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 I 

ABSTRACT 

 

 

The IMO 2020 global sulphur cap is considered to be the most disruptive event in the modern era of shipping. 

The investment decision, incited by this regulatory development, is one that will have great implications for 

shipping companies. There are primarily two applicable alternatives for the existing fleet of vessels to comply 

with the regulation: (i) opt to run on a compliant low-sulphur bunker fuel; (ii) or retrofit vessels with an exhaust 

gas cleaning system, commonly referred to as a marine scrubber, and continue to operate using high-sulphur 

fuel oil. The objective of this thesis is to provide a real options framework for the analysis of the investment 

decision concerning marine scrubbers, related to the newly implemented amendments to MARPOL Annex VI. 

 

Applying a real options methodology can aid decision-makers in the valuation of abatement technology by 

incorporating and valuing the managerial flexibility present in these investment opportunities, in response to 

the changing and uncertain market conditions. In this thesis, the real options approach is applied to a reference 

case in order to provide evidence for the value of the option to defer the scrubber retrofit investment. The 

reference vessel chosen for the analysis is the 49,699 DWT MR product tanker M/T Hafnia Lise. The standard 

NPV approach is used to determine the value of the underlying asset, which in this instance is the marine 

scrubber system. The price difference between compliant and non-compliant bunker fuels is here the main 

source of uncertainty. The single-path model is expanded to include different scenarios for the percentage of 

operation in Emission Control Areas (ECAs) and the level of fuel oil consumption. The volatilities of the cash 

flows associated with the scrubber investment are thereafter estimated by the use of Monte Carlo simulations. 

The resulting aggregate volatility factors represent the standard deviation of the investment returns in each of 

the scenarios. The static NPV model is modified to take into account the strategic value of managerial 

flexibility, valuing the option to defer the abatement investment. The Real Options Analysis (ROA) provides 

the decision-maker with additional information, compared to the static NPV calculation, related to the issue of 

timing the investment. The results of the ROA show that the option to defer the investment in a marine scrubber 

system holds significant value for the firm. In fact, management should, in all but a few of the scenarios, hold 

off the abatement investment and wait for more information to become available as the uncertainty resolves. 

 

 

 

Keywords: Real Options Analysis; Marine Scrubbers; Deferment Options; Regulatory Compliance; IMO 

2020; Abatement Investments; Uncertainty; Managerial Flexibility; Monte Carlo simulation.  
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KEY DEFINITIONS 

Bunker fuel: Residual oils and distillates, or a combination of the two. Terms such as marine fuel, fuel oil and 
bunker oil are used interchangeably. 

International shipping: Technically, commercial shipping between ports of different countries, as supposed 
to domestic shipping. The term is used interchangeably with commercial shipping. 

Options: The right but not the obligation to make a certain transaction in the future at terms specified today. 

Real options: The option to make a business decision, i.e. choices or alternatives made available to business 
managers concerning investment opportunities. 

Service Speed: The average speed maintained by a ship under normal load and weather conditions. 

Shipping: Commercial shipping between ports of different countries or within a country, excluding military 
and fishing vessels. Both international and domestic shipping operations are within this definition. This 
consideration is made on the basis that the same vessel may frequently be engaged in both forms of operation.  

Sulphur spread: Spread between high-sulphur and low-sulphur bunker fuels (e.g. HSFO-VLSFO). 

 

 

UNITS 

Bbl: Barrel of Oil. 

Bpd or b/d: Barrels per day. 

cSt: centiStokes. 

DWT: Dead weight ton. 

Ton: Metric unit of mass equal to 1,000 kilograms. Not to be confused with the non-metric unit. 

m/m: mass per mass. 

Mile: Nautical mile, unless otherwise stated. 

$: All references to dollars ($) are to United States dollars. 

€: Euro.  
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1. INTRODUCTION 

The adverse environmental impacts of international shipping have not been sufficiently emphasized during the 

last century, all the while responsible for substantial contributions to global air pollution and greenhouse gas 

(GHG) emissions (IMO, 2020a; 2020b). In an era of progressively tightening environmental regulation, the 

shipping industry is prompted to adapt and develop solutions for the prevention of airborne emissions from 

ships. The maritime sector may respond with innovations in ship design, investments in abatement 

technologies or alterations of operational practices, in order to comply with the prevailing regulations. 

Ultimately, these technical and operational advancements come at a cost, for shipping companies to carry or 

pass on to customers (Younevitch, 2019). Under the most recent amendments to MARPOL Annex VI, effective 

from the 1st of January 2020, the global limit for sulphur content in fuel oil intended for combustion purposes 

is reduced to 0.50% m/m, from the preceding 3.50% m/m limit (IMO, 2020c). The implementation of this 

progressive restriction, commonly titled “IMO 2020”, is considered the most disruptive event in the modern 

era of shipping. Estimates from Goldman Sachs predict additional costs of $240 bn to be introduced to the 

shipping industry based on the new regulation (Bhandari, Mehta, Joshi, Creuset & Chen, 2018). 

 

The investment decision, incited by this regulatory development, is one that will have great implications for 

shipping companies, who primary have three applicable alternatives for compliance: (i) opt to run on a 

compliant low-sulphur bunker fuel; (ii) install or retrofit vessels with an exhaust gas cleaning system (EGCS), 

commonly referred to as a marine scrubber, and continue to operate using high-sulphur fuel oil; or (iii) invest 

in propulsion systems powered by LNG or biofuel (e.g. methanol) (Bhandari et al., 2018). The former option 

is associated with increased operational expenditures (OPEX), as the higher quality low-sulphur bunker fuels 

trade at a premium to the high-sulphur equivalents, while the latter two alternatives require substantial capital 

expenditures (CAPEX). The economics of ordering or retrofitting vessels with marine scrubbers or LNG 

capabilities only makes sense if the investment provides returns. The payback period for investments in marine 

scrubbers lengthens as prices of compliant fuels and high-sulphur fuel oil (HSFO) converge (Jiang, Kronbak, 

& Christensen, 2014; Abadie, Goicoechea & Galarraga, 2017). Correspondingly, the favorability of LNG 

conversions and newbuilds is greatly dependent on the price differences between LNG and the conventional 

marine bunker fuels (Chen, Zheng & Zhang, 2018). Given the volatile nature of the global oil market, and the 

bunker market as a consequence (S&P Global Platts, 2019b), one can expect the valuation to encompass a 

great deal of uncertainty. Stakeholders need proficient tools for understanding the risk and its dynamics in 

order to mitigate the potential adverse effects of market fluctuations, and effectively handle the associated 

uncertainty. The ability to adapt to dynamic market conditions in an efficient manner is crucial for any firm, 

especially in a volatile capital-intensive market. 
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The viability of the aforementioned compliance strategies is dependent on a variety of variables, with 

associated uncertainties and risks, and each solution comes equipped with its own set of attributes and issues. 

Hence, we have seen shipping companies opt for different strategic approaches to this key investment decision 

(Clarkson Research, 2019a). Getting the timing right in implementation of new technology remains a challenge 

for shipowners. Recent developments in the oil and bunker markets, with depressed prices and lower sulphur 

spreads1 (Clarkson SIN, 2020), favor the shipowners who have chosen against or to defer investments in 

sulphur abating technology. In this thesis, the focus will be on the options available to the existing fleet. The 

analysis will address the investment decision between the two former compliance alternatives, i.e. retrofitting 

vessels with marine scrubbers or switching to a compliant low-sulphur fuel. The high retrofitting costs of the 

remaining option, to invest in LNG propulsion, entails that it is only considered a feasible solution for 

newbuildings (Acciaro, 2014), based on the prevailing fuel prices (Clarkson SIN, 2020).  

 

 

1.1. RESEARCH TOPIC 

The topic of research for this thesis is maritime application of Real Options Analysis (ROA). The key 

investment decision incited by the IMO 2020 global sulphur cap can be conceptualized as a real option, in the 

sense that firms have an option to invest in abatement technology but not an obligation to do so. Shipping 

companies can choose whether or not to exercise this embedded option. Furthermore, managers have flexibility 

in the choice of timing and scale of the potential investment. They can opt to invest in marine scrubbers now 

or wait for more information to become available down the line. This category of real options is labeled as 

deferral options, resembling an American call option in its payoff structure. If exercised, shipowners have the 

option to scale (i.e. option to expand) the investment by the number of vessels retrofitted, e.g., as a sequential 

investment. Conceptualizing investment opportunities as real options has advantages over the conventional 

approach to capital budgeting. The conventional valuation models assume that investment decisions are either 

reversible or irreversible now-or-never propositions, which is not always the case in the real world. Many 

investment decisions involve an element of timing, e.g. where management has the option to defer an 

investment (Dixit & Pindyck, 1995). Neglecting to attribute value to this managerial flexibility can result in 

an undervaluation of the investment opportunity, as it can represent a substantial part of the value in the 

presence of uncertainty (Schwartz & Trigeorgis, 2001).  

 

 

 

 
1 Spread between high-sulphur and low-sulphur bunker fuels (e.g. HSFO-VLSFO). 
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The maritime sector is inherently capital-intensive and considered to be highly volatile and cyclical in nature., 

With the backdrop of a potential global economic recession as a consequence of the COVID-19 pandemic and 

associated lockdown, the level of uncertainty in the global economy has been at an all-time high. Global 

markets have been rattled by the increased volatility and uncertain economic outlook. The shipping market, 

which is widely considered to be an indicator of global economic development, is not immune to this turmoil. 

The same can be said about the world bunker market, which has seen the price of crude oil plummet as a result 

of the global lockdown. When making an economic evaluation of compliance strategies, these developments 

have significant implications for the appeal of investments in marine scrubbers. Applying a real options 

methodology can aid decision-makers in the valuation of abatement technology by incorporating and valuing 

the managerial flexibility present in these investment opportunities, in response to changing market conditions 

and uncertainty. In this thesis, the real options approach is applied to a specific use case, in order to determine 

the value of deferring a scrubber retrofit investment for a chosen reference vessel. The uncertainties associated 

with the sulphur spreads, which are identified as the key value drivers of the investment, are difficult to model 

in a standard single-path discounted cash flow (DCF) analysis. The model is, therefore, expanded to include 

different scenarios for the percentage of operation in Emission Control Areas (ECAs) and the level of fuel oil 

consumption. The volatility of cash flows associated with the scrubber investment is thereafter estimated by 

the use of Monte Carlo simulations. The results of the Real Options Analysis (ROA) are then compared to the 

standard Net Present Value (NPV) of the investment.  

 

 

1.2. RESEARCH QUESTION 

The following research question is posed: 

 
In order to form an opinion on the given research question, different aspects of the issue will be highlighted 

by the below listed sub-questions: 

(i) What does the real options approach attribute beyond conventional valuation methods and what are 

the limitations of the methodology? 

(ii) Is the real options approach applicable to investment decisions in a maritime context, specifically in 

relation to marine scrubber systems? 

(iii) What are the main sources of uncertainty in the investment decision concerning maritime scrubbers, 

and how do they impact the value of the investment opportunity?  

Compared to conventional valuation tools, can applying a real options methodology provide 

additional comprehension in the investment decisions concerning marine scrubbers? 
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1.3. SCOPE OF WORK 

The master's thesis is a problem-orientated academic research paper, with the intent to deliver upon the learning 

objectives set out for KAN-CAEFO1041E. The scope of the thesis explains the extent to which the research 

topic will be explored and specifies the parameters which the study will be operating within. Delimitations are 

made by the author in order to limit the scope and to define the boundaries of the study.  

 

“You will understand the economic incentives that drive the company and learn the tools of finance and 

econometrics for financial decision making. With these skills you can provide analytical insights that enable 

the company to best profit from and position itself in the surrounding international and economic 

environment.” 2 

 

The research topic of the thesis is the maritime application of real options analysis (ROA). The focus of the 

thesis will be the application of methods rather than discussing the theoretical foundations on which the models 

are built. The objective of this thesis is to provide a real options framework for the analysis of investment 

decisions in the maritime sector. The scope is delimited to commercial shipping, excluding military and fishing 

vessels. By this definition, both international and domestic shipping operations are within the scope and is, 

hence, not treated separately. This consideration is made on the basis that the same vessel may frequently be 

engaged in both forms of operation. The focus will be limited to investment decisions related to the abatement 

of sulphur oxide (SOx) pollution, specifically in relation to the newly implemented global sulphur cap amended 

in MARPOL Annex VI.  

 

In this thesis, the focus will solely be on the compliance options available to the existing fleet. The analysis 

will address the investment decision between using a compliant low-sulphur fuel or retrofitting vessels with 

marine scrubbers. The high retrofitting costs of the remaining option (Acciaro, 2014), to invest in LNG 

propulsion, places it outside the scope of this thesis. Other environmental measures are not elaborated upon, 

e.g. decarbonization technology, but the framework could be modified to be applicable in this context as well. 

The managerial flexibility associated with an investment in LNG Ready vessels, which has another form of 

real option embedded (i.e. compound option), is proposed as a topic for further research. As mentioned in the 

introduction, the viability of the different compliance strategies is dependent on a variety of variables, with 

associated uncertainties and risks. A way to differentiate these variables is to distinguish factors specific to 

certain firms from the factors applicable to all firms within a given shipping segment. The corporate strategy 

of the shipping company is one decisive factor, e.g. a ship owner pursuing an asset play strategy will make 

decisions in order to maintain or increase the value of the vessels, while a company with the intent to operate 

 
2 Description of MSc in EBA: Applied Economics and Finance, at Copenhagen Business School (2020). 
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the vessels will have other consideration in mind. Other company-specific factors include the area of operation 

and the regulations applicable to it, age and remaining lifetime of the existing fleet, newbuildings on order etc. 

Most of these factors are known and predictable, and therefore manageable independent variables in the model. 

On the other hand, the economics of investments in abatement alternatives is highly reliant on a number of 

exogenous variables (e.g. bunker prices), which will be emphasized in the analysis. For research purposes and 

the purpose of the thesis, these factors are more interesting as they to a wider extent are generalizable. 

 

1.4. RESEARCH LIMITATIONS 

The thesis has been produced by the author alone, in accordance with the CBS declaration of authorship. The 

work has been carried out from scratch starting medio February 2020. Being the month of September 2020, it 

is evident that it is far too early to analyze the long-term effects of the regulation that came into force primo 

2020. The thesis should therefore be read with this reservation in mind. The depth of the insights is constrained 

by the availability of empirical data, timeframe and intended scope. Publicly available sources and data have 

mainly been used when compiling the thesis. This has been the main limitation, as industry research could 

have been utilized for further insights and analysis. This type of research is primarily offered commercially by 

independent organizations (e.g. Clarkson Research, BIMCO, Lloyd's List Intelligence). Copenhagen Business 

School normally offers access to a selection of databases, e.g. Bloomberg L.P., Morningstar, DataStream, but 

this has been restricted due to the lockdown. The historical data needed for forecasting and modeling, in the 

form of multivariate long-term time series, is primarily offered through subscription-based services, e.g. 

Clarksons, S&P Global Platts, MABUX, Baltic Exchange. In response to the limited access to publicly 

available data, the raw data was retrieved from Clarkson Research Services Limited - Shipping Intelligence 

Network (SIN) through a third-party. 

 

 

1.5. THESIS STRUCTURE 

Chapter 1: Introduction 

The first chapter introduces the thesis, outlining the objectives, and provides purpose behind the choice 

of research topic. The research question with accompanying sub-questions is presented, along with 

research limitations and delimitation made to the scope of work. 

Chapter 2: Literature review 

The literature review offers a critical examination of existing research within the field, related to the 

phenomena of interest, and serves as the theoretical foundation on which the subsequent analysis is 

built. 
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Chapter 3: Theoretical Framework 

The theoretical framework situates the thesis within the field of research by defining a selection of key 

concepts related to the investigated topic. 

Chapter 4: Methodology 

The methodology is a central component in the thesis, elaborating on the general approach and 

providing rationale behind the choice of research philosophy, strategy and design. The chapter 

includes a discussion on the validity and reliability of the methods and data utilized, as well as the 

generalizability of findings.  

Chapter 5: Background 

The background chapter offers further motivation behind the choice of research topic and provides 

reasons for its relevance in the current economic situation. 

Chapter 6: The Maritime Industry 

In the following chapter, the field of international shipping is contextualized along with the world 

bunker market. Regulatory aspects of the maritime industry are described in detail, especially in 

relation to MARPOL Annex VI and the newly implemented global sulphur cap. 

Chapter 7: Compliance Alternatives 

Whereafter, the applicable alternatives for compliance with the mentioned regulation are presented. 

Chapter 8: Reference Model 

The first part of the quantitative analysis applies the conventional Net Present Value (NPV) model to 

value a scrubber investment, representing the base case for the subsequent Real Options Analysis. 

Chapter 9: Volatility Estimation 

 The volatility of the scrubber investment is then estimated by the use of a Monte Carlo simulation. 

Chapter 10: Real Options Framework 

The Real Options Analysis (ROA) is performed to determine the value of the managerial flexibility, 

present in the investment decision concerning marine scrubbers. The option values are then compared 

to the results of the standard NPV calculation. 

Chapter 11: Discussion 

The findings are discussed in relation to the literature and research question. The penultimate chapter 

also provides critique and perspectives to the analysis, which is discussed in relation to other research.  

Chapter 12: Conclusion 

The thesis culminates in a conclusive chapter, which provides summary to the preceding chapters. The 

research question of the thesis is concluded upon, based on the supporting conclusions of the sub-

questions. Additionally, suggestions and directions for further research are offered in the final section. 
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2. LITERATURE REVIEW 

The literature review is a structured and critical examination of existing research within the field, related to 

the topic of research (Bell, Bryman & Harley, 2018). The chapter serves as the theoretical foundation on which 

the subsequent analysis is built. 

 

2.1. REAL OPTIONS 

Capital budgeting is essentially concerned with the allocation of capital resources among different investment 

opportunities, with the aim of furthering the objectives of the business. These investment opportunities can be 

conceptualized as options, i.e. the right but not the obligation to take a certain action in the future at terms 

specified today. Regarding investment decisions as options deviates from the conventional decision-making 

approach of capital budgeting and is the main notion behind the concept of real options (Dixit & Pindyck, 

1995).  

 

Real options are here defined as the option to make a business decision, i.e. choices or alternatives made 

available to business managers concerning investment opportunities. The concept of real options can be 

applied to situations where a firm considers different investment strategies, such as expanding, curtailing, 

deferring or abandoning a project, in order to meet changing and uncertain market conditions. Real options 

represent certain types of management decisions about non-financial assets that managers may exercise in the 

future. An important distinction from financial options is that the real option itself is generally not a tradable 

asset. Financial option contracts are a class of traded derivative securities, which value is derived from an 

underlying financial instrument; whereas real options (i.e. non-financial options) are not tradable securities. 

The value of a real option is instead based on the managerial flexibility (e.g. timing, scalability) firms have in 

capital investment decisions (Dixit & Pindyck, 1995; Schwartz & Trigeorgis, 2001). 

 

Real options generally have the following characteristics: (i) limited life; (ii) contingent payoffs; (iii) and are 

derived from an underlying asset. Real options are similar to convectional financial options in that the option 

provides the firm with a right to make a transaction or investment before the time that the opportunity ceases 

to exist. Since it is a right and not an obligation, the holder can decide against exercising and allow the option 

to expire. The value of the real option should be contingent on a specified event occurring within a finite 

period. The concept is applicable to projects that have an option embedded, that the business may or may not 

realize and attempt to take advantage of. Having a clearly defined underlying asset, which value changes over 

time, is a condition for the presence of such an option. The underlying assets for real options are generally 

illiquid and not traded on financial exchanges, where market prices are observable. Real options are referred 
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to as “real” in reference to the tangible assets (i.e. physical assets, such as equipment, land and buildings) that 

typically are involved in the projects. Real options are, however, also applicable to investment decisions 

concerning intangible assets such as technology, patents and copyrights. In contrast to financial options, the 

holder of a real option may in some cases have direct influence over the value of this underlying asset. The 

underlying asset of real options can, therefore, be both tangible and intangible non-financial assets, which 

monetary value is derived from physical characteristics rather than directly from the price of a traded financial 

instrument (Schwartz & Trigeorgis, 2001). 

 

Option contracts have been around for ages3, but the concept of real options has not been formalized in 

financial theory until the last half-century. Although the concept is widely discussed in academia, is has often 

been ambiguously defined in the literature. The real option approach has been developed as an extension of 

financial option theory, employing a similar framework of models. Whether the underlying assumptions, on 

which these models are based, strictly applies to the non-financial context is up for debate. Nevertheless, the 

application of concepts, models and techniques from financial options pricing on real asset valuation has 

revolutionized the way academics and practitioners evaluate investment projects, by incorporating managerial 

flexibility in the analysis of investment decisions. This flexibility can represent a substantial part of a project’s 

value. Neglecting this value can cause a gross undervaluation of the investment, which in the furthest 

consequent can induce miss-allocation of capital resources in the economy. The topic of real options is seen 

as a prospective area for further development in financial theory and for practical application (Schwartz & 

Trigeorgis, 2001).  

 

There is a wide body of literature on the topic of real options, which emerged as a critique of traditional capital 

budgeting techniques. Schwartz & Trigeorgis (2001) provide a good summary to the historical development 

of real options theory. Well before the emergence of real options, practitioners were grappling intuitively with 

the concept of managerial flexibility in relation to project valuation. Early critics recognized that standard 

discounted cash flow (DCF) techniques often undervalued investment opportunities because they either 

ignored or did not properly value important strategic considerations. Myers (1987) first referred to the term in 

a discussion about the gap between strategic planning and financial theory. Dixit and Pindyck (1994) 

influential book discussed the three common characteristics of investment decisions: (i) the investment is 

partially or completely irreversible; (ii) there is uncertainty over the future payoffs from the investment; and 

(iii) you have some ability to delay your timing of investment to get more information (but never complete 

certainty) about the future. The interaction of these three characteristics in varying degrees determines the 

 
3 Since the ancient Greeks, according to the commonly used anecdote about Thales of Miletus, depicted in Aristotle’s 

Politics from 332 BC (Munk, 2018). 
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optimal decisions of investors. Dixit & Pindyck (1995) argued that irreversible investment opportunities are 

similar to financial call options, in that firms have the option to make an investment.  

 

2.1.1. CATEGORIES OF REAL OPTIONS 

Real options are applicable to investment decisions that have strategic optionality embedded, relating to, e.g., 

the timing, scale or operation of a project, once established. A variety of different real options types have been 

recognized and analyzed, by e.g. Dixit and Pindyck (1994), Trigeorgis, (1996). Real options can be grouped 

into simple, compound and rainbow options, based on the complexity of the option.  

Simple options are mostly considered to be American options, as they can be exercised at any time 

before the investment opportunity ceases to exist. Call options provide the holder with the right to invest in a 

project, while put options give the holder the right but not the obligation to sell the underlying assets.  

The second category is compound options, which can be described as options on options. Compound 

options are represented in multiphase investments, where the initiation of the next phase is dependent on the 

preceding phase. Each phase becomes an option itself, where management have the option to continue to the 

next phase, abandon the project or defer it to a later time. The value of the compounded option is dependent 

on the successful completion of the preceding phase rather than the underlying asset value. A sequential 

compound option refers to this sequence of events, where the execution and value of the investment depend 

on previous phases.  

Rainbow options describe investment opportunities whose payoff depends on more than one 

underlying risky asset, i.e. an option for which multiple sources of uncertainty can affect the value. In a simple 

option, the only source of uncertainty is the price of the underlying asset, which typically is calculated as an 

aggregate parameter of the uncertainties associated with the investment. In the case of real options, multiple 

sources of uncertainty can be accounted for in separate volatility factors. Rainbow options can be either simple 

or compounded and the method is basically the same as for options with one volatility factor, but rainbow 

options usually yield more complex payoff calculations in form of multinomial lattices (Schwartz & 

Trigeorgis, 2001). 

 

The following is a non-exhaustive summary of common real option types (Schwartz & Trigeorgis, 2001): 

o Option to Defer – Also referred to as timing options or an option to wait, the opportunity to defer an 

investment is the equivalent to a call option on the value of that investment. The investment opportunity 

itself can be more valuable than investing at 𝑡!, as it provides management with the flexibility to postpone 

the investment until market conditions become more favorable or cancel it completely if conditions 

worsen. The investment opportunity may still hold value even though the investment has a negative NPV, 

due to this flexibility. 
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o Option to Abandon – An abandonment option provides the holder with the right but not the obligation to 

sell off and abandon an asset or project at prespecified terms and price, equivalent to a put option. 

Management can decide to abandon the operation and liquidate the assets if market conditions deteriorate. 

o Option to Expand – An expansion option provides management the right and ability to scale up an 

investment, e.g. expand into different markets, products and strategies. The right to increase resource 

deployment or expand current operations under favorable market conditions is equivalent to a call option. 

o Option to Contract – On the other hand, the operational scale can be reduced if market developments are 

less favorable than initially expected. A contraction option provides management the right and ability to 

contract its operations, thereby reducing costs, which is the equivalent to a put option. 

o Option to Switch – A switching option provides management with the right and ability to switch among 

different projects or operations, e.g. markets, products, technologies. The ability to restart an operation or 

reinvest in a project is equivalent to a call option, while shutting down is equivalent to a put option. 

 

2.2. REAL OPTIONS ANALYSIS 

In capital budgeting, we generally distinguish between three main approaches to project valuation: (i) the 

absolute valuation methods, which values an asset by calculating the present value of all future cash flows; (ii) 

the relative valuation method, which determines the value of an asset by looking at the prices of comparable 

assets and using multiples; and (iii) the contingent valuation approach, which uses option pricing tools to value 

assets with option features (Koller et al, 2015). The most prevalent tool used for analyzing investment decisions 

is the Discounted Cash Flow (DCF) model. The method determines the intrinsic value of an investment by 

discounting the projected future cash flows of the project, at an assigned discount rate, using a Net Present 

Value (NPV) calculation. The simplicity of the model is perhaps one of its main attributes and the reason why 

it is widely applied in various disciplines. The approach is deterministic and relies heavily on estimates and 

assumptions to determine the value of the investment, which leaves substantial room for error (Mun, 2002). 

The standard single-path DCF is robust when there is little uncertainty about future outcomes, or when they 

are uniformly distributed around the excepted outcomes, but the reliability of the model diminishes in the 

presence of uncertainty. The standard DCF analysis can, however, be modified to accommodate a higher 

degree of complexity, by supplementing the model with, e.g., sensitivity analysis, scenario analysis, or 

stochastic simulations (Koller et al, 2015). Real Options Analysis (ROA) can provide additional flexibility to 

the analysis if used in conjunction and integrated with the mentioned valuation techniques (Mun, 2002). The 

real options approach is not a substitute for the absolute approach to asset valuation and cannot replace the 

DCF model, because option valuation using ROA is dependent on the ability to price underlying assets (Koller 

et al., 2015).  
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Figure 2.1: Approaches for Valuation under Uncertainty. 

