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Abstract

This thesis examines the cost implications of sustainability inaction within the shipping

industry. By employing a discounted cash flow approach and forecasting until 2050, we

assess the influence of the European Union’s Emissions Trading System and the revised

Energy Taxation Directive on the share prices of five shipping firms across three scenar-

ios. These scenarios encompass full decarbonization by 2050, achieving the goals outlined

in the International Maritime Organization’s Greenhouse Gas Strategy, entailing a 50%

reduction in total emissions, and a trajectory aligned with the long-term growth of each

company. Our analysis reveals that scenario 1 yields the highest share prices, followed by

scenario 2 and scenario 3, highlighting potential costs associated with neglecting sustain-

ability initiatives. However, the di↵erences across the scenarios are generally marginal,

indicating that the regulations and associated costs have limited impact on share prices,

regardless of the chosen emission trajectory. Additionally, our findings suggest that the

regulations will a↵ect the industry in an uneven manner, potentially disrupting competi-

tion based on specific market segments.
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1 Introduction

1.1 Introduction of the problem

Shipping plays a crucial role as the most e�cient mode of transport, facili-

tating 80% of global trade volume (United Nations Conference on Trade and

Development 2022). However, the sector represents a significant source of

Greenhouse gas (GHG) emissions, contributing to severe damage to the envi-

ronment, resources, and human health. Estimates by the International Mar-

itime Organization (IMO) suggests that the industry accounts for 2.9% of total

carbon dioxide (CO2) emissions and 13% of emissions from the transport sector

(International Maritime Organization 2020). Predictions indicate that these

emissions could increase between 50% and 250% by 2050, depending on various

scenarios (Fovrum et al. 2022). Given the continued growth and expansion of

the sector, the need for responsible shipping practices has never been more

pressing.

With the growing awareness of climate change risks and opportunities, in-

vestors and stakeholders are increasingly demanding action from companies

within the shipping industry to mitigate their environmental impact. This de-

mand is fueled by the development of new regulations a↵ecting the industry.

In particular, the European Union (EU) has reached an agreement on includ-

ing shipping in its Emission Trading System (ETS) from 2024. Additionally, a

revision of the current Energy Taxation Directive (ETD) is deemed crucial to

complement this measure. E↵ective from 2023, the revised ETD introduces a

minimum tax on energy products supplied as fuel for vessels. These regulatory

implementations are expected to have a significant impact on the industry’s

profitability (Hesse 2023). To comply with these regulations, companies will

need to incur significant costs associated with vessel upgrades, investments in

new technologies, and exploration of alternative fuel options. Non-compliance

will result in penalties and additional expenses, potentially a↵ecting the finan-

cial stability of these companies (Vierth et al. 2023).
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Despite mounting pressure, many companies in the shipping industry have

yet to take action, raising the question about the potential cost of inaction

regarding sustainability. Current evaluation models do not adequately factor

in the cost of inaction, or accurately value sustainability. Neglecting sustain-

able initiatives will not only harm the environment but potentially also the

profitability of shipping firms. One of the most critical initiatives that com-

panies must prioritize is the future fuel composition. With the push towards

decarbonization, it is imperative to explore alternative options such as biofu-

els, hydrogen, and ammonia to reduce the sector’s carbon footprint (Serra &

Fancello 2020).

Consequently, the purpose of this this thesis is to develop an innovative val-

uation model for assessing the impact of regulatory frameworks on the share

prices for companies operating in the shipping industry. In particular, the

model will be applied to di↵erent trajectories for emissions reduction. This

model aims to investigate whether the costs that companies may incur by dis-

regarding sustainability initiatives, such as neglecting the adoption of environ-

mentally friendly fuel compositions, are significant enough to drive substantial

changes towards decarbonization.

1.2 Objectives

To fulfil the purpose outlined above, we will leverage the EU ETS and ETD

and its relations to the share price. By constructing a model that explores the

influence of these regulations on share prices, we aim to develop a valuation

model for shipping firms a↵ected by these directives. The result is an equity

valuation model which will be applied on several companies. The modelled

share price estimate will be compared in three di↵erent scenarios, together with

a sensitivity analysis. By doing so, this thesis seeks to address the research

question outlined below.

To what extent does the inclusion of shipping in the European Union’s Emis-

sions Trading System and the subsequent revision of the Energy Taxation Di-

rective a↵ect the share prices of shipping companies, and what are the financial

implications associated with di↵erent trajectories for emissions reduction?
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This study will contribute to the growing body of research on sustainability in

the shipping industry, and provide insights regarding the e�cacy of new regu-

lations. The concept of being a ”first mover” in sustainability carries inherent

risks, as investing in the wrong solution can potentially endanger a company’s

future. However, this study takes a di↵erent perspective by examining the

consequences of not investing in sustainable initiatives.

1.3 Road map

The purpose of this section is to present an overview of the structure of the

thesis. The thesis is composed of nine chapters, each designed to address the

research question.

After the introduction, we review the existing literature on Market-Based Mea-

sures (MBMs), with a particular focus on the e↵ectiveness of the EU ETS and

ETD as appropriate MBMs. Additionally, the review explores the financial

implications of including shipping in the ETS and the subsequent revision of

the ETD. These findings form the basis of our research and provide a foun-

dation for the model to assess the financial costs of these measures across

di↵erent emissions reduction trajectories, thus capturing the cost associated

with inaction. Chapter three introduces the shipping industry and identifies

the companies that we will apply the model to, namely Wallenius Wilhelmsen,

Frontline, Stolt-Nielsen, Klaveness and Golden Ocean Group. Chapter four,

outlines the valuation approach, which is based on the Discounted Cash Flow

(DCF) method. Chapter five analyzes the freight emissions data, construct the

model, and calculates the carbon costs associated with the implementation of

the EU ETS and ETD regulations from 2022-2050. Chapter six presents the

primary findings of the valuations, including a comparative analysis of the es-

timated share prices in three distinct scenarios. Chapter seven evaluates the

results using sensitivity analysis, examining the impact of variables such as the

Weighted Average Cost of Capital (WACC), growth assumption and carbon

costs, on the validity of the model. In Chapter eight, we provide recommenda-

tions for future research, followed by a conclusion summarizing the key findings

of the thesis in Chapter nine.

1.4 Notes

The valuation computations were based on the information accessible as of

December 31st, 2021 and the forecast period of the freight emissions starts on

the same date, as this was the available emission data at that time.
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2 Literature Review

This literature review examines the e↵ectiveness of MBMs in mitigating GHG

emissions from the shipping industry. Additionally, it investigates the existing

body concerning the EU ETS and the subsequent revision of the ETD as

appropriate MBMs to incentivize shipping companies towards decarbonization.

The review aims to provide insights into the potential of MBMs in driving

sustainable practices in the maritime sector.

2.1 Market-Based Measures and Abatement of Green-

house Gas Emissions from Shipping

A multitude of climate policy instruments have been developed over time for

the abatement of GHG emissions across industrial sectors, including shipping.

These instruments have gained importance within the realm of climate regula-

tions, with the Paris Agreement being the most recent and binding agreement

under the United Nations Framework Convention on Climate Change (United

Nations Framework Convention on Climate Change 2015). In addition to con-

ventional ‘command and control’ regulations that impose absolute limits on

emissions, the adoption of MBMs has emerged as a successful approach in

addressing environmental challenges (Meckling & Hepburn 2013). MBMs are

policy tools designed to mitigate GHG emissions by placing a price on carbon.

By adhering to the ’polluter pays principle’, MBMs internalize the negative

external environmental cost associated with emissions, compelling the polluter

to compensate for the cost (Lagouvardou, Psaraftis & Zis 2020). According

to (Psaraftis 2012), MBMs have the potential to incentivize investments in

energy-e�cient technologies, promote the use of alternative fuels, and thereby

contribute to the abatement of GHG emissions within the shipping industry .

