictable trading areas. Scrubbers will be an
option from 2015 for vessels that spend more than 30% of the time in ECA, but these ships usually do not
trade that amount of time in ECAs.
In Scenario A, the main focus will be on meeting the EEDI requirement and retaining an acceptable speed.
Hull shape, waste heat recovery, and improved machinery will be the main compliance measures, but in
2025 reduced speed may be an option. Charterers will demand transparency and sustainability reporting,
but will not impose extra requirements on the ship owner. Scrubbers will be a main option for compliance
from 2025, with MGO used on ships older than 10 years. After 2025, LNG may be an option for this
segment as it also makes compliance with EEDI easier.
In Scenario B, ship owners experience significant pressure from regulators and charterers to improve
energy efficiency. There will be a high level of transparency and benchmarking between vessels and
operators, and high performing companies are the most competitive in the market. The operational
requirements on CO2 from 2020 provide additional incentives to increase energy efficiency and to start
using LNG on new builds. Renewables and hybrid systems will be piloted from 2020, and depending on
technology development may be common from 2025-2030. The uncertainty of MGO availability and high
price will drive the use of scrubbers on existing ships younger than 15 years from 2020. LNG is an
attractive alternative and with the rapidly expanding infrastructure will be viable for deep sea from 2020.
With the introduction of EEDI phase 4 from 2030, development on fuel cells and biofuels is accelerated,
and may be piloted from 2025. As these vessels are expected to operate mostly in the Middle-East Asia
region, a certain biofuel type specific to this area could be used from an early stage.

DNV Reg. No.: 166SFPL-13
Revision No.: 1
Date : 2013-06-18

Page 37 of 44

Det Norske Veritas
Report for The Norwegian Shipowners' Association
Future scenarios towards 2030 for deep sea shipping

MANAGING RISK
Figure 5-5 below provides an estimated timeline for technology uptake for VLGCs.

Scrubbers on ships in
operation <10 years

Scenario A
Scenario B

Switch to MGO in
ECAs

MGO on ships >10
years

Improved hull shapes
and machinery

Possible LNG on new
builds

LNG common on new
builds

2015

2020

2025

2030

Switch to MGO in
ECAs

Scrubbers on ships in
operation <15 years

LNG common on new
builds

Hybrid and
renewables common

Improved hull shapes
and machinery

MGO on ships >15
years

Piloting of local biofuel

Piloting of fuel cells

Possible LNG on new
builds

Piloting of hybrid and
renewables

Figure 5-5: Estimated timeline for technology uptake for very large gas carriers
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6

DISCUSSION

6.1 Overview
This study has outlined world economic trends and the attendant demand for seaborne transport,
environmental regulations, stakeholder expectations, technologies and fuels towards 2030. Two scenarios
that describe different alternatives for how the world could develop towards 2030 have been developed
and the impact of these two scenarios on environmental technology uptake in deep sea shipping has been
explored in four case studies. This chapter discusses key findings across the case studies and scenarios.
The pathway to 2030 may be somewhere in the middle of what is described in the scenarios, or may be
more extreme than either of the scenarios. However, the discussions in this study should give ship owners
ample opportunity to decide which trends and drivers they believe in and how the trends and drivers will
impact their ships and operations.
The key drivers for technology uptake pull in different directions in the two scenarios. In Scenario A, ship
owners face limited further pressure from regulations and stakeholders, and the fuel costs stay at the
current levels. In Scenario B, pressure from these actors is a significant driver for technology uptake, in
addition to an increased fuel cost.
Decisions on implementing new technologies come down to balancing capital expenditure (CAPEX) and
operational expenditure (OPEX), while staying in compliance with current and future regulations, and
satisfying stakeholder expectations and requirements. The balance depends on business models in the
companies and trades. In the Supramax bulk segment there is a strong emphasis on low CAPEX while
retaining a good second hand value of the ship. Low OPEX is more important in the other segments where
fuel costs are paid by the ship owner and the ships are usually kept for operations over 20 - 30 years.