 
Conventional approaches to capital budgeting models decision-making as a static process, disregarding the 

ability of management to adapt or revise investment decisions in response to changes in the business 

environment. This implies that, after having made the decision to initiate a capital investment, management 

will continuously manage the projected cash flows until the end of the project’s pre-specified useful life. The 

approach does not allow managers to modify the investment decision after the fact, ignoring any potential 

managerial flexibility. The real options approach instead assumes a multidimensional dynamic series of 

decisions, as supposed to a single static decision, where management has the flexibility to actively manage, 

control or alter the project when faced with unexpected market developments (Mun, 2002). Multiple decision 

pathways are considered, as a consequence of high uncertainty, and management has the ability to choose the 

optimal investment strategy along the way as new information becomes available and the uncertainty is 

resolved. Instead of choosing one path and sticking to it, management has the flexibility to make midcourse 

adjustments and alter the investment strategy completely. Static capital budgeting techniques fail to recognize 

the managerial flexibility of decision-making; whereas contingent valuation approaches incorporate it into the 

model and attribute weight to it in the face of uncertainty and risk (Dixit & Pindyck, 1994). 
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2.2.1. MARITIME APPLICATION OF REAL OPTIONS ANALYSIS 

The real options approach to decision-making has been widely applied in various disciplines. Real options 

analysis (ROA) is useful for capturing and valuing the managerial flexibility inherent to many investments and 

operating decisions, that decision-makers in the maritime sector are faced with. Trigeorgis & Tsekrekos (2018) 

found that real options methods are quite prevalent in Operations Research, which is a field that encompasses 

a plethora of problem-solving techniques for improving decision-making. The concept has been grown in 

popularity within the research fields related to the shipping industry in the later years. Bendall & Stent (2005; 

2007) applied real options to maritime investment strategies and the valuation of vessels. Sødal, Koekebakker 

& Aadland (2008) used the methodology to value combination carriers and examine the added potential of 

market switching. Both Acciaro (2014) and Chen, Zheng & Zhang (2018) have applied ROA to value LNG 

vessels, in the context of compliance with ECAs and the progressive environmental regulation implemented 

in the shipping industry. Jiang & Hansen (2016) and Atari, Bakkar, Olaniyi & Prause (2019) are among the 

researchers who have used ROA to analyze scrubber investments for compliance with ECAs. Metzger & 

Schinas (2019) applied fuzzy real options in order to appraise investments in green shipping technologies. 

 

3. THEORETICAL FRAMEWORK 

The theoretical framework situates the thesis theoretically, within the field of research, by defining the key 

concepts of existing theory related to the investigated topic. This provides the structure to define how the thesis 

is approached methodologically. The theoretical framework consists of selected theories that undergird the 

author’s perception of the topic and how it should be researched (Grant & Osanloo, 2014). 

 

3.1. RISK 

Risk can be defined as the “effect of uncertainty on objectives”, where the effect can be either a positive or 

negative deviation from what is expected, according to the ISO 31000 risk management standard. This focuses 

on the effects that incomplete knowledge, of events or circumstances, has on organizational decision making 

(Tranchard, 2020). Firms in different markets and industries are exposed to an array of different forms of risk, 

e.g. business risk, operational risk, credit risk, liquidity risk, foreign-exchange risk, interest rate risk, political 

risk. In financial terms, the concept is defined as the chance that an outcome or payoff of an investment will 

differ from the expected return. This includes the possibility of losing parts of or all the value originally 

invested (in e.g. projects, stocks, business ventures). Financial risk is a quantifiable measure of exposure to 

which probabilities can be assigned. A general distinction is made between (systematic) market risk and 

(unsystematic) idiosyncratic risk. The most common metric associated with financial risk is standard 
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deviations, which provides a measure for the volatility of an asset compared to the historical price average in 

a given time frame. As with most inferences made in finance, one can discuss whether past performance (i.e. 

historical volatility) is indicative of future performance. 

 

3.2. UNCERTAINTY 

The concept of uncertainty was introduced to economic theory by Knight (1921) and Keynes (1921), roughly 

a century ago, distinguishing it from the concept of risk. Whereas risk refers to a set of circumstances that can 

be quantified and to which probabilities can be assigned, uncertainty is defined as a set of circumstances which 

probabilities cannot be applied to. Uncertainty refers to a state of deficiency, even partial, of information, 

understanding or knowledge. Not all future outcomes or consequences of a given action or decision can be 

known in the case of uncertainty, as it involves imperfect or unknown information. The concept can be applied 

both ex-post, e.g. physical measurements, and ex-ante, e.g. predictions about future outcomes. Keynes (1921) 

argued that decision-making under uncertainty often is associated with ambiguity aversion, i.e. the preference 

for known risks to unknown risks, which is a concept that later was popularized by the Ellsberg Paradox. 

 

3.3. MANAGERIAL FLEXIBILITY 

Managerial flexibility can be described as the ability of management to adapt to changing market conditions, 

to recognize, structure, and manage opportunities to create value. The value of flexibility is related to the 

degree of uncertainty and the room for managerial reaction to new information. Flexibility has less value in 

situations where things are settled than in the presence of uncertainty. If managers are unlikely to receive or 

unable to act on new information, the value of 

managerial flexibility is low (Koller et al., 2015). 

The ability to adapt to dynamic market conditions 

in an efficient manner is crucial for any firm, 

especially in volatile capital-intensive markets. 

Mangers need proficient tools for understanding 

the risk and its dynamics in order to mitigate the 

potential adverse effects of market fluctuations, 

and effectively handle the associated uncertainty. 

 

 
Figure 3.1: The Value of Flexibility. 
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4. METHODOLOGY 

The master's thesis is a problem-orientated academic research paper, written within the field of Applied 

Economics and Finance. The methodology is a pivotal part of the thesis as it encapsulates the choices made 

by the author in its construction, allowing the reader to critically evaluate the overall validity and reliability of 

the research. When conducting a research project, the research design is an essential component as it provides 

a framework for the collection and analysis of data. Whereas the research question defines what the research 

aims to investigate, the aim of the research design is to define how. The function of the research design is to 

ensure that the applied procedures and techniques enable the researcher to answer the research question as 

unambiguously as possible. The research strategy is the overarching approach of the research project, including 

the assumptions that inform the research design, choice of research question and methods used in attempt to 

answer it. Underpinning this strategy lies a set of philosophical assumptions (i.e. ontological & epistemological 

assumptions), illustrated in the figure below, which are made explicit in the sections on research philosophy 

(Bell et al., 2018).  

 
Figure 4.1: Influences on business research. 

While philosophical reflections are important in this context, they do not fully incorporate the practical 

considerations encountered in business research, which is affected by a variety of factors. The personal values 

of the researcher play a role in the sense that personal biases can be of influence in the research process. The 

role of theory in the development of business research is perhaps more tangible, as the research is informed 

and influenced by existing research. Pre-existing knowledge about a topic is the background on which new 

research is built (Bell et al., 2018). Guidance on how to conduct research is also found in literature, where the 

definitions and principles for research design vary across different fields of research. The best practice is to 

use literature from the discipline closest to the topic of research. Bertrand & Fransoo (2002) defines academic 

quality is as the rigor with which the standard for good academic research for the type of research conducted 

has been adhered to. The literature used in this thesis is found within finance and operations management 

(OM), as the research topic is situated in the cross-section between these disciplines. The book of Bell et al. 

(2018) is used as the general guide on business research methodology, supplemented by Bertrand & Fransoo 

(2002) who focus on quantitative model-based research methodologies in operations management. 
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4.1. RESEARCH PHILOSOPHY 

The philosophical assumptions underpinning the research strategy, and research design as a consequent, might 

seem rather abstract in the context of a practical research project. It not always obvious how the ontology 

translates into research methods. The relation is more easily conceptualized as a consequential chain (as 

illustrated in Figure 4.1). Particular ontological assumptions lead researchers to particular epistemological 

assumptions, which in turn lead to research practice. The choice of a particular theory is associated with certain 

assumptions about the nature of the reality that is researched, i.e. ontology, and how it should be studied, i.e. 

epistemology. The paradigm under which the research is conducted influences everything from the research 

design to the results it creates (Bell et al., 2018). This section elaborates on the ontological and epistemological 

reflections of the researcher. 

 

The master's thesis is the culminating part of a degree within the social sciences, as supposed to the formal or 

natural sciences. The thesis deals with the application of existing scientific knowledge to practical issues, as it 

is written within an applied discipline. In social scientific disciplines, there is an ontological dissent on whether 

the researched social phenomena should be viewed as social constructs (i.e. constructivism) or as existing 

objectively (i.e. objectivism), external to the observer (Bell et al., 2018). This thesis takes a pragmatic 

approach, facilitating problem-solving rather than aiming to understand the true nature of what researched. 

The author assumes a form of realism where reality is described by theories, formulated by the use of language 

(e.g. applied mathematics), but the underlying nature remains uncertain4. The pragmatic research paradigm, in 

which this thesis is written, has its philosophical foundation in pragmatism, particularly the work of Charles 

S. Peirce (1839–1914) (Bell et al., 2018). The pragmatic research approach takes the view that the best research 

methods are those that most effectively answer the research question. In the context of business research, the 

primary objective is to solve practical problems for organizations. Real options analysis (ROA) can be 

characterized as a heuristic approach to problem-solving, where financial options theory is applied to the 

valuation of non-financial assets as it is a useful tool for understanding the nature of investment decisions. 

 

4.2. RESEARCH STRATEGY 

The research strategy is the overarching approach of the research project and includes the assumptions that 

inform the research design, choice of research question and methods used in order to answer it. The choice of 

a particular theory has implications for the logic of inquiry, i.e. the relationship between theory and research. 

The most common view of this relation is found in the deductive approach, and the hypothetico-deductive 

model, commonly associated with positivism. The inductive analytical approach reverses this relation by 

 
4 As discussed in the preceding chapter, uncertainty is viewed as a central theoretical concept in economics. 
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developing generalizable inferences out of observations, i.e. theory based on the outcomes of research. This 

reasoning approach is often found in interpretivism, which a contrasting epistemology to positivism. For the 

purposes of this thesis, an abductive approach is applied, which is a mode of reasoning that has grown in 

popularity in business research and other social scientific disciplines. It typically begins with an incomplete 

set of observations and proceeds to draw the likeliest inferences based on the limited data. Abduction is the 

preferred analytical approach of the pragmatic paradigm and is assessed as suitable for the evaluation of 

decision-making under uncertainty. The approach is nonlinear and iterative, i.e. the researcher goes back and 

forth between theory and the data (Bell et al., 2018). 

 

 
Table 4.1: Classification of quantitative mode-based research. 

This thesis is a form of quantitative model-based research, i.e. research where models of causal relationships 

between control variables and performance variables are developed, analyzed or tested, which is based on the 

assumption that we can build objective models that can capture (part of) the decision-making problems faced 

by managers. In the literature, a distinction is made between empirical and axiomatic quantitative modeling 

research. The primary objective of the thesis is to build a real options framework for the analysis of investment 

decisions in the maritime sector. Empirical data is used in the analysis, but the objective is not to validate the 

model empirically. Furthermore, this form or research can be classified as either normative or descriptive. This 

thesis falls within the category of axiomatic descriptive (AD) research, as it is primarily concerned with real 

option modeling. The aim is to gain an understanding and provide explanation for the characteristics of the 

model and the problem that has been modeled (Bertrand & Fransoo, 2002).  

 

According to the model by Mitroff et al. (1974), 

the operational research approach consists of the 

following phases (Bertrand & Fransoo, 2002): 

(i) Conceptualization; 

(ii) Modeling; 

(iii) Model solving; 

(iv) Implementation. 

 

The researcher first makes a conceptual model of a problem, which often is based in the literature. The scope 

of the model and decisions about which variables that need to be included are addressed in this phase. In the 

modeling phase, the quantitative model is built and causal relationships between the variables are defined. The 

 
Figure 4.2: Operational Research Approaches. 
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scientific model is analyzed in order to gain insight into the behavior of this model. In AD research, the 

emphasis is put on the modeling process and the researcher typically does not move further into the model 

solving and implementation phase (Bertrand & Fransoo, 2002). 

 

4.3. RESEARCH DESIGN 

Research design is an essential subset of the methodology, representing the framework of research methods 

and data collection techniques chosen by the researcher in attempt to answer the research question. The 

research design can be viewed as the facilitator that makes it possible to answer the research question as 

unambiguously as possible. The analysis involves a mix of quantitative and qualitative methods, used to 

evaluate different aspects of a research problem. The qualitative part of the thesis aims to examine the context 

of international shipping and the investment decision in marine scrubbers (e.g. economic, regulatory aspects); 

while, the qualitative part is aimed at developing a real option model for the use case. The mixed methods 

approach is considered the norm in the pragmatic research paradigm and is assessed to provide breadth and 

depth of insight through corroboration (Bell et al., 2018). The approach offsets the weaknesses inherent to 

quantitative and qualitative methods individually, at risk of compromising the focus of the research. An 

exclusively theoretical or quantitative approach might have yielded a better honed scope of higher academic 

utility, but this thesis is more concerned with the relevance to business and decision-makers as it is written 

within an applied discipline.  

 
Bertrand & Fransoo (2002) suggest the following outline of design when dealing with axiomatic quantitative 

research using simulation: (i) Conceptual model of the problem; (ii) Justification of the research method; (iii) 

Scientific model of the problem; (iv) Justification of the heuristic or hypothesis; (v) Experimental design; (vi) 

Analysis of results; (vii) Interpretation of results. For this thesis, the model in question is a real options 

framework for the analysis of investment decisions in maritime scrubbers under uncertainty. Koller et al. 

(2015) suggest the following four-step process for valuing flexibility when applying Decision Tree Analysis 

(DTA) and Real Options Valuation (ROV) methodologies: 

 
Figure 4.3: Four-Step Process for Valuing Flexibility. 
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When considering the issue of validity, i.e. whether or not an indicator, or a set of indicators, that is devised to 

gauge a concept really measures that concept, we are concerned with the adequacy of the methods used and 

how relevant the research design is in regard to the research question (Bell et al., 2018). Validity can be divided 

into internal and external validity. Internal validity is concerned with the soundness of the made inferences, 

e.g. causality between two variables is properly demonstrated. The thesis is informed and influenced by 

existing research in the choice of methods (e.g. Monte Carlo simulation). Based on the literature, real options 

analysis is considered to be a good method for determining the value of managerial flexibility. External validity 

is concerned with whether the results are generalized beyond the specific research context (Bell et al., 2018). 

The proposed framework is generic enough to be applicable to a wider business context, e.g. investment 

decisions concerning other forms of enviornmental technology in the maritime sector. 

 

4.4. DATA COLLECTION  

This section elaborates on the utilized data collection techniques and discusses the validity and reliability (i.e. 

quality criteria) of the collected data. Data collection is a central part of any research project, with implications 

for the quality and generalizability of the work. A common distinction drawn in business research is that 

between qualitative and quantitative research, generally reflecting the types of research methods used. The 

thesis is primarily quantitative in nature; however, it contains elements of quantitative data as well. Using both 

methods in a complementary fashion is described as a form of mixed methods research in the literature (Bell 

et al., 2018), consistent with the axiomatic research approach and pragmatic research paradigm in which this 

thesis is written.  

 

4.4.1. QUALITATIVE DATA 

Both primary and secondary quantitative data have been used throughout the thesis process. Of the first 

category, it relevant to mention the interview conducted with a ship management professional, who contributed 

with insights based on extensive operational experience. The interview was semi-structured in nature and 

conducted bases on a set of questions that were sent to the interviewee a day in advance. The conversation 

evolved outside the prewritten questions, which is a typical trait of this interview form. The benefit of which 

is the possibility to acquire knowledge that the researcher did not anticipate in advance. The interview was 

held March 20th, 2020 by videoconference and subsequently transcribed. Some of the correspondence was left 

out in this process on the basis of relevance. The interview was carried out in Norwegian and translated to 

English for the purpose of transcription. Additionally, company material, relevant to the investment decision 

concerning scrubber technology, was received following the interview. The expert interview is considered to 

be a reliable source of information as it is consistent with the information found using other data-collection 

methods (i.e. triangulation). 



 19 

Secondary quantitative data has however been utilized to a larger extent, as it is more readily available and 

less time consuming to collect than primary data. Industry reports and other internet sources have been used 

extensively in all phases of the thesis process; while the theoretical foundation of the thesis is based on 

academic literature from both financial and maritime research, including textbooks and academic articles. 

Articles in scholarly journals and most academic textbooks undergo a process of peer-review and are therefore 

considered to be reliable sources. Textbooks are in most instances written by experts within the pertinent field 

and undergo an editorial process at the publisher. This does however not mean that the information is taken at 

face value. Comparing and contrasting information from multiple sources is an important part of the process 

to evaluate the reliability of the data. The information of the expert interview is also used to validate some of 

the secondary data and vice versa. Websites and other online available material (e.g. industry reports, news 

articles) are not necessarily scrutinized to the same extent as peer-reviewed content. The author or institution 

behind publishing usually gives an indication as to the quality of the information. Critically evaluating the 

source of the data is an important step in the data collection process. 

 

4.4.2. QUANTITATIVE DATA  

Quantitative data is used extensively throughout the thesis, presented in the form of statistics, charts and 

figures. The quantitative data has been resourced from a variety of different sources. The secondary data 

collected from industry reports (e.g. IMO 3rd GHG study, scrubber count by Clarkson) is considered to be 

reliable based on the same critical evaluation as describes above. For the quantitative modeling, which is the 

central part of the analysis, data has been collected from various databases, predominantly in the form of time 

series. The overall reliability (i.e. consistency in the measuring of a concept) of the utilized datasets is 

considered to be good. The table below summarizes the main types of quantitative data that has been utilized: 
 

Data Description Data Provider Collection Date Source 

Vessel Data Descriptive 
data 

Green ship of 
the Future August 30th, 2020 Green ship of the Future (2020);  

Hafnia (2020) 

Fuel Oil 
Consumption 

Descriptive 
data 

Green ship of 
the Future August 30th, 2020 

Green ship of the Future (2020);  
Klimt-Møllenbach et al. (2012); 

Reynolds, Caughlan, & Strong (2011) 
Scrubber 

count 
Descriptive 

data Clarkson WFR May 15th, 2020 © Clarkson Research 
Services Limited 2020 

Bunker Fuel 
Prices 

Multivariate 
time series Clarkson SIN May 13th, 2020 

© Clarkson Research 
Services Limited 2020 

BCTI Index Univariate 
time series Clarkson SIN May 13th, 2020 

© Clarkson Research 
Services Limited 2020 

Oil Price Univariate 
time series EIA May 13th, 2020 EIA (2020) 

Table 4.2: Quantitative data. 
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The vessel chosen for the analysis is a 49,699 DWT MR class product tanker, named M/T Hafnia Lise, which 

was used as one of the three reference vessels in the emission case study “The Retrofit Project - Retrofitting 

to reduce CO2 emission” by Greenship of the Future (2020). The fuel consumption data for the reference 

vessel are based on the figures from 2018, collected from the same report. These figures will however vary 

based on a number of assumptions, e.g. vessel speed, the number of sailing days, days in port, days idling. 

These considerations are not discussed in detail in the thesis as it is considered outside the scope. The 

operational profile of the reference vessel is instead assumed to be similar to that of the Hafnia MR fleet 

average (Green Ship of the Future, 2020). 

 

The data used in the model are weekly average time series provided by the Clarksons SIN database, for which 

the cut-off date for collection has been set to May 15th, 2020. The primary dataset is a multivariate time series 

of weekly bunker prices in the four major bunkering hubs (Singapore, Rotterdam, Houston and Fujairah) of 

the following bunker types: HSFO 380cSt, HSFO 180cSt, VLSFO and Marine Gas Oil (MGO). The datasets 

for HSFO and MGO consist of more than 1500 weekly observations, representing 30 years of data (May 1990 

– May 2020); while, the timeseries for VLSFO only consists of 36 data points, starting September 2019. The 

subset of the data chosen for the analysis stretches from the start of the millennium until the last datapoint 

(01.01.2000-08.05.2020).  

 

5. BACKGROUND 

Shipping is a truly international business and an integral part of the global transportation and logistics system, 

representing a fundamental component of world trade and globalization. Facilitating trade between nations and 

continents provides crucial linkages in supply chains and enables access to global markets. The importance of 

maritime transportation for the world economy is palpable, by far being the largest, most efficient and cost-

effective mode of transport. Waterborne freight is estimated to accounts for over 80 percent of the total volume 

of world trade, reaching 11 billion tons5 in 2018 - corresponding to ~1.45 tons per capita. International 

maritime trade is projected to increase by 2.6 percent in 2019 and continue to grow at a compound annual rate 

of 3.4 percent over the 2019–2024 period (UNCTAD, 2019). With its significant contributions, shipping 

activities also inflict harmful effects on the environment and on human health, particularly populations living 

in the vicinity of ports and in coastal areas. Although being the most energy-efficient mode of mass transport, 

the accumulative environmental impacts of maritime transport are extensive. The global fleet contributes 

 
5 Unless stated otherwise: Metric ton - unit of mass equal to 1,000 kilograms. 
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significantly to global anthropogenic emissions, in the form of air pollution and greenhouse gases (GHG) 

(Endresen et al., 2003; IMO, 2015). 

 

A major focus in the maritime sector has been that of preventing impairment to air quality by limiting the 

emission of airborne pollutants and particulate matter (PM) in ship exhaust. More specifically, emissions of 

sulphur oxides (SOx) and nitrogen oxides (NOx) have been under scrutiny, as well as volatile organic 

compounds (VOC), ozone-depleting substances (ODS) and pollution from shipboard incineration (IMO, 

2020c). The adverse health effects associated with ambient concentrations of air pollution and PM include 

asthma, heart attacks, lung cancer and other respiratory and cardiovascular diseases, consistently linked to 

hospital admissions and premature mortality in epidemiological studies (Winebrake, Corbett, Green, Lauer & 

Eyring, 2009; Silva, Adelman, Fry & West, 2016). Effects on the natural environment are also emphasized, 

with potential ramifications both locally and globally, e.g. reduced visibility, acid rain, ocean acidification and 

eutrophication (Fuglestvedt et al., 2009; Hassellöv, Turner, Lauer, & Corbett, 2013). The adverse health and 

environmental effects are closely related to the type of fuel combusted by the world fleet, particularly in near-

coastal environments (Winebrake et al., 2009).  

 

The shipping industry has historically been one of the greatest emitters of sulphur oxides (SOx) and nitrogen 

oxides (NOx). The 3rd IMO GHG Study, published in 2014, estimates the multi-year (2007–2012) average 

annual emissions of NOx (as NO₂) and SOx (as SO₂) from shipping (both international and domestic) to be 

20.9 million tons and 11.3 million tons. This represents ~15 and ~13 percent of the total global anthropogenic 

emissions6 respectively (IMO, 2015). By comparison, the industry is responsible for releasing more sulphur 

emissions per ton-mile of cargo than any other transport mode (Wang & Corbett, 2007), which is largely due 

to the high sulphur content of traditionally used bunker fuels. While bunker fuel for shipping accounts for just 

7 percent of transport oil demand, it generates ~90 percent of sulphur emissions in the transport sector 

(Bhandari et al., 2018). With the new amendments to MARPOL Annex VI in force, the estimated annual 

reduction in overall SOx emissions from ships is approximately 8.5 million metric tons, representing a 77 

percent drop from the current level (IMO, 2020c). The regulation has been the major talking point in the 

maritime industry for years, ever since the 0.50% m/m limit was set to apply from 1st of January 2020 by 

IMO’s 70th Marine Environment Protection Committee (MEPC) of October 2016 (IMO, 2016). The revised 

measures are expected to have significant beneficial impacts on both human health and the atmospheric 

environment, particularly for populations living in the vicinity of ports and in coastal areas. The intent behind 

this progressive reduction is to meet the objectives set out by the Paris Agreement and to support the UN 

Sustainable Development Goals (SDGs) (Corbett et al., 2016; IMO, 2020d).  

 
6 As reported in the IPCC Fifth Assessment Report (AR 5). 
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Shipping is the most carbon-efficient mode of mass 

transportation, emitting less CO₂ per ton-mile 

relative to the other main transport modes (See 

Appendix 1), and only a modest contributor to 

overall CO₂ emissions in percentage terms. The 

accumulated total is, nevertheless, significant based 

on the vast scale of shipping activity. The 3rd IMO 

GHG Study estimated that emissions from shipping 

accounted for approximately 3.1 percent of the total 

global anthropogenic CO₂ emissions over the 2007-

2012 period, emitting an annual average of 1,015 

tons of CO₂. From the 2012 level, the study projects7 

that these emissions could grow by between 50 to 

250 percent in the period leading up to 2050, 

depending on developments in the economy and 

energy consumption. The escalation is mainly 

attributed to the growth of global maritime trade 

(IMO, 2015).  

 

Global warming and climate change are recognized consequences of increased levels of carbon dioxide (CO₂) 

and other GHGs in the atmosphere (UNCTAD, 2019). The abatement of GHG emissions is a focal point of 

the aforementioned climate accords (EU, 2020). Under the Paris Agreement, governments have agreed to limit 

average global warming to well below 2°C and pursue efforts to limit warming to 1.5°C from pre-industrial 

levels (i.e. temperature goals). Global emissions are to peak as soon as possible and reduced rapidly thereafter 

in accordance with the best available science, so as to achieve carbon neutrality (i.e. net-zero balance between 

emissions and removals) by the second half of the century (EU, 2020). The UN SDGs sets sustainable 

development on agenda for 2030, committing to (nr. 13) take urgent action to combat climate change and its 

impacts, and to (nr. 14) conserve and sustainably use the oceans, seas and marine resources (UN, 2020). 

 

In recent years, the focus of the maritime community has been put on compliance with these commitments, in 

an endeavor often labeled “green shipping”. The decarbonization of the shipping industry has been on the 

agenda of several policy-making bodies, such as the European Parliament and the IMO. During the 72nd MEPC 

of April 2018, an initial strategy for the reduction of GHG emissions from ships was adopted. The strategy 

 
7 Scenarios assuming business-as-usual (BAU). 

Figure 5.1: Multi-year (2007–2012) average annual 

emissions as measured by the 3rd IMO GHG study. 
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envisages that GHG emissions from international shipping are to peak as soon as possible and sets out a target 

to reduce the annual total by at least 50 percent before 2050, compared to the 2008 level. Simultaneously, the 

industry should pursue efforts towards phasing out these emissions entirely, in line with commitments made 

in the Paris Agreement. Commitments are also made to decrease the carbon intensity of international shipping, 

i.e. average CO₂ emissions per transport work, by at least 40 percent by 2030 and to pursue efforts towards 70 

percent by 2050, compared to the 2008 level (IMO, 2020e; IMO 2020f). The 74th MEPC decided to initiate a 

4th IMO GHG study, expected to be published in the autumn of 2020, to take inventory of global GHG 

emissions from international shipping and to estimate the carbon intensity of the global fleet in the period from 

2012 to 2018. The study shall also produce business as usual (BAU) scenarios for the future (2018–2050) 

emissions of international shipping (IMO 2020f).   

 

In order to limit the adverse environmental impacts of shipping activities, there is need for a global approach 

to further improve energy efficiency and efficient emission control (IMO, 2020d), as waterborne transport is 

expected to continue growing apace with world trade. The shipping industry may look towards renewable 

pathways and stimulate investment in the development of low-carbon and zero-carbon fuels (e.g. ammonia8). 

