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Preface

This report has been written by a team of experts from UMAS for the Carbon War Room. The report
outlines a possible approach to evaluating risks related to climate change mitigation policy in the
shipping industry through an illustrative case study of investments in newbuild drybulk vessels in the
size range of 60,000-99,999 dwt. The views expressed are those of the authors, not necessarily of the
client.
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Foreword

James Mitchell, Carbon War Room

With global implementation of the Paris Agreement underway and climate policies at the doorstep of
the international shipping industry, there is a need to ensure that financing and investment decisions

made today account for and manage climate transiti

case today, but, by acting now, there are opportunities for long-term value creation and supporting the
profitable decarbonisation of the international shipping industry.

The urgency of making such considerations should not be understated. A newbuild financing decision
made today could result in a vessel delivered in 2020, and, based on the current state of political
discussions, that vessel will very probably have to compete under either new IMO or new EU policy
actions before its first drydock.

Navigating Decarbonisation is part three of our work on climate risk and stranded assets in shipping.
It has been undertaken after part two of this work, Revealed Preferences, which showed that markets
fail to reward owners of efficient vessels because fuel savings are not shared effectively through time
charter dayratesandef f i ci ent vessels dondédt do mor Bartone ofk
this work, Dead in the Water, identified general awareness amongst most financiers of climate-related
stranded asset risks but found few with plans to manage risks proactively. Altogether, the findings of
these three reports suggest that climate transition risk is not well understood, and that actions need to
be taken to both understand and manage these risks.

This report takes the first step by laying the groundwork for asset-level assessment of climate
transition risk. In doing so, findings suggest that the financial implications of policies designed to
mitigate international s hi ppi ngo6s GHI& matenial ansl shoutdthusche undledstood and
managed. Navigating Decarbonisation also suggests that because of the nature of shipping markets
and the ability of owners to modify vessels to keep them competitive in carbon-constrained markets,
catastrophic asset stranding of entire fleets will probably not occur solely due to climate policies.

Instead, we should expect GHG mitigation policies to accelerate the differentiation between
companies that are innovative, well-managed, and well-capitalised and those companies that are not.
Furthermore, we should expect to see a similar differentiation between vessels. Vessels must be
designed for flexibility and ease of modification so they can deliver acceptable cash flow, maintain
value, and maintain liquidity both before and after the implementation of GHG policies.

At the Carbon War Room, a market-minded and business-focused non-profit organisation, we
recognise the challenges faced today. Many markets are weak, capital requirements are increasing,
and compliance with upcoming regulations will require significant capital investment. To be
abundantly clear, we are not necessarily advocating the immediate increase of CAPEX on more
highly-specified newbuilds and retrofits of existing ships. These decisions need to be made on a
company and asset-specific basis.

We are advocating for enhancing due diligence to ensure that decarbonisation is both successful and
profitable. This report identifies the first steps that can be taken by financiers, shipowners, and
shareholders to help ensure investments deliver long-term value and contribute to successful
decarbonisation. We look forward to working with leaders across each of these groups to better
identfyand manage shippingés climate risk. Pl e aste
become involved.
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Executive summary

In the face of impending climate change mitigation regulations both inside and outside of the shipping
industry, there is a need to better understand which assets will remain competitive, which will not, and
what this will mean for the owners and financiers of billions worth of assets.

This report outlines a possible approach to evaluatings hi ppi ngds ri sks achangeci ated
mitigation policy through an illustrative case study of investments in the newbuild drybulk fleet in the
size range 60,000-99,999 dwt.

This approach forecasts the evolution of the global fleet using techno-economic modelling and
estimates the ability of an individual vessel to remain competitive in multiple possible futures, which
include evolving fleet energy efficiency, regulatory requirements, and macro-economic factors.

Two investment perspectives (short-term and long-term) are taken in a number of scenarios to
anticipate how vessels will compete in a range of potential futures. This enables us to incorporate
uncertainty into decision-making. Variables defining the scenarios include build year, carbon price,
freight rate growth, and market barriers. In the short-term perspective scenario, the shipowner or
investor evaluates the investment within a short time horizon. Market barriers to the adoption of
energy efficiency technologies in this scenario are high. In the long-term perspective scenario, the
shipowner or investor evaluates the investment within a long time horizon and market barriers are
low.