In a study conducted by (Culliane & Yang 2022), it is asserted that zero-carbon

fuels represents the optimal trajectory for the shipping industry to achieve

decarbonization. However, the study emphasizes the necessity for further in-

novation to fully realize this objective. While operational and technological

innovations are necessary, the study contends that they alone are unlikely to

fully decarbonize the shipping industry in the foreseeable future, necessitating
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the implementation of MBMs. Without such measures, the aggregate GHG

emissions of the shipping industry are projected to persistently increase under

a ’Business-as-Usual’ scenario. This is attributed to the continuous growth

of international trade and the shipping industry itself, outpacing incremental

improvements in operational and technological energy e�ciency (Culliane &

Yang 2022). This notion is supported by (Lagouvardou, Psaraftis & Zis 2020),

who note that considering the projected growth of 39 % in world trade by

2050, technical and operational measures are insu�cient to reduce emissions,

thereby underscoring the requirement for MBMs.

However, existing literature emphasizes that the e↵ectiveness of MBMs in

achieving emission reduction targets and the challenges associated with their

implementation, such as measurement, reporting, and verification (MRV) of

emissions, have become subject of debate within the industry. Despite the

growing recognition of the need for MBMs to reduce GHG emissions, oppo-

sition from certain developing countries persists. The opposition is primarily

rooted in concerns about the uncertainties surrounding the form of MBMs,

apprehensions regarding their economic impacts, and doubts about the reg-

ulatory competence of the IMO in e↵ectively governing MBMs (Shi 2016).

Although MBMs have been introduced and implemented in the shipping in-

dustry, (Culliane & Yang 2022) emphasizes in their study that it may take

time to ascertain their precise e↵ectiveness in reducing GHG emissions. While

MBMs possess the potential to initiate the necessary changes for emissions

reduction, (Lagouvardou, Psaraftis & Zis 2020) emphasizes that the prospect

of complete decarbonization can only be envisioned if MBMs are appropriately

designed to stimulate the transition towards new fuels and propulsion systems.

2.2 Inclusion of Shipping in The European Union’s Emis-

sions Trading System (ETS) and Energy Taxation

Directive (ETD)

In July 2021, the European Commission introduced the ‘fit for 55’ package to

update its existing climate and energy legislation to achieve a minimum 55%

reduction in GHG emissions by 2030 relative to 1990 levels (European Com-

mission 2023). This package includes several proposals such as the inclusion of

shipping in the EU ETS and the subsequent revision of the ETD. However, the

e�cacy of these measures as appropriate MBMs for mitigating GHG emissions

remains a subject of debate in the existing literature.
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The integration of shipping into an ETS is advantageous from the perspec-

tives of cost-e↵ectiveness, market transparency, and stability, as supported by

scholarly research (K̊ageson et al. 2009; Koesler, Achtnicht & Köhler 2015;

Gu, Wallace & Wang 2019). Increasing demand for transparency in shipping

operations, driven by customer expectations and awareness of sustainable con-

sumption, has the potential to shape emission reduction and sustainability

e↵orts of shipping companies. This transparency serves as an incentive for

companies to actively pursue emission reduction and sustainability, as it en-

hances their reputation and fosters long-term business relationships. Shipping

firms that have established a reputation for being responsible are preferred by

shippers, leading to continued business opportunities (Xue & Lai 2023).

According to (Koesler, Achtnicht & Köhler 2015), an ETS o↵ers two main

advantages. Firstly, it ensures environmental e↵ectiveness by setting a cap

on the total permitted emissions within the system. Secondly, it can achieve

environmental benefits in a cost-e�cient manner. By assigning a price to emis-

sions, regulated entities treat their emissions as a regular production factor,

thus encouraging rational deployment in their production processes. A study

by (Kosmas & Acciaro 2017) emphasize that the scheme would favour more

energy-e�cient operators, and penalise progressively the less environmentally

friendly. Comparison with the aviation sector, which was included in the EU

ETS in 2012, reveal that airline companies have made substantial investments

in clean technologies, including alternative fuels and energy sources, to remain

competitive in the long rung, considering the gradual increase in allowance

prices (Meleo, Nava & Pozzi 2016). Further, the success of various ETS imple-

mentations in other sectors, such as the Regional Clean Air Incentives Mar-

ket (RECLAIM) program for the abatement of SOx emissions in California

(K̊ageson et al. 2009), further supports the feasibility and e↵ectiveness of an

ETS. Additionally, (Dessens et al. 2014) reports that the inclusion of shipping

in the scheme has the potential to reduce emissions by up to 65% from 2000

to 2050, relative to a base scenario that relies solely on fossil fuels.

However, the implementation of such a scheme may involve several di�culties.

(Koesler, Achtnicht & Köhler 2015) emphasize carbon leakage as one signifi-

cant di�culty. In the context of shipping, carbon leakage primarily refers to

the concern of shipping firms altering their activities to avoid being subject to
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the regulation, for instance by adapting their operation patterns. (Psaraftis

2012) also notes carbon leakage as a potential challenge in the context of ETS.

The study points out that exemptions within the scheme, such as the ship size

cut-o↵ at 5,000 gross tonnage and the exemption of cargoes associated with

Small Island Developing States (SIDS), raise concerns. These exemptions can

potentially create a situation where tra�c is diverted to these countries, leading

to the development of mega transshipment hubs solely for evading emissions

regulations. Consequently, the potential for evasion within the ETS framework

is significant, as noted by (Psaraftis 2012). Furthermore, (Koesler, Achtnicht

& Köhler 2015) note that the cap itself is considered a critical element of an

ETS. The shipping industry is acknowledged to be highly cyclical, and as the

cap within an ETS sets a fixed amount of emission allowances, variations in

the demand for allowances can heavily a↵ect the price of emissions. This may

result in increased price uncertainty. Moreover, the e↵ectiveness and ambition

of these measures remain subjects of debate, with some scholars arguing that a

’command and control’ carbon tax might be a more e↵ective alternative to an

ETS. (Wu et al. 2022) state that while an ETS is more market-oriented, it is

also more complex compared to a carbon tax. Their study raises uncertainty as

to whether an ETS is the superior mechanism, highlighting the ongoing debate

surrounding the optimal policy instrument for addressing shipping emissions.

The enforcement of the EU ETS in 2005 has led to the inclusion of over 11,000

heavy energy-using installations (Terxidó, Verde & Nicolli 2019). However,

including an international sector that operates globally like shipping, into a

regional scheme has presented challenges and may potentially induce counter

e↵ects on trade within the EU (Lagouvardou, Psaraftis & Zis 2020). The

report emphasizes that while total emission from the participating sector in

the EU ETS have decreased, emissions from aviation, another international

sector like shipping, have increased since its inclusion in the scheme. This

finding underscores the need for regulating internationally trading sectors on

a global scale. The inclusion of shipping in the EU ETS has also been exam-

ined by (Miola, Marra & Ciu↵o 2011), who observe that although the flexible

nature of MBMs and the EU ETS provide a definite window of opportunity

without imposing a unnecessary high burden on the sector, the development

of a regional policy at the European level for the shipping sector faces several
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obstacles. These include challenges related to emission allocation, carbon leak-

age, permit allocation, handling of the wide diversity of ship types, sizes, and

fuel consumption, as well as transaction costs. (Miola, Marra & Ciu↵o 2011)

further note that as economies of scale emerge, the issue of higher transaction

costs can impact small firms with lower carbon emissions, potentially increas-

ing the cost of European shipping and creating competitive distortion in the

whole sector.