In the long run, solutions may include innovations in technologies such as autonomous vessels (i.e. MASS9) 

(UNCTAD, 2019). 

 

 

5.1. ECONOMIC OUTLOOK 

“If I had to identify a theme at the outset of the new decade it would be increasing uncertainty.” 

Kristalina Georgieva, Managing Director of the IMF - January 17th, 2020 

(Georgieva, 2020). 

 
The current geopolitical landscape can be characterized by tensions and uncertainty. Entering the second 

decade of the 21st century, the world economy has been shocked by a number of significant events, e.g. the 

COVID-19 pandemic, the collapse of OPEC+, US-China trade tensions. Global markets have been in a state 

of limbo as geopolitical risk and economic uncertainty continue to impact business confidence, investment and 

growth (IMF, 2020). As a result, the World Uncertainty Index (WUI) has surged to record high levels in the 

first quarter of 2020. 

 
8 See Appendix 2 for possible efficiency measures to achieve net-zero emissions, compiled by the UNCTAD (2019). 
9  MASS - Maritime Autonomous Surface Ships. 
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Figure 5.2: World Uncertainty Index (WUI) & World Pandemic Uncertainty Index (WPUI). 

 
The World Pandemic Uncertainty Index (WPUI), which is a sub-index of the WUI, shows a definite effect on 

sentiment as the coronavirus (i.e. SARS-CoV-2) spread globally. The COVID-19 pandemic is currently 

impacting all facets of the world economy, as billions of people around the globe have been affected by one 

of the worst health crises of the past century. In the short term, we have seen a slowdown in production and 

breakdowns in supply chains; soaring unemployment rates; decreased investments; and businesses going 

under. The long-term ramifications are less clear, but lagged effects of the worldwide lockdown will likely be 

significant (IMF, 2020). 

 

The International Monetary Fund (IMF) coined the term “The Great Lockdown”, in their World Economic 

Outlook of April (Update of June) 2020, to describe the current state of economic development. In their view, 

the pressure put on the global economy is likely to trigger the worst recession since the Great Depression of 

the 1930s. As a result of the pandemic, the global economy is projected to contract sharply by a negative GDP 

growth rate of 3.0 (4.9) percent in 2020, much worse than the recession following the Global Financial Crisis. 

Emerging markets and developing economies must cope with a more modest 1.0 (3.0) percent drop in GDP; 

while the downturn is assumed to be more acute for advanced economies, weighing down the global average 

with a projected 6.1 (8.0) percent decline. In their baseline scenario, a partial recovery is forecasted in 2021 as 

economic activity normalizes, under the assumption that the pandemic fades in the second half of 2020 and 

that containment measures can be gradually unwound. The projected global growth rate of 5.8 (5.4) percent is 

above trend; however, the level of GDP remains below the pre-virus baseline (by 6.5 percent), with 

considerable uncertainty associated with the strength of the rebound (IMF, 2020a; 2020b; Gopinath, 2020). 
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Figure 5.3: Developments in global equity markets YTD, MSCI Indexes. 

 
The financial markets have been shocked by the prevailing circumstances, resulting in a drastic correction 

equivalent to years of growth. Going by the COBOE Volatility Index (VIX), which is an indicator of implied 

volatility and investor sentiment commonly referred to as the fear gauge, anticipated future volatility in the 

first quarter of 2020 has been at levels not seen since 2008-09 during the financial crisis (COBOE, 2020a). 

Uncertainty has been a major factor as global stock exchanges have reported some of the all-time largest 

fluctuations in February and March of 2020. After suffering some of the biggest trading week losses ever, the 

global equity markets have since bounced back in following months (Bloomberg L.P., 2020). Looking at the 

graph above, the recovery in developed and emerging markets has been stronger compared to that of frontier 

markets. 

 

 
Figure 5.4: 10-Year US Treasury Constant Maturity Minus 2-Year US Treasury Constant Maturity 

[T10Y2Y]. 
 
Yields in the bond markets indicated a lack of optimism even before the pandemic emerged. The US treasury 

yield curve inverted in ultimo August 2019 (i.e. the 2-10 spread), serving as a potential red flag, but reverted 

back shortly thereafter (FRED, 2020a). Earlier in March, the Federal Reserve cut the federal funds rate close 

to zero (FED, 2020), and policy interest rates are again pushing into negative territory in some European 

countries (SNB, 2020; Danmarks Nationalbank, 2020). Interest rates have plummeted since the outbreak of 
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the COVID-19 pandemic and the US 10-year treasury yield has stabilized at a level well below the 1.0 percent 

threshold (FRED, 2020b). 

 

 
Figure 5.5: Development in US Treasury rates YTD. 

Heightened trade tensions10 seem to be a reoccurring theme across the globe, with signs of protectionism and 

higher barriers to trade. Brexit serves as a representation of lower economic integration, after officially coming 

into effect in early 2020 at the back end of a tumultuous bureaucratic process. The decade is young and 2020 

still has a lot to offer in terms of geopolitical events, including a US presidential election. The US have been 

a major attributor to the heightened trade tensions of late, as a trade war between China and the United States 

of America ramped up in 2019. The US–China Phase 1 trade deal has not seemed to relieve these bilateral 

trade tensions. The impacts are observed across the board, disrupting trade flows of both manufactured goods 

and commodities (Yep, 2019). The IMF (2020b) projects world trade volumes to drop by 11.9 percent in 2020 

compared to the preceding year; while the WTO (2020b) estimates that the volume of global merchandise 

trade will contract by between 12.9 and 31.9 percent. (See Appendix 4 for an overview of trade volume 

forecasts). 

 

5.1.1. DEVELOPMENTS IN THE OIL MARKET 

Global commodity markets have been severely impaired by the pandemic, as we have seen a collapse in 

demand. The global oil market is not an exemption in this regard. In a recent report11, the International Energy 

Agency (IEA) projected global oil demand to decline sharply in the second quarter of 2020, by a staggering 

19.9 mb/d compared to last year. For the full year, global oil demand is to fall by a record 8.6 mb/d year-on-

year in 2020, erasing close to a decade of growth (IEA, 2020a). 

 

 

 
10 See World Trade Uncertainty Index (WTUI) in Appendix 3. 
11 IEA Oil Market Report (OMR) of May 2020.  
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Rystad Energy (2020a) estimates12 the demand decline at a level of 11.7 mb/d, representing an 11.8 percent 

decrease from the preceding year, in a scenario assuming effective retention of the pandemic. The projected 

growth of 9.9 percent in 2021 is not sufficient to restore demand to the 2019 level of 99.5 mb/d. Demand 

destruction is estimated at a level of 12-13 mb/d in 2020 and at 5 mb/d in 2021, in comparison to pre-virus 

projections (Rystad Energy, 2020a). 

 

Figure 5.6: Oil demand impact by region measured in tb/d, assuming effective retainment. 

 
The turmoil is however not limited to the demand side, as the breakdown of OPEC+ in March of 2020 triggered 

a price war in the global oil market. The conflict was initiated between Russia and Saudi Arabia after a break 

in negotiations regarding production cuts, consequently flooding the market with a supply surplus. The twin 

demand and supply shocks caused the price of oil futures to fall by 40% in March (IEA, 2020b). The market 

structure flipped from normal backwardation into contango (See Appendix 5), i.e. upward sloping futures 

curve where futures contracts trade at a premium to the expected spot price at contract maturity (Chevallier & 

Ielpo, 2013), in response to the slump in demand and lower estimates for future oil consumption (Rystad 

Energy, 2020b). 

 
12 13th Edition of the COVID-19 Report (released on June 11th, 2020). 
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Figure 5.7: Weekly spot price of WTI & Brent crude oil, in $ per barrel. 

During contango periods, oil traders and suppliers have incentives to store crude rather than trading it 

immediately (i.e. contango play). The effect of increased storage is stronger when the price of oil has dropped 

rapidly or when oil prices are relatively low compared to historical levels. The severe oversupply of crude led 

oil markets to enter a state refered to as super contango, i.e. market structure in which front-month futures 

prices are significantly lower than that of futures with settlement date in subsequent months. In March and 

April, VLCCs were chartered for floating storage due to strained onshore storage capacity (Roussanoglou, 

2020a; Oribital Insight, 2020). The uptick in stockpiling of crude oil is likely to continue having a negative 

effect on prices in the months to come.  

 

In April, OPEC+ committed to an output deal13 with production cuts of 9.7 mb/d, from an agreed baseline 

level, as of May 1st, 2020. This has however not been enough to balance out the unparalleled demand 

destruction in the short-term. In the aftermath, West Texas Intermediate (WTI) front-month futures historically 

traded in negative territory14; the spot price of Brent crude dropped below $20 per barrel for the first time since 

1999 (Pals & Wittels, 2020; Bloomberg L.P., 2020). Volatility has been in abundance as the oil volatility index 

(OVX) surged to all-time high levels, even exceeding the volatility of equity markets (COBOE, 2020b). What 

level this paramount commodity will be priced at in the wake of the lockdown, when demand is restored to a 

normalized level, is uncertain. The effects of the lockdown are likely to last for years to come. The IEA (2020c) 

estimates that global investment in oil & gas supply will fall from $756 to $511 billion year-on-year in 2020. 

Rystad (2020c) expects that the absence of investment in the oil & gas industry will cause an undersupply of 

5 mb/d in 2025. 

 

 
13 Initially lasting 3 months but extended until the end of July. The production cuts were scaled down to 7.7 mb/d from 

August until ultimo 2020, and are scheduled to be reduced further to 5.8 mb/d from January 2021 until April 2022. 
14 May delivery futures traded at min. - $37.63 as of April 20th, 2020 (last trading day before expiration). 
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5.2. RECENT DEVELOPMENTS IN THE SHIPPING MARKETS 

The shipping markets have experienced choppy waters in the past decade, with low profitability and a 

persisting fundamental imbalance in most segments. In 2016, the dry bulk shipping sector experienced some 

of the worst market conditions in recent history (Clarkson SIN, 2020). The same year, the dire straits were 

further emphasized by the collapse of the Hanjin. The container segment was notably subject to a succession 

of consolidations in 2016, accompanied by a reformation of the adhering alliances. In the process of recovery, 

the key is to keep net fleet growth low in relation to the growth in demand. Before the COVID-19 pandemic 

emerged, the continued growth of seaborne transport was expected to persist at a steady rate of 3.4 percent in 

the short term15, expanding at a slightly faster pace in terms of ton-miles. The outlook was however associated 

with a high degree of uncertainty, based on a number of risk factors including the unresolved trade tensions. 

One of the most worrying trends, affecting the transportation demand in the coming years, is the falling trade-

to-GDP ratio, which is explained by the slowing globalization, raised barriers to trade and increasingly 

protectionist tendencies around the world. Long term projections pointed towards a steady expansion of global 

seaborne trade based on global trade growth (Clarksons Research, 2019b). Positive drives include the Chinese 

belt and road initiative; the growing contribution of developing economies; and opportunities that may arise 

from changes to the global energy system and the world energy mix. Challenges faced by the maritime industry 

include the reshoring of manufacturing, the maturing Chinese economy and technological developments 

(UNCTAD, 2019). All bets are off for the moment, as the ongoing pandemic and global lockdown makes 

forecasting difficult, especially for the long term.  

 
“The severity of the Covid-19 economic “shock” on the shipping industry is becoming clearer: we estimate 

seaborne trade fell by 10.6% y-o-y in May and our annual projections suggest trade will contract by 5.6% 

across 2020, representing 1 bn tons of “lost” trade and the sharpest decline for over 35 years.” – Steve Gordon, 

Managing Director of Clarksons Research (2020).  

 
The implications for the maritime industries vary across different sectors and segments, but impaired economic 

growth is generally negative for the shipping markets. The industry has seen sharp declines in demolition and 

newbuild ordering, and a 10 percent drop in port activity (Clarkson Research, 2020). There are, however, some 

positives. The tanker market has had a strong first half of 2020 due to the OPEC+ breakdown and super 

contango market of March and April. The BCTI index surged along with tanker freight rates16 in the second 

quarter of 2020, but the prospects for the second part of 2020 are not as optimistic (Roussanoglou, 2020b). 

  

 
15 Average annual growth rate for the period 2019–2024, forecasted pre-COVID-19 (See Appendix 6). 
16 See Appendix 6 for BCTI Index and tanker freight rates. 



 30 

6. THE MARITIME INDUSTRY 

In order to develop a functional real options framework for maritime application, it is imperative to understand 

the market fundamentals and underlying dynamics of the maritime industry. This section serves as an 

introduction to the field of international shipping, briefly elaborating on fundamental shipping theory and the 

economics of the maritime industry. Thereafter, the regulatory system enveloping international shipping will 

be subject of review, more specifically in relation to MARPOL Annex VI and the global sulphur cap that came 

into force primo 2020. Lastly, the chapter examines the world bunker market and the drivers behind the volatile 

prices of bunker fuel oil. 

 

6.1. THE SHIPPING MARKET 

Maritime transportation has played a central role in the world economy for millenniums, ever since the first 

documented sea trade networks where established in the Arabian gulf 5,000 years ago. Extensive cross-border 

transport networks, that facilitate trade between nations and continents, are essential to maintain trade flows 

on the scale necessary for the modern world. The international shipping industry provides these crucial 

linkages in supply chains, enabling access to global markets and promoting both global (e.g. WTO) and 

regional (e.g. USMCA, AFTA, EFTA) economic integration. The importance of maritime transportation for 

the world economy is palpable, by far being the largest, most efficient and cost-effective mode of transport 

(Stopford, 2009). Waterborne freight is estimated to accounts for over 80 percent of the total volume of world 

trade, reaching 11 billion tons (loaded) in 2018 (UNCTAD, 2019). Clarksons Research (2019b) estimates the 

same figure at 11.8 bn, corresponding to 85 percent of the global total, and 58,812 bn ton-miles, when adjusted 

for distance travelled. The volume of maritime trade has almost doubled since the start of the 21st century 

(UNCTAD, 2019). 

 

6.1.1. HISTORY 

The shipping industry is constantly evolving in response to changes in technology, regulation and the demand 

for waterborne transportation (Stopford, 2009). Looking back at history, the most significant societal shifts 

can be attributed to the four industrial revolutions, which were marked by major leaps in technology. These 

paradigm shifts of industry prompted (I) the introduction of mechanical production, (II) electrification and 

division of labor, (III) the digital revolution and (IV) Industrie 4.0 (Lasi, Fettke, Kemper, Feld, & Hoffmann, 

2014). Transport systems have evolved in tandem with the industrial revolutions, ushering in technological 

advancements in order to conform and adapt to the transportation needs of industry and global trade. 
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The historical development of shipping is commonly divided into three epochs. The first phase saw global 

trade networks emerge and gradually develop in and between the population centers of Europe, China and 

India. Trade volumes escalated and transport costs fell as trade transition from land to sea routes, which were 

opened up by the voyages of discovery in the late 15th century. The first industrial revolution triggered the 

second epoch of shipping history, towards the end of the 18th century. Innovations in ship design and 

shipbuilding (e.g. steam-powered vessel, steel hull structures and screw propellers) as well as communication 

technology (e.g. deep-sea cable network) made it possible for shipping to be conducted on a global scale, 

establishing a system of liner shipping (i.e. 

predefined routes and scheduled service) and 

tramp shipping (i.e. on-demand services). More 

efficient propulsion systems, in the form of diesel 

engines, started to replaced steam turbines from 

the beginning of the 20th century. The third epoch 

began in the second half of the century, as the 

result of another wave of technological and 

economic change. Maritime trade grew at an 

astonishing pace in the following decades, as the 

transport system was reformed once again to the 

current bulk and container shipping system. The 

trade expansion would not be possible without a 

set of significant innovations that revolutionized 

shipping and logistics, e.g. the containerization of 

general cargo (Stopford, 2009). 

 

6.1.2. SHIPPING SEGMENTS 

There are multiple ways in which the shipping market can be segmented. Classification can be based on cargo 

format, dividing between general cargo (containerized or non-containerized) or bulk cargo (dry or liquid), or 

according to vessel class and size. When examining the shipping sector from a financial perspective, a common 

practice is to segment the market based on the transportation demand that is served. This involves 

distinguishing between the different services provided by shipping companies, that serve separate 

transportation demands. With this approach, the shipping market is predominantly made up of the following 

three segments, which can be further divided based on vessel type and size (Stopford, 2009; UNCTAD, 2019): 

 
Figure 6.1: Growth of seaborne trade, 1950–2005. 
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Liner Shipping 
 

 
 

General cargo 

Liner companies provide a regular service between predefined ports according to 
timetables and rates advertised in advance. A liner vessel will usually carry a vast 
number of different commodities (i.e. heterogenous cargo). The general cargo can 
be categorized as either unitized cargo or break bulk. Unitized cargo is typically 
packed in containers, carried by container liners, while parcels loaded individually 
is defined as break bulk (alt. neo bulk when bundled), i.e. non-containerized 
general cargo. Although break bulk only accounts for a minor share of seaborne 
trade and global vessel capacity, the segment represents a large share of the world 
fleet in terms of the number of vessels and port calls. The goods carried by liners 
are generally of a higher value and lower volume than the cargos hauled in bulk, 
resulting in higher freight rates. 

Bulk Shipping 
 

 
 

Dry or Liquid bulk 

Bulk shipping is concerned with cargo of large quantities, usually consisting of a 
single commodity (i.e. homogenous cargo), which is generally of a lower value 
than the cargo carried by liner companies. A general destination is made between 
dry bulk (e.g. coal, grain, ore) carried by bulk carriers and wet bulk (e.g. crude 
oil, petrochemicals, gasoline) carried in tankers. Most bulk companies operate in 
the spot markets, without fixed routes or schedules, traditionally referred to as 
tramp trade. 

Specialized Shipping 
 

 
 

Specialized cargo 

Cargo which requires special types of vessels for transportation is handled by 
specialized shipping companies. Whereas the bulk market consists of hundreds of 
similar vessels competing for homogenous cargo, the specialized shipping 
segment is more differentiated. Chemical tankers, FSRU, roro vessels and 
offshore supply vessels all fall within this category. Ships in this segment carry 
specialized cargo such as chemicals, gas (LNG & LPG), automobiles, refrigerated 
cargo, forest products, livestock, project cargo, heavy lift cargo, offshore 
equipment, passengers etc. 

 

6.1.3. THE MERCHANT FLEET 

The global merchant fleet is comprised of over 95,402 vessels17, with a total capacity of 1.97 billion dead-

weight tons (DWT)18. The three most prevalent vessel types being dry bulk carriers, oil tankers and container 

ships. The two former segments are traditionally concerned with tramp shipping, while the latter segment is 

often associated with liner shipping. Bulk carriers (including combination carriers) and oil tankers maintain 

the largest fraction of vessels in terms of tonnage, representing 42.62 and 28.71 percent of the global fleet 

respectively. General cargo ships (3.74%), including roro, multi-purpose and project vessels, have seen its 

share diminish as container ships (13.44%) have become more prevalent. Other ship types include offshore 

 
17 Propelled seagoing merchant vessels of 100 tons and above, as of primo 2019. 
18 Clarkson Research WFR (2020) estimates the world fleet at 1,421 million currently, in gross tonnage (GT) terms. 
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vessels (4.07%), gas carriers (3.49%), chemical tankers (2.34%), ferries and cruise ships (0.36%); while 

remaining vessel types account for 1.21 percent of the total fleet. Vessels in these minor segments are 

frequently intended for specific operations, serving a niche demand as suppose to the general market 

(UNCTAD, 2019). 

 

 
Figure 6.2: The global merchant fleet by principle vessel type, in million DWT per primo 2019. 

 

6.1.4. CONTRACT TYPES 

Another important distinction is that between contract structures. Although the shipping industry has evolved 

since the liner and tramp system, the concept still applies. The liner segment generally operates with fixed 

schedules, routes and a published tariff. The cargo consists of a wide range of goods from multiple shippers. 

In tramp trade, the full vessel is usually contracted to carry cargo from one port to another. Vessels are 

chartered out on different terms (e.g. voyage, consecutive voyage, time, trip time, bear boat) agreed upon in a 

charterparty, i.e. contract between the shipowner and the charterer. Companies can operate on short term 

contracts or have longer relationships with industry players, e.g. through a Contract of Affreightment (COA). 

Freight rates are more directly influenced by fluctuations in supply and demand when operating in the spot 

market, and therefore less predictable (Stopford, 2009). 

 

6.2. MARITIME ECONOMICS 

The shipping sector is inherently capital-intensive and considered to be highly volatile and cyclical in nature, 

imposing substantial business and financial risk on market participants. The cyclical nature originates from the 

fundamental supply-demand balance (i.e. equilibrium) of the shipping markets. The maritime industry is 

0

400

800

1200

1600

2000

19
80

19
83

19
86

19
89

19
92

19
95

19
98

20
01

20
04

20
07

20
10

20
13

20
16

20
19

Bulk carriers

Oil tankers

Container ships

General cargo

Other types of ships 42,62 %

28,71 %

13,44 %

3,74 %

11,48 %



 34 

comprised of four main markets: (i) the freight market, (ii) the sale and purchase market, (iii) the newbuilding 

market and (iv) the demolition market. The developments in and interaction between these integrated markets 

is what determines the dynamics of supply and demand in shipping19, as cash, vessels and services trade hands. 

The key participants within the four shipping markets are shipowners, charterers, shipbrokers, shipyards and 

the demolition yards, in addition to shipping companies and the capital markets (Stopford, 2009). 

 

The demand for sea transportation (measured in ton-miles of cargo) is determined by a magnitude of factors; 

the most principal being the world economy. The shipping market is considered to be an indicator of global 

economic development, as the demand for transportation of goods and raw materials (i.e. volume of trade) 

correlates positively with growth in the world economy. The business cycle lays the foundation for the cycles 

of the shipping market, but the demand for ocean transport is also affected by seasonality and random shocks. 

The decision for a shipper or charterer to hire a certain type of vessel is dependent on the type and parcel size 

of the cargo in need of transportation, in addition to the route and specs of the port loading/discharging 

facilities. Any change in the trade pattern for that particular commodity will be reflected in the demand and 

freight rate for that vessel type, since the cargo determines which type of vessel is required. The trade 

development cycle (i.e. the dynamic relationship between trade and economic development) of different 

regions will therefore impact the demand for ocean transportation, as the type and length of hauls as well as 

trade routes change over time (Alizadeh, & Nomikos, 2009; Stopford, 2009). 

 

Demand Supply 

The world economy World fleet 

Seaborne commodity trades Fleet productivity 

Average haul Shipbuilding production 

Random shocks Scrapping and losses 

Transport costs Freight revenue 

Table 6.1: Ten variables in the shipping market model. 
 

The supply of waterborne transportation is ultimately determined by the capacity and productivity of the global 

merchant fleet. The capacity within a given segment is what determines the supply side of the equation, as 

different vessel categories and classes cater to different cargo and transport demands. One of the main drivers 

on the supply side is fleet growth (i.e. difference between deliveries and demolitions/losses), which varies 

between the different shipping segments (Alizadeh, & Nomikos, 2009; Stopford, 2009). 

 

 
19 A diagram depicting the interaction between the four shipping markets is found in Appendix 8. 
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In addition to the market fundamentals, the shipping market risks emanate from an array of exogenous 

variables, e.g. fluctuations in the oil market, exchange rates and the level of interest rates. These factors are 

causing freight rates and vessel values to fluctuate, thereby affecting the cash flows of shipping companies. 

Shipowners, operators, charterers and other related stakeholders must constantly manage their exposure as it 

can have a profound impact on the profitability and viability of their business ventures (Alizadeh, & Nomikos, 

2009). The maritime economy is complex in its nature and, hence, difficult to model. Stakeholders need 

proficient tools for understanding the risk and its dynamics in order to mitigate the potential adverse effects of 

market fluctuations, and effectively handle the associated uncertainty. The ability to adapt to dynamic market 

conditions in an efficient manner is crucial for any firm, especially in a volatile capital-intensive market. 

 

6.2.1. INVESTMENT LAG 

A central concept in maritime economics is that of investment lag, which can be defined as the interval between 

an investment and the time when that investment first provides benefits. This time-lag can run from the point 

where an investment decision is made until delivery, of an asset or service, or denote the time it takes for a 

transaction to be fulfilled. All investment projects are exposed to investment lags to some degree, but the extent 

to which it affects businesses varies across different markets and industries (Adland & Jia, 2015; Stopford, 

2009). 

 

The concept of investment lag is applicable to multiple aspects of the maritime sector, the most significant of 

which is perhaps the supply of vessels and the delivery lag present in the newbuilding market. The supply side 

is restricted to exits by scrapping, layups or dry docking of vessels and entries by newbuilding, omitting 

conversions and other minor contributions. The time it takes from a ship is contracted to the time of delivery 

can vary greatly. According to Stopford (2009), this time-lag can range between 1 and 4 years (usually between 

18 months to 3 years), depending on the orderbook held by the shipbuilders. Merchant ships generally take 

about a year to build (increases with complexity), but the delivery time is also dependent on shipyard 

availability. Adland & Jia (2015) points to the fact that a major portion of the total lead time, between 

contracting and vessel delivery, is determined by the variable waiting time for yard capacity and time slots in 

dry docks, while the building time itself can be viewed as fixed. Shipping vessels are generally built with a 

life cycle perspective of 20 to 30 years. A portion of the vessels are intended and optimized for fixed long-

term contracts, while others are built to operate in the spot markets. Freight rates in the spot markets are 

generally quite volatile as the demand for sea transportation fluctuates based on a number of factors, and 

shipowners are price takers in these highly competitive markets. If freight rates are is too high, shippers might 

defer the shipment or chose another mode of transport (Stopford, 2009). 
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The supply side is relatively inelastic compared to the fluctuating demand, due to the slow scalability of vessel 

capacity. The delivery lag prevents markets from responding promptly to upturns in demand. Responding to 

sudden downturns in demand is equally challenging, due to the lengthy physical life of the assets in question, 

particularly when there is a large supply surplus. This difference in elasticity has implications for balance 

between the four shipping markets, as the supply side lacks the agility to respond to sudden changes in demand. 

The combination of a volatile demand side and a significant time-lag for the supply side to adjust is a part of 

the dynamic that generates the cycles of the shipping market (Adland & Jia, 2015). 

 

Stopford (2009) uses the analogy of a high-stakes poker game when describing the cycles of the shipping 

market. Shipping company must be able to make educated guesswork and take calculated risks on when to 

invest, adopting the right strategy to meet changing market conditions. In a market where uncertainty is 

abundant, black swans are to be expected (i.e. expect the unexpected). The delivery of newbuildings can be 

seen as a question of timing, and timing is a virtue in the shipping business as market conditions can change 

rapidly. Freight rates and vessel values, in the secondhand market, can have moved significantly from the time 

of the investment decision to the point of delivery. The delays between economic decisions and their 

implementation can make cyclical market fluctuations more extreme, amplifying the cyclical tendency of the 

shipping market. The concept of investment lag is also applicable to the investment decision incited by the 

new sulphur regulation, where scrubber fittings are subject to delivery lag. Regulatory developments can in 

general have significant implications for the economics of shipping. 