Key findings
This report ds kencapsildted dsiamsgess todfieekey begearch questions.

1. How might the fuel, machinery, and energy efficiency technology used by ships within the
specified fleet change over time, both for newbuilds and existing ships?

This study finds that, for both types of investment perspective considered, an incremental deployment
of energy efficiency technology was a likely response to the onset of climate change mitigation policy.
For the size range of bulk carrier considered as the case study, this included the introduction at
certain points in the future of hull and propulsion improvements, machinery efficiency improvements
and energy recovery devices, and renewable propulsion (Flettner rotors).

Fuel and machinery choices remained relatively conventional (fuel oil and 2-stroke), with a scrubber
or a 0.5% compliant fuel being selected as a response to the 2020 fuel sulphur limit, depending on the
investment perspective and scenario considered.

Whilst low carbon fuels (bio or synthetic fuels such as hydrogen or ammonia) may be necessary in

the timescales modelled in this report to enable int
current technology costs these were not economically viable under the carbon price scenarios

considered.

It is worth noting that the short-term perspective scenarios typically produce ships with lower technical
specifications that operate at a relatively constant speed over time (from 9 to 11 knots), whereas the
long-term perspective scenarios result in ships with higher technical specifications that operate at a
higher speed that increases over time (from 10 to 14 knots). Both perspectives lead to an
improvement of operational fuel oil consumption rates (SFC) of about 7 to 8% in 2050 compared to
2020, however the gap between SFCs is significant between 2025 and 2040.

These differences observed for the technical specifications can be associated with the fact that there
are differences in the time periods over which investments in energy efficiency technology
improvements must be recouped. The time horizon used to recoup energy efficiency technology
investment is 7 years in the long-term perspective, but only 3 years in the short-term perspective.
Hence, for a ship specified in 2020, the shipowner has a longer view of how the market would evolve
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and factors in the introduction of a carbon price in 2025. This is not the case in the short-term
perspective scenarios, where the time horizon for recouping energy efficiency investments is 3 years.

2. What does this evolving landscape mean for ships built at different points in time? For example,
how might a 2020-built vessel operate and compete with more modern ships entering the fleet in
20307

This report assumes that further regulation on CO, emissions will occur at some point between 2020
and 2030. The results show that a ship built in 2020 that does not anticipate to operate under carbon
pricing will either need to be operated at lower speed (and therefore lower revenue), or undertake
retrofitting to be competitive. Hence, when adding the operational performance to the comparison, an
even greater divergence in productivity and earnings can be observed between ships specified in
different years and under different investment perspectives. For example, a ship built in 2030 under a
long-term perspective is generally able to operate at consistently higher speeds and at lower
operational SFC rates than a ship built in 2020 (or even 2030) under the short-term perspective. If
such ships were competing against each other, the less-efficient ship may become illiquid and its
value may depreciate at a rate faster than anticipated.

3. How might different investment horizons influence the composition of the fleet and its ability to
manage a low carbon transition?

In general, the short-term perspective scenario leads to a ship with a lower technology specification
operating at a relatively constant speed over time, whereas the long-term perspective scenario leads
to a ship with higher technical specification operating at a higher speed that increases over time.

The total costs of operating the ship are lower in the long-term perspective scenario than in the short-
term perspective scenario. This can be explained by the lower voyage costs incurred by the ship in
the long-term perspective scenario due to the better technical and operational specifications
compared to the ship in the short-term perspective scenario.

The charterer revenues for the ship in the long-term perspective scenarios are generally higher than
in the short-term perspective scenarios, because the ship with higher technical and operational
specifications can increase its speed and therefore its productivity or transport work.

Ships built in 2030 generally match or exceed the Internal Rate of Return (IRR) performance of the
2020 built ships under both investment horizons and appear to be a marginally more resilient
investment. However, the IRR difference is narrower between 2020 and 2030 built ships in short-term
scenarios than in the long-term scenarios, suggesting that lower market barriers in the long-term
scenarios exacerbates the disadvantage of having an older (potentially less competitive) vessel.