Overall, the inclusion of the shipping in the EU ETS and the subsequent re-

vision of ETD have garnered significant scholarly discussion regarding their

potential economic impacts and e↵ectiveness. Researchers have examined var-

ious factors that influence these impacts, with a particular focus on the design

features of the schemes. Elements such as geographical scope, the price of

emission allowances, and allocation methodology have been identified as crucial

determinants of the economic outcomes (Christodoulou et al. 2021). Although

the ETS and ETD have achieved notable success in reducing GHG emissions

within the EU, concerns remain about their e↵ectiveness in the shipping in-

dustry. One specific concern is that the current prices of emission allowances

are insu�ciently high to create a significant incentive for shipping companies

to undertake substantial e↵orts in reducing their emissions. Studies have con-

cluded that, in comparison to fuel prices and their volatility, the additional

costs and risks associated with a maritime ETS are assessed as rather modest

(Koesler, Achtnicht & Köhler 2015). This limitation hampers the scheme’s

ability to drive substantial changes in behavior and encourage the adoption of

cleaner practices across the industry (Edenhofer et al. 2017).
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3 The Shipping Industry

The purpose of this chapter is to delve into the shipping industry, providing

essential comprehension for valuation and modeling objectives. The chapter

commences with an industry overview, before focusing on the benefits of taking

action on sustainability in shipping. Subsequently, we present and highlight

the key characteristics of the valued firms in the model.

3.1 Perspectives of the Industry

Throughout history, shipping has played a crucial role in driving economic

growth, dating back as far as 5,000 years. Over the centuries, sea routes

have remained the primary mode of global transportation, serving as vital

arteries of trade and commerce. However, the maritime sector is not without

its challenges. It is characterized by high volatility, intense competition, and

a dependence on political stability and secure passage (Stopford 2009). These

factors contribute to market uncertainty, making future projections reliant on

various macroeconomic factors.

The shipping industry faces a unique and complex challenge in reducing its

environmental impact, particularly when it comes to emissions. Unlike other

sectors like power generation or road transportation, shipping encounters dis-

tinct technical, operational, and regulatory barriers (Serra & Fancello 2020).

For instance, ships have long lifespans, often exceeding 20 years, which makes

the adoption of new technologies and fuels a gradual process. Further, ships

operate within di↵erent jurisdictions, making it di�cult to harmonize regu-

lations and ensure universal compliance. In addition, the capital-intensive

nature of the industry poses a hurdle to implementing sustainability measures,

as significant investments may not always yield immediate returns. However,

the industry recognizes the need for action, considering the potential conse-

quences of inaction. Sustainability has emerged as a critical issue within the

shipping industry, driven not solely by environmental concerns, but also by

economic and social factors. The implications of sustainability regulations on

the future of shipping are significant. Compliance with these regulations can

lead to operational and cost e�ciencies, such as fuel savings and lower insur-

ance premiums (United Nations Conference on Trade and Development 2022).

Moreover, companies that prioritize sustainability may gain a competitive edge
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by meeting the increasing demand of consumers and investors for environmen-

tally responsible practices. Failure to comply with sustainability regulations

can result in reputational damage and financial risks, as stakeholders increas-

ingly value companies that demonstrate a commitment to sustainability. The

potential long-term impact on profitability resulting from reputational dam-

age and the loss of customers and investors should not be underestimated.

While the immediate penalties associated with non-compliance with regula-

tions may appear manageable, the hidden costs of non-compliance can inflict

greater harm on a company’s financial health in the long run. In the face

of a rapidly changing global economy, companies that prioritize sustainability

position themselves favorably for future success (Tran et al. 2020).

3.2 Benefits of Taking Action on Sustainability for a

Company within the Shipping Industry

Taking action on sustainability within the shipping industry is driven by a com-

bination of regulatory requirements, customer pressure, market competition,

and the numerous benefits it o↵ers in economic, environmental, resources, and

social aspects. Beyond these motivating factors, there are performance benefits

that incentivize shipping firms to prioritize sustainability in their operations.

By providing responsible shipping services that support sustainable production

and consumption in other industries, shipping companies have the opportunity

to contribute to responsible practices while also achieving their own sustain-

able growth (Xue & Lai 2023). While responsible operations may initially

involve significant investment costs for innovation and organizational changes,

the adoption of e↵ective technologies and operational upgrades can lead to

cost and resource reductions, thereby enhancing the economic, environmental,

social, and resource-related benefits.

One of the most appealing benefits for shipping companies is the potential

for increased profitability and improved business performance. Research has

shown that environmentally conscious shipping lines can achieve higher re-

turns compared to those solely focused on profit maximization (Lin, Juan &

Ng 2021). Furthermore, the implementation of shipping designs that comply

with environmental standards, a key aspect of green shipping, has been em-

pirically demonstrated to be beneficial for shipping companies’ financial and
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service performance, particularly when accompanied by robust policies, pro-

cedures, and shipper cooperation (Chang & Danao 2017). By implementing

sustainability-related initiatives, shipping companies can improve their corpo-

rate evaluations, enhance customer satisfaction, and increase market value,

ultimately leading to greater profitability (Zhoue, Li & Yen 2023).

Additionally, there is growing recognition within the literature about the po-

tential for stranded assets and resources in the shipping sector due to future

climate change mitigation regulations. The long lifetimes and substantial costs

associated with ships and marine fuel infrastructure make them susceptible to

the risks of stranded assets. Delaying the implementation of low-carbon tech-

nologies increases the likelihood of assets becoming stranded and undermines

e↵orts to meet the commitments outlined in the Paris Agreement, including

the target of limiting global warming to 2°C or even 1.5°C (Traut et al. 2018).

3.3 Firm Presentation

In this section, we will provide a brief overview of the companies that we

will test the model on through equity valuation. The sample of companies

chosen for this study was selected to represent the shipping industry and its

exposure to sustainability-related risks. To this end, the Oslo Shipping Index

was chosen as a starting point as it is widely regarded as a reputable bench-

mark for the shipping industry, and comprises some of the largest and most

influential shipping companies in the world. Specifically, five companies were

chosen for inclusion in the study, namely Wallenius Wilhelmsen, Frontline,

Stolt-Nielsen, Klaveness, and Golden Ocean Group. The selection of these

companies was based on several criteria, including market capitalization, in-

dustry diversification, and availability of financial data, which would allow

for a comparison of their performance and valuation under di↵erent scenarios.

The companies selected all have a significant presence in the market, but with

di↵erent sustainability profiles, allowing for a comprehensive analysis of their

sustainability-related risks. By including a diverse set of companies, the study

aims to provide a more comprehensive understanding of the industry.
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3.3.1 Wallenius Wilhelmsen

Wallenius Wilhelmsen is a prominent Norwegian-Swedish company founded

in 1999 through the merger of two shipping firms: Wallenius Lines and Wil-

helmsen Lines. With its headquarters located in Oslo, Norway, the company

operates as a global logistics provider. Its primary business is the transporta-

tion of cars, trucks, and other rolling cargo, as well as heavy equipment and

breakbulk cargo. Wallenius Wilhelmsen is listed on the Oslo Stock Exchange

(OSEX) and has a market capitalization of approximately USD 2.4 billion as

of December 2021 (Refinitiv). The company’s closing share price stood at USD

5.75 as of December 31, 2021 (Nordnet). Wallenius Wilhelmsen operates in

over 20 countries and maintains a workforce of approximately 7,000 employees

(Wallenius Wilhelmsen 2022).