 

6.3. THE MARITIME REGULATORY SYSTEM 

The maritime regulatory system is not organized in a stringent manner, with a universal set of maritime laws 

made by a supreme legislative body, enforced by a single agency and tried before an international court. The 

current system is more pragmatic (see appendix 9), seeing that the subject of international law can be 

cumbersome to navigate (Stopford, 2009). There are a multitude of stakeholders with interests in both 

territorial waters and on the high seas, including maritime states, Inter-Governmental Organizations (IGOs) 

and Non-Governmental Organizations (NGOs). The task of coordinating the differing interests and achieving 

uniformity in maritime law falls to the United Nations (UN). The UN Convention on the Law of the Sea 

(UNCLOS 1982) sets the broad framework for maritime law, whilst the task of developing and maintaining 

regulation within this framework is delegated to the International Maritime Organization (IMO) and the 

International Labour Organization (ILO). These two specialized agencies of the UN produce conventions 

which become law when ratified and enacted by member states. International maritime laws are developed by 

the participation of maritime states in such treaties or conventions. Obtaining consensus around a consistent 
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body of maritime law is a challenging task. According to Stopford (2009), there are six principal entities in the 

regulatory system enveloping the maritime industry: 

 

(i) The United Nations sets the broad framework for maritime law;  

(ii) The IMO is responsible for regulation regarding the safety and security of shipping activities as well 

as the environmental aspects of the maritime industry;  

(iii) The ILO is responsible for the conventions governing people on board ships, promoting social justice 

and compliance with internationally recognized human and labor rights;  

(iv) Classification Societies regulate and ensure compliance with technical and operational standards for 

ships and the construction and maintenance of them;  

(v) Flag States are the primary legal authority governing the activities of merchant ships in their fleet 

registry. The flag states are responsible for making and enforcing regulation on all commercial and 

operational aspects concerning the fleet sailing under their flag, e.g. taxation, company law, crewing, 

compliance with maritime safety conventions. 

(vi) Coastal and Port States are responsible for enforcing compliance with international conventions and 

passing legislation concerning the conduct of ships trading within their maritime jurisdiction (i.e. 

Maritime Zones including Internal Waters, Territorial Sea, Contiguous Zone, Exclusive Economic 

Zone (EEZ) and the Continental Shelf). Port State Controls (PSCs) are commonly used to inspect 

foreign-registered vessels while in national ports. 

 

6.3.1. THE INTERNATIONAL MARITIME ORGANIZATION 

The International Maritime Organization (IMO) is the specialized agency of the UN, established in 1948, 

responsible for adopting conventions concerning the safety, security, efficiency, sustainability and 

environmental soundness of shipping. Their founding convention is ratified by 174 member states and three 

associate member states, virtually covering the combined merchant fleet of the world. The IMO conventions 

generally fall within the following three categories: (i) maritime safety and security; (ii) prevention of marine 

and atmospheric pollution from ships; and (iii) liability and compensation, especially in relation to damage 

caused by pollution. The most prominent of which is the international convention for the Safety of Life at Sea 

(SOLAS) and Prevention of Pollution from Ships (MARPOL)20, having been enacted by all the significant flag 

states (IMO, 2020g; 2020h). 

 

The International Convention for the Prevention of Pollution from Ships, better known under the acronym 

MARPOL, is the IMO instrument for abatement of pollution in the marine environment from ship operation 

 
20 See IMO (2016) for a comprehensive list of IMO treaties. 
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or accidents. The convection was adopted in 1973 but was since modified by the Protocol of 1978. The treaty 

first came into force in 1983 and is currently ratified by 158 member states and 3 associate members, 

constituting ~99 percent of the world's combined merchant fleet by gross tonnage (IMO, 2020i). 

 

6.3.2. THE MARPOL ANNEX VI 

Regulations limiting air pollution from ships were first adopted in 1997, amended under the Annex VI of 

MARPOL. The annex entered into force in 2005 and is currently ratified by 97 member states and 2 associate 

members21. The 3rd chapter of the regulation establishes directives for emissions of airborne pollutants and PM 

in ship exhaust. The introduction of emission control areas (ECAs) was made in order to further reduce 

emissions of air pollutants in designated sea areas. Abatement of SOx and NOx emissions from ships has been 

a principal focus of the regulation, and restrictions on these pollutants have been progressively tightened since 

implantation. The Annex VI was revised in 2005, phasing in a more progressive restriction on SOx, and in 

2008, with further reductions to the permitted NOx emissions levels from marine engines, both entering into 

force in 2010. In addition, the regulation prohibits deliberate emissions of ozone-depleting substances (ODS), 

e.g. halons and chlorofluorocarbons (CFCs), and includes measures for controlling emissions of volatile 

organic compounds (VOC) as well as pollution from shipboard incineration (IMO, 2020b; 2020c). 

 

“The regulations for the Prevention of Air Pollution from Ships (Annex VI) seek to minimize airborne 

emissions from ships (SOx, NOx, ODS, VOC & shipboard incineration) and their contribution to local and 

global air pollution and environmental problems.” – MARPOL 73/78 Annex VI (IMO, 2020j). 

 

6.3.3. EMISSION CONTROL AREAS 

MARPOL Annex VI contains provisions allowing for special Emission Control Areas (ECAs), with more 

stringent restrictions on emissions, to be established in exposed areas. The adoption of mandatory abatement 

measures, to regulate emissions from ships in certain sea areas, aims at preventing, reducing and controlling 

air pollution and their attendant adverse impacts on the environment and human health in these regions. ECAs, 

which are sea areas subject to stricter limits and controls than the global standard, where first established (for 

SOx) in the Baltic Sea in 2005, after being adopted in 1997. ECAs designated restrictions on SOx emissions, 

and PM emissions indirectly, are named SOx Emission Control Areas (SECAs). Such restrictions are currently 

in place in the Baltic Sea and the North Sea, imposing a 0.10% limit on the sulphur content of fuel onboard 

vessels sailing in these areas. 

 

 
21 As of June 18th, 2020. 
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Figure 6.3: Emission Control Areas. 

 
Correspondingly, NOx Emission Control Areas (NECAs) applies the stricter Tier III standards limiting NOx 

emissions, while Tier I and Tier II limits apply globally. The Tier III NOx standard imposes an 80% NOx 

reduction compared to the Tier I standard. The NOx control requirements of Annex VI apply to vessels with 

marine diesel engines of over 130 kW output power. Dependent on the ship’s construction date and area of 

operation, ships have to comply with different tiers of NOx emission limits. Outside NECAs, ships with 

construction date on or after primo 2000 and primo 2011 must comply with Tier I and Tier II standards 

respectively (IMO, 2020c). 

 
Sea Area 

 
SOx ECA 

(Adopted / Entered into force) 
NOx ECA 

(Adopted / Entered into force) 

Baltic Sea 1997 / 2005 2016 / 2021 

North Sea 2005 / 2006 2016 / 2021 

North America 2010 / 2012 

US Caribbean Sea 2011 / 2014 

Table 6.2: Adoption and implementation of Emission Control Areas. 
 

ECAs designated all three forms of emissions from ships are currently present in North America (including 

most of US and Canadian coast) and the US Caribbean Sea (including Puerto Rico and the US Virgin Islands). 

The countries bordering the Mediterranean Sea are among the states that currently are considering an ECA in 

their region (IMO, 2020b). Local authorities also have the jurisdiction to implement and enforce domestic 

ECAs. Authorities in Hong Kong and Taiwan have implemented the 0.50% sulphur limit in their region, one 

year ahead of the scheduled global sulphur cap. As of the 1st of January 2019, the Chinese Ministry of Transport 

(MOT) extended its domestic ECA to cover the entire Chinese coastline, i.e. all sea areas and ports within 
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China’s territorial sea. Furthermore, Chinese authorities have put in place two inland ECAs with a 0.10% 

sulphur limit located along the Xi Jiang and Yangtze rivers from the 1st of January 2020, as well as a coastal 

ECA in the waters around the Hainan Island, in China’s southernmost province, from 2022 (Clarksons 

Research, 2019a). 

 
Figure 6.4: Global sulfur emission limits by area. 

 
6.3.4. IMO 2020 SULPHUR CAP 

From 1st of January 2020, the limit for sulphur in fuel oil used on board ships operating outside designated 

ECAs is reduced to 0.50% m/m. Vessels fitted with an approved equivalent, e.g. exhaust gas cleaning system 

(EGCS) (i.e. marine scrubbers), are exempt from the amendment. The revised 14th regulation of MARPOL 

Annex VI, commonly referred to as the IMO 2020 global sulphur cap, represents a drastic reduction from the 

preceding 3.50% m/m global sulphur limit that was established in 2012. Looking at the graph below, the 

regulations restricting SOx emissions have been gradually and progressively tightened since implantation in 

May of 2005 (IMO, 2020c).  

 
Figure 6.5: Implementation of SOx restrictions in MARPOL regulation. 
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The carriage ban, enforced from the 1st of March 2020, prohibits the carriage of non-compliant fuel oil (i.e. 

fuel exceeding the 0.50% sulphur limit) intended combustion purposes, for propulsion or operation onboard a 

ship. The provision does not apply to fuel oil being carried as cargo, by the following definition: "Fuel oil 

means any fuel delivered to and intended for combustion purposes for propulsion or operation onboard a ship, 

including gas, distillate and residual fuels." - Regulation 2.9, MARPOL Annex VI. 

 
The responsibility of monitoring, enforcing and ensuring compliance with the new regulation falls into the 

hands of the governments and national authorities of member states, that have ratified MARPOL Annex VI. 

Flag States are among the entities responsible for enforcing compliance, e.g. issuing International Air Pollution 

Prevention (IAPP) certificates. Port and coastal states also have rights and bear responsibilities in this respect, 

with measures including port state controls (PSCs) and other forms of surveillance to verify that ships are in 

compliance with the prevailing regulation. The amended carriage ban provides additional means for effective 

enforcement by states, particularly in relation to PSCs, supporting consistency in implementation and 

compliance (IMO, 2020k). 

 

6.3.5. DIRECTIVES FOR COMPLIANCE 

The IMO (2020m) offers the following directives for compliance with the revised Annex VI: 

(i) Use a compliant fuel oil with sulphur content not exceeding the 0.50% m/m limit. 

(ii) Alternatively, vessels can be fitted with an approved equivalent, e.g. EGCS that equivalently 

limits emissions of SOx in the exhaust to a compliant level. 

(iii) Or use an alternative fuel source with sulphur content below the threshold, e.g. LNG, methanol. 

(iv) When at berth, the vessel should use onshore power supply. 

 

6.3.6. THE IMPACT OF MARPOL ANNEX VI 

When considering the potential impact of the reinforced sulphur requirements in Annex VI, it is useful to look 

at the historical development of air-polluting emissions from shipping activity. The effect of previously 

implemented regulation can be especially telling in this respect, providing insights into the impending path of 

development. Looking at the graphs below, the implementation of SOx and NOx regulation, in 2005 and 2008 

respectively, has had a significant impact. The regulation has been successful in lowering the level of emissions 

from the peaks of 2005 and 2008 and has consequently contributed to improved air quality, which can be 

attributed positive effects on both human health and the environment (IMO, 2016). With the most recent 

amendments to MARPOL Annex VI in force, the estimated annual reduction in overall SOx emissions from 

ships is approximately 8.5 million metric tons. This represents a 77 percent drop from the current level (IMO, 

2020c).  
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Figure 6.6: Impact of MARPOL Annex VI on emissions of SOx and NOx. 

 

6.3.7. DECARBONIZATION OF THE SHIPPING INDUSTRY 

The concept of green shipping was introduced in the previous chapter, characterizing the endeavor to 

decarbonize the maritime industry in accordance with the commitments made in the Paris Agreement. Looking 

at the regulatory actions of the IMO, concrete measures have been adopted in addition to the aforementioned 

GHG strategy. Amendments made to MARPOL Annex VI in 2011 introduced mandatory measures to reduce 

emissions of GHGs. The amendments added a 4th Chapter, “Regulations on energy efficiency for ships”, setting 

out energy efficiency requirements for shipping operations. Two mandatory mechanisms intended to ensure 

an energy efficiency standard for ships where introduced: The Energy Efficiency Design Index (EEDI), which 

phases in progressively stricter carbon intensity standards for new ships; and the Ship Energy Efficiency 

Management Plan (SEEMP), which is an operational measure to improve the energy efficiency of all ships 

(IMO, 2020j). 

 

The initial strategy on the reduction of GHG emissions from ships, amended in 2018, envisages that GHG 

emissions from international shipping are to peak as soon as possible and that the annual total should decrease 

by at least 50 percent before 2050, compared to the 2008 level. Simultaneously, the industry should pursue 

efforts towards phasing out these emissions entirely, in line with commitments made in the Paris Agreement. 

Commitments are also made to decrease the carbon intensity of international shipping by at least 40 percent 

by 2030 and to pursue efforts towards 70 percent by 2050, compared to the 2008 level. The 3rd IMO GHG 

Study estimated total CO₂ emissions from (international) shipping at (921) 1,135 million tons in 200822, which 

accounted for (2.9%) 3,5% of global anthropogenic emissions (IMO, 2016). Achieving the target set out in the 

 
22 The figures for 2012 (IMO, 2016) - Total shipping: 938 million tons (2.6%) & International shipping: 796 million 

tons (2.2%); while the most recent figures from Clarkson Research WFR (2020) estimates CO₂ emissions from shipping 

activity at 848.2 million tons, representing a 2.5 percent share of the global total.  
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initial GHG strategy, to reduce emissions by least 50 percent before 2050, will require a wide variety of 

technical, operational and economic measures. Innovation will have to play a key role in decarbonization 

efforts. Indications of potential GHG reduction from the mentioned measures are highlighted in the chart 

below. 

 
Figure 6.7: Pathway for Decarbonization of the Shipping Sector. 

 

“The IMO GHG Strategy provides a wide list of candidate short-term, mid-term and long-term measures, 

including for example further improvement of the EEDI and the SEEMP, National Action Plans, enhanced 

technical cooperation, port activities, research and development, support to the effective uptake of alternative 

low-carbon and zero-carbon fuels, innovative emission reduction mechanisms, etc.” – IMO (2020n). 

 

6.4. THE WORLD BUNKER MARKET 

One of the more prominent sources of risk for a shipping firm is the world bunker market, as volatility in the 

price of bunker oil constitutes a large portion of their operational risk. Bunker fuel expenses generally account 

for between 30 and 40 percent of the total voyage costs23, dependent on the prevailing bunker prices, type and 

age of vessel, fuel oil consumption and other relevant operational and voyage circumstances. The bunker 

expenses have in some cases approached 60 percent of the total costs for containerships, when considering the 

bunker prices of 2008 and 2009. In general, the developments in the bunker market have a major impact on 

the corporate strategies of shipping companies (Stefanakos & Schinas, 2014). 

  

 
23 Stopford (2009, p. 233) estimates that fuel oil represents an average 47% of total voyage costs, based on a number of 

assumptions. 
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6.4.1. BUNKER FUEL OIL 

The term bunker originates from the time of coal-fired steamships, referring to the container or compartment 

used for storing coal. The term was carried over to describe liquid fuel tanks and their contents as marine diesel 

engines became prevalent in the shipping industry. The technological advances in ship proportion enabled 

ships to burn lower grade fuel oils more efficiently. In general, commercial vessels use bunker fuel for 

propulsion and to run auxiliary engines, for maneuvering in ports and power generation. Commercial shipping 

vessels typically burn these heavier fuels based on their low cost compared to higher grade distillates, which 

predominantly is used by more sophisticated ships, e.g. cruise ships, fast ferries. Over time, marine fuels have 

evolved in order to conform to regulation and as new propulsions systems have emerged (e.g. LNG) (Alizadeh 

& Nomikos, 2004b).  

 

Bunker fuel oils are fractions obtained from petroleum distillation and the subsequent refining processes, either 

as distillates, residue or an intermediate of the two, after lighter hydrocarbons (e.g. gasoline, diesel) are 

extracted from the crude oil. In general terms, a higher the distillate content in the fuel oil corresponds to a 

higher energy content (i.e. calorific value). There are various ways in which marine fuel oils can be categorized 

and classified. The ISO 8217 protocol of the International Standard Organization (ISO) specifies requirements 

for fuels intended for use in marine diesel engines (ISO, 2020). Viscosity is an important parameter for marine 

application as propulsion systems are designed to operate with different viscosity fuels. Marine fuels are 

conventionally quoted in the international bunker markets based on kinematic viscosity, where the unit used 

is centistoke (cSt), although viscosity itself says little about the quality of the fuel. Another relevant parameter 

is density, as marine fuels are purified before use to remove water and dirt (Anton Paar, 2020).  

 

Fuel oils contain sulphur which, following combustion, is emitted as sulphur oxides (SOx) through the exhaust 

of vessels. The abatement of SOx emissions is mainly achieved by utilizing fuels with lower sulfur content 

and by increasing the fuel efficiency of vessels. The previous global sulphur limit of 3.5% m/m could be met 

without modifications to propulsion systems or fuel composition. In order to meet the reinforced global limit 

of 0.5% m/m and the stricter ECA limits of 0.1% m/m, low sulphur fuels or abatement technologies are 

required (Ercin et al. 2019). Bunker fuels are classified according to their sulphur content: High Sulphur (HS) 

denominates a maximum sulphur content of 3.5%, while Low Sulphur (LS) limits sulphur content to 1.0%. 

The former of which has most commonly been used for marine diesel engines. In addition, there are varieties 

with further reduced sulphur content, e.g., Very-Low Sulphur Fuel Oil (VLSFO) and Ultra-Low Sulphur Fuel 

Oil (ULSFO) with 0.50% and 0.10% sulphur content respectively. Lower sulphur fuel oils have higher 

distillate content and are hence more expensive than the high sulphur equivalent. These fuels have emerged in 

response to the progressively tightening regulation on airborne pollution. In recent decades, the most 

prevalently used marine fuels have been intermediate fuel oils, often referred to as High Sulphur Fuel Oil 
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(HSFO). The two basic grades of this fuel type are 180 cSt. and the more widely used 380 cSt., where distillate 

content is the distinction between the two grades. Thereafter, MGO can be mention among the more 

predominantly used fuels, especially for use within Emission Control Areas (ECAs). As there is no coordinated 

approach from refineries, one can expect differences in product portfolios. The most frequently quoted marine 

fuels are listed in Appendix 10 (Stefanakos & Schinas, 2014; Alfa Laval, 2020a). 

 

6.4.2. MARKET STRUCTURE 

Being a global market, bunker fuels are traded in ports all around the world. The market is generally divided 

into four major regions (largest hub): Asia (Singapore), Europe (Rotterdam), Middle East (Fujairah) and the 

Americas (Houston). The major bunker hubs represent the bulk of physical bunkering activity, influencing the 

prices in port within their vicinity (Alizadeh & Nomikos, 2009). The bunker market in Singapore is by far the 

largest in the world, with an annual turnover of ~50 million tons (MPA, 2020), representing approximately 

five times that of Rotterdam, which is the port trading the largest volumes in Europe (Port of Rotterdam, 2020). 

The supply side consist of major oil companies, independent refineries, fuel resellers and traders, while the 

demand side of the bunker market is mainly the shipping companies, represented by shipowners and operators. 

The demand for bunker fuel depends on regional activity within the maritime sector, largely affected by factors 

like the demand for transportation, trade patterns, seasonality etc. The supply mainly depends on the supply of 

crude oil, available refining capacity and bunkering methods. The implemented global sulphur cap is having a 

disruptive effect across the maritime supply chain, effecting both the supply side and demand side of the bunker 

market (Ercin et al., 2019). Developments in the prices of bunker fuels are generally closely correlated to the 

price of crude oil (e.g. Brent Crude, WTI), seeing as these are petroleum products derived from this feedstock. 

This is a fairly efficient market with a steady correlation between bunker products, but this relation breaks 

when there is a squeeze in the market. During the first weeks of 2020, we saw a spike of abnormal pricing 

between compliant and non-compliant fuel, which quickly resided in the following week. 

 

 
Figure 6.8: Difference between bunker fuel prices and price of underlining feedstock, Brent crude in ton. 
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6.4.3. DEVELOPMENTS IN THE BUNKER MARKET 

 
Figure 6.9: Bunker Fuel Prices in Singapore. 

 
The world bunker market normally follows the developments of the crude oil market, but the IMO 2020 global 

sulphur cap added layer of uncertainty to the equation. Entering the new decade, the spreads between compliant 

and non-compliant fuel widened to over $300 for a few weeks. The development took a turn as the oil markets 

collapsed in March of 2020. The bunker fuel prices fell dramatically in the following months, along with the 

spreads between compliant and non-compliant fuel as the squeeze in the market for compliant fuels subsided. 

 

 
Figure 6.10: Price difference between compliant and non-compliant bunker fuels. 

 
The sudden fall in the price difference between compliant and non-compliant bunker fuels is proving to be 

beneficial for the shipowners who have chosen against or to defer investments in sulphur abating technology. 
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7. COMPLIANCE ALTERNATIVES 

The IMO 2020 global sulphur cap requires the shipping industry to adapt their operational practices in order 

to comply with the stricter SOx emission standards. There are primarily two applicable alternatives for the 

existing fleet of vessels to comply with the regulation (Bhandari et al., 2018). This chapter will introduce the 

compliance methods, highlighting the challenges and cost implications for shipping companies. 

 

 

 

7.1. COMPLIANT FUEL 

From primo 2020, the limit on sulphur content in fuel oil used on board ships is reduced to 0.50% m/m, when 

operating outside designated ECAs, while the stricter limit of 0.10% m/m sulphur applies inside ECAs. Under 

the new regulation, the conventionally used HSFO will exceed the allowed maximum sulfur content in both 

instances. The most direct compliance option is for vessels to use a compliant low-sulphur fuel. 

 

The two main variations are marine gas oil (MGO) and very-low sulphur fuel oil (VLSFO). MGO has been 

the fuel of choice for many shipping companies that operate within ECAs. The low-sulphur distillate comes in 

a variety of specifications, but for the purpose of this analysis MGO is specified to be the variety with a 

maximum sulphur content of 0.10%, sometimes referred to as LSMGO. When operating outside ECAs, it has 

been common practice to switch to a, often cheaper, fuel with higher sulphur content. This is not an entirely 

new situation as companies operating in and out of ECAs have dealt with the two-fuel issue for years and 

developed operational procedures for fuel switching24. In preparation for the global sulphur cap, refineries 

have developed new blends of low-sulphur residual fuel oil for use outside ECAs, compliant with the 

implemented 0.50% m/m limit. The most common variant is VLSFO, which swiftly took over a significant 

portion of the demand for HSFO as the new regulation came into force (MPA, 2020; Port of Rotterdam, 2020). 

 
24 Quote 3 & 5 from the interview with Gisle Kårbø Rong. 

 

o Run on a compliant low-sulphur bunker fuel.  

 
 
 

o Retrofit vessels with an exhaust gas cleaning system (EGCS), commonly referred to 

as a marine scrubber, and continue to operate using high-sulphur fuel oil (HSFO). 

Low-Sulphur FuelEGCS
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Figure 7.1: Bunker fuel sales by type, in Singapore. 

 

The availability of low-sulphur fuels was among the main concerns in the preparation for IMO 2020. The issue 

of availability seems to have resolved as the supply generally has been reliable in the first half of 2020, apart 

for the first few weeks. Refineries have played a key role in increasing the production of low-sulphur marine 

fuels. The low-sulphur fuels are generally more costly to produce than HSFO as they either contain a higher 

portion of distillates or require further processing. The industry has experienced some operational issues with 

the refined low-sulphur fuel alternatives, e.g. VLSFO, including cat fines stemming from the cracking process. 

This can lead to increased wear and tear on the machinery, which could result in higher maintenance costs25. 

Operators have also had issues with incompatibility between different batches and the quality of the fuel oil. 

Vessels can generally switch to low-sulphur fuel without major modifications. For extended operation using 

MGO, it is necessary to install a fuel cooler to increase the viscosity of the fuel oil. The total adaptation cost 

lies in the rage between $30,000 and $50,000, which is considered negligible compared to the fuel 

expenditures. The cost of the fuel itself appears to be the most critical issue for shipping companies (Klimt-

Møllenbach et al., 2012; S&P Global Platts, 2019b; Younevitch, 2019). 

 

 

7.2. EXHAUST GAS CLEANING SYSTEMS 

The second compliance option that is considered in the analysis is to retrofit the vessels with exhaust gas 

cleaning systems (EGCS), commonly referred to as marine scrubbers. Regulation 4 of MARPOL Annex VI 

allows for administrations to approve of equivalents, which are defined as any "fitting, material, appliance or 

apparatus to be fitted in a ship or other procedures, alternative fuel oils, or compliance methods used as an 

alternative to that required", that enable the same standards of emission control to be met. A number of flag 

states have accepted the use of marine scrubber systems as suitable means for meeting the required sulphur 

oxide emission standards. 

 
25 Quote 10 from the interview with Gisle Kårbø Rong. 
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Marine scrubbers are systems used to remove particulate matter and other harmful components, such as sulphur 

oxides (SOx) and nitrogen oxides (NOx), from the exhaust gasses generated in the combustion processes of 

marine engines. The aim of installing a scrubber system is to limit the air pollutants present in the exhaust in 

order to comply with prevailing regulation, without having to use a compliant low-sulphur fuel. Most modern 

exhaust gas cleaning systems for marine applications are designed to equivalently reduce sulphur emissions to 

a level below the regulated limit of 0.10% m/m. Ships fitted with a scrubber system can operate on non-

compliant HSFO, since the SOx emissions are reduced to a compliant level post-combustion. The economic 

benefit of a marine scrubber is related to the reduced fuel expenses of non-compliant fuel compared to the 

compliant low-sulphur alternatives, dependent on the price difference between the two (Sethi, 2019; Lloyd's 

Register, 2012). 

 

Marine scrubbers can be classified as either wet or dry according to the operational principle of the systems. 

Wet scrubbers, which are the most common configuration, benefit from the fact that sulfur oxides readily 

dissolve in water (i.e. aqueous solution). The exhaust gasses are treated with a water-based solution that 

removes the sulfur oxides from the exhaust before it is released into the atmosphere. What separates the dry 

scrubbers from the wet is that they instead use a dry powder (granulates) to absorb the sulfur oxides. Wet 

scrubbers are further categorized into open-looped and closed-loop configurations (mode of operation) or a 

hybrid between the two. Closed-loop configurated systems discharge the washwater into a holding tank, while 

open-loop systems return the washwater to the sea. Hybrid systems can alternate between open and closed 

operation, e.g. closed operation when in port. Some hybrid systems have the capability to switch between using 

seawater and freshwater as scrubbing medium (Sethi, 2019; Lloyd's Register, 2012). 

 
Figure 7.1: Classification of Marine Scrubbers Systems based on their operational principle.  

 

The IMO has adopted strict regulatory requirement for the discharge of washwater. For closed-loop systems, 

any residues generated by the unit should be delivered ashore to adequate reception facilities and should not 

be incinerated on board or discharged at sea. For open-loop configurated systems there are strict criteria for 

the quality of the washwater that is discharged at sea, e.g. limits for particulate matter, pH level. Some local 



 50 

authorities (e.g. Singapore) have recently taken a precautionary approach towards scrubber systems, limiting 

or restricting the discharge of washwater in ports and along coastlines (Ercin, Gülser & Saleem, 2019). 