4. How might known market barriers and failures in the shipping industry (particularly between the
owner and the charterer) influence the above outcomes?

We simulate the extent of market barriers to investment in energy efficiency technologies by altering
the share of the fuel cost savings that charterers feed back to shipowners (e.g. through higher time
charter rates). Thus, long-term scenarios with lower barriers imply a greater amount of fuel cost
savings passed through to shipowners, whilst short-term scenarios with high barriers imply lower cost
savings passed through to shipowners.

Long-term investments with low market barriers generate marginally better IRRs than short-term
investments with high market barriers. This rewarding of a long-term perspective with high IRR

becomesmorepronounced as the carbon price increases.

have generally high market barriers, which therefore suggests that shipping markets are structurally
inhibited from taking the investment decisions that may help them to navigat e s hi
decarbonisation. However, in the event of application of carbon pricing to the shipping industry, the
clarity of price signal feedback from the charterer to the shipowner is unknown and should be viewed
as a source of uncertainty in decision-making.
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5. What do these factors in combination mean for the resilience of assets to risks induced by climate
change mitigation regulations and ultimately their profitability as well as the volatility of returns?

The figure below shows shipowner profits in the short-term and long-term perspective scenarios for
different levels of risk related to climate change mitigation policy (carbon price) and freight rate growth

outto 2050. Long-t er m scenarios typically generate higher

lifetime, except in the case where low freight rates coincide with a low carbon price. These ships
generally have higher IRRs and may therefore be considered more resilient to climate change-related
risks.

Shipowner profits (US$ millions)
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The shipowner profits in the short-term perspective scenarios are more stable and fluctuate less than
in the long-term perspective scenarios, but they are also generally lower than in the long-term
perspective scenarios, with the exception of the scenario with low freight rates and low carbon prices,
where profits in the long-term perspective are lower and in fact negative compared to those in the
short-term perspective. The improved profit performance of ships built under long-term scenarios is a
result of a variety of effects, but the driving factor is generally the operational cost advantages that
those ships either possess at build or gain over time through retrofits. Indeed, cost advantages,
measured in this study as cost per thousand tonne kilometres, typically translate to better IRRs and
offer a buffer to future cost shocks or improved competition. If, for example, vessels built with short-
term horizons and high market barriers were competing with vessels built with long-term horizons and
low market barriers, the difference in operating costs would render the cost-inefficient vessels
susceptible to asset devaluationd or even illiquidityd relative to their more efficient peers. Energy
efficiency improvements may thus be central to precluding rapid asset devaluation.

It is, however, necessary to evaluate these statements within the context of the conditions placed
across our scenario space and the limitations of our modelling methodology. Other measures in
conjunction with the IRR and operating cost differences may be used for this purpose and can assist
in the assessment of the value or relative resilience of a ship in a more holistic way, e.g. cumulative
profits over t, Hte avesalge grdiitsper lyéaf, ¢he prafie volatility (through standard
deviation), the ratio of volatility to the average annual profit (the coefficient of variation), and the rate
of return on investing in energy efficiency technology. In particular, certain market conditionsd low
market barriers, high freight rates, and high carbon pricesd facilitate or even encourage rapid
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technology uptake, and it is those conditions that need to be fostered to ensure a smooth transition
towards shippingd s d e ¢ a r babilstimgimising oisk to shipping assets.

Implications

The implications of our results can be separated into those attributable as the key agents or
stakeholders in the investment in shipping markets: shipowners and financiers.

Shipowners

While this report only considers a limited set of scenarios for one ship type and size range, it
demonstrates that different approaches to anticipating and evaluating risks related to climate change

mitigation policy can have very different and important implicationson a shi powner &ds abi l
profitable and competitive in changing and uncertain market conditions. However, it also shows that

there is no one-size-fits-all approach, but rather that different market conditions require different
approaches and responses. In particular where market conditions are unpredictable and policy

measures uncertain, it is key to plan in flexibility from the onset and consider how to deal with various

future scenarios. This includes considering questions such as the following:

1. What would be the most profitable way to modify a ship in the future to lower operational carbon
emissions (e.g. as a response to carbon pricing) per t.nm by 20, 40, 60 or even 80%?