3.3.2 Frontline

Frontline is a crude oil transportation company that was established in 1985

and is currently headquartered in Bermuda. It is listed on both the OSEX

and New York Stock Exchange (NYSE). As of December 31, 2021, Frontline’s

closing share price stood at USD 7.14 (Nordnet) and the market capitalization

at approximately USD 1.5 billion (Refinitiv). Over the years, the company

has undergone a series of acquisitions, restructurings, and rebuildings, shaping

its complex history. Currently, their fleet consists of 66 vessels. Frontline

has made notable e↵orts to address environmental concerns, by embracing

innovative and e�cient shipping solutions (Frontline 2022).

3.3.3 Stolt-Nielsen

Stolt-Nielsen Limited is a Norwegian-based company that provides integrated

transportation, storage, and distribution solutions for various chemicals and

other bulk liquids. The company was founded in 1959 and is listed on the

OSEX. As of December 21, 2021, its market capitalization was around USD

0.8 billion (Refinitiv) and the company’s closing share price was USD 15.5

(Nordnet). Stolt-Nielsen operates a fleet of over 150 vessels, including parcel

tankers, tank containers, and tank terminals. The company has a strong global
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presence, with operations in Europe, North and South America, Asia, and the

Middle East (Stolt-Nielsen Limited 2022).

3.3.4 Klaveness

Klaveness is a Norwegian shipping company founded in 1946. The company is

headquartered in Oslo, and operates on a global scale across multiple segments

of the shipping industry, including dry bulk, container, and tanker shipping.

In addition to its shipping activities, Klaveness provides ship management ser-

vices and specializes in delivering tailored transport solutions. As of December

31, 2021, the company’s market capitalization was approximately USD 0.3 bil-

lion, and its closing share price was USD 5.24 (Nordnet). Klaveness employs

over 1,000 people. Notably, the company has placed a strong emphasis on

sustainability, prioritizing innovative and e�cient shipping solutions that have

contributed to reduced emissions and enhanced environmental performance

(Klaveness 2022).

3.3.5 Golden Ocean Group

Golden Ocean Group is a Norwegian shipping company specializing in dry bulk

shipping. The company was founded in 2004 and is headquartered in Oslo,

Norway. It owns and operates a fleet consisting of 81 vessels. With a strong

commitment to sustainability, the company has made significant investments

in fuel-e�cient vessels and energy-saving technologies, aiming to minimize its

carbon footprint. Golden Ocean Group is listed on the OSEX, boasting a

market capitalization of around USD 1.9 billion (Refinitiv) and a closing share

price of USD 9.04 (Nordnet) as of December 31, 2021. The company operates

on a global scale and has o�ces in Singapore, Bermuda, and Norway, with a

workforce of approximately 450 employees (Golden Ocean Group 2022).
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4 Valuation Setup

The aim of this section is to explain the valuation approach used in our model,

covering both theoretical insights and the practical process for valuing the

selected companies. It provides an overview of the valuation techniques, with

a focus on shipping-specific elements. The section includes an explanation of

Enterprise Value (EV) and the implementation of the Free Cash Flow (FCF)

method within our model. Lastly, it o↵ers a detailed description of how free

cash flows and their inputs are applied.

4.1 Enterprise Value

The theoretical takeover price for a company is often referred to as the En-

terprise Value (EV). It represents the total value of the company’s equity and

debt net of liquid assets, typically consisting of Cash and Cash Equivalents.

The EV can be calculated using the following formula:

EV = Vequity + Vdebt + Preferred Equity +Minority Interest� Cash and Cash Equivalents

(4.1)

Enterprise Value�Value of Debt + Value of Cash and Cash Equivalents = Equity Value

(4.2)

When a company is acquired, the buyer assumes the responsibility of paying o↵

the company’s debts but has the option to withdraw its cash reserves. Thus,

the calculation of EV includes debt value and excludes liquid assets like cash.

4.1.1 Value of Equity

The total value of outstanding shares of a company represents the market value

of equity. Thus, the share price is determined by dividing the value of equity

by the number of outstanding shares, as shown in Equation 4.2.

Share Price =
Equity Value

Shares Outstanding
(4.3)

In this thesis, the focus is on estimating the equity value using the present

value approach, which involves calculating the present value of free cash flows

and subtracting debt plus liquid assets (usually cash) net of debt.
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4.1.2 Value of Debt

The debt of a company is in our case comprised of both its Long-Term Debt

and the Current Portion of Long-Term Debt, which can typically be obtained

from the annual reports. These reports may provide information on repayment

and issuance plans, as well as current levels and associated interest rates.

To project future debt levels, a constant Debt-to-Equity ratio (D/E ratio)

is assumed to maintain a stable capital structure for discounting the FCF.

The projected debt levels are indirectly determined as a portion of the D/E

ratio from the ending balance in the estimation period, which in our case is

December 31, 2021. It is also assumed that the ratio of long-term to current

portion of long-term debt remains constant. Additionally, based on the stated

repayment plans, new issuance of debt is estimated using the goal seek function

in Excel in order to achieve a value that satisfies the following equation:

Beginning Balance + Issuance = End Balance with respect to constant D/E ratio (4.4)

4.2 Discounted Cash Flow Model (DCF)

The DCF method is a way to estimate the intrinsic value of an asset by calcu-

lating the present value of expected cash flows over its lifetime, discounted for

both risk and the time value of money. To address the di�culty in projecting

future cash flows, the forecast period is often split into one explicit forecast

period and one subsequent period called the Terminal Value (TV), which is

shown in Equation 4.5. While the DCF method has drawbacks, such as a

dependency on stable cash flows and subjectivism, it remains a widely used

valuation method.

Value of Business =
NX

t=1

E[CFt]

(1 + r)t
+

TVN

(1 + r)N
(4.5)

4.2.1 Our Valuation Approach

In our analysis, we began by establishing a base case that excluded the impact

of carbon costs, serving as a reference point for evaluating the e↵ects of di↵erent

decarbonization scenarios on share prices. Subsequently, we integrated the

carbon cost associated with the implementation of the EU ETS and ETD into
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the DCF method. This integration allowed us to assess the e↵ects of these

regulations on the DCF and share prices of the companies, providing a deeper

understanding of their influence on the intrinsic value of equity.

One main objective of our thesis is to investigate whether the financial impact

of prioritizing full decarbonization versus neglecting sustainability ambitions

altogether is significant enough to compel companies across the shipping in-

dustry to make substantial investments. To analyze this, we employed scenario

analysis. The scenarios depict potential decarbonization pathways without as-

suming the likelihood of their realization, thereby avoiding a definitive view

of the future. To validate our model, we examined three di↵erent scenarios

based on decarbonization ambitions, relying on the main scenarios from DNV

Maritime Forecast to 2050 (Fovrum et al. 2022). These scenarios encompass

two decarbonization pathways and one business-as-usual pathway.

The first, Decarbonization by 2050, assumes full decarbonization of the

fleet by 2050. This ambitious pathway necessitates the implementation of strin-

gent operational requirements or high carbon pricing measures, and involves a

rapid transition to alternative fuel types to achieve complete decarbonization.

The second, IMO ambitions, aligns with the goals set in the current IMO

GHG Strategy, which targets a 50% reduction in total GHG emissions by 2050

compared to 2008 levels. This scenario considers the implementation of rig-

orous operational requirements or moderate carbon pricing measures to drive

emission reductions. The third scenario, No ambitions, assumes emissions

will increase in line with the growth of the company, without significant e↵orts

to reduce emissions. By exploring these three scenarios, we gain a compre-

hensive understanding of the potential outcomes and implications of di↵erent

decarbonization pathways for the shipping industry.