Uncertainty in relation to future regulatory enforcement is among the complicating circumstances for scrubber 

investments. An important consideration in this context is the intended area of operation, as it is determining 

for which scrubber configuration is applicable. 

 
As of September 2020, the number of vessels which have been fitted with a marine scrubber system is up to 

4,559 vessels, representing only a modest percentage of the combined global merchant fleet in terms of 

numbers. However, the scrubber-fitted fleet represents a larger share of the total merchant fleet in terms of 

tonnage (Clarksons WFR, 2020). The reason for this is that larger vessels more frequently have been scrubber-

fitted, due to the fact that the investment is easier to justify for vessels with a higher fuel oil consumption. 

Larger vessels are typically fitted with higher capacity engines, which consume more fuel than engines of 

smaller capacity (MAN Energy Solutions, 2019). This is considered to be the main reason why a high portion 

of the larger containerships and tanker vessels have been scrubber-fitted, as the economic benefit often 

outweighs the capital expenditures associated with fitting a marine scrubber system. 

 
“For the VLCCs and capesize sectors, scrubber-fitted ships as a share of the fleet measured in deadweight tons, 

currently amount to 30%. By year-end, the share is likely to have grown to 35%. For post-panamax (15,000 

TEU and above) the share has already exceeded 40% and is likely to reach 50% by the end of 2020.” – Liang 

(2020). 

 
Marine scrubbers can either be ordered with newbuildings or retrofitted to existing vessels already in operation. 

The total cost of installing a marine scrubber system can range anywhere from $2 to $10 million, depending 

on the configuration and engine capacity of the vessel (Vis, 2018). The scrubber units are produced by a limited 

number of manufacturers and costs range between $0.5 - $5 million. The cost of installation comes in addition 

to the equipment cost. Installing a scrubber system to a newbuild costs significantly less than retrofitting a 

scrubber on an existing vessel (Ercin et al. 2019). The capacity of the shipyards, that are retrofitting scrubber 

systems to existing vessels, is here an important consideration. The yards have experienced significant delays 

as fitting prove to be more time-consuming than anticipated (Bockmann, 2019b). The operational expenses 

related to scrubber systems include the yearly cost of maintenance, slurry disposal and the cost of caustic soda. 

The operation of the scrubber system will also induce additional fuel oil consumption (FOC) from the auxiliary 

engines. When Seatrans AS considered a scrubber investment back in 2018, they were offered a hybrid 

scrubber unit for € 2 million for their 19,733 DWT chemical tanker M/T Trans Iberia, which has a similar 

engine size as the reference vessel (8,200 KW, Man B&W), excluding installation cost. The total cost was 

estimated to be $ 3,050,000 at the time, with a 15 to 18 month delivery lag, and the operational expenditures 

(OPEX) were estimated at $ 290,000 per year for a 10 MW system (Steinsund, 2018).  
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8. REFERENCE MODEL 

The first step in the real options analysis is to estimate the Net Present Value (NPV) of the investment in 

marine scrubbers without flexibility, as a base case for the subsequent real options valuation. This is done with 

a simple static NPV calculation, performed using Equation 1 (in the list of equations). This chapter elaborates 

on the assumptions and considerations underpinning this calculation, including the input variables that are 

chosen for the reference model. The results of the calculation are then presented and discussed briefly, before 

the single-path model is expanded to include different scenarios of fuel oil consumption and fuel switching. 

 

8.1. STATIC NET PRESENT VALUE 

The standard NPV approach is used for the valuation of the underlying asset, which in this instance is the 

marine scrubber system. In this model, the future cash flows of the abatement investment are discounted at a 

risk-adjusted discount rate and compared against the initial investment. The future cash flows represent the 

yearly net economic benefit of retrofitting a vessel with a marine scrubber system compared to the alternative 

compliance method (i.e. opportunity cost), which is to abandon the investment and instead continue to use a 

compliant low-sulphur fuel. The economic benefit of an investment in marine scrubbers is related to the ability 

to use high-sulphur fuel oil (HSFO), which historically has been significantly cheaper than the low-sulphur 

alternatives. The economic benefit is, hence, largely dependent on the price difference between HSFO and the 

low-sulphur alternatives (i.e. sulphur spreads). The economic benefit diminishes as the prices of compliant 

fuels and HSFO converges, and vice versa. The premium on time charter rates received for scrubber fitted 

vessels is assumed to be equal to the sulphur spread times its estimated fuel oil consumption. The level of 

consumption is an important variable in the context, as the realized economic benefit of the sulphur spread is 

linear with the quantity of fuel oil used. The operation of a marine scrubber system will require some additional 

fuel oil consumption, which is considered in the model along with other operational expenditures (OPEX) 

related to the investment. 

 
The cash flows are then estimated across the expected physical life of the abatement technology or the 

remaining lifespan of the vessel, whichever is considered to have the least longevity. After the estimated future 

cash flows of the investment are calculated, they are discounted at a risk-adjusted discount rate and compared 

to the initial investment. The initial investment represents the capital expenditures (CAPEX) associated with 

the scrubber equipment and installation of the unit. Potential direct economic benefits of abatement 

investments (e.g. grants, subsidies) are not considered in the model, but could easily be facilitated by 

subtracting lump-sum payments from the initial investment and annual payments from the OPEX. The 

following is an overview of the input variables that have been used in the NPV calculation and for the 

subsequent Real Options Analysis (ROA). 
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8.1.1. REFERENCE VESSEL 

The reference vessel chosen for this study is the 49,699 DWT Medium Range (MR) product tanker M/T Hafnia 

Lise, owned and operated by Hafnia Ltd. The vessel in question was delivered in September of 2016 and is, 

hence, 4 years of age. The remaining lifespan of the vessel is presumed to be 21 years, based on the assumption 

that product tankers have a technical life of approximately 25 years26. The vessel is currently on time-chartered 

by Valero until September 2021 at a rate of $17,750 per day, with a 1+1 extension option (Hafnia, 2020). 

Based on the trade map from 2018 (found in Appendix 11), the vessel is assumed to operate on the TC2 trade 

route, between Northwest Europe and US Atlantic Coast, and TC3 trade route, from the Caribbean to US 

Atlantic Coast (Alizadeh & Nomikos, 2009). Fuel oil consumption (FOC) is set at 5,856 tons per year, based 

on the combined HSFO (3515 ton, ~60%) and MGO (2350 ton, ~40%) consumption figures from 2018. 

Considering the two preceding assumptions, 40 percent of the operation is assessed to be in ECA. The service 

speed is presumed to be 13 knots and the operational profile (i.e. trade pattern) of the reference vessel is 

assumed to be similar to that of the Hafnia MR fleet average (Green Ship of the Future, 2020). 

 

The technical specifications of the reference vessel are presented below: 

 
Table 8.1: Reference Vessel. 

 
 
 

 
26 Quote 12 from the interview with Gisle Kårbø Rong. 

Vessel type Service Speed Maximum Economical
Vessel Class Ballast Speed (WSNP) 14.50 knots 13.00 knots
Deadweight Laden Speed (WSNP) 14.00 knots 13.00 knots
Vessel age Assumed Service Speed
Date Delivered
Length (LOA) HSFO 3515 tons
Width MGO 2350 tons
Draft (Max) M/T Lise FOC (2018) 5865 tons
Cargo Capacity ECA %

Manufacturer
Type Main Engine 5250 tons
Model Auxiliary Engines 913 tons
Capacity (MCR/SMCR/CSR) Total 6163 tons

Trading Pattern Days Percentage
Manufacturer Laden Sailing 131 35,89 %
Model Ballast Sailing 47 12,88 %
Capacity Port 172 47,12 %
Combined Capacity Idling 15 4,11 %

12.9 m

Annual Fuel Oil Consumption (FOC)

40,0682 %

HHM MAN 6S50ME-B9.3-TII

Average for Hafnia MR Fleet
Annual Fuel Oil Consumption (FOC)

13.00 knots

Two-stroke Diesel Engine
MAN B&W (DaLian Marine Diesel)

Auxiliary Engines
Daihatsu

53,530 m3

Sep 09, 2016

Oil & Chemical Product Tanker
MR class (Medium Range)

49,699 DWT

183.20 m

2,880 KW at 900 rpm

3x 66DK-20e
960 KW at 900 rpm

32.26 m

10,680 KW / 7,628 KW /  6,684 KW

Main Particulars - M/T Hafnia Lise

Main Engine

4 years
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8.1.2. BUNKER FUEL PRICES 

The base case in this analysis is that the reference vessel is operated on a compliant fuel. MGO, with a 

maximum sulphur content of 0.10%, and VLSFO with a maximum sulphur content of 0.50%, are the two most 

prevalent choices of bunker fuel oils compliant with the global sulphur cap. For operation inside and Emission 

Control Area (ECA), VLSFO is not applicable as it exceeds the sulphur limitation of 0.1%. Fuel switching 

between MGO (inside ECA) and VLSFO (outside ECA) is considered in the model by a variable for the degree 

of ECA operation. The base scenario is an ECA percentage of 40, based on the MGO consumption of the 

reference vessel in 2018. The “MGO Only” scenario corresponds to a situation where all operation is inside 

an ECA. The alternative compliance method is to install a scrubber system and operate using HSFO, with a 

maximum of 3.50% sulphur content. 

 

The bunker fuel prices that have been chosen for the NPV calculation are that of MGO, VLSFO and HSFO 

380 cSt from two of the major bunkering hubs, chosen based on the trade routes the reference vessel operates 

on. The prices are calculated as an arithmetic average of the weekly bunker prices in Rotterdam and Houston; 

the latest datapoint being Week 19 (May 8th, 2020), based on the cut-off date for data collection. The sulphur 

spreads are calculated as the difference between the most recent price of HSFO 380 cSt ($151.88) and the 

compliant fuel. The price delta for MGO ($251.25) was $99.38, while VLSFO ($210.38) traded at a $58.50 

premium to HSFO. 

 
8.1.3. SCRUBBER SYSTEM 

The scrubber system chosen for the reference vessel is the open-loop configurated Alfa Laval PureSOx 

Express. The exhaust gas scrubber system removes sulphur oxides and particulates from the exhaust gas 

equivalent to using 0.10% sulphur fuel oil. The unit is designed for engine with power up to 10 MW and is 

capable of handling up to 75 tones of exhaust gas per hour, suitable for MR product tankers, handymax bulk 

carriers and other vessels of similar size (~40–65,000 DWT). The reason an open-loop configuration is chosen 

for this analysis is the cost-effectiveness of the system, serving as the most optimistic cost scenario (i.e. entry 

model) for retrofit investments. In their study, Klimt-Møllenbach et al. (2012) considered a hybrid scrubber 

system, capable of operation both on seawater as well as freshwater, for their reference vessel (handysize 

product tanker). The scrubber module that is chosen for this analysis is hybrid-ready, meaning there are 

included connections for later conversion to a hybrid configuration. The system is delivered as an enclosed 

module, which is prefabricated and fully configured. It can be lifted on board and connected without a 

specialized scrubber team, requiring only simple engineering and less work at the shipyard, which reduces the 

time and cost of installation. A PureSOx Express scrubber system can be installed in 10–14 days, while 

conventional retrofitting projects typically take 2-4 weeks (Alfa Laval, 2020b). 
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The following assumptions are made in the calculation of the costs related to the chosen scrubber system: 

o For this analysis the equipment cost is assumed to be € 1.75 million; 
o Cost of installation is assumed to be € 750,000; 
o The installation time is assumed to be 14 days and a daily off-hire rate based on the current charterparty; 
o The annual operational expenditures of the system are assumed to be 4% of the equipment costs; 
o The technical life of the retrofitted scrubber system is considered to be 12 years (𝑇 = 12).  
 

 
Table 8.2: CAPEX, Annual OPEX and Annual FOC of Scrubber System. 

The operation of the scrubber system will induce additional fuel oil consumption (FOC) from the auxiliary 

engines. Reynolds et al. (2011) estimate the parasitic consumption to be 2% of the existing consumption for 

an open-loop system (1.5% + 1.5% in chemical consumption for hybrid systems), which would imply an 

additional FOC of 117.3 tons per year. The estimates of Klimt-Møllenbach et al. (2012) for additional 

consumption differentiates between different types of operation, although for a hybrid system. For this 

analysis, the latter approach is used to calculate the additional fuel oil consumption of 214.2 tons annually. In 

this calculation, the operational profile of the reference vessel is assumed to be similar to the average of the 

Hafnia MR fleet. Based on the aforementioned fuel prices, the scrubber system generates an additional fuel 

expense of $32,532 per year. 

  
Table 8.3: Annual FOC Savings of Scrubber System. 

When operating on MGO alone, the annual fuel cost is calculated to be ~ $1.5 million, based on a price per 

ton of $251.25 and consumption of 5,865 ton. The fuel bill is reduced by ~$550 thousand when the vessel is 

fitted with a scrubber system and operates on HSFO 380 cSt, considering a sulphur spread of $99.38 and 

annual consumption of 6,079 ton. In the scenario with fuel switching and 40% of operation in an ECA, the 

annual reduction in fuel expenditures are ~$407 thousand. The economic benefit of installing a scrubber system 

is therefore contingent on the percentage of ECA operation, as long as there is a spread between MGO and 

VLSFO. 

Additional FOC Ton/Day Days FOC

1 750 000€       HSFO at Sea 0,8 178 142,4
750 000€          HSFO Unloading 0,4 172 68,8

Off-Hire 14 days x $17,750 248 500$           HSFO Idling 0,2 15 3
Total €/$ = 1.08 2 563 314,81$   Total €/$ = 1.08 64 815$   Total 0,5868 365 214,2

70 000€  
Annual Maintenance    

(4% of Equipment cost)

Equipment cost
Installation cost

CAPEX of Scrubber System OPEX of Scrubber System

40 % ECA

Fuel MGO MGO VLSFO HSFO

Price 251,25$                     251,25$   210,38$   151,88$                     

Sulphur Spread (∆) 99,38$                       99,38$     58,50$     -                             

FOC (ton) 5865 2346 3519 6079,2

Annual cost 1 473 581,25$           923 278,50$              

FOC Cost ∆ 550 302,75$              -                             

MGO OnlyComplience Method
Fuel Switching          

406 463,63$                

1 329 742,13$             

Scrubber System
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8.1.4. RESULTS 

The static NPV of the investment in a marine scrubber system is calculated for two scenarios. In the first 

scenario, the alternative is operation on MGO alone, trading at a $99.38 premium to HSFO. The net economic 

benefit of retrofitting the reference vessel is ~$486 thousand annually for the 12-year technical life of the 

scrubber system. Discounted at the risk-adjusted discount rate of 6.0% and subtracted the initial investment 

(CAPEX), the NPV of the investment was calculated to be ~$ 1.5 million with a payback period of 6.54 years. 

Under the defined assumptions, this investment should be undertaken if the payback period is acceptable for 

the firm. The results change when the opportunity cost accounts for fuel switching between MGO and VLSFO. 

With an ECA percentage of 40, the net economic benefit of a scrubber system is reduced to ~$342 thousand 

annually and the NPV of the investment is down to ~$301 thousand. The investment becomes significantly 

less attractive, as the payback period increases to 

over 10 years. In both scenarios, management 

should take into consideration whether the 

economic benefit of a marine scrubber will persist, 

as the realized cost savings are largely dependent 

on the sulphur spreads, fuel consumption and 

percentage of operation in ECA. 

 

8.1.5. MODEL INPUTS 

Table 8.5 summarizes the financial inputs that are 

used for the purpose of this analysis. The 

conventional choice of risk-free rate is the treasury 

yield matching the investment horizon (i.e. 

maturity) and region invested in. Koller et al. 

(2015) recommend using a synthetic risk-free rate 

to prevent overvaluation of assets in periods of temporarily low interest rates. The US 10-Year Treasury yield 

from May 8th, 2020 was 0.69%, which is well below the last 5-year average of 2.2% (FRED, 2020b). The 

current low-interest climate is largely due to the COVID-19 pandemic and associated economic recession, 

which has resulted in monetary policy measures to stimulate the economy. Therefore, a normalized risk-free 

rate of 1.0% is used, based on an assumption that the low policy rates are an aberration and that the interest 

rate level will increase during the next decade. The risk-adjusted discount rate is set at 6.0%, by adding a risk 

premium of 5.0%. A company-specific discount rate could have been calculated, e.g., by the use of WACC 

and the international CAPM, but this is considered outside the scope of this thesis. 

 
Table 8.4: Net Present Value. 

 

 

 
Table 8.5: Financial Inputs. 

Scenario MGO Only Fuel Switching 
40% ECA

T 12 12
r 6,0 % 6,0 %

OPEX 64 814,81$           64 814,81$          
Annuity 485 487,94$         341 648,81$        

PV 4 070 255,08$      2 864 330,31$     
CAPEX 2 563 314,81$      2 563 314,81$     

NPV 1 506 940,27$      301 015,49$        
Payback Period 6,54                     10,27                   

N
et

 P
re

se
nt

 V
al

ue

As of May 8th 2020
0.69 %

1.0 %
6.0 %

1.08 €/$
7.33 barrels/ton

Financial Inputs
US 10-Year Treasury yield

Synthetic risk-free rate
Risk-adjusted discount rate 

Foreign exchange rate 
Crude oil conversion rate
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In order to gauge the individual effect of the input parameters, a sensitivity analysis is performed. The NPV is 

calculated for different maturities and risk-adjusted discount rates, holding other parameters constant. 

 
Table 8.6: Sensitivity to Input Parameters27. 

The age of the reference vessel is a central factor in the investment decision concerning marine scrubbers. The 

remaining lifespan of the vessel in question should be sufficiently long for a scrubber investment to pay off. If 

the remaining life of the vessel is less than the technical life of the scrubber, the period the economic benefit 

persists will be equivalently shorter, resulting in a lower NPV as we move to the left in Table 8.6. In the fuel-

switching scenario, the favorability of the scrubber system relies on the ability to realize a lower fuel cost for 

a longer period than the payback period of 10.27 years. 

 

Changing the discount rate will alter the calculated NPV, but the impact is, however, limited by the finite 

investment horizon of 12 years and the annual cash flow structure. The choice of discount rate typically holds 

more significance in models involving perpetuities (e.g. terminal value), where the value is distributed further 

into the future. Intuitively, the impact of a change in discount rate is larger in absolute terms when the 

discounted value is larger in absolute terms. The net economic benefit (i.e. annuity) gets larger as we move to 

the right in Table 8.6.  

 
27 Here, the percentage of operation in ECA is kept constant at 40 percent. 

5 6 7 8 9 10 11 12 13 14 15
10,0 % -1 268 197 $  -1 075 345 $  -900 025 $     -740 644 $     -595 751 $     -464 031 $     -344 285 $     -235 425 $     -136 462 $     -46 495 $       35 293$        

9,5 % -1 251 483 $  -1 053 287 $  -872 286 $     -706 988 $     -556 031 $     -418 171 $     -292 271 $     -177 294 $     -72 293 $       23 599$        111 172$      
9,0 % -1 234 420 $  -1 030 706 $  -843 812 $     -672 350 $     -515 046 $     -370 730 $     -238 330 $     -116 862 $     -5 423 $         96 814$        190 610$      
8,5 % -1 216 999 $  -1 007 587 $  -814 581 $     -636 695 $     -472 744 $     -321 638 $     -182 370 $     -54 012 $       64 291$        173 325$      273 818$      
8,0 % -1 199 210 $  -983 913 $     -784 565 $     -599 982 $     -429 073 $     -270 823 $     -124 296 $     11 377$        137 001$      253 319$      361 021$      
7,5 % -1 181 043 $  -959 668 $     -753 737 $     -562 174 $     -383 976 $     -218 210 $     -64 009 $       79 434$        212 869$      336 994$      452 460$      
7,0 % -1 162 487 $  -934 832 $     -722 071 $     -523 228 $     -337 393 $     -163 717 $     -1 402 $         150 295$      292 067$      424 564$      548 393$      
6,5 % -1 143 532 $  -909 388 $     -689 535 $     -483 100 $     -289 265 $     -107 260 $     63 637$        224 104$      374 777$      516 254$      649 096$      
6,0 % -1 124 166 $  -883 317 $     -656 101 $     -441 746 $     -239 525 $     -48 750 $       131 227$      301 015$      461 194$      612 305$      754 863$      
5,5 % -1 104 377 $  -856 598 $     -621 736 $     -399 118 $     -188 106 $     11 906$        201 491$      381 192$      551 524$      712 977$      866 013$      
5,0 % -1 084 154 $  -829 211 $     -586 407 $     -355 166 $     -134 936 $     74 807$        274 562$      464 805$      645 988$      818 544$      982 883$      
4,5 % -1 063 484 $  -801 134 $     -550 081 $     -309 838 $     -79 941 $       140 056$      350 580$      552 037$      744 820$      929 301$      1 105 838$   
4,0 % -1 042 355 $  -772 345 $     -512 720 $     -263 081 $     -23 043 $       207 763$      429 692$      643 084$      848 270$      1 045 564$   1 235 269$   
3,5 % -1 020 753 $  -742 821 $     -474 288 $     -214 836 $     35 842$        278 043$      512 054$      738 152$      956 604$      1 167 668$   1 371 595$   
3,0 % -998 663 $     -712 538 $     -434 746 $     -165 045 $     96 800$        351 019$      597 833$      837 459$      1 070 105$   1 295 975$   1 515 267$   
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8.2. SCENARIO ANALYSIS 

The vessel-specific inputs that are assessed to be the most significant for the investment decision is the fuel oil 

consumption (FOC) and percentage of operation in ECA. The FOC is related to the type and size of vessel as 

well as the operational parameters (e.g. engine type, load) and profile (e.g. service speed, days at sea) of the 

vessel. The ECA percentage is also related to the operational profile of the vessel and naturally the area the 

vessel operates in. The economic benefit of scrubber will be larger for a vessel that operates mostly in ECA, 

as long as MGO trades at a premium to VLSFO. In Table 8.7, the NPV is calculated for different scenarios of 

FOC and ECA operation. 

 

 
Table 8.7: FOC & ECA Scenarios. 

Table 8.7 displays the change in NPV in response to changes in fuel oil consumption (FOC) and different 

degrees of ECA operation, ceteris paribus. The economic benefit of installing a scrubber system is contingent 

on the percentage of ECA operation, as long as there is a positive spread between MGO and VLSFO. Holding 

the fuel prices constant, we can analyze the effect of the ECA percentage on the NPV of the abatement 

investment. The NPV ranges from a ~0.5 million loss to ~1.5 million in profit as the in the ECA percentage 

increases from zero to a hundred percent. The rightmost scenario, where all operation is within an ECA, is 

equivalent to the scenario where MGO is the only alternative fuel used. Here, the NPV changes by 30 percent 

when the fuel oil consumption is changed by 10 percent, in either direction. The FOC is an input parameter 

that has a significant impact on the NPV of the investment. The impact will intuitively be larger when the 

sulphur spread is higher, as the effect on the fuel bill is larger. This is the reason why the NPV changes more 

in the high ECA scenarios, as MGO trades at a premium to VLSFO. The level of fuel consumption is closely 

related to the service speed and the operational profile of the vessel. A higher service speed or increased 

number of days (time) at sea would result in higher fuel oil consumption. Larger vessels are typically fitted 

with higher capacity engines, which consume more fuel than engines of smaller capacity (MAN Energy 

Solutions, 2019). This is considered to be the main reason why a high portion of the larger containerships and 

tanker vessels have been scrubber-fitted, as the economic benefit outweighs the capital expenditures associated 

with fitting a marine scrubber system.  

0 % 10 % 20 % 30 % 0 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 408 388$      679 721$      951 054$      1 222 387$   1 493 720$   1 765 053$   2 036 386$   2 307 719$   2 579 052$   2 850 386$   3 121 719$   
30 % 278 199$      539 483$      800 766$      1 062 050$   1 323 334$   1 584 617$   1 845 901$   2 107 185$   2 368 469$   2 629 752$   2 891 036$   
25 % 148 010$      399 244$      650 479$      901 713$      1 152 947$   1 404 182$   1 655 416$   1 906 650$   2 157 885$   2 409 119$   2 660 353$   
20 % 17 821$        259 006$      500 191$      741 376$      982 561$      1 223 746$   1 464 931$   1 706 116$   1 947 301$   2 188 486$   2 429 671$   
15 % -112 368 $     118 768$      349 903$      581 039$      812 175$      1 043 310$   1 274 446$   1 505 581$   1 736 717$   1 967 853$   2 198 988$   
10 % -242 557 $     -21 470 $       199 616$      420 702$      641 788$      862 874$      1 083 961$   1 305 047$   1 526 133$   1 747 219$   1 968 306$   

5 % -372 745 $     -161 709 $     49 328$        260 365$      471 402$      682 439$      893 476$      1 104 512$   1 315 549$   1 526 586$   1 737 623$   
0 % -502 934 $     -301 947 $     -100 959 $     100 028$      301 015$      502 003$      702 990$      903 978$      1 104 965$   1 305 953$   1 506 940$   

-5 % -633 123 $     -442 185 $     -251 247 $     -60 309 $       130 629$      321 567$      512 505$      703 443$      894 381$      1 085 320$   1 276 258$   
-10 % -763 312 $     -582 423 $     -401 535 $     -220 646 $     -39 757 $       141 131$      322 020$      502 909$      683 798$      864 686$      1 045 575$   
-15 % -893 501 $     -722 662 $     -551 822 $     -380 983 $     -210 144 $     -39 304 $       131 535$      302 374$      473 214$      644 053$      814 892$      
-20 % -1 023 690 $  -862 900 $     -702 110 $     -541 320 $     -380 530 $     -219 740 $     -58 950 $       101 840$      262 630$      423 420$      584 210$      
-25 % -1 153 879 $  -1 003 138 $  -852 398 $     -701 657 $     -550 916 $     -400 176 $     -249 435 $     -98 695 $       52 046$        202 787$      353 527$      
-30 % -1 284 068 $  -1 143 376 $  -1 002 685 $  -861 994 $     -721 303 $     -580 612 $     -439 920 $     -299 229 $     -158 538 $     -17 847 $       122 845$      
-35 % -1 414 257 $  -1 283 615 $  -1 152 973 $  -1 022 331 $  -891 689 $     -761 047 $     -630 405 $     -499 764 $     -369 122 $     -238 480 $     -107 838 $     
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9. VOLATILITY ESTIMATION 

After the standard NPV of the investment opportunity is calculated, the next step is to estimate the volatility 

of the underlying asset. The input variables are treated as stochastic processes, which are simulated and 

analyzed by applying a Monte Carlo methodology. The aim is to find the overall volatility of the underlying 

asset, in the form of an aggregated volatility factor (𝜎), which combines the uncertainties that drive the payoff 

of the investment. The volatility of the investment return will be different to the volatility of the exogenous 

inputs. First, a sensitivity analysis is performed in order to determine the main sources of uncertainty for the 

investment in marine scrubbers. 