2. What could be done to a ship now to enable it to accept these future modifications at minimal
additional cost and is there a way to justify these modifications sooner?

3. How would any future retrofitting be financed?

This report demonstrates that scenario analysis that combines an integrated techno-economic
assessment with a number of foreseeable policy scenarios can help navigate future uncertainties. To

our knowledge, such analysis is not standard practi-ce in
making process, despitethe s cal e of shi ppi ngos thaess wakids fromeclimate s and
change mitigation policy and despite the fact that tools to investigate competitiveness, risks and

resilience of different ship designs and specifications are increasingly available and rigorous. In light

of the mounting pressure on industries, shipping included, to decarbonise, now would be a good time

to re-think such practices. Practical first steps would be for shipowners to enrich existing impairment

and sensitivity analyses with carbon stress tests on the assets and markets where their exposure is

highest, and to engage with investors to ensure that they have robust climate strategies which will

deliver long-term value to shareholders.

Financiers

This report represents a significant first step towards incorporating risks associated with climate
change mitigation policies into financing decisions, building climate-resilient portfolios, and identifying
the opportunities that climate change mitigation creates for financiers. The challenge created by future
climate change mitigation policy is similar for ship financiers. It is a question of how to ensure that
cashflow generation, value, and liquidity of assets will remain acceptable when facing risks related to
future climate change regulation of unknown stringency.

There are three implications. First, while findings are illustrative of an approach to understanding
risks, they also suggest that financial implications of climate change mitigation will likely be material
and should be understood. Techno-economic scenario analysis represents a way to carbon stress
test assets as well as sectors to enrich risk adjustment and valuation models. This could be
considered for both corporate lending and project finance. The same approach could also be used to
assess the magnitude of risks inherent in a current portfolio, and assist in identifying how this risk can
be rebalanced.

Second, findings suggest concrete ways to improve lending due diligence to identify shipowner
preparedness for climate mitigation, for example:



1. Particularly if it is a newbuild, what actions are being taken to ensure that the vessel can be
modified as easily and cheaply as possible?

2. Are there plans to use innovative cost-sharing measures to make vessel modifications?

3. If vessels need to be modified, where will the capital come from?

Third, whi | e case st ud yggektithedmmedae indreasedih captal expenditure to
improve efficiency of newbuilds, they do suggest that carbon pricing may create a high future demand
for capital for vessel maodifications. This should be viewed as an opportunity, though one in which
many challenges are already recognised. Loan guarantee schemes represent excellent opportunities
to de-risk these investments initially and to develop expertise to prepare for this increase in demand.
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1 Introduction

With the adoption of the Paris Agreement in December 2015, governments agreed to hold the
increase in the global average temperature to well below 2°C above pre-industrial levels and to
pursue efforts to limit the temperature increase to 1.5°C above pre-industrial levels. This provided a
clear message to both nations and industry sectors that business as usual growth in emissions was
no longer acceptable and that both must decarbonise to avoid dangerous climate change. The gravity
of this message was underscored by the record pace at which the Paris Agreement was ratified.

The implications of the long-term temperature goals are significant and create climate risks. For
example, 60%-80% of coal, oil and gas reserves of listed firms will have to be left unused in order to
meet these goals (Carbon Tracker & Grantham Research Institute 2013). In the power generation
sector, the International Energy Agency (IEA) estimates that it is necessary to close a quarter of
subcritical coal-fired power generation worldwide by 2020 in order to put emissions in line with a 2°C
future (IEA 2013). This could have severe consequences on the portfolios of both government-owned
and private companies (Caldecott & Mitchell 2014). Both examples create significant challenges for
companies, governments, and investors as they are faced with potential climate change-related
regulation, reputation, and litigation risks.