4.3 Free Cash Flow

Free Cash Flow (FCF) represents the net cash generated by a company’s oper-

ating activities after deducting capital expenditures. It is the cash flow avail-

able to be distributed among all security holders, including equity holders,

creditors, and preferred stock holders. Estimating the EV requires calculating

FCF as the initial step before discounting the cash flows. In our analysis, we

decompose FCF using the direct method:
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� Cost of Goods Sold (COGS)

�General and Administrative Expenses (G&A)

�Other Operating Expenses

�Depreciation

= Operating Profit

� Cash Tax

= NOPLAT

+Depreciation

� Increase in Net Working Capital (NWC)

� Investment in CAPEX

= Free Cash Flow

4.3.1 Cost

The cost projection is based on the revenue estimation, which serves as the

fundamental driver. Initially, the average ratio of each cost factor to the his-

torical values of total revenue is determined. Subsequently, these ratios are

applied to the forecasted revenues to estimate the costs for each future year

within the forecast period, corresponding to the respective factors.

4.3.2 Depreciation

The projection of depreciation rates follows a similar approach to the cost pro-

jection, but with a distinction in the driver utilized. Depreciation is assumed

to be influenced by the level of fixed assets over the course of a year. Thus,

the driver used is the ratio of depreciation to the average level of fixed assets

for the current and past accounting year.

As depreciation is a non-cash expense eligible for tax deductions, it is added

back to the Net Operating Profit Less Adjusted Taxes (NOPLAT) since it

represents the wear on capital. During the forecast period, depreciation is

estimated as a percentage of total revenues, with the ratio aligning with the

average percentage of revenues from the estimation period. It is worth noting
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that amortization has been excluded from the analysis due to the lack of dis-

closure on the breakdown between amortization and depreciation in shipping

company reports. Hence, we assume amortization to be zero.

4.3.3 Cash Tax

Shipping companies are often based in tax havens like Bermuda, which typ-

ically have minimal tax liabilities on Earnings Before Interest, Taxes, and

Amortization (EBITA) due to the 0% domestic tax rate. Their tax costs pri-

marily stem from harbor usage fees, which constitute a small proportion of

their expenses worldwide. To determine cash tax, we rely on the income tax

provision and calculate an implied marginal tax rate based on historical tax

expenses. In our model, cash tax aligns with the tax from the income provision

since detailed tax information is unavailable in the annual reports. We cal-

culate the marginal tax rate as the average percentage of pre-tax income and

utilize it to estimate future income tax provisions by multiplying operating

income.

4.3.4 Increase in Net Working Capital

In the calculation of FCF, Net Working Capital (NWC) is determined by net

receivables and inventory with accounts payable. An increase in current assets,

such as inventory, requires a cash outflow and therefore has a negative impact

on cash flow. A positive change in NWC indicates higher cash disbursement

by the company during the specified period. Thus, an increase (or decrease)

in NWC from the previous year is subtracted (or added) after calculating the

NOPLAT to obtain FCF.

To project future NWC levels and its change, each of its components is individ-

ually forecasted. The estimation of inventory utilizes the inventory turnover

ratio, derived from total cost of revenue divided by inventory level. Net re-

ceivables projection is based on historical average days to collect cash.

4.3.5 CAPEX

Capital Expenditures (CAPEX), which involves cash outflows for machinery,

equipment, and fixed asset replacement or upgrades, has a negative impact
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on FCF. Predicting this cash flow in the shipping industry is challenging due

to the complex strategic nature and seasonal trends of the industry. It is not

guaranteed that companies will decrease CAPEX during unfavorable times or

increase them during favorable times. Even in challenging periods, vessel pur-

chase could be a strategically wise decision if future prospects are promising.

In our model, CAPEX projection is based on historical percentages of Earnings

Before Interest, Taxes, and Depreciation (EBITD) for each year. To address

seasonality, a ”normal” year is defined in the valuations of each company. If

there is a more negative EBITD resulting in higher CAPEX, it is considered

a special case since it lacks logical alignment.

4.3.6 Other

The analysis also considers investments in goodwill. However, since the model

does not assume any future acquisitions, it assumes zero investments in good-

will. Investors who possess such information can incorporate it to enhance the

accuracy of the estimates.

4.3.7 Terminal Value

As mentioned previously, the valuation of a company can be divided into two

estimation periods. The Terminal Value (TV) represents future cash flows that

extend far into the future, making them challenging to forecast accurately. To

overcome this challenge, it is common to assume a growth rate (g) for the

FCF from the last forecast period and use this to forecast the following year

FCF. In our model, which estimates FCF indefinitely, we employ a perpetuity

growth model. This model treats the TV as an infinite annuity, using the cost

of capital as the discount rate and the assumed long-term growth rate (g) as

the growth rate. Mathematically, the expression of TV is the following:

TV = (FCFn+1)⇥
1 + g

r � g
(4.6)

The growth rate (g) is a company-specific assumption that reflects the expected

average growth of FCF. Since all the companies in our analysis belong to the

same industry, we apply a common terminal growth rate of 2.25%. This rate is
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based on the 5-year Forward Inflation Expectation Rate from St. Louis Fed in

2021 (Federal Reserve Bank of St. Louis 2023). By using this growth rate, we

assume no real growth. To maintain neutrality, we project the TV as neutrally

as possible, and therefore, we consider the inflation forecast to be a reasonable

measure for this purpose.

4.4 The Discount Rate

This section discusses the theory and application of the Weighted Average

Cost of Capital (WACC) in our model. The WACC is used to discount the

FCF in order to account for both operational risk and the time value of money

when calculating EV. It consists of three components: the cost of equity, the

cost of debt, and financial leverage. Mathematically, it is expressed as follows:

WACC = RE ⇥ E

D + E
+RD ⇥ D

D + E
⇥ (1� tc) (4.7)

Here, RE represents the cost of equity, RD represents the cost of debt and

(1-tc) is the tax shield on debt. The remaining components are the equity and

debt ratios. The tax shield arises from the tax-deductible nature of interest

expenses, increasing the cash flows for stock- and bondholders, and enhancing

company value.

The cost of equity is determined by the relationship between capital structure

and equity beta, given by the following equation:

�A = �D ⇥ D

D + E
+ �E ⇥ E

D + E

�E = �A + (�A � �D)⇥
D

E

RE = Rf + �E ⇥ (Rm �Rf )

Increased leverage raises the riskiness of equity investments (�E) and requires a

higher cost of equity (RE) as compensation. Thus, there is a trade-o↵ between

the cost of equity and the tax benefits of debt. An e�ciently managed company

optimally balances these factors to minimize the WACC and maximize the

present value of the FCF. The tables below present the WACC values for the

respective companies.
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Table 1: Cost of Equity, Cost of Debt and WACC

Cost of Equity Cost of Debt WACC

Wallenius 6.76% 5.95% 6.59%

Frontline 6.53% 3.24% 4.65%

Klaveness 3.37% 3.60% 3.41%

Stolt-Nielsen 3.45% 5.32% 5.40%

Golden Ocean 6.56% 3.86% 5.51%

4.4.1 Cost of Equity

The cost of equity is a crucial component of the WACC calculation, as it repre-

sents the required rate of return for shareholders. It compensates shareholders

for the risk associated with owning company shares. The cost of equity can be

expressed as:

RE = Rf + Risk Premium (4.8)

Equity is considered riskier than debt, which is why you need to add a premium

above the risk-free rate as a compensation. This is due to factors such as fixed

debt payments, collateral, and priority in case of default. There are di↵erent

methods to calculate the cost of equity, with the dividend discount model and

CAPM being commonly used.

The dividend discount model estimates the cost of equity based on the present

value of predicted dividend payouts. However, the model has limitations in

volatile industries like shipping, where reliance on price changes and dividend

forecasts may be challenging. It is also dependent on future cash flow estimates

and dividend policies set by the respective firms.