 

9.1. SENSITIVITY ANALYSIS 

Looking past the company-specific factors, there are an array of variables which affect all shipping industry 

participants. A large portion of the volatility in the shipping markets emanates from developments in the macro 

environment, e.g. global economic development, trade growth, oil market volatility. These in turn impact the 

fundamental balance of both the shipping and oil markets, affecting freight rates and fuel oil prices. The impact 

of these exogenous factors is not introduced in the model directly. Instead, they are represented indirectly 

through the bunker fuel prices, which are determining factors for the value of the scrubber investment.  

 
o In Appendix 12, the NPV is calculated for different sulphur spreads between MGO and HSFO. The 

calculation includes the FOC scenarios, presented in the preceding chapter, while the ECA is kept at a 

hundred percent. 

o In Appendix 13, the sensitivity of the NPV to changes in both the sulphur fuel spreads (i.e. MGO-HSFO 

& VLSFO-HSFO) are calculated for different degrees of ECA operation. 

 
The two sulphur spreads are identified as the primary volatility factors of the investment in marine scrubber 

systems. The reason is the high sensitivity of the NPV to small changes in the sulphur spreads. Looking at the 

base case scenario in Appendix 12, the NPV drops by ~1.5 million if the spread changes from $100 to $70. 

The NPV moves equally in the other direction as the NPV of ~1.5 million doubles with a $30 increase in the 

spread. The upside of investing in a scrubber system is quite large, while the downside is limited to the initial 

investment and running costs. It is evident that the investment decision should be based on projections of the 

future sulphur spreads. Holding the other inputs constant, the lowest possible NPV is $3,379,452. This 

represents the situation where the reference vessel is retrofitted with a scrubber system, with additional fuel 

consumption and OPEX, without realizing any economic benefit, as there is no price difference between HSFO 

and MGO. An assumption has to be made on whether the scrubber system can be turned off in this scenario, 

e.g. by an exhaust bypass, to avoid the additional fuel consumption and cost of $32,531.63. The scrubber 
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system should be shut down when the spread is lower than $5.54673913043478. To avoid additional 

complexity in the model, the system is assumed to run even when there is no sulphur spread. Although this is 

an unlikely scenario, it is an important consideration for the subsequent Monte Carlo simulation and real 

options analysis (ROA). 

 

9.2. VOLATILITY FACTORS 

The sulphur spreads are identified as the main sources of uncertainty for the investment in marine scrubbers 

and are, hence, treated as the key volatility factors in the model. The sulphur spreads are assumed to only take 

positive values, as the vessel operator would switch to the low sulphur fuel alternative if that became more 

cost-effective than HSFO. The lowest possible NPV is therefore the sunk cost of the initial investment, in 

addition to the running expenses of the scrubber system. This is where the payoff structure starts to emulate 

an American call option. The abatement investment can be seen as a hedge against higher sulphur spreads with 

unlimited upside. The initial investment of $2,563,314.81 can be interpreted as the strike price (K) of the real 

option. The current value of the underlying asset (S) is known based on the PV calculation of the net cash 

flows. The only missing variable is the volatility factor (𝜎) of the scrubber investment, as the risk-free rate (r), 

time to expiration (t) and dividend yield (y) are known inputs. The methodology of Copeland & Antikarov 

(2005) is used to determine the overall volatility of the underlying asset. In order to estimate the aggregated 

volatility factor (𝜎) of the NPV, we first need to determine the volatility of the two sulphur spreads. Volatility 

must be estimated, whether we are dealing with financial options or real options. As we are dealing with non-

negative values, the logarithmic cash flow returns approach is considered suitable to determine the historic 

volatility of the two sulphur spreads. The method assumes that the prices (i.e. sulphur spreads) follow a 

Geometric Brownian Motion (GBM) and that returns are lognormally distributed. The logarithmic returns are 

tested for normality by the Kolmogorov-Smirnov test (see Appendix 14). 

 

The volatility is then calculated using Equation 2 and the 

historic spreads between MGO-HSFO and VLSFO-

HSFO, based on the equally weighted average of weekly 

fuel prices from Houston and Rotterdam. The volatility is 

then annualized and presented in Table 9.1. The 

correlation between the MGO-HSFO spread and the 

VLSFO-HSFO spread is 0,971956083, in the measured 

period. The high MGO-HSFO volatility of 53.16% is 

considered to be a reliable measure, based on the 

volatility of the feedstock. The reliability of the dataset 

for VLSFO is, however, considered to be an issue, as it 

 

  
Table 9.1: The Historical Volatility of the 

Sulphur Spreads. 

 

Spread (∆) MGO-HSFO VLSFO-HSFO

n 1062 36

Mean 234,0236205 170,2152778

Weekly s 17,2528375 25,58930659

% 7,372 % 15,033 %

Annual s 124,4119805 184,52711399

% 53,162147 % 108,408080 %

Normalized s 90,49009574

r 0,97195608292825
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only consists of 36 data points, representing under a year of data. The limited measuring period is assumed to 

be insufficient for the calculation of an annual volatility parameter, as the volatility in the oil markets has been 

well above the norm in the last months28. The volatility of the VLSFO-HSFO spread is therefore normalized 

to be equal to the MGO-HSFO spread (53.16%). 

 

9.3. MONTE CARLO SIMULATION 

The final step in the process to determine the overall volatility of the abatement investment is a Monte Carlo 

simulation. The mean value and standard deviation of the future cash flows related to the underlying asset are 

simulated for different input values of the identified volatility factors, following a stochastic process. The 

approach used is similar to the method proposed by Copeland & Antikarov (2005). The simulation is 

performed using the Risk Simulator software for each of the 165 scenarios, presented in section 8.2. The Monte 

Carlo simulation is conducted over 5,000 trials (see Appendix 15), where the NPV in each scenario is 

calculated for different values of the two sulphur spreads. The sulphur spreads are assumed to be lognormally 

distributed, with a volatility of 53.16% around their respective means and a correlation of 0,971956083. The 

output is a mean value for the PV and standard deviation, which are used as a measure for the annual volatility 

of the scrubber system. The estimates of the aggregated volatility factor (𝜎) for each scenario are presented in 

the table below. 

 

 
Table 9.2: The Estimated Volatility of the PV in the FOC & ECA Scenarios. 

 

The volatility of the underlying asset is assumed to be constant throughout the investment horizon. Based on 

the level of the volatility estimates, one could argue that the risk adjusted interest rate is quite low. 

 
28 Going by the Oil Volatility Index (OVX), as discussed in section 5.1.1. 

0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 74,64 % 71,89 % 69,39 % 67,14 % 65,08 % 63,22 % 61,52 % 59,98 % 58,57 % 57,28 % 56,10 %
30 % 74,79 % 72,02 % 69,52 % 67,26 % 65,20 % 63,33 % 61,62 % 60,07 % 58,65 % 57,36 % 56,18 %
25 % 74,95 % 72,18 % 69,66 % 67,39 % 65,32 % 63,44 % 61,73 % 60,17 % 58,75 % 57,45 % 56,27 %
20 % 75,13 % 72,34 % 69,82 % 67,53 % 65,45 % 63,57 % 61,85 % 60,28 % 58,86 % 57,55 % 56,36 %
15 % 75,32 % 72,52 % 69,98 % 67,68 % 65,60 % 63,70 % 61,98 % 60,40 % 58,97 % 57,66 % 56,47 %
10 % 75,53 % 72,71 % 70,16 % 67,85 % 65,76 % 63,85 % 62,12 % 60,54 % 59,09 % 57,78 % 56,58 %

5 % 75,77 % 72,93 % 70,36 % 68,04 % 65,93 % 64,01 % 62,27 % 60,68 % 59,23 % 57,91 % 56,70 %
0 % 76,03 % 73,17 % 70,59 % 68,25 % 66,12 % 64,20 % 62,44 % 60,84 % 59,38 % 58,05 % 56,84 %

-5 % 76,32 % 73,44 % 70,83 % 68,48 % 66,34 % 64,40 % 62,63 % 61,02 % 59,55 % 58,22 % 56,99 %
-10 % 76,64 % 73,73 % 71,11 % 68,73 % 66,58 % 64,62 % 62,84 % 61,22 % 59,74 % 58,39 % 57,16 %
-15 % 77,00 % 74,07 % 71,42 % 69,02 % 66,85 % 64,88 % 63,08 % 61,45 % 59,96 % 58,60 % 57,35 %
-20 % 77,42 % 74,45 % 71,78 % 69,35 % 67,16 % 65,16 % 63,35 % 61,70 % 60,20 % 58,82 % 57,57 %
-25 % 77,89 % 74,89 % 72,18 % 69,73 % 67,51 % 65,49 % 63,66 % 61,99 % 60,47 % 59,09 % 57,82 %
-30 % 78,44 % 75,40 % 72,65 % 70,17 % 67,92 % 65,87 % 64,02 % 62,33 % 60,79 % 59,39 % 58,10 %
-35 % 79,08 % 75,99 % 73,20 % 70,68 % 68,39 % 66,32 % 64,44 % 62,72 % 61,16 % 59,74 % 58,44 %
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10. REAL OPTIONS FRAMEWORK 

The final part of the quantitative analysis is the real options model, where the results of the preceding chapters 

are applied and further developed. The static NPV model is modified to take into account the strategic value 

of managerial flexibility, valuing the option to defer the abatement investment. The aim is to provide further 

insight into the investment decision concerning marine scrubbers. Before the Real Options Analysis (ROA) is 

introduced, the applicability of a real options approach is discussed. The presence of a real option in the specific 

use case is argued and the conditions under which it has value are considered. 

 

10.1. APPLICABILITY OF THE REAL OPTIONS APPROACH 

There is little doubt as to the existence of real options in business decisions, which frequently have optionality 

embedded. The question is rather what conditions have to be met in order for these options to have significant 

value. As described in section 3.3., the value of flexibility is related to the degree of uncertainty and the room 

for managerial reaction to new information. The investment decision that is analyzed in this thesis is subject 

to a high degree of uncertainty, substantiated by the volatility estimate of the preceding chapter. The primary 

source of this uncertainty being the world bunker market, as the value of the underlying asset is closely linked 

to the two sulphur spreads. Managerial flexibility is, however, only present in situations where management 

have the ability to adapt to the uncertain and changing market conditions. In the case of the IMO 2020 global 

sulphur cap, the management of shipping companies have had the considered compliance options available for 

some time, but the appeal of the solutions is ever-changing based on the sulphur spreads. The ability of 

management to respond to fluctuations in the bunker market is present before an abatement investment is 

undertaken, where managers can choose to execute the option or hedge bunker expenses with other measures, 

but limited after the fact, as they are committed to the compliance strategy. The investment in marine scrubbers 

is assumed to be irreversible, in the sense that the capital expenditures are considered sunk cost after the system 

is installed. The option to invest is, however, not a now-or-never proposition, as managers have flexibility in 

terms of timing and scale. 

 

The investment opportunity has the common characteristic of a real option: (i) limited life; (ii) contingent 

payoffs; (iii) and are derived from an underlying asset. As supposed to having the payoff dependent on a 

financial asset, the underlying asset of the abatement investment is the scrubber system, which can be described 

as a tangible non-financial asset. The timeframe for which the investment opportunity is valid is limited by the 

remaining lifespan of the vessel, which the manager considers retrofitting with a marine scrubber system. 

Exclusivity is another criterion for the real option to hold value (Damodaran, 2000). The investment 

opportunity is exclusive in the sense that the firm has ownership over the vessel and, therefore, the right but 
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not the obligation to fit that vessel with a marine scrubber system. The ability to price the cash flows of the 

scrubber system is a requirement for the real options approach to be applicable, due to the fact that the valuation 

is critically dependent on well-grounded estimates for the value and volatility of the underlying asset. If the 

inputs to the model are inaccurate, the output strategic value will be equally unreliable. Koller et al. (2015) 

argue that ROA is the method most suited to determine the theoretically correct value of flexibility, when the 

investment decision is contingent on traded assets. In this instance, the value of the underlying asset is 

contingent on the spread between commodity prices. Overall, the real options approach is considered to be 

well suited for the intended application. 

 

10.2. INPUTS 

The inputs variables for the real options model have been 

derived in the preceding analysis. The current value of the 

underlying asset (S) is based on the results of the static PV 

calculations, presented in Table 10.1. The initial 

investment (CAPEX) of $2,563,314.81 represents the 

exercise price (K) of the real option. The time to expiration 

(t) of the investment opportunity represents the period for 

which the investment opportunity is valid. The calculation is done for two different maturities (4 & 12 years), 

as the expiration of the option is not clearly defined in this instance. The dividend yield (y) is the value lost 

annually over the duration of the option, i.e. the cost of delaying the investment. The dividend yield is equal 

to the annual net economic benefit of the scrubber system, simplified to a twelfth of the calculated present 

value. The volatility factor (𝜎) of the scrubber investment was determined by the use of Monte Carlo 

Simulation, representing the standard deviation of the future cash flows related to the asset. 

 

 
Table 10.2: Present Value of the Net Economic Benefit for the Scrubber System.  

0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 2 971 703$   3 243 036$   3 514 369$   3 785 702$   4 057 035$   4 328 368$   4 599 701$   4 871 034$   5 142 367$   5 413 700$   5 685 033$   
30 % 2 841 514$   3 102 797$   3 364 081$   3 625 365$   3 886 649$   4 147 932$   4 409 216$   4 670 500$   4 931 783$   5 193 067$   5 454 351$   
25 % 2 711 325$   2 962 559$   3 213 794$   3 465 028$   3 716 262$   3 967 497$   4 218 731$   4 469 965$   4 721 200$   4 972 434$   5 223 668$   
20 % 2 581 136$   2 822 321$   3 063 506$   3 304 691$   3 545 876$   3 787 061$   4 028 246$   4 269 431$   4 510 616$   4 751 801$   4 992 986$   
15 % 2 450 947$   2 682 083$   2 913 218$   3 144 354$   3 375 489$   3 606 625$   3 837 761$   4 068 896$   4 300 032$   4 531 167$   4 762 303$   
10 % 2 320 758$   2 541 844$   2 762 931$   2 984 017$   3 205 103$   3 426 189$   3 647 275$   3 868 362$   4 089 448$   4 310 534$   4 531 620$   

5 % 2 190 569$   2 401 606$   2 612 643$   2 823 680$   3 034 717$   3 245 754$   3 456 790$   3 667 827$   3 878 864$   4 089 901$   4 300 938$   
0 % 2 060 380$   2 261 368$   2 462 355$   2 663 343$   2 864 330$   3 065 318$   3 266 305$   3 467 293$   3 668 280$   3 869 268$   4 070 255$   

-5 % 1 930 192$   2 121 130$   2 312 068$   2 503 006$   2 693 944$   2 884 882$   3 075 820$   3 266 758$   3 457 696$   3 648 634$   3 839 572$   
-10 % 1 800 003$   1 980 891$   2 161 780$   2 342 669$   2 523 558$   2 704 446$   2 885 335$   3 066 224$   3 247 112$   3 428 001$   3 608 890$   
-15 % 1 669 814$   1 840 653$   2 011 492$   2 182 332$   2 353 171$   2 524 011$   2 694 850$   2 865 689$   3 036 529$   3 207 368$   3 378 207$   
-20 % 1 539 625$   1 700 415$   1 861 205$   2 021 995$   2 182 785$   2 343 575$   2 504 365$   2 665 155$   2 825 945$   2 986 735$   3 147 525$   
-25 % 1 409 436$   1 560 177$   1 710 917$   1 861 658$   2 012 398$   2 163 139$   2 313 880$   2 464 620$   2 615 361$   2 766 101$   2 916 842$   
-30 % 1 279 247$   1 419 938$   1 560 630$   1 701 321$   1 842 012$   1 982 703$   2 123 394$   2 264 086$   2 404 777$   2 545 468$   2 686 159$   
-35 % 1 149 058$   1 279 700$   1 410 342$   1 540 984$   1 671 626$   1 802 267$   1 932 909$   2 063 551$   2 194 193$   2 324 835$   2 455 477$   
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Table 10.1: ROA Inputs. 

 

 

Value of Underlying Asset (S) PV
Strike Price (K) CAPEX
Expiration of Option (t) 4 Years / 12 Years
Annualized Dividend Yield (y) 8.33%
Volatility (σ) MC Simulated
Risk-Free Rate (r) 1.0%
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10.3. REAL OPTIONS ANALYSIS 

The Real Options Analysis (ROA) is performed in order to determine whether the option to defer the 

investment in a marine scrubber system is more valuable than retrofitting it to the reference vessel immediately. 

The analysis is divided into two sections. First, the Black-Scholes model with dividends is used to calculate 

option values without early exercise, serving as a basis for comparison. After which, the flexibility of early 

exercise is included in the option valuation, as real option lattice software is used to calculate the option values 

for a selection of the scenarios. 

 

10.3.1. BLACK-SCHOLES MODEL WITH DIVIDENDS 

The first calculation is done using the Black-Scholes model with dividends (Equation 3), which is a closed-

form model for valuing European options. The option values are calculated for all the 165 PV scenarios in 

Table 10.2, with different fuel oil consumptions and percentage of operation in ECA. The resulting values 

should be regarded as conservative estimates as the method does not account for early exercise, which can 

represent a significant part of the option value. The reason the calculation is done, despite this, is to get an 

indication of the option values in all the scenarios, without having to calculate each branch in the binomial 

options pricing model. 

 

 

 
Table 10.3: European Options Values compared to NPV, for 12-year maturity. 

0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 791 558$      849 085$      905 841$      962 482$      1 018 889$   1 075 715$   1 132 896$   1 190 861$   1 249 523$   1 309 043$   1 369 537$   
30 % 752 573$      807 245$      861 314$      915 122$      968 783$      1 022 685$   1 076 886$   1 131 807$   1 187 367$   1 243 897$   1 301 356$   
25 % 713 801$      765 851$      817 073$      868 087$      918 909$      969 919$      1 021 319$   1 073 239$   1 125 901$   1 179 314$   1 233 774$   
20 % 675 325$      724 609$      773 223$      821 381$      869 408$      917 699$      966 202$      1 015 166$   1 064 967$   1 115 308$   1 166 628$   
15 % 637 062$      683 711$      729 563$      775 012$      820 402$      865 767$      911 545$      957 599$      1 004 423$   1 051 891$   1 100 289$   
10 % 599 092$      643 066$      686 297$      729 089$      771 776$      814 391$      857 359$      900 692$      944 446$      989 082$      1 034 431$   

5 % 561 484$      602 847$      643 425$      683 612$      723 540$      763 451$      803 659$      844 174$      885 198$      926 898$      969 249$      
0 % 524 155$      562 960$      601 030$      638 578$      675 810$      713 190$      750 581$      788 339$      826 545$      865 363$      904 923$      

-5 % 487 171$      523 481$      558 935$      593 988$      628 690$      663 378$      698 132$      733 193$      768 643$      804 782$      841 315$      
-10 % 450 522$      484 329$      517 391$      549 845$      582 075$      614 138$      646 316$      678 745$      711 504$      744 747$      778 600$      
-15 % 414 260$      445 708$      476 304$      506 322$      536 061$      565 679$      595 253$      625 122$      655 263$      685 827$      716 798$      
-20 % 378 482$      407 527$      435 810$      463 401$      490 733$      517 794$      544 941$      572 215$      599 807$      627 639$      656 064$      
-25 % 343 099$      369 891$      395 816$      421 141$      446 076$      470 767$      495 479$      520 253$      545 272$      570 695$      596 411$      
-30 % 308 236$      332 821$      356 497$      379 586$      402 232$      424 573$      446 948$      469 325$      491 877$      514 755$      537 859$      
-35 % 273 887$      296 323$      317 865$      338 766$      359 165$      379 344$      399 413$      419 414$      439 606$      460 049$      480 761$      
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0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 408 388$      679 721$      951 054$      1 222 387$   1 493 720$   1 765 053$   2 036 386$   2 307 719$   2 579 052$   2 850 386$   3 121 719$   
30 % 278 199$      539 483$      800 766$      1 062 050$   1 323 334$   1 584 617$   1 845 901$   2 107 185$   2 368 469$   2 629 752$   2 891 036$   
25 % 148 010$      399 244$      650 479$      901 713$      1 152 947$   1 404 182$   1 655 416$   1 906 650$   2 157 885$   2 409 119$   2 660 353$   
20 % 17 821$        259 006$      500 191$      741 376$      982 561$      1 223 746$   1 464 931$   1 706 116$   1 947 301$   2 188 486$   2 429 671$   
15 % -112 368 $     118 768$      349 903$      581 039$      812 175$      1 043 310$   1 274 446$   1 505 581$   1 736 717$   1 967 853$   2 198 988$   
10 % -242 557 $     -21 470 $       199 616$      420 702$      641 788$      862 874$      1 083 961$   1 305 047$   1 526 133$   1 747 219$   1 968 306$   

5 % -372 745 $     -161 709 $     49 328$        260 365$      471 402$      682 439$      893 476$      1 104 512$   1 315 549$   1 526 586$   1 737 623$   
0 % -502 934 $     -301 947 $     -100 959 $     100 028$      301 015$      502 003$      702 990$      903 978$      1 104 965$   1 305 953$   1 506 940$   

-5 % -633 123 $     -442 185 $     -251 247 $     -60 309 $       130 629$      321 567$      512 505$      703 443$      894 381$      1 085 320$   1 276 258$   
-10 % -763 312 $     -582 423 $     -401 535 $     -220 646 $     -39 757 $       141 131$      322 020$      502 909$      683 798$      864 686$      1 045 575$   
-15 % -893 501 $     -722 662 $     -551 822 $     -380 983 $     -210 144 $     -39 304 $       131 535$      302 374$      473 214$      644 053$      814 892$      
-20 % -1 023 690 $  -862 900 $     -702 110 $     -541 320 $     -380 530 $     -219 740 $     -58 950 $       101 840$      262 630$      423 420$      584 210$      
-25 % -1 153 879 $  -1 003 138 $  -852 398 $     -701 657 $     -550 916 $     -400 176 $     -249 435 $     -98 695 $       52 046$        202 787$      353 527$      
-30 % -1 284 068 $  -1 143 376 $  -1 002 685 $  -861 994 $     -721 303 $     -580 612 $     -439 920 $     -299 229 $     -158 538 $     -17 847 $       122 845$      
-35 % -1 414 257 $  -1 283 615 $  -1 152 973 $  -1 022 331 $  -891 689 $     -761 047 $     -630 405 $     -499 764 $     -369 122 $     -238 480 $     -107 838 $     
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In the calculations above, the time to exercise is set to 12 years. This represents a situation where the decision-

maker evaluates the scrubber investment today and either invest now or defers the investment decision 12 

years, which is not a very realistic scenario. After deferring the investment, management would likely the 

revisit decision if market conditions became more favorable. The light blue cells represent instances where the 

option value is positive and larger than the NPV. The negative NPV scenarios (in red) should not be 

disregarded, and the investment should not be abandoned completely, as the option to wait still holds value 

even when early exercise is not taken into consideration. The cells in navy blue represent the scenarios where 

the NPV of the investment is larger than the option value. This represents the scenarios where the scrubber 

investment should be undertaken now rather than waiting 12 years. In the table below, the same calculation is 

performed with a time to exercise of 4 years. The results do not change drastically when the investment 

decision can be reevaluated after 4 years. 

 

 

 
Table 10.4: European Options Values compared to NPV, for 4-year maturity. 

 
American options should always be worth at least as much and generally more than a European option, because 

of the ability to exercise early. The option to defer the investment in marine scrubbers should include multiple 

decision stages, as this is more representative of the actual decision process. The value of flexibility is the 

central component of real options and should intuitively change the option values significantly.  

0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 1 088 533$   1 194 494$   1 303 575$   1 416 501$   1 532 914$   1 653 474$   1 777 895$   1 906 498$   2 038 975$   2 175 312$   2 315 439$   
30 % 1 021 797$   1 121 361$   1 224 124$   1 330 374$   1 440 082$   1 553 582$   1 670 766$   1 791 967$   1 916 897$   2 045 750$   2 178 284$   
25 % 956 021$      1 049 573$   1 145 826$   1 245 491$   1 348 414$   1 454 930$   1 565 128$   1 678 998$   1 796 631$   1 917 864$   2 042 851$   
20 % 891 376$      978 747$      1 068 881$   1 161 916$   1 258 148$   1 357 942$   1 461 064$   1 567 683$   1 678 087$   1 791 765$   1 909 065$   
15 % 827 774$      909 213$      993 055$      1 079 717$   1 169 520$   1 262 361$   1 358 667$   1 458 124$   1 561 191$   1 667 569$   1 777 436$   
10 % 765 386$      840 890$      918 701$      999 112$      1 082 446$   1 168 612$   1 258 038$   1 350 603$   1 446 252$   1 545 406$   1 647 723$   

5 % 704 370$      774 089$      845 879$      920 172$      997 018$      1 076 628$   1 159 288$   1 244 893$   1 333 576$   1 425 420$   1 520 272$   
0 % 644 655$      708 737$      774 784$      842 973$      913 481$      986 822$      1 062 698$   1 141 469$   1 223 128$   1 307 768$   1 395 432$   

-5 % 586 402$      645 014$      705 233$      767 601$      832 069$      898 997$      968 389$      1 040 467$   1 115 235$   1 192 966$   1 273 205$   
-10 % 529 664$      582 872$      637 674$      694 152$      752 743$      813 430$      876 497$      942 036$      1 010 061$   1 080 684$   1 153 972$   
-15 % 474 594$      522 700$      572 062$      622 972$      675 751$      730 523$      787 314$      846 489$      907 943$      971 793$      1 037 950$   
-20 % 421 420$      464 452$      508 695$      554 146$      601 329$      650 140$      700 989$      753 855$      808 921$      866 022$      925 544$      
-25 % 370 098$      408 383$      447 548$      487 882$      529 595$      572 811$      617 819$      664 610$      713 365$      764 229$      817 007$      
-30 % 320 916$      354 632$      388 995$      424 375$      460 892$      498 668$      538 097$      579 074$      621 777$      666 353$      712 628$      
-35 % 273 977$      303 332$      333 186$      363 816$      395 338$      428 072$      462 105$      497 443$      534 380$      572 950$      613 137$      
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0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 408 388$      679 721$      951 054$      1 222 387$   1 493 720$   1 765 053$   2 036 386$   2 307 719$   2 579 052$   2 850 386$   3 121 719$   
30 % 278 199$      539 483$      800 766$      1 062 050$   1 323 334$   1 584 617$   1 845 901$   2 107 185$   2 368 469$   2 629 752$   2 891 036$   
25 % 148 010$      399 244$      650 479$      901 713$      1 152 947$   1 404 182$   1 655 416$   1 906 650$   2 157 885$   2 409 119$   2 660 353$   
20 % 17 821$        259 006$      500 191$      741 376$      982 561$      1 223 746$   1 464 931$   1 706 116$   1 947 301$   2 188 486$   2 429 671$   
15 % -112 368 $     118 768$      349 903$      581 039$      812 175$      1 043 310$   1 274 446$   1 505 581$   1 736 717$   1 967 853$   2 198 988$   
10 % -242 557 $     -21 470 $       199 616$      420 702$      641 788$      862 874$      1 083 961$   1 305 047$   1 526 133$   1 747 219$   1 968 306$   

5 % -372 745 $     -161 709 $     49 328$        260 365$      471 402$      682 439$      893 476$      1 104 512$   1 315 549$   1 526 586$   1 737 623$   
0 % -502 934 $     -301 947 $     -100 959 $     100 028$      301 015$      502 003$      702 990$      903 978$      1 104 965$   1 305 953$   1 506 940$   

-5 % -633 123 $     -442 185 $     -251 247 $     -60 309 $       130 629$      321 567$      512 505$      703 443$      894 381$      1 085 320$   1 276 258$   
-10 % -763 312 $     -582 423 $     -401 535 $     -220 646 $     -39 757 $       141 131$      322 020$      502 909$      683 798$      864 686$      1 045 575$   
-15 % -893 501 $     -722 662 $     -551 822 $     -380 983 $     -210 144 $     -39 304 $       131 535$      302 374$      473 214$      644 053$      814 892$      
-20 % -1 023 690 $  -862 900 $     -702 110 $     -541 320 $     -380 530 $     -219 740 $     -58 950 $       101 840$      262 630$      423 420$      584 210$      
-25 % -1 153 879 $  -1 003 138 $  -852 398 $     -701 657 $     -550 916 $     -400 176 $     -249 435 $     -98 695 $       52 046$        202 787$      353 527$      
-30 % -1 284 068 $  -1 143 376 $  -1 002 685 $  -861 994 $     -721 303 $     -580 612 $     -439 920 $     -299 229 $     -158 538 $     -17 847 $       122 845$      
-35 % -1 414 257 $  -1 283 615 $  -1 152 973 $  -1 022 331 $  -891 689 $     -761 047 $     -630 405 $     -499 764 $     -369 122 $     -238 480 $     -107 838 $     
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10.3.2. REAL OPTIONS VALUATION 

The Real Options Super Lattice Solver software29 is used to calculate the option values with the possibility for 

early exercise, i.e. American option. The number of lattice steps is set equal to the time to expiration, which 

means that the evaluation of whether to delay the scrubber investment is conducted once every year. The 

advantage of using computer software to calculate the option values is that the process is less time consuming 

and more reliable than manual calculation. Solving for the option value with the binomial model would require 

a large number of calculations, especially as the number of period increase. An example of the calculation and 

generated binomial threes is attached in Appendix 17. An alternative could be to use a closed-form equation 

for American Call options. 