However, as UCL and CWR have established in the August 2016 instalment of the work on stranded
assets in shipping (Prakash et al. 2016), identifying climate risk in shipping is more difficult than in the
energy exploration and production and power generation sectors. In shipping, assets can easily
relocate to find more favorable regulatory regimes, making global regulations the likely levers for
change. This is compounded because few entities are consumer-facing and incentivised by societal
pressure to change, and there has been little to no consideration of litigation risks. Furthermore, the
large magnitude of business risks in shipping coupled with a market failure around rewarding
investments in energy efficiency makes asset-related climate risks difficult to identify. In light of the
temperature goals of the Paris Agreement,s hi ppi ngés d édnavitable, théreforetmiaterial
risks loom for shipowners and financiers, and these must be understood, even if specifics of the
transition and its timing remain uncertain.

This report outlines a possible approach to anticipating and evaluating the risks associated with
impending regulation to achieve this decarbonisation on shipping markets through an illustrative case
study of investments in the newbuild drybulk fleet in the size range of 60,000-99,999 dwt. Our
approach predicts the evolution of the global fleet using techno-economic modelling and estimates the
ability of an individual vessel to remain competitive in multiple possible futures, including evolving fleet
energy efficiency, regulatory requirements, and macro-economic factors.

1.1 Potential drivers of risks in shipping

There are multiple potential drivers of risks faced by shipping, capable of rendering vessels
uncompetitive and therefore being written down or written off prematurely. Smith et al. (2015) suggest

two categories of risks for shipping:supply side risks, which areand el ated

demand side risks, which are risks associated with the demand for a certain specification of ships.
This report focuses on risks relevant to climate change mitigation policies and regulations in shipping
as shown in Figure 1.



Suppy s

Energy efficiency

CO2 regulations
Emission Control Areas . Market cyclicality
hobal SO Cap Sulphur regulations Regulation Shipping markets

Ballast water regulations
Energy system decarbonisation

Risks in shipping Demand side risks ! Evolving consumer demand
Rapidly evolving technology landscape
Emission trading schemes
Canal sizes
Regulation in other sectors Port/coastal regulations
New routes Physical infrastructure

Figure 1: Potential drivers of risks faced by shipping
1.1.1 Supply-side risks

1.1.1.1 GHG and air emissions regulation risks

On the supply side risk, future regul ati 6Mpathwayni ng

(as shown in Figure 2) would require a peak in emissions by 2020, followed by a 50% reduction of
2012 emissions by 2050 (Smith et al. 2016). In order to achieve absolute emissions reductions, whilst
accommodating an increase in transport demand, shipping would need to reduce its average carbon
intensity (the amount of CO, emitted per tonne of goods moved) in the range of 60-90% on 2012
levels (Smith et al. 2015). This is a significant supply side risk as the GHG reduction regulation would

require a new shipbds s pe cnefgy effiaigncydeshndogies arg @oteatiallm u mb e r

switch to alternative low carbon fuels, therefore a ship incapable of achieving the required reduction of
carbon intensity could lose its economic value.

In addition to CO, emissions legislation, the shipping industry faces other upcoming regulations. One
example is the global sulphur cap which will enter into force in 2020, requiring either the use of
compliant low-sulphur fuel, or the fitting of sulphur treatment equipment (scrubbers). The choices
made by shipowners may affect the competitiveness of their ships, heighten the valuation impact of
any energy efficiency differentiation between ships and may ultimately result in some ships being
scrapped earlier than anticipated.
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Figure 2: Shipping emissions trajectories
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1.1.1.2 Energy efficiency risks

Increasing vessel energy efficiency can also be considered as a potential risk in shipping markets. For
example, there is increasing pressure on existing ships to compete directly with more energy efficient
newbuilds and avoid being classed at the bottom of the two-tier market of high- and low-efficiency
vessels. Previous work by Prakash et al. (2016) tests whether technical vessel efficiency measures
can be used to anticipate those risks by establishing some understanding of the role of vessel
efficiency in competitiveness in past markets. The findings, however, suggest that there is little or no
evidence of premiums for better GHG-rated ships (GHG rating used as a proxy for energy efficiency)
and that no significant difference is observed in terms of productivity (time spent loaded and number
of loaded voyages, for example) for ships with better GHG ratings. Mitchell & Rehmatulla (2015) also
observe that only a minority of the shipping financiers take into account energy efficiency in their
decision making process.