CAPM

The CAPM (Capital Asset Pricing Model) provides another method to calcu-

late the cost of equity, as shown in the following equation:

RE = �E ⇥ (E[Rm]� rf ) (4.9)
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In this equation, the risk-free rate (rf ), which we assume to be the return on

5-year US Treasury Bills (Federal Reserve Bank of St. Louis 2023), represents

the excess returns of a stock’s response to changes in the market index’s ex-

cess return. The market risk premium, (E[Rm] � rf ), indicates the expected

earnings relative to a riskless asset when the market performs well.

The CAPM relies on two assumptions to estimate RE (Bodie, Kane & Marcus

2014):

Assumption 1: Perfectly competitive markets with frictionless trading, pub-

licly available information, publicly owned and traded securities, and no taxes

or transaction costs.

Assumption 2: Investors with similar characteristics, choose investment

portfolios in the same way, and have homogeneous expectations.

Although these assumptions may not be fully met, the CAPM remains a widely

used tool for estimating the cost of capital. It allows for easier comparison with

other valuations and serves as a good alternative until a more widely accepted

method is available.

Beta

Beta is a compensating risk parameter for investors. It can be calculated as

either the adjusted or unadjusted beta. The shipping sector is known for its

volatility and cyclical nature, which can lead to significant fluctuations in stock

prices. By using the adjusted beta, which considers the historical volatility and

correlation patterns of shipping stocks, we can better capture the industry-

specific risk and make more accurate risk assessments for shipping companies.

We estimate the beta of the companies by utilizing the beta calculated by the

Bloomberg terminal using data correspondingly to our sample period.

Market Risk Premium

The market risk premium can be calculated using di↵erent approaches, such

as historical values or the dividend discount model. Since we do not use the

dividend discount model in our FCF calculation, we rely on historical returns

to estimate the premium. The market risk premium (Rp) is expressed mathe-

matically as follows:

Market Risk Premium = Rm � rf (4.10)
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For our estimate, we use a market proxy provided by PWC, which suggests an

equity market risk premium of 5% as of December, 2021 (PricewaterhouseC-

oopers 2021).

4.4.2 Cost of Debt

The cost of debt (RD) is crucial in determining the present value of free cash

flows (EV) for a company, as a substantial portion of its operations is financed

through debt. By analyzing the annual reports of the companies, we can

identify the loan structure and associated interest rates, which consist of a

risk-free rate (LIBOR) plus a risk premium (margin). To estimate the e↵ective

interest rate paid by a company on its debt, we calculate a weighted average

of the interest expenses for each loan, based on their respective loan values by

using the following formula:

Weighted Interest Rate Loank =(US Treasury5-year + Risk Premium)

⇥ Total Value of Debt

Loan Valuek

(4.11)

In our analysis, we utilized the 5-year Treasury yield for the LIBOR, which

was at 1.26% on December 31, 2021 (Board of Governors of the Federal Re-

serve System 2023). The cost of debt (RD) is then determined as the average

weighted interest rate across all loans, as shown in Equation 4.4.2. We assume

the same interest rate and duration for all interest-bearing debt. This allows

us to disregard the specific type of future interest-bearing debt acquisitions.

Given that we anticipate each liability post to vary based on total revenues,

while assuming a constant D/E ratio, the relationship between these factors

will remain consistent. Consequently, we calculate the e↵ective cost of debt

using the following formula:

RD =
1

n

nX

i=1

Weighted Interest Rate Loank (4.12)
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5 Methodology

This chapter will comprehensively construct the valuation model. By the end

of this chapter, we will have derived the projected values for emissions, fuel

consumption, and associated carbon costs. As the main methodology of our

work, this technical section of the thesis is vital in providing a conclusive

answer to the research question.

5.1 CO2 Emissions and Fuel Consumption Forecast

The accurate forecast of CO2 emissions and fuel consumption in the shipping

industry is of immense significance in understanding the industry’s future en-

vironmental impact and evaluating the e↵ectiveness of decarbonization e↵orts.

In this section, we present a comprehensive forecast for the three distinct sce-

narios that project CO2 emissions and fuel consumption until 2050, providing

valuable insights by considering di↵erent assumptions and ambitions within

the context of shipping decarbonization. This forecast aims to assess the dif-

ferent levels of ambition on the share price and examine the implications of

compliance with the EU ETS and ETD.

The CO2 emissions forecast commences by leveraging historical emissions

data from each ship, spanning the years 2018 to 2021. To project emissions

in scenario 1 (Decarbonization by 2050) from 2022 to 2050, we divide the

historical emissions per ship in 2021 by 29, representing the remaining years

until 2050. This division allows us to determine the annual reduction rate

required for each ship to achieve zero emissions by the target year. In Scenario

2 (IMO Ambitions), the released emissions per ship in 2021 are divided by

2 to get a 50% emission reduction until 2050. Subsequently, this value is

further divided by the remaining 29 years to estimate the annual reduction

rate necessary to meet the IMO goals. In Scenario 3 (No Ambitions), we

consider a situation where no specific decarbonization ambitions are explicitly

taken into account. For this scenario, emissions in 2022 are forecasted by

multiplying the average of historical emissions by the terminal growth of 2.25%,

based on the 5-year Forward Inflation Expectation Rate (Federal Reserve Bank

of St. Louis 2023). For subsequent years, the same growth assumption is
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multiplied with the emissions from the previous year, allowing us to project

emissions until 2050. In each scenario, we aggregate the emissions from all

of the company’s ships on an annual basis to determine the total amount of

released CO2 emissions for each year.

The fuel consumption projections are conducted for the aforementioned

scenarios. In Scenario 1, assumptions from DNV’s Maritime Forecast to 2050

(Fovrum et al. 2022) regarding Heavy Fuel Oil (HFO) consumption are used.

These includes 100% HFO consumption from 2020 to 2030, 60% from 2030 to

2040, 40% from 2040 to 2050, and 0% in 2050. The projected values for fuel

consumption in this scenario are obtained by multiplying the fuel consumption

figures for each ship annually by the corresponding percentages for each time

period, covering the years from 2022 to 2050. Scenario 2 also utilizes forecast

assumptions from DNV, assuming 100% HFO consumption from 2020 to 2030,

80% from 2030 to 2040, 45% from 2040 to 2050, and 40% in 2050. Similarly,

the forecasted values for fuel consumption for this scenario are derived by mul-

tiplying the consumption figures for each ship by the respective percentages

for each time period spanning 2022 to 2050. In Scenario 3, where no specific

decarbonization ambitions are considered, a constant consumption of 100%

HFO is assumed until 2050, and the constant terminal growth rate of 2.25%

is applied to estimate future consumption. The forecasted fuel consumption

values for this scenario are obtained by multiplying the fuel consumption fig-

ures for each ship by the growth rate assumption. For simplicity, we assume a

similar fuel mix for all ships, specifically relying on HFO. This assumption is

based on the historical prevalence of HFO as the primary fuel for propulsion in

many ocean-going vessels (Fovrum et al. 2022). In each scenario, we aggregate

the fuel consumption from all of the company’s ships on an annual basis to

determine the total HFO consumption for each year.

The CO2 emissions and fuel consumption forecasts generated within these

three scenarios, plays a vital role as foundational inputs for constructing the

valuation model. By employing these scenarios, we aim to provide a compre-

hensive understanding of the potential CO2 emissions and fuel consumption

trends until 2050, enabling a systematic and rigorous analysis of the environ-

mental impact and cost considerations associated with various decarbonization

pathways. Integrating the CO2 emissions and fuel consumption projections

into the valuation model enhances our understanding of the implications for

decarbonization e↵orts and energy transition within the sector.
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5.2 Carbon Cost resulting from the EU ETS and ETD

To determine the additional carbon cost from the inclusion of shipping

in the EU ETS, our methodology incorporates several key factors and as-

sumptions. Firstly, the payment periods for reported emissions are based on

the European Commission’s revision of the ETS directive in July 2021 (Eu-

ropean Commission 2023). According to this, 40% of emissions reported in

2024 are to be paid for in 2025, 70% of emissions reported in 2025 are to be

paid for in 2026, and 100% of emissions reported in 2026 are to be paid for

in 2027. These payment periods ensure a gradual transition towards emission

reductions.