6.2 Findings
The scenarios bring out similar outcomes on energy efficiency across the cases; however the outcomes
are based on different drivers and with different timelines. Compliance with the EEDI regulation is the key
driver in both scenarios. In Scenario B the fuel cost, market premiums, further operational CO 2
requirements, and stakeholder pressure provide additional incentives. A CO2 tax is not expected to drive
technology uptake unless it is significant compared to the fuel price.
What measures ship owners will implement depend on the segment and the market. Vehicle carriers have
been designed with a high design speed in the past and can reduce speed more readily, but there is less
room for this in the bulk segment. Chemical tankers and gas carriers are designed with speeds around 1516 knots and can reduce this to a degree. However, for gas carriers, speed reduction is challenging due to
cargo loss increasing with longer transit times. The premium in the market for efficient ships will drive
improvement in the bulk carriers segment.
Well-known technologies will continue to be taken up in all segments, including improved hull shape,
waste heat recovery, and machinery improvement. However, technology uptake is slower in Scenario A,
and less complex machinery systems are preferred, particularly within the bulk segment. In Scenario B
one can expect a focus on the use of novel technologies such as hybrid systems and batteries for cargo
operations with high load variations; and over time the use of biofuels, renewables and fuel cells. The latter
depends on technology development.
LNG will be used in both scenarios, due to the need for compliance with both sulphur limits and EEDI
requirements. However, the timing will differ in the scenarios and within the segments. It is assumed that
the US will start exporting LNG and that there will be a global gas market from 2020. The speed of LNG
infrastructure development is expected to be different in the two scenarios, and this will influence uptake.
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Initially, LNG will be priced relative to MGO or HFO and scrubber, but over time competition will move
pricing towards the spot price plus distribution costs and margin.
In Scenario A, it is expected that chemical tankers and gas carriers will start using LNG in the period 2020
– 2025, with vehicle carriers following thereafter. Bulk carriers will be the last of the segments to switch to
LNG due to bunkering infrastructure requirements, but dual-fuel may be used in a transition period. In
Scenario B, it is expected that chemical tankers in regional trades start using LNG from 2015 due to ECA
regulations and the expected expansion of bunkering locations. Chemical tankers will then roll out LNG on
deep sea trades from 2020. It is expected that gas, vehicle and bulk carriers will start using LNG in the
period 2020 – 2025. The operational requirements to CO2 emissions will have an impact. A premium in the
second hand market and infrastructure development drives LNG uptake in the bulk segment.
The time in ECA, the age of a vessel, and the availability of HFO and MGO will influence the decision to
use a scrubber. It is expected that MGO will be available for use in ECAs in both scenarios. The
availability of MGO after the introduction of stricter global sulphur limits will depend on the refineries
increasing production capacity. There will be a supply of residual fuels as long as there is no prohibition on
the use of residual fuels in shipping and scrubbers are a technologically and financially viable alternative.
A vessel must spend more than approximately 30% of its time in ECA and have an investment horizon of
10 - 15 years for a scrubber to break even. The bulk segment will see a slower uptake of scrubbers due to
shorter time horizons. In Scenario A, the global sulphur regulation does not enter into force until 2025 and
MGO is readily available. In this scenario, the bulk vessels have the highest threshold to use scrubbers
due to lack of market premiums. Age is a significant limit for uptake, and vessels older than 10 - 15 years
are not likely to be retrofitted with scrubbers. In Scenario B, there is a global sulphur regulation from 2020,
driving the uptake of LNG or scrubbers for new builds. Global MGO availability is uncertain, making
scrubbers more attractive for existing vessels younger than 15 years.
While there are no significant developments on the regulatory front in scenario A, additional environmental
regulations will be emerging in Scenario B. Ship owners must react to the ratification and entry into force of
the ballast water convention in 2015. The ratification of the recycling convention in 2020, and regulations
on black carbon, underwater noise, bio-fouling and VOC in 2025 will further complicate decision-making
for ship owners and add to the cost picture. The type of requirements and compliance options will not be
clear until the regulations start to develop between 2015 and 2020, though some indications may be
gathered from existing proposals and voluntary guidelines. On ballast water, most treatment systems on
existing ships will have been installed by 2020, and there will be a development of pilot concepts of ballast
free ships and ships with reduced ballast.

6.3 Conclusion
Barriers for technology uptake are high in the shipping industry, also in a historical perspective.
Uncertainty in regulations and the quest for proven technology generally makes ship owners conservative
when making technology investment decisions. The market has until now not given significant premiums to
efficient ships, and the cyclic demand patterns make it difficult to have a long time horizon for investments.
Finally, the conditions at sea and the fact that ships run for weeks and months without calling at port
demands that technology is robust and easily maintained by the crew. In particular, the challenge of
getting and retaining competent crew makes the introduction and maintenance of advanced solutions
difficult.
Technologies and solutions are nevertheless available and will continue to develop together with
regulations and demand from leading actors, but mass implementation takes time. However, one should
not underestimate how fast new technologies could be implemented under the right conditions. In general
one tends to underestimate the time it takes to start implementing a solution, but overestimate the time it
takes for a solution to become common in the market.
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Looking at a 17 year time span towards 2030 there are many wild cards and potential game-changers for
the industry. The world is already at the start of a significant game-changer with sustained high fuel prices
and strict environmental regulations. The rapid technology development within shale gas extraction and
quickly increasing production volumes is a response to the high oil prices. LNG bunkering infrastructure is
now starting to be developed. This in turn can alter the marine fuel market by making LNG increasingly
available as a global fuel and at a predictable price. The opening of Arctic routes can change operational
patterns for some trades, but more important is the exploitation of resources in these areas and the
attendant increase in ship traffic. The production and availability of MGO will determine how ship owners
comply with sulphur limits. Biofuel gets some attention today and some ship owners are already testing its
suitability. Over time biofuel may become an important part of the fuel mix. With a high attention to
sustainability, new fuels that are sustainable in a life cycle perspective will be important.
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