1.1.1.3 Technology and Infrastructure Risks

Other forms of supply side risks include risks from rapidly evolving technologies, e.g. the ability to
bunker in an evolving fuels market or the ability to compete commercially against ships able to use
cheaper fuels, as well as from evolving ship specifications, e.g. changes in size categories due to
infrastructure evolution and canal constraint relaxations.

1.1.2 Demand-side risks

Regulation in other sectors can also potentially impact shipping assets. On the demand side risks, the
commodities carried (e.g. crude oil, oil products, and coal) and the trade served by ships (e.g.
Australia to China) can evolve as energy systems decarbonise, switching from fossil fuels to
renewable forms of energy. This could impact the derived demand for oil tankers and drybulk ships.

1.2 Aims and research questions

Our aim in this work is to explore how the omission of the regulatory risk (aimed at reducing GHG
emissions from shipping) in conventional asset evaluations could be rectified and what this would
imply for the shipowners and financiers. Derivative of this aim, this report attempts to answer the
following research questions:

1. How might the fuel, machinery, and energy efficiency technology used by ships within the
specified fleet change over time, both for newbuilds and existing ships?

2. What does this evolving landscape mean for ships built at different points in time? For example,
how might a 2020 built vessel operate and compete with more modern ships entering the fleet in
20307

3. How might different investment horizons influence the composition of the fleet and its ability to
manage a low carbon transition?

4. How might known market barriers and failures in the shipping industry (particularly between the
shipowner and the charterer) influence the above outcomes?

5. What do these factors in combination mean for the resilience of assets to risks induced by climate
change mitigation regulations and ultimately their profitability as well as the volatility of returns?



2 Approach

Our approach is to forecast the evolution of the global fleet using techno-economic modelling and
estimate the ability of an individual vessel to remain competitive in multiple possible futures, taking
into account evolving fleet energy efficiency, regulatory requirements, and macro-economic factors.
To provide an illustrative example of this approach, the case of the drybulk fleet in the size range
60,000-99,000 dwt out to 2050 is considered, a period over which it is foreseeable, as shown in
Figure 2, to expect a number of the supply and demand side risks, described in 1.1, to develop.

We use GloTraM, a multidisciplinary simulation model developed by UCL, to model the technical and
operational evolution of the fleet. This allows us to illustrate the relative competitiveness of vessels
against this fleet. The modelling method is detailed in Appendix A.

In order to generate results from GloTraM, we need to make a number of assumptions about some of
the inputs to the modelling that describe various foreseeable scenarios of the future. These
assumptions are defined in Appendix B.

Section 3 presents two base scenarios that are predicated on contrasting investment attitudes and
owner/operator structure. This simulates two different attitudes to newbuild specification and so will
create at each point in time two different levels of design specification and associated different
economic performance. Comparing the results from these scenarios allows us to consider how
competitiveness and profitability might be affected at several points in time in the future.

Section 4 then adds to the base scenarios a number of further variations to some of the input
parameters and assumptions to generate further results from GloTraM. This allows us to test the
robustness of some of the findings derived from the base scenarios, as well as to comment more
generally on the scale of differences, in technological and commercial terms, that might arise from
some of the different foreseeable future developments in regulation and macroeconomics.

Section 5 draws together results from Section 4 and 5 and connects them to qualitative observations
to derive a series of key findings.



3 Base scenarios

3.1 Base scenario definitions

The key differences in input assumptions for the two base scenarios are:

91 Short-term perspective scenario: A shipowner or investor evaluates the investment within a short
time horizon. Market barriers in this scenario are high, implying that only a small share of
fuel/carbon cost savings specific to the chosen design are passed back to the owner of the ship.