 

The contingent NPV will always be greater than or equal to its standard NPV, as defined by Trigeorgis (1996):  

𝑆𝑡𝑟𝑎𝑡𝑒𝑔𝑖𝑐	𝑁𝑃𝑉	 = 	𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑	𝑁𝑃𝑉	 + 	𝑂𝑝𝑡𝑖𝑜𝑛	𝑃𝑟𝑒𝑚𝑖𝑢𝑚 

 

 
Table 10.5: Real Option Values with 12-year maturity. 

 

The value of the options with the ability for early exercise is significantly higher than the European equivalent. 

Looking at the result of the ROA when the time to expiration is set to 12 years, the only scenario (in blue) 

where there is no option premium is the one where all operation is within ECA and fuel consumption is 

increased by 35 percent. The value of delaying the investment is greater than investing immediately in the 

remaining scenarios. The results are similar when the time to expiration is set to 4 years. The firm should delay 

the investment in most scenarios, except when fuel consumption is increased by 25 percent in the rightmost 

ECA scenario (100%) or when 90 percent of operation is within ECA and fuel consumption is increased by 35 

%. These four scenarios are represented by the blue cells in the table below. 

 
29 See Appendix 16. 

0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 1 470 033$   2 071 587$   2 243 823$   2 415 484$   2 586 967$   2 758 980$   2 932 127$   3 121 719$   
30 % 2 602 934$   2 768 722$   2 936 620$   
25 % 2 447 997$   2 606 313$   2 765 824$   
20 % 2 444 334$   2 596 540$   
15 % 2 283 005$   2 427 858$   
10 % 2 259 992$   

5 % 2 092 150$   
0 % 918 882$      1 260 808$   1 924 507$   

-5 %
-10 %
-15 %
-20 %
-25 %
-30 %
-35 % 445 195$      598 516$      889 813$      
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Table 10.6: Real Option Values with 4-year maturity. 

 
The results of the real options analysis show that the ability to defer the investment in a marine scrubber system 

holds significant value for the firm. In fact, management should in all but a few of the scenarios hold off the 

abatement investment and wait for more information to become available as the uncertainty resolves. 

 
 

11. DISCUSSION 

In this penultimate chapter, the results of the real options analysis are discussed in relation to the research 

question of the thesis. The discussion will provide perspectivation and critique to the analysis, as the findings 

are reconciled with the literature. 

 

There is little doubt that the primary value drive of the investment in marine scrubbers is the difference in price 

between compliant and non-compliant bunker fuel, which have converged in the last few months. In the 

reference case, the value of the underlying asset is largely dependent on these sulphur spreads. The sensitivity 

analysis revealed that the investment NPV would increase drastically if the spreads in bunker fuel prices where 

to revert back to the level of the last couple of years (~$200). The scenario analysis introduced the effect of 

increased fuel consumption and fuel-switching on the calculated NPV. Scrubber investments are easier to 

justify for vessels with higher fuel consumption, as this is a determining factor when considered to retrofit a 

marine scrubber system. The fuel oil consumption is largely down to the technical specifications and 

operational profile of the vessel. Slow steaming can also be mentioned in this relation, as a decrease in service 

speed would impact the consumption figures. How the fuel consumption is distributed between MGO and 

VLSFO is determined by the area of operation, as the percentage of operation conducted within ECAs limits 

the amount of 0.50% sulphur fuel that can be used. The analysis showed that the scrubber investment is more 

beneficial for the vessels which operate largely within ECAs. For vessels that in part operate outside ECAs, 

the spread between MGO and VLSFO becomes an important variable, as VLSFO is used outside ECAs when 

it is economically beneficial. The investment decision should in any case be based on an evaluation of the 

0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
35 % 2 445 228$   2 626 983$   2 850 386$   3 121 719$   
30 % 2 644 930$   2 891 036$   
25 % 2 660 353$   
20 % 2 471 195$   
15 %
10 %

5 %
0 % 1 800 499$   

-5 %
-10 %
-15 %
-20 %
-25 %
-30 %
-35 %

Percentage of Operation in ECA
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current sulphur spreads and a well-grounded projection of the future spreads. The investment decision should 

also be based on operational experience and industry knowledge. In the model, the cost of the scrubber system 

(i.e. exercise price) is assumed to be constant throughout the investment horizon. Technological advancements 

in compliance solutions could change the circumstances over the next decade, which is the investment horizon 

we are dealing with. Whether scrubber systems are a long-term solution to the sulphur issue is still up for 

debate. The analysis does not account for regulatory developments that potentially can limit the economic 

benefit of operating a scrubber system, e.g. regional bans for certain types of scrubber configurations. It is 

evident that the viability of investments in marine scrubbers is influenced by a number of external factors. 

 

In the analysis, the standard NPV model is used to determine the value of the underlying asset. The reason this 

simple approach is used is the high uncertainty related to the external input variables. The author considered 

applying a more complex discount cash flow (DCF) model with projections for the future sulphur spreads, 

based on forecasted bunker prices. The nonstationary multivariate methodology of Stefanakos & Schinas 

(2014) was weighed as a potential option for forecasting the bunker prices. This was, however, not considered 

to provide additional value to the analysis as long-term forecasts of oil dependent commodities rarely are very 

reliable, due to the volatile nature of the oil market. The volatility of the fuel spreads was instead introduced 

to the model through a Monte Carlo simulation. The resulting aggregate volatility factor represents the standard 

deviation of the investment return, which is used in the subsequent real options analysis. The standard NPV 

model was modified to accommodate higher degrees of complexity, by supplementing the model with a 

sensitivity analysis, scenario analysis and stochastic simulations. The standard single-path DCF is robust when 

there is little uncertainty about future outcomes, but the reliability of the model diminishes as projections 

become uncertain. The real option framework provides additional flexibility to the analysis as it used in 

conjunction and integrated with the mentioned valuation techniques. The real options approach should be used 

in addition to the conventional methods, not as a substitute for the absolute capital budgeting techniques. 

 

Treating the investment decision concerning marine scrubbers as a contingent claim attributes value to the 

managerial flexibility present in the investment opportunity. The ability to defer the investment in a marine 

scrubber system holds significant value for the firm. In the reference case, this flexibility is valuable due to the 

high levels of volatility in the investment returns. Compared to the static NPV calculation, the ROA provides 

the decision-maker with additional information related to the issue of timing the investment. The decision 

criterion of the real options approach differs from that of conventional capital budgeting techniques, as a 

positive NPV does not always mean that the investment should be undertaken right away. Managers have 

flexibility to defer the decision to a later point in time and wait for more information to become available as 

uncertainty is resolved. The results of the real options analysis show that management should, in all but a few 

of the scenarios, hold off the abatement investment as the option value is greater than the static NPV. 
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In order to achieve accurate option values, the choice of inputs in the calculations should be based on reliable 

and well-grounded estimates, as each input influences the resulting valuation to a large extent. This is due to 

the fact that the results of both the Black-Scholes model and the ROA are determined by a limited number of 

input parameters. The value leavers of both financial and real options are illustrated in the figure below. 

 

 
Figure 11.1: Value Leavers of Financial & Real Options. 

 

A higher value for the cash flows related to the underlying asset would increase the strategic value, while a 

higher initial investment would reduce the value of the option. The risk-free rate increases the time value of 

deferral but reduces the PV of the scrubber investment. Similarly, the uncertainty about the return on the 

underlying asset will increase the value of the option but reduce the calculated PV of the underlying asset. The 

value of the managerial flexibility increases if the firm has more time to defer and wait for more information 

to become available. In more general terms, an increase in the PV of the underlying asset (S), volatility factor 

(𝜎), time to expiry (t) or risk-free rate (r) will raise the value of the option, while increases in strike price (K) 

and dividends yield reduces the option value. 

 

The additional comprehension that the real options approach can contribute to investment decisions is not 

limited to valuation techniques. Valuing managerial flexibility is one thing but thinking of investment 

decisions as options has further implications. The approach can help decision-makers frame the investment 

opportunity in another way and to see capital budgeting decisions from another perspective. Though the lens 

of real option thinking, the payoff structure of the scrubber investment can be viewed as equivalent to a call 

option on the fuel spread. The real option is not a traded financial derivative; it is rather a contingent claim or 

right the shipowner has based on the ownership of the vessel. The ability to invest in a scrubber system provides 

a hedge against higher sulphur spreads, limiting the potential downside. A possible critique to the analysis is 

that the key underlying risk of the abatement investment is diversifiable to a certain extent. The shipping 

company can, e.g., insurance itself against bunker market volatility by the use of future contracts. Hedging of 

bunker price exposure and bunker clauses in contracts are common practices in the shipping industry, which 

is not considered in the model (Alizadeh & Nomikos, 2009). 
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A common critique of the real options approach is that the assumptions that underpin financial options theory 

do not strictly apply to options on non-financial assets. The theoretical discussion is considered outside the 

scope of the thesis, but a few tangible examples are provided. The option pricing models are based upon the 

premise that the exercise of the option is instantaneous. This assumption may be difficult to justify in the 

context of real options, as there often is an element of investment lag. In the reference case, the delivery lag of 

scrubber system installations can be quite extensive. During the pandemic, delays have been prevalent as yards 

have had to shut down operations due to the lockdown. When execution is not instantaneous, the flexibility of 

management to quickly adapt in response to market developments is lessened, resulting in a lower option 

value. The bunker market is shown to be volatile and prone to sudden fluctuations. As the sulphur spreads are 

the main source of volatility for the underlying asset, the returns of the investment will be equally irregular. 

The Black Scholes model assumes that the asset prices follow a Geometric Brownian Motion (GBM) where 

returns are continuous and lognormally distributed. This assumption could be loosened by, e.g., including jump 

diffusion with a compound Poisson process (Merton, 1976), but this would require further estimates of jump 

height and frequency. The option pricing models contain the implicit assumption that volatility is constant 

throughout the investment horizon. In reality, the volatility is unlikely to remain constant over extended periods 

of time and may be difficult to estimate in the first place. It is evident that the real options approach has its 

limitations, but this is true for most financial models. The results of the analysis are only as reliable as the 

estimates, inputs and assumptions that the calculations are based on. Ultimately, models are a simplification 

of the reality decision-maker are subject to and the results should be treated with this reservation in mind. 

 

12. CONCLUSION 

Under the most recent amendments to MARPOL Annex VI, effective from the 1st of January 2020, the global 

limit for sulphur content in fuel oil intended for combustion purposes onboard ships is reduced to 0.50% m/m 

from the preceding 3.50% m/m limit. In order to comply with the stricter SOx emission standards, the shipping 

industry needs to adapt its operational practices. There are primarily two applicable alternatives for the existing 

fleet of vessels to comply with the regulation: (i) opt to run on a compliant low-sulphur bunker fuel; (ii) or 

retrofit vessels with an exhaust gas cleaning system (EGCS), commonly referred to as a marine scrubber, and 

continue to operate using high-sulphur fuel oil. The former option is associated with increased operational 

expenditures (OPEX), as the higher quality low-sulphur bunker fuels trade at a premium to the high-sulphur 

equivalents, while the latter alternative requires a substantial capital expenditure (CAPEX). The economics of 

retrofitting vessels with a scrubber system only makes sense if the abatement investment provides financial 

returns. The price difference between compliant and non-compliant bunker fuels (i.e. sulphur spreads) is here 
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the primary determining factor and the main source of uncertainty. The payback period for the investment in 

marine scrubbers lengthens as prices of compliant fuels and the non-compliant high-sulphur fuel oil converge.  

 

The key investment decision, incited by the IMO 2020 global sulphur cap, is on that will have significant 

implications for the shipping companies. We have seen managers opt for different strategic approaches to what 

is considered to be the most disruptive event in the modern era of shipping. Getting the timing right in the 

implementation of new technology remains a challenge for shipowners. The ability to adapt to dynamic market 

conditions in an efficient manner is crucial for any firm, especially in a volatile capital-intensive market. Given 

the volatile nature of the bunker markets, one can expect the valuation of marine scrubbers to encompass a 

great deal of uncertainty. Applying a real options methodology can aid decision-makers in the valuation of 

abatement technology by incorporating and valuing the managerial flexibility present in these investment 

opportunities, in response to the changing and uncertain market conditions. 

 

In this thesis, the real options approach is applied to a specific use case in order to provide evidence for the 

value of deferring a scrubber retrofit investment. The reference vessel chosen for the analysis is the 49,699 

DWT medium range product tanker M/T Hafnia Lise. The standard NPV approach is used for the valuation of 

the underlying asset, which in this instance is the marine scrubber system. The future cash flows of the 

abatement investment are discounted at a risk-adjusted discount rate and compared against the initial capital 

investment. The future cash flows represent the yearly net economic benefit of retrofitting the vessel with a 

marine scrubber system compared to the alternative compliance method. The uncertainties associated with the 

sulphur spreads, which are identified as the key value drivers of the investment, are difficult to model in a 

standard single-path discounted cash flow (DCF) analysis. The model is, therefore, expanded to include 

different scenarios for the percentage of operation in Emission Control Areas (ECAs) and the level of fuel oil 

consumption. The analysis showed that the scrubber investment is more beneficial for vessels that operate 

largely within ECAs. The price difference between MGO and VLSFO becomes an important variable for 

vessels that in part operate outside ECAs. The scenario analysis showed that scrubber investments are easier 

to justify for vessels with higher fuel consumption, as the realized economic benefit is larger. 

 

The volatilities of the cash flows associated with the scrubber investment are thereafter estimated by the use 

of Monte Carlo simulations. The resulting aggregate volatility factors represent the standard deviation of the 

investment return, in each of the aforementioned scenarios. The final part of the quantitative analysis is the 

real options model, where the results of the preceding analysis are applied and further developed. The static 

NPV model is modified to take into account the strategic value of managerial flexibility, valuing the option to 

defer the abatement investment. The calculation is performed using both the Black-Scholes model, with 

dividends, and an option lattice software, to account for the ability to exercise early. The results of the Real 
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Options Analysis (ROA) show that the option to defer the investment in a marine scrubber system holds 

significant value for the firm. In fact, management should, in all but a few of the scenarios, hold off the 

abatement investment and wait for more information to become available as the uncertainty resolves. 

 

The ROA provides the decision-maker with additional information, compared to the static NPV calculation, 

related to the issue of timing the investment. Conceptualizing investment opportunities as real options has 

advantages over the conventional approach to capital budgeting. The investment opportunity is no longer a 

now-or-never proposition as the decision criterion takes into account the strategic value of timing the 

investment, measured against the static value of the underlying asset. The value of managerial flexibility can 

represent a substantial part of the strategic value in the presence of uncertainty. It is evident that applying a 

real options methodology to the investment decisions concerning marine scrubbers can provide additional 

comprehension compared to conventional valuation methods. The real options approach should, however, be 

used in conjunction with rather than as a substitute to the conventional methods. 

 

12.1. SUGGESTIONS FOR FURTHER RESEARCH 

The scope of the thesis is delimited to the investment decision incited by the IMO 2020 global sulphur cap and 

the associated compliance solutions. The real option approach is applied to value the abatement investments 

towards IMO compliance under uncertainty. Looking ahead, shipping companies will face similar investment 

decisions in relation to the decarbonization of the shipping industry. The framework could easily be modified 

to be applicable to investment decisions concerning decarbonization technology. This requires the ability to 

price the underlying asset and accurately estimate the volatility of its returns. The real option associated with 

investments in LNG Ready vessels is proposed as a topic for further research. The ability for a sequential 

investment in environmental technology offers flexibility, which can be analyzed as a compound real option.
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Equation 1 – Net Present Value 

 

𝑁𝑃𝑉"#$ =:
(𝐹"#$%&' ∙ 𝑃%&' + 𝐹"#$()*+' ∙ 𝑃()*+' − 𝐹"#$,*+' ∙ 𝑃,*+') − 𝑂𝑃𝐸𝑋"#

(1 + 𝑟)-
− 𝐶𝐴𝑃𝐸𝑋"

.

-/0

 

Where, 

o 𝑁𝑃𝑉"#$ is the net present value for vessel 𝑣 sailing at speed 𝑠	with	z	percent	of	operations	in	

ECA, measured in US dollars; 

o 𝐹"#$%&', 𝐹"#$()*+' and 𝐹"#$,*+' are fuel consumptions of MGO, VLSFO and HSFO 380 cSt for vessel 𝑣 

operating with speed 𝑠	with	z	percent	of	operations	in	ECA, measured in ton; 

o 𝑃%&' , 𝑃()*+'and 𝑃,*+' are fuel price of MGO, VLSFO and HSFO 380 cSt, measured in US 

dollars per ton; 

o 𝑂𝑃𝐸𝑋 is the operating costs of scrubber for the vessel with aforementioned operation profile, 

measured in dollars per kwh main engine; 

o 𝐶𝐴𝑃𝐸𝑋 is the capital investment costs of scrubber for vessel 𝑣, measured in US dollars per kw 

main engine; 

o 𝑇 is the minimum of scrubber equipment lifespan and the remaining lifespan of vessel 𝑣; 

o 𝑟 is the risk-adjusted discount rate. 

 

Equation 2 – Logarithmic Cash Flow Returns Approach 

 
The logarithmic return of the cash flows is defined by: 

 
which is an approximation of the percentage change. 
 

The volatility estimate is then calculated as: 

 
In order to calculate annual volatility, the weekly volatility is simply multiplied by √52.
 

 

 



 

Equation 3 – Black-Scholes model with Dividends 

 

𝐶 = 𝑆𝑒12-𝑁(𝑑0) − 𝐾𝑒13-𝑁(𝑑4) 

 

𝑑0 =
ln(𝑆𝐾) + (𝑟 − 𝑦	 +

𝜎4
2 )	𝑡

𝜎√𝑡
 

 

𝑑4 = 𝑑 − 𝜎√𝑡 

Where, 

o S	 =	Current value of the underlying asset; 

o K =	Strike price of the option; 

o t	 =	Life to expiration of the option; 

o r	 =	Riskless interest rate corresponding to the life of the option; 

o σ4	= Variance in the ln(value) of the underlying asset; 

o y =  Dividend yield. 
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Appendix 1 – CO₂ Emissions of different Transport Modes 

 

 
Amount of CO₂ in grams emitted per metric ton of freight and per kilometer of transportation (Abadie et al., 

2017). 

 

 

 

 

Appendix 2 – Possible efficiency-improvement measures to achieve net-zero emissions by 2050 

 

 

Retrieved from the UNCTAD (2019) - Review of Maritime Transport 2019. 

 

  



 

Appendix 3 – World Trade Uncertainty Index 

 
World Trade Uncertainty Index (WTUI) 1996Q1 to 2020Q1. Ahir, H, N Bloom, and D Furceri (2018), 
“World Uncertainty Index”, Stanford mimeo. 
 

Appendix 4 – Trade Volume Forecasts 

 

 
Source: WTO Secretariat, International Monetary Fund, World Bank, Organization for Economic 
Cooperation and Development, Federal Reserve Bank of Philadelphia, European Central Bank. Note: 
Headline GDP figures from OECD and IMF are at purchasing power parity while figures from the World 
Bank and WTO are weighted at market exchange rates. WTO trade volume figures refer to merchandise 
trade while other organizations refer to goods and services trade. Retrieved from: 
https://www.wto.org/english/news_e/pres20_e/pr858_e.htm 

0

20

40

60

80

100

120

140

160

180

1996q1 2002q1 2008q1 2014q1 2020q1

Some of the key dates in the US-China
trade negotiations

World Trade Uncertainty Index

A series of tariffs by the US and 
China goes into effect. 

A tariff truce between the 
US and the China is 
annouced.  

Tariff increase on US$200 billion of imports from 
China is scheduled to go into effect on March 1. But a 
delay is announced on February 24. 

Uncertainty related to US-
China trade tension

Uncertainty related to US-
China trade tension

The US imposes Safeguard Tariffs 
as well as steel and aluminium 
tariffs. 

A seies of tariffs by the US and China goes into 
effect. The US also ends tariff exemptions for EU, 
Canada, and Mexico. EU and Canada imposes tariff 
on the US.

The US and China agree to 
resume trade talks.

The US calls of December tariffs 
in anticipation of a deal



 

Appendix 5 – Oil Price Contango 

 

Retrieved from: https://www.bloomberg.com/news/articles/2020-06-06/opec-tries-novel-strategy-to-turn-oil-
price-curve-upside-down 

 

Appendix 6 – BCTI Index & Tanker Freight Rates 

 
Own creation based on Clarkson SIN (2020) data. 
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Appendix 7 – Forecasted Growth in Maritime Trade 

 

 

 

Retrieved from UNCTAD (2019). 



 

Appendix 8 – The Four Markets that Control Shipping 

 

 

 

Source: Martin Stopford, Maritime Economics 3rd edition 2007 

Note: This diagram shows how the four shipping markets are linked together by the cash flowing through the 
balance sheets of the companies in the middle. The freight market generates cash; the sale and purchase market 
moves it from one balance sheet to another; the newbuilding market drains it out of the market in return for 
new ships; and the demolition market produces a small inflow in return of old ships  



 

Appendix 9 - The Maritime Regulatory System 

 

 

 

 

The Maritime Regulatory System as illustrated in Stopford (2009).   



 

Appendix 10 – Bunker Fuel Classifications 

 
ISO 8217 2017 Petroleum products — Fuels (class F) — Specifications of marine fuels 

 

Fuel standard for marine distillate fuels 

 
Fuel standard for marine residual fuels 

  



 

HFO Heavy Fuel Oil 100% residual oil 

IFO Intermediate Fuel Oil 
380 cSt 98% residual oil 

2% distillate oil 

180 cSt 88% residual oil 
12% distillate oil 

MDO Marine Diesel Oil Distillate oil with trace of residual oil 

MGO Marine Gas Oil 100% distillate oil 
 

 

Appendix 11 – Reference Vessel Trade Map  

 

 
 
Retrieved from Green Ship of the Future (2020). 

  



 

Appendix 12 – Sensitivity Analysis for the “MGO Only” Scenario 
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270$     6 645 910$   7 296 085$   7 946 259$   8 596 434$   9 246 609$   9 896 784$   10 546 959$ 11 197 133$ 11 847 308$ 12 497 483$ 13 147 658$ 
260$     6 277 126$   6 902 715$   7 528 304$   8 153 893$   8 779 482$   9 405 071$   10 030 661$ 10 656 250$ 11 281 839$ 11 907 428$ 12 533 017$ 
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100$     376 576$      608 795$      841 015$      1 073 234$   1 305 453$   1 537 672$   1 769 892$   2 002 111$   2 234 330$   2 466 549$   2 698 768$   

99,38$  353 527$      584 210$      814 892$      1 045 575$   1 276 258$   1 506 940$   1 737 623$   1 968 306$   2 198 988$   2 429 671$   2 660 353$   
90$       7 792$          215 425$      423 059$      630 693$      838 326$      1 045 960$   1 253 593$   1 461 227$   1 668 861$   1 876 494$   2 084 128$   
80$       -360 992 $     -177 944 $     5 103$          188 151$      371 199$      554 247$      737 295$      920 343$      1 103 391$   1 286 439$   1 469 487$   
70$       -729 777 $     -571 314 $     -412 852 $     -254 390 $     -95 927 $       62 535$        220 997$      379 460$      537 922$      696 384$      854 847$      
60$       -1 098 561 $  -964 684 $     -830 808 $     -696 931 $     -563 054 $     -429 177 $     -295 301 $     -161 424 $     -27 547 $       106 329$      240 206$      
50$       -1 467 345 $  -1 358 054 $  -1 248 763 $  -1 139 472 $  -1 030 181 $  -920 890 $     -811 599 $     -702 308 $     -593 017 $     -483 726 $     -374 434 $     
40$       -1 836 130 $  -1 751 424 $  -1 666 719 $  -1 582 013 $  -1 497 308 $  -1 412 602 $  -1 327 897 $  -1 243 191 $  -1 158 486 $  -1 073 780 $  -989 075 $     
30$       -2 204 914 $  -2 144 794 $  -2 084 674 $  -2 024 555 $  -1 964 435 $  -1 904 315 $  -1 844 195 $  -1 784 075 $  -1 723 955 $  -1 663 835 $  -1 603 716 $  
20$       -2 573 698 $  -2 538 164 $  -2 502 630 $  -2 467 096 $  -2 431 562 $  -2 396 027 $  -2 360 493 $  -2 324 959 $  -2 289 425 $  -2 253 890 $  -2 218 356 $  
10$       -2 942 483 $  -2 931 534 $  -2 920 586 $  -2 909 637 $  -2 898 688 $  -2 887 740 $  -2 876 791 $  -2 865 842 $  -2 854 894 $  -2 843 945 $  -2 832 997 $  

-$     -3 311 267 $  -3 324 904 $  -3 338 541 $  -3 352 178 $  -3 365 815 $  -3 379 452 $  -3 393 089 $  -3 406 726 $  -3 420 363 $  -3 434 000 $  -3 447 637 $  
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Appendix 13 – Sensitivity Analysis with Fuel Switching and Perfectly Correlated Sulphur Spreads 
 
 
The correlation between the MGO-HSFO spread and the VLSFO-HSFO spread is 0,971956083, in the 

measured period. The difference between the two spreads are kept constant at $40 (rounded down from 

$40.875) for the following calculations. 