The EU ETS imposes a cap on the total amount of emissions that can be emit-

ted, gradually reducing this cap over time to drive emissions reductions. For

emissions released above this cap, a spot allowance price is set at USD 98.74 for

Extra-EU voyages and USD 76.79 for Intra-EU voyages as of July, 2021 (Sør̊as

2022). Each EU ETS allowance represents one tonne of CO2 equivalent. In our

analysis, we considered all shipping routes as Extra-EU voyages, simplifying

the assessment. These voyages involve activities between ports located outside

the EU and ports within the EU. We consider this assumption reasonable as

the selected companies operate both within and outside EU waters, ensuring

consistency in the analysis. Additionally, we consider all ships included in our

analysis to be cargo vessels and passenger ships with a gross tonnage exceed-

ing 5,000, as these are the types of ships covered by the EU ETS. This choice

is based on the assumption that the selected companies align with the size

criteria outlined in the regulatory framework.

To estimate the additional carbon cost associated with the EU ETS, we mul-

tiply the projected CO2 emissions figures annually for each ship with the as-

sumptions and the spot allowance price mentioned above, spanning the years

2022 to 2050. This calculations is conducted for all three scenarios. By doing

so, we can approximate the financial implications and payment obligations as-

sociated with the reported emissions within the specified timeframes. For each

scenario, we aggregate the carbon cost from all of the company’s ships annually

to determine the total carbon cost for each year. The resulting carbon cost is

then included as an expense in the DCF analysis, providing an evaluation of

the carbon cost related to projected emissions within the EU ETS framework.

26



Regarding the additional carbon cost resulting from the revision of the

ETD, our methodology relies on the additional cost per tonne of HFO con-

sumed that the company is required to pay. As of July 2021, this cost amounts

to USD 49.35 per tonne (Sør̊as 2022). To estimate the carbon cost associated

with the HFO consumption until 2050 in all three scenarios, we multiply the

projected fuel consumption figures for each ship by the annual additional cost

per tonne of HFO. For each scenario, we aggregate the carbon cost from all of

the company’s ships annually to calculate the total carbon cost for each year

until 2050. Subsequently, this carbon cost is incorporated as an expense in the

DCF analysis. Through this calculation, we can evaluate the financial impli-

cations for di↵erent decarbonization pathways within the ETD framework.

By incorporating these calculations into our methodology, we gain valuable

insights into the economic implications of carbon costs within the EU ETS

and ETD frameworks. This enhances our understanding of the financial con-

siderations associated with di↵erent decarbonization pathways.

5.3 Data Sample Collection and Description

In this section, we will outline the primary data utilized in our model and its

collection process, including the freight emissions data and financial statement

numbers.

5.3.1 Freight Emissions Data

To ensure accuracy and reliability of our analysis, the freight emissions data

utilized is sourced from the European Commission’s Monitoring, Reporting,

Verification (MRV) system of carbon dioxide emissions from maritime trans-

port (European Maritime Safety Agency 2023). This robust framework is

specifically designed to monitor and verify GHG emissions from ships oper-

ating within EU waters. Under the MRV system, shipping companies are

obligated to collect and report detailed information on fuel consumption, ves-

sel activity, and other relevant parameters. This meticulous data collection

process ensures the highest levels of transparency, accountability, and consis-

tent monitoring of emissions within the shipping industry. The integration of

MRV data in this study holds significant value due to the regulatory nature of

27



the system. By leveraging this dataset, our study benefits from reliable and

verified information, establishing a solid foundation for the analysis. Thus,

the inclusion of MRV data ensures that the findings and conclusions drawn

from this study are grounded in a trustworthy basis, further strengthening the

overall integrity of our research.

It is important to note that not all ships belonging to the selected companies

in our analysis have reported their emissions to the MRV database. This can

be attributed to various factors, including compliance challenges and a lack of

awareness or understanding among ship owners or operators. Furthermore, al-

though the European Commission has established penalties for non-compliance

with MRV reporting requirements, the e↵ectiveness of enforcement mecha-

nisms may be limited in monitoring and penalizing all non-compliant ships,

potentially contributing to incomplete reporting.

5.3.2 Financial Statement Numbers

In order to conduct the valuation, we collected financial data from the annual

reports of the subject companies for the five previous years preceding the fore-

cast period, specifically from 2017 to 2021. The ”Income Statement,” ”Balance

Sheet,” and ”Cash Flow Statement” sections of these reports provided crucial

financial information regarding the companies’ performance, position, and cash

flows. To ensure the suitability of the data for our analysis, we reformatted

the data, by standardizing the financial information to align with the valua-

tion methodology employed. This standardized format allows for accurate and

comparable analysis of the financial data.

It is important to acknowledge that the shipping industry’s confidentiality poli-

cies impose limitations on the level of detail disclosed in the annual reports.

Despite e↵orts to obtain more specific data, we encountered constraints in ac-

quiring the desired level of detail. This limited availability of detailed financial

information imposes constraints on the depth and precision of the valuation

analysis. However, the accessible financial statements still provide valuable

insights into the subject companies’ financial performance and position. By

leveraging the available information, this study aims to derive meaningful con-

clusions and provide accurate assessments. The analysis recognizes the con-

straints imposed by the industry’s confidentiality policies, utilizing the best

available financial information to inform the findings of this study.
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6 Results and Analysis

The objective of this chapter is to apply the valuation model introduced in

the previous chapters to estimate the equity value of Wallenius Wilhelmsen,

Frontline, Stolt-Nielsen, Klaveness, and Golden Ocean Group. Our primary

focus is to evaluate the e�cacy of incorporating the shipping sector into the

EU ETS and the subsequent revision of the ETD, while also examining the

influence of the decarbonization trajectory chosen on share prices. The result-

ing share prices for each scenario are presented and evaluated, followed by a

more in-depth investigation of Frontline and Golden Ocean Group to discern

the underlying factors contributing to their divergent outcomes. All pertinent

numbers for all of the companies are provided in the appendix. Although we

will not make any recommendations on buying or selling a particular share, we

aim to emphasize the significance of establishing carbon costs at a level that

is su�ciently high to drive meaningful change and e↵ectiveness.

6.1 Main Results and Discussions

To provide a clear overview of our results, we summarize the findings in Ta-

ble 2, which presents the actual share prices of each company along with a

comparison against both the base case and the three scenarios. The percent-

ages enclosed in brackets beneath the share price of each scenario indicate the

di↵erence in percentage between the share price of that particular scenario and

the base case.

Table 2: Share Price

Wallenius Frontline Klaveness Stolt-Nielsen Golden Ocean

Actual 50.6 7.14 5.24 15.48 9.04

Base case 30.44 14.05 82.22 24.07 42.33

Scenario 1 29.93 10.87 82.09 21.91 41.66

(1.68%) (22.63%) (0.16%) (8.97%) (1.58%)

Scenario 2 29.71 9,35 82.03 21.07 41.40

(2.39%) (33.45%) (0.23%) (12.46%) (2.20%)

Scenario 3 28.91 7.99 81.74 20.56 41.47

(5.03%) (43.13%) (0.58%) (14.58%) (2.03%)
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Analysis of the companies reveals minor deviations between the base case and

the three examined scenarios for Wallenius Wilhelmsen, Klaveness, and Golden

Ocean Group. Stolt-Nielsen exhibits a slightly higher deviation, although not

particularly noteworthy. Notably, Frontline stands out with a significant diver-

gence, warranting further investigation in Chapter 6.3. Overall, these findings

indicate that the regulatory measures are likely to have a limited impact on

the share prices for most of the companies analyzed. The achievement of full

decarbonization (scenario 1), a 55% reduction in emissions (scenario 2), or the

absence of ambitious sustainability goals (scenario 3) will neither of them exert

a significant influence on the share prices. The observed minimal di↵erence

among the scenarios suggests that the current regulatory design and associated

costs are inadequate in driving substantial changes in share prices. This result

aligns with existing literature, which questions the e↵ectiveness of these mea-

sures in the shipping industry, emphasizing the need for stronger regulatory

frameworks and a more comprehensive assessment of the financial implications

associated with decarbonization e↵orts.