1 Long-term perspective scenario: A shipowner or investor evaluates the investment within a long
time horizon. Market barriers in this scenario are low, implying that the majority of fuel/carbon cost
savings specific to the chosen design are passed back to the owner of the ship.

For these base scenarios (Table 1), we assume a low carbon price and a market characterised by low

freight rates.

Scenario Carbon price Freight Discount Time Time Market
(fixed flat price) rate rate = horizon horizon barrier
interest used to used to (fuel
year ($/tonne ffi gy hi 9
COy) efficiency machinery pass
technology investment through)
investment NPV_mm
NPV_ee
1 2025 50 Low 10% 3 15 5%
2 2025 50 Low 10% 7 30 75%

Table 1: Base scenarios

The results obtained for the drybulk fleet (size range 60,000-99,999 dwt) focus on two years: 2020
and 2030. These build years (generations) are chosen as relevant to shipowners and investors
currently thinking about the specification of their future fleets and how they might compete over the
next 5/10/15 years.

There are two dimensions to this comparison. On the one hand, we compare all selected ship
generations in the short-term perspective scenario with those in the long-term perspective scenario.
On the other hand, we compare the two generations within either the short-term or long-term
perspective scenario, showing how a 2020 newbuild might operate and compete with a 2030
newbuild at different points in time. The following sections will look at technical and operational
specifications, followed by the ship economics for each of the dimensions aforementioned.

3.2 Technical and operational specifications

This section aims to investigate how different investor perspectives (long-term and short-term) might
influence the technical and operational specification of a ship, and its overall energy efficiency.
Towards this end, it examines the changes over time in the fuel, machinery and energy efficiency
technology used by ships, both for newbuilds and retrofitted ships for each of these perspectives.
Ships built at different points in time are expected to adapt their operational specifications influenced
by an evolving regulatory and economic landscape, which means that changes in operational speed,
specific fuel consumption, and engine loads would affect the performance of the ships over time.

The results in this section do not advocate any particular measure and are used as an example to
explain the method and dynamics that may occur across the limited number of scenarios. A large
number of simulations and analysis of input and output variables would be required for a complete
assessment.



3.2.1 Short-term versus long-term perspective scenarios

The technical specifications (main engine, fuel and energy efficiency technology) of a ship built in
2020 in the short-term and long-term perspective scenarios are shown in Table 2. The specifications
in 2020 represent the newbuild specifications, whereas each row after 2020 represents any retrofits
made.

The changes of the operational specification, characterised by operational speed and Specific Fuel oil

Consumption (SFC) (which also includes the effect of different rates of engine load) for both the short-

and long-term perspective scenarios are shown in Figure 3.

2020 built ship in short-term perspective scenarios 2020 built ship in long-term perspective scenarios
Year | Main Fuel Energy efficiency Main Fuel Energy efficiency
engine technology on board engine technology on board
2020 | 2 stroke LSHFO [ Trim and Draught Optimisation 2 stroke LSHFO | Trim and Draught
engine Engine Derating engine Optimisation
Biocide Hull Coating
Flettner Rotor
Turbocompound Parallel
Engine Derating
Autopilot Upgrade
2025 LSHFO | Autopilot Upgrade LSHFO | Solar power
2030 LSHFO | Energy Saving Lighting LSHFO | Common Rail
2035 LSHFO [ Turbocompound Parallel HFO Energy Saving Lighting
Scrubber
2040 LSHFO [ Common Rail HFO Engine Tuning
2045 LSHFO HFO Rudder Bulb

Table 2: Technical specifications of a ship built in 2020 under different investment perspectives

Operational speeds and specific fuel consumption rates
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Figure 3: Operational speeds and SFC under the different investment perspective scenarios

Comparing the initial results of the short-term with the long-term perspective scenario shows that
whilst both investment perspectives lead to the selection of similar engines for the newbuild ship in

6




2020, in general the short-term perspective scenario leads to a ship with lower technical specifications
operating at a relatively constant speed over time (from 9 to 11 knots), whereas the long-term
perspective scenario leads to a ship with higher technical specifications operating at a higher speed
that increases over time (from 10 to 14 knots). Both perspectives lead to an improvement of the
operational SFC of about 7 to 8% in 2050 compared to 2020, however the gap between the SFCs is
significant during the period 2025 to 2040.