 

 
 

  

VLSFO MGO 0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 %
260$     300$     9 405 071$   9 601 756$   9 798 441$   9 995 126$   10 191 811$ 10 388 496$ 10 585 181$ 10 781 866$ 10 978 551$ 11 175 236$ 11 371 921$ 
250$     290$     8 913 359$   9 110 044$   9 306 729$   9 503 414$   9 700 099$   9 896 784$   10 093 469$ 10 290 154$ 10 486 839$ 10 683 524$ 10 880 209$ 
240$     280$     8 421 647$   8 618 332$   8 815 017$   9 011 701$   9 208 386$   9 405 071$   9 601 756$   9 798 441$   9 995 126$   10 191 811$ 10 388 496$ 
230$     270$     7 929 934$   8 126 619$   8 323 304$   8 519 989$   8 716 674$   8 913 359$   9 110 044$   9 306 729$   9 503 414$   9 700 099$   9 896 784$   
220$     260$     7 438 222$   7 634 907$   7 831 592$   8 028 277$   8 224 962$   8 421 647$   8 618 332$   8 815 017$   9 011 701$   9 208 386$   9 405 071$   
210$     250$     6 946 509$   7 143 194$   7 339 879$   7 536 564$   7 733 249$   7 929 934$   8 126 619$   8 323 304$   8 519 989$   8 716 674$   8 913 359$   
200$     240$     6 454 797$   6 651 482$   6 848 167$   7 044 852$   7 241 537$   7 438 222$   7 634 907$   7 831 592$   8 028 277$   8 224 962$   8 421 647$   
190$     230$     5 963 084$   6 159 769$   6 356 454$   6 553 139$   6 749 824$   6 946 509$   7 143 194$   7 339 879$   7 536 564$   7 733 249$   7 929 934$   
180$     220$     5 471 372$   5 668 057$   5 864 742$   6 061 427$   6 258 112$   6 454 797$   6 651 482$   6 848 167$   7 044 852$   7 241 537$   7 438 222$   
170$     210$     4 979 659$   5 176 344$   5 373 029$   5 569 714$   5 766 399$   5 963 084$   6 159 769$   6 356 454$   6 553 139$   6 749 824$   6 946 509$   
160$     200$     4 487 947$   4 684 632$   4 881 317$   5 078 002$   5 274 687$   5 471 372$   5 668 057$   5 864 742$   6 061 427$   6 258 112$   6 454 797$   
150$     190$     3 996 235$   4 192 920$   4 389 604$   4 586 289$   4 782 974$   4 979 659$   5 176 344$   5 373 029$   5 569 714$   5 766 399$   5 963 084$   
140$     180$     3 504 522$   3 701 207$   3 897 892$   4 094 577$   4 291 262$   4 487 947$   4 684 632$   4 881 317$   5 078 002$   5 274 687$   5 471 372$   
130$     170$     3 012 810$   3 209 495$   3 406 180$   3 602 865$   3 799 550$   3 996 235$   4 192 920$   4 389 604$   4 586 289$   4 782 974$   4 979 659$   
120$     160$     2 521 097$   2 717 782$   2 914 467$   3 111 152$   3 307 837$   3 504 522$   3 701 207$   3 897 892$   4 094 577$   4 291 262$   4 487 947$   
110$     150$     2 029 385$   2 226 070$   2 422 755$   2 619 440$   2 816 125$   3 012 810$   3 209 495$   3 406 180$   3 602 865$   3 799 550$   3 996 235$   
100$     140$     1 537 672$   1 734 357$   1 931 042$   2 127 727$   2 324 412$   2 521 097$   2 717 782$   2 914 467$   3 111 152$   3 307 837$   3 504 522$   

90$       130$     1 045 960$   1 242 645$   1 439 330$   1 636 015$   1 832 700$   2 029 385$   2 226 070$   2 422 755$   2 619 440$   2 816 125$   3 012 810$   
80$       120$     554 247$      750 932$      947 617$      1 144 302$   1 340 987$   1 537 672$   1 734 357$   1 931 042$   2 127 727$   2 324 412$   2 521 097$   
70$       110$     62 535$        259 220$      455 905$      652 590$      849 275$      1 045 960$   1 242 645$   1 439 330$   1 636 015$   1 832 700$   2 029 385$   
60$       100$     -429 177 $     -232 493 $     -35 808 $       160 877$      357 562$      554 247$      750 932$      947 617$      1 144 302$   1 340 987$   1 537 672$   

58,50$  99,38$  -502 934 $     -301 947 $     -100 959 $     100 028$      301 015$      502 003$      702 990$      903 978$      1 104 965$   1 305 953$   1 506 940$   
50$       90$       -920 890 $     -724 205 $     -527 520 $     -330 835 $     -134 150 $     62 535$        259 220$      455 905$      652 590$      849 275$      1 045 960$   
40$       80$       -1 412 602 $  -1 215 917 $  -1 019 232 $  -822 547 $     -625 862 $     -429 177 $     -232 493 $     -35 808 $       160 877$      357 562$      554 247$      
30$       70$       -1 904 315 $  -1 707 630 $  -1 510 945 $  -1 314 260 $  -1 117 575 $  -920 890 $     -724 205 $     -527 520 $     -330 835 $     -134 150 $     62 535$        
20$       60$       -2 396 027 $  -2 199 342 $  -2 002 657 $  -1 805 972 $  -1 609 287 $  -1 412 602 $  -1 215 917 $  -1 019 232 $  -822 547 $     -625 862 $     -429 177 $     
10$       50$       -2 887 740 $  -2 691 055 $  -2 494 370 $  -2 297 685 $  -2 101 000 $  -1 904 315 $  -1 707 630 $  -1 510 945 $  -1 314 260 $  -1 117 575 $  -920 890 $     

-$     40$       -3 379 452 $  -3 182 767 $  -2 986 082 $  -2 789 397 $  -2 592 712 $  -2 396 027 $  -2 199 342 $  -2 002 657 $  -1 805 972 $  -1 609 287 $  -1 412 602 $  
-$     30$       -3 379 452 $  -3 231 938 $  -3 084 425 $  -2 936 911 $  -2 789 397 $  -2 641 884 $  -2 494 370 $  -2 346 856 $  -2 199 342 $  -2 051 829 $  -1 904 315 $  
-$     20$       -3 379 452 $  -3 281 110 $  -3 182 767 $  -3 084 425 $  -2 986 082 $  -2 887 740 $  -2 789 397 $  -2 691 055 $  -2 592 712 $  -2 494 370 $  -2 396 027 $  
-$     10$       -3 379 452 $  -3 330 281 $  -3 281 110 $  -3 231 938 $  -3 182 767 $  -3 133 596 $  -3 084 425 $  -3 035 253 $  -2 986 082 $  -2 936 911 $  -2 887 740 $  
-$     -$     -3 379 452 $  -3 379 452 $  -3 379 452 $  -3 379 452 $  -3 379 452 $  -3 379 452 $  -3 379 452 $  -3 379 452 $  -3 379 452 $  -3 379 452 $  -3 379 452 $  
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Appendix 14 – Kolmogorov-Smirnov Test 
 
 
 

 
 
 
 
 
 
 
 

 



 

 
 
 
 

Original Fitted Data
-0,30 -0,28 -0,27 -0,26 -0,24 -0,24 -0,21 -0,21 -0,21 -0,21 -0,21 -0,21 -0,20
-0,20 -0,19 -0,19 -0,19 -0,19 -0,18 -0,18 -0,18 -0,18 -0,18 -0,18 -0,18 -0,18
-0,17 -0,17 -0,17 -0,17 -0,16 -0,16 -0,16 -0,16 -0,15 -0,15 -0,14 -0,14 -0,14
-0,14 -0,14 -0,14 -0,14 -0,14 -0,14 -0,14 -0,13 -0,13 -0,13 -0,13 -0,13 -0,13
-0,13 -0,13 -0,13 -0,12 -0,12 -0,12 -0,12 -0,12 -0,12 -0,11 -0,11 -0,11 -0,11
-0,11 -0,11 -0,10 -0,10 -0,10 -0,10 -0,10 -0,10 -0,10 -0,10 -0,10 -0,10 -0,10
-0,10 -0,10 -0,10 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09
-0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09 -0,09
-0,09 -0,09 -0,09 -0,08 -0,08 -0,08 -0,08 -0,08 -0,08 -0,08 -0,08 -0,08 -0,08
-0,08 -0,08 -0,08 -0,08 -0,08 -0,08 -0,08 -0,08 -0,07 -0,07 -0,07 -0,07 -0,07
-0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07
-0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,07 -0,06 -0,06 -0,06
-0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06
-0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06
-0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,06 -0,05 -0,05 -0,05 -0,05
-0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05
-0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05
-0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,05 -0,04 -0,04 -0,04
-0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04
-0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04
-0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04
-0,04 -0,04 -0,04 -0,04 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03
-0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03
-0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03
-0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03
-0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,03 -0,02 -0,02 -0,02
-0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02
-0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02
-0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02
-0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02
-0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,02 -0,01
-0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01
-0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01
-0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01
-0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01
-0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01
-0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 -0,01 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,01
0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
0,01 0,01 0,01 0,01 0,01 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03
0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03
0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03
0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03
0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,04 0,04
0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04
0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04
0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,04
0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,05 0,05 0,05 0,05 0,05 0,05
0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05
0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05
0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05
0,05 0,05 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06
0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06
0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,07
0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07
0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,07
0,07 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08
0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08
0,08 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09
0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,10 0,10 0,10 0,10 0,10 0,10
0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,11 0,11
0,11 0,11 0,11 0,11 0,11 0,11 0,12 0,12 0,12 0,12 0,12 0,12 0,12
0,12 0,12 0,12 0,12 0,12 0,13 0,13 0,13 0,13 0,13 0,14 0,14 0,14
0,14 0,14 0,14 0,14 0,14 0,15 0,15 0,16 0,16 0,16 0,17 0,17 0,17
0,17 0,18 0,18 0,19 0,19 0,19 0,19 0,20 0,20 0,20 0,21 0,21 0,21
0,21 0,23 0,24 0,26 0,26 0,27 0,31 0,33



 

Appendix 15 – Monte Carlo Simulation 
 
 

 
 
 

 
 
  



 

Appendix 16 – Lattice Solver 
 
 
 

  



 

Appendix 17 – Real Option Lattice 

 

 

 

  

Assumptions Intermediate Computations
PV Asset Value ($) $5 685 033,42 Stepping Time (dt) 1,0000
Implementation Cost ($) $2 563 314,81 Up Step Size (up) 1,7524
Maturity (Years) 12,00 Down Step Size (down) 0,5706
Risk-free Rate (%) 1,00 % Risk-neutral Probability 0,3035
Dividends (%) 8,33 %
Volatility (%) 56,10 % Results
Lattice Steps 12 Auditing Lattice Result (10 steps) 3121718,60
Option Type Custom Super Lattice Results 3121718,60

Terminal Equation Max(Asset-Cost,0)
Intermediate Equation Max(Asset-Cost,OptionOpen)
Intermediate Equation (Blackouts)

Underlying Asset Lattice 1552834120,20
886106374,54

505646093,67 505646093,67
288540946,54 288540946,54

164652469,13 164652469,13 164652469,13
93956978,78 93956978,78 93956978,78

53615435,64 53615435,64 53615435,64 53615435,64
30595012,48 30595012,48 30595012,48 30595012,48

17458681,03 17458681,03 17458681,03 17458681,03 17458681,03
9962589,27 9962589,27 9962589,27 9962589,27 9962589,27

5685033,42 5685033,42 5685033,42 5685033,42 5685033,42 5685033,42
3244096,90 3244096,90 3244096,90 3244096,90 3244096,90

1851205,42 1851205,42 1851205,42 1851205,42 1851205,42
1056368,42 1056368,42 1056368,42 1056368,42

602804,11 602804,11 602804,11 602804,11
343983,02 343983,02 343983,02

196289,83 196289,83 196289,83
112010,46 112010,46

63917,44 63917,44
36473,73

20813,30

Option Valuation Lattice 1550270805,39
883543059,72

503082778,86 503082778,86
285977631,72 285977631,72

162089154,32 162089154,32 162089154,32
91393663,97 91393663,97 91393663,97

51052120,82 51052120,82 51052120,82 51052120,82
28031697,67 28031697,67 28031697,67 28031697,67

14895366,21 14895366,21 14895366,21 14895366,21 14895366,21
7399274,46 7399274,46 7399274,46 7399274,46 7399274,46

3121718,60 3121718,60 3121718,60 3121718,60 3121718,60 3121718,60
1293814,72 1278771,04 1254569,11 1212852,51 1132317,26

516025,23 494209,61 459113,15 398617,76 281829,46
191125,81 170035,18 137316,85 84680,36

61823,28 46530,97 25443,63 0,00
15565,02 7644,96 0,00

2297,06 0,00 0,00
0,00 0,00

0,00 0,00
0,00

0,00



 

Appendix 18 – Transcript of Interview 
 
 
Date of Interview: 20.03.2020 
Duration: 00:45:12 
Interviewee: Rong, Gisle Kårbø  
Position: Managing Director of Seatrans Ship Management AS 
Interviewer: Øvreås, Brage Morgan 
Method of Interview: Videoconference – Microsoft Teams 
Language: Norwegian 
 
 
 
 

Nr. Time / Question Quotations 

1 

00:10 – 04:03 
 

Starting off with a 
general question, 

how did you make 
the decision to not 

fit scrubbers to your 
fleet? 

“In general, we stay updated by talking to other people, keep up with current 
legislation etc. Based on our studies into what a scrubber offer, we have an 
inherent perception that scrubber systems are not the solution for the future 
to remedy the issue with sulphur emissions. In our opinion, moving the 
problem from the air to the sea is not viable for the future.” 
 
“We are trading on the continent, in the ARA-area, in rivers and other 
waterways without saltwater (saline water). For our application such a 
system would be costly, e.g. closed loop system with additives etc., as it 
would require a more complicated system - not a simple system.” 
 
“Out tanker fleet has an average age of 19 years. The average age of our dry 
cargo vessels are 24 years, with an expected lifespan of 30 years if your 
fortunate. For the tankers, after 20 years they are difficult to trade and after 
25 years it’s definitely over. So, our maximum payback would be 6 years for 
our tankers.” 
 
“We have conducted an investment analysis. Looked at the cost of 
installation, including cost of acquiring the system, as well as the operational 
expenditures. This was then weighed against possible savings. We have 
estimated the spread between conventional high sulphur fuel and low sulphur 
fuel based on our outlook. Calculations are the conducted on this basis. Even 
if we had belief in the scrubber technology, we could not advocate for 
investing form an economic perspective. Generally, we are quite 
conservative with our investments and swear by a 5-year payback period for 
our investments. If an investment does not generate a return within a 5-year 
period, we usually decide against it. These are the considerations that are the 
foundation for our decision to not install scrubbers.” 

  



 

2 

04:05 – 05:39 
 

What costs can be 
attributed to 

scrubber technology 
installation apart 
from CAPEX and 
loss of hire due to 

time spent in dock? 

 
“Maintenance cost is the main cost, primarily maintenance of the system. In 
this respect, one has little in terms of operating experience - so the long-term 
costs are quite difficult to estimate.  
 
We operate chemical tankers and have experience with having acid in 
contact with stainless steel. We know that it tears on the steal and you will 
get damages. Based on this, we believe there will be considerable 
maintenance requirements on pipes and other equipment that has sulphur 
running through it, but we don’t know to what extent.  
 
The industry as a hole does not have long-term operational experience on 
running marine scrubbers on vessels. This is something we will have after 5-
10 years, when the companies that have installed these systems have been 
running them for some time.” 
 

3 

05:40 – 13:40 
 
How are the OPEX 
of a scrubber 
compared to the 
running costs of 
MGO or other low 
sulphur alternatives? 

 
“For the machinery, the is a is a difference between running a high and low 
sulphur fuels.” 
 
- Is that in relation to viscosity? [Comment] 

 
“Viscosity is one thing, but not necessarily directly connected to sulphur 
content. That has to do with how much heat you need to keep the fuel liquid. 
We typically utilize LS fuel which we need heating. You can get both HS 
and LS fuels that are 180 cSt and 380 cSt.” 
 
“The challenge with low sulphur fuels is that to produce the fuel, available at 
the market today, the refineries use crackers. A cracker fuel often contains 
more aluminum and silicon, what is referred to as cat fines. We have 
experienced that we get more wear and tear with the fuel we currently use 
than with the HS fuel. There are also problems based on the fact that these 
fuels are often blended products, e.g. blending heavy oil with gasoil into 
some type of product.” 
 
- Blending residuals and distillates? [Comment] 

 
“Yes, these have had a tendency to be unstable. You can experience that 
when the bunkers settle in tanks you may end up with precipitate.” 
 
- So, you get separation in the tanks? [Comment] 

 
“Yes, when you have some fuel left on the tank and then refuel - you may get 
another type of fuel. This might not be compatible with the fuel you have on 
the tanks from before, and this can cause a separation. So, there are a lot of 
challenges with these LS fuel that can lead to increase OPEX for the 
machinery.” 
 
 



 

 
“The OPEX apart from installation and investment cost: On the one hand you 
get increased OPEX when you have a scrubber installed. On the other, if you 
choose to not fit a scrubber you need to burn LS fuel and get increased 
OPEX as a result. So regardless your costs for running the vessel will 
increase, after the new IMO regulation with sulphur requirements. The 
alternative is burning gas.”  
 
- LNG? [Comment] 

 
“LNG; You can run on methanol; There are a lot of other alternatives. We 
don’t burn fuel – we run gasoil, which is not a blend but a product from the 
distillation process. The result is increased fuel costs. I have not followed the 
price of gas per se, but to install a system or set up a vessel to run on gas is 
significantly more expensive than to build a conventional vessel. We looked 
at a 14.000 dwt chemical tanker, delivered from Japan. At the time, a 
conventional vessel was $30M and with gas the price was $35M – which is 
quite significant. This investment needs to pay back over the vessels 
lifespan.” 
 
- LNG infrastructure is probably also a consideration. [Comment] 

 
 “Absolutely.”  
 
“Talking OPEX they will increase. You can choose to burn fuel or gasoil - 
Either way the OPEX will increase. Then you can make models, but this will 
always be based on guesswork into the future.”  
 
- Uncertainty is always a factor when looking ahead. [Comment] 

 
“Risk is also a subject. There are many ways of mitigating risk for a 
fluctuation bunker cost. You can hedge fuel or mitigate risk by having a 
bunker cost clause in contracts moving the risk over to shippers.” 
 
- Have you managed to transfer the increased bunker costs? [Comment] 

 
“Yes, we have bunker clause in quiet a few of our contracts. We are 
primarily trading on contract of affreightment, not TC or voyage charter. 80 
per cent of our contracts are COA. Agreement for transporting some sort of 
product for a certain producer; a given amount for some years. Then we have 
a clause that says that if fuel prices increase rates also increase. Based on my 
understanding this is not an uncommon practice.”  
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13:41 – 13:56 
 
Besides the HSFO-
MGO spread, how 
have your cost been 
affected by the 
implementation of 
the MARPOL 
Annex VI?  
 

“This is what we talked about: Maintenance and operation; Maintenance on 
the vessels etc.” 
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13:57 – 16:50 
 
You have decades of 
experience trading in 
ECA/SECA areas, 
e.g. the North Sea, 
what pre-existing 
knowledge have 
affected your 
considerations when 
approaching the 
global 0.50 m/m 
sulphur limit? 

 
“We have most experience with operations entering and exiting SECA areas. 
Our dry cargo vessels are exclusively in SECA, but most of our tankers run 
from the continent to the Mediterranean and return to the continent. So, we 
have lived with the two-fuel issue for some time.” 
 
- So, you have been switching fuels? [Comment] 
  

“Yes, we have had procedures for this since there where established sulphur 
requirements for SECA. Two fuels onboard, procedures and calculation for 
when to change fuel in order to comply etc. This has been with us for years. 
This way we have retained operational experience with burning a dry fuel. 
Sulphur in the fuel attributes lubrications to pumps, cylinders and other 
components in the engine. If you reduce sulphur content, you have to 
compensate the lubrication effect. One thing you can do is to lower the 
temperature. When we run on gasoil, we use coolers for greater cooling 
effect. We also change lubrication. We have two types on board to modified 
for the specific fuel. This operational experience we have going forward, 
when burning a low sulphur fuel on a permanent basis.” 
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16:51 – 18:20 
 
Which models did 
you utilize when 
deciding whether or 
not it was profitable 
to install EGCS 
systems on your 
fleet, e.g. cost-
benefit analysis, 
DCF, scenario 
analysis etc.? 
 

“Investment analysis is what is the foundation. You can call it a cost-benefit. 
We based the calculation on the vessels that burn the most fuel and have the 
longest lifetime remaining. The vessels we know will remain in our fleet for 
some time. The thinking here is that if it does not work for these vessels it 
will not work for the other. The investment analysis includes scenarios in the 
sense that it accounts for the cost of the fuel.” 
 
“We don’t think the harbor will accept usage of scrubber while in harbor, 
releasing sulphur into the water (referring to open loop EGCS systems).” 
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18:40 – 20:20 
 
How did you 
forecast bunker 
prices, especially 
MGO and the other 
low sulphur bunker 
alternatives? 

 
“You should probably have talked to the people buying the bunkers. We deal 
with operations and only use the bunkers - we don’t buy it. Generally, we 
don’t hedge bunkers or utilize long term price agreements. We buy in the 
spot market and manage risk with fuel clauses. This in for the tanker 
segment. For the dry cargo liner service, we can’t go to each trailer and ask 
them to pay for the bunkers. Therefore, we undertake the risk our self.” 
 
“If you can afford the fluctuation, the crest and troughs of the market, it will 
be beneficial in the long term. Hedging also represents a cost.” 
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22:35 – 23:15 
 
What have you 
considered to be a 
normal level for the 
HSFO-MGO spread 
in your calculations? 
 

 
“The difference use at the time was 200 USD. I can send you a presentation 
we used we considered this in 2018, on the topic of ballast water and 
scrubber fitting.” 
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23:42 – 24:25 
 
How did you 
evaluate the 
availability of MGO 
and other low 
sulphur bunker 
alternatives? 
 

“Availability is not considered to be an issue. This is based on the feedback 
from bunkers suppliers, they should be able to supply gasoil and LS fuel. 
This has shown to not be an issue as we have not had problems with 
availability.” 
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24:26 – 27:15 
 
Which consideration 
do you take into 
account when 
choosing bunker? 

 
“Price. No other parameters where considered when choosing LS fuel. We 
are still changing based on the 0.50 and 0.10 limits. The vessel that operate 
inside SECA run on either a gasoil or ULSFO. Price is also the determining 
factor here.” 
 
“Now that we have gained some experience with the low sulphur fuels we 
have seen something happening. There are more incidents with wear on 
machinery. More incidents of halts due to unplanned maintenance. So, there 
is something with the new LS fuels. We don’t know exactly what, but this is 
something we need to analyze.” 
 
“Price is for now the determining factor. When we have gained operational 
experience and analyzed the operational issues, we can look at the cost of 
running LS fuel. The alternative is running gasoil all the time.”  
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27:45 – 30:45 
 
Looking at the 
segments you 
operate within: For 
the chemical tanker 
segment the 
scrubber fitting rate 
is very low. What do 
you think is the 
reason for this? 

 
“Interesting that so few in the chemical tanker segment. I can’t say why.” 
 
- Vessel size is probably a factor. [Comment] 

 
“Fuel cost is probably a major factor, as the cost is probably no linear. 
Diminishing cost in relation to KW. The investment will be more beneficial 
for larger vessels.” 
 
“On our case, installing scrubber systems would not compromise load 
capacity. You get a larger chimney with some equipment, but it doesn’t 
affect capacity.”  
 
“I’m not sure what other chemical tanker companies chose when contracting 
new vessels. Odfjell has built a new series, I’m not sure whether they have 
ordered them with scrubbers or not” 
 
- I believe they have chosen against it and built energy efficient ships; 

hedging their bunker costs. [Comment] 
 

“Utkilen builds LNG ready.” 
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30:46 – 36:50 
 
What are the 
considerations when 
buying vessel or 
building new? 
 

 
“We haven’t built a new vessel since 2007, for the tankers. Last time we 
contracted was about 15 years ago, in 2006 or 2007. In later years we have 
traded in the secondhand market, bought vessels with an age of about 10 
years. Thereafter, operated these until the end of their lifespan. There are 
multiple reasons for this approach. The first being, we are not certain what to 
build. There are such rapid developments in the market, and we are uncertain 
about what type of vessel will meet the regulatory requirements of the future. 
The sulphur we are able to handle, but there will come CO₂ restrictions as 
well.  
What type of propulsion system and technology one should chose for the 
future is uncertain. From the time you contract a vessel till you receive it, 
maybe two years later, a lot can have changed; IMO can have adopted new 
requirements. You also have a long-term perspective, the vessel has a life 
span of 25 years; then you are fast approaching 2050, when GHG emissions 
is supposed to be 50 percent of today. There is a lot of risk associated with 
newbuilding. That is why we choose to trade in the secondhand market. We 
don’t buy ships, to sell them a few years later. Some companies have that as 
their business model. 
 
- Asset play. [Comment] 

 
“Yes. We instead buy vessels and operate them as long as they are profitable. 
Retrofitting is this the only option for us, as we are not planning to build any 
new vessels as of now.” 
 



 

“Then there is Sea-Cargo, which is roro. We have a vessel on TC, called 
Bore Bay, that is fitted with a scrubber. Which is working very well. When 
you consider vessel operating SECA, with historical fuel spreads, it has been 
easier to defend an investment. Possibly a reason for more scrubber fittings 
contra the chemical tanker segment. Generally, we have chosen against 
based on age of the fleet and cost analysis, but we have projects looking at 
the possibilities.” 
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36:51 – 37:45 
 
What other actions 
are you undertaking 
in order to reduce 
emissions? I have 
heard that you are 
considering sail on 
some of your 
vessels. 
 

 
 
 
“Optimization of operations: Efficiency in terms of speed, navigation etc.; 
polishing hull and propeller; use the correct antifouling to prevent fouling. 
All the aspects of operational optimization. We are also considering fitting 
sails. We have currently a project looking at rotor sails for one of our vessels. 
We believe it can be part of the solution.”  
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37:46 –41:25 
 
What are your 
thoughts on slow 
steaming? 
 

 
“We call it optimal speed. It is not based on emissions, but operational and 
cost factors. For Sea-Cargo we have a schedule to keep. For the tanker 
business we have a model that is contently tuned, based on TC equivalents 
etc. We have reduced speed on some vessel, and that leads to lower 
emissions, but we do it because it is sensible from an operational and 
economic perspective.” 
 

 