The difference observed for the technical specifications can be associated with the fact thatin the
long-term perspective scenario, the time horizon used to recoup energy efficiency technology
investment is 7 years, which means that in the build year 2020, the investor has a longer view of how
the market would evolve and factors in the introduction of a carbon price in 2025. This is not the case
in the short-term perspective scenario, where the time horizon used is only 3 years.

Similarly, for the fuel selection, LSHFO is chosen in both scenarios. However, in 2035 a switch to
HFO is observed in the long-term perspective scenario. The long-term perspective investor foresees
the increasing price difference between LSHFO and HFO due to the longer time horizon. This price
difference makes the use of HFO with a scrubber more economical than LSHFO.

3.2.2 2020 built ship versus 2030 built ship in the long-term perspective scenario

This section compares the technical and operational specifications of a 2020 built ship with that of a
2030 built ship in the long-term perspective scenario.” Table 3 shows the technical specifications of
both ships and Figure 4 illustrates the operational speed and SFC over time.

2020 built ship 2030 built ship
Year | Main Fuel Energy efficiency Main Fuel Energy efficiency
engine technology on board engine technology on board
2020 | 2 stroke LSHFO | Trim and Draught Optimisation - - -
engine Biocide Hull Coating

Flettner Rotor
Turbocompound Parallel
Engine Derating
Autopilot Upgrade

Hull Cleaning

2025 LSHFO | Solar power - - -
2030 LSHFO | Common Rail 2 stroke LSHFO | Sails
engine
2035 HFO Energy Saving Lighting HFO Trim and Draught
Scrubber Optimisation
Solar power
Engine Derating
Hull Cleaning
Scrubber
2040 HFO Engine Tuning HFO Biocide Hull Coating
2045 HFO Rudder Bulb HFO Common Rail
2050 | - - - Turbocompound Parallel

Table 3: Technical specifications of both ship generations in the long-term perspective scenario

The focus is on the long-term perspective scenario in order to highlight the differences in the specification of the newbuilds.
The short-term perspective scenario does not show significant differences between the build years.



Figure 4: Operational speed and SFC for 2020 and 2030 built ship in the long-term perspective scenario

Comparing the 2020 built ship with the 2030 built ship shows that technologies are taken up at
different times (both at newbuild stage and for retrofitting). This is because the technologies become
profitable at different points in time depending on the prevailing market conditions, e.g. a technology
that is profitable in 2020 does not necessarily have to be profitable in 2030 as freight rates, fuel
prices, and other relevant market conditions might be different. For example, sails become the most
profitable option in 2030 for the 2030 built ship and all the other technologies are taken up later. Apart
from that, the amount and types of technologies used are relatively similar for both ships.

The fuel selection is the same in both scenarios due to the long-term perspective which takes into
consideration the increasing price difference between LSHFO and HFO due to the longer time horizon
of 7 years (see Figure 18 on fuel cost projections).

When adding the operational performance to the comparison, it can be observed that the 2030 built
ship operates at consistently higher speeds and at lower operational SFC rates than the 2020 built
ship. This is because the 2030 built ship has been specified in a way that maximises profits in the
market conditions that the investor foresees prevailing in 2030 and thus has a competitive advantage
compared to the 2020 built ship.

3.3 Ship economics

This section investigates how the different investor perspectives (long-term and short-term) and the
build year might influence the revenue, costs, and profits streams of the charterer and the shipowner
(described in further detail in appendix A and summarised in Table 4), as a result of the technical and
operational specification of a ship (described in section 3.2) under the two base scenarios.

Charterer Shipowner
Revenue  Spot or voyage charter — > Daily time charter rate (+
freight rate —» % of fuel cost saving passed)
Costs Time charter rate — Fixed operating costs
+ Voyage costs - + Capital expenditure
Profit Total revenue i Total costs Total revenue i Total costs

Table4: Rel ationship between chartererds angd shipownerdés reve
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