These findings shed light on the potential limitations of the EU ETS and the

subsequent revision of the ETD as e↵ective MBMs for incentivizing companies

to prioritize emission reduction and sustainability at their current ambitions,

given their limited influence on overall company value. Consequently, it be-

comes evident that a combination of MBMs, operational enhancements, and

technological innovations will be crucial to achieve full decarbonization in the

shipping industry.

In addition to our analysis, valuable insights obtained from discussions with

industry professionals at Nordea further reinforce our findings. These insights

suggests that the financial repercussions of non-compliance with the new reg-

ulations are unlikely to exert a substantial impact on companies due to the

substantial financial resources prevalent within the shipping industry.

It is essential to acknowledge the limitations and potential impact of data

deficiencies on our analysis. The limited availability of comprehensive emis-

sions data for certain ships within the companies could have constrained our

analysis and potentially led to an underestimation of the potential impact on

share prices. If we had possessed all the necessary data, it is plausible that

share prices could have experienced a more substantial decline, thereby reveal-
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ing a weakness in our thesis. Also, the limited availability of data highlights

potential inadequacies in reporting regulations, allowing companies to poten-

tially conceal their total emissions per ship and mask their true environmental

impact. Furthermore, several assumptions were made during our analysis, in-

cluding the assumption of constant growth rates and a simplified approach to

valuing the companies. These assumptions may have introduced additional

limitations and a↵ected the accuracy and reliability of our results. It is vital

to consider these factors when interpreting the outcomes of our analysis and

to approach the results with a degree of caution.

6.2 Financial impact of the ETS and ETD on the Ship-

ping Industry

Our analysis indicates that there is some variation in the financial impact

between including shipping in the EU ETS versus not including it and the re-

vision of the ETD, but variations observed across the examined scenarios are

marginal for most of the analyzed companies. This suggests that although the

current ETS and ETD frameworks have a limited e↵ect, they may be insu�-

cient to drive substantial transformations within the shipping industry. The

di↵erence in financial impact between prioritizing full decarbonization (sce-

nario 1) and neglecting sustainability ambitions altogether (scenario 3) is not

significant enough to compel companies to make substantial investments in

new vessels, alternative fuels, or other decarbonization solutions. These find-

ings suggest that the frameworks do not impose su�ciently punitive measures

on companies that do not comply with decarbonization goals.

To assess the impact of prioritizing decarbonization on the share prices of each

company, we conducted a comparative analysis between scenario 1 and scenario

3. This analysis aims to evaluate the potential influence of decarbonization

e↵orts on the financial performance of the companies. The summarized results

of this analysis can be found in Table 3 below.

Table 3: Comparison of Share Prices between Scenario 1 and Scenario 3

Wallenius Frontline Klaveness Stolt-Nielsen Golden Ocean

Di↵erence 3.40% 26.49% 0.43% 6.16% 0.46%
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Wallenius Wilhelmsen, encompassing a fleet of 52 ships and emissions data

reported for 96% of their vessels, displayed a modest disparity of 3.40% be-

tween the scenarios. The notably high proportion of reported emissions for

Wallenius Wilhelmsen’s fleet lends credibility to the reliability of these results.

The relatively small disparity suggests that Wallenius Wilhelmsen’s emissions

and the associated costs are not significantly a↵ected by the examined sce-

narios. Thus, it can be inferred that the financial disadvantage of following

a trajectory without sustainability ambitions, as opposed to prioritizing full

decarbonaztion, remains relatively constrained within the context of the ex-

amined frameworks.

Frontline, with a fleet of 67 ships and emissions data reported for 78% of their

vessels, exhibited the largest di↵erence in share price, with a significant di↵er-

ence of 26.49% between the scenarios. This finding indicates that Frontline’s

fleet contributes significantly to emissions, thereby incurring higher associated

costs and exerting a more pronounced impact on the company’s share price.

Notably, analysis of their historical emission data, underscores Frontline’s po-

sition as one of the highest emitters per vessel, reinforcing the notion that the

inclusion of the shipping industry in the regulatory framework do penalizes

entities with substantial emissions. The reliability of these results is relatively

robust due to the considerable extent of available emissions data.

Klaveness, comprising a fleet of 15 ships, displayed a mere 0.43% di↵erence

between the scenarios. However, it is important to note that emissions data

was reported for only 13% of their vessels. Due to the low data coverage, the

reliability of this result is questionable. The abundance of available data for

Klaveness’ ships do undoubtedly result in lower emission from their vessels.

It can also potentially suggest that the number of ships plays a role in the

financial implication of the ETS and ETD as they have the smallest fleet out

of the companies assessed. Nonetheless, the limited data coverage highlights

the need for more comprehensive emissions reporting in order to obtain a more

accurate assessment.

Stolt-Nielsen, boasting an extensive fleet of 159 ships and emission data re-

ported for 59% of their vessels, exhibited a di↵erence of 6.16% between the

scenarios. This finding suggests that the financial impact of prioritizing de-
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carbonization versus not having sustainability ambitions on their share price

is relatively limited. Despite the significant size of their fleet, the observed

di↵erence indicates that Stolt-Nielsen’s emissions and associated costs are not

significantly a↵ected by the scenarios under investigation.

Golden Ocean Group, despite possessing a larger fleet compared to Front-

line, exhibits a mere 0.46% di↵erence between the scenarios. Consequently,

the number of ships, as previously highlighted, does not appear to exert a

significant influence on the financial implications of the ETS and the ETD for

Golden Ocean Group, indicating that there must be additional factors influ-

encing the resulting share prices. It is worth noting that emissions data was

reported for 49% of their vessels, implying some limitations in data availabil-

ity. Thus, there is a possibility that the actual emissions costs associated with

Golden Ocean Group’s vessels may have been underestimated, which could

have a↵ected the observed disparities across the scenarios. However, it is note-

worthy that Golden Ocean Group reported emissions for 46 of their ships, a

figure close to Frontline’s reporting of 52 ships. As a result, the similarity in

reported numbers lends credibility to the reliability of the results.

Table 4 shows an overview of the number of ships within the vessel fleet for

each company that have reported emissions, indicating both the count of ships

and the corresponding percentage of the fleet.

Table 4: Overview of Emission Reporting for Vessel Fleet

Vessel Fleet
Number of Ships with

Reported Emissions

Percentage of Ships with

Reported Emissions

Wallenius 52 50 96%

Frontline 67 52 78%

Klaveness 15 2 13%

Stolt-Nielsen 159 94 59%

Golden Ocean 93 46 49%
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6.3 Frontline and Golden Ocean Group for Further In-

vestigation

Frontline emerges as a significant standout within the analyzed companies,

with a remarkable 26.49% di↵erence in share price between scenario 1 and sce-

nario 3. Considering the significant disparity, further investigation is warranted

to ascertain the underlying factors responsible for this. Conversely, Klaveness

exhibited the smallest di↵erence in share price between the aforementioned

scenarios. However, it is imperative to note that they only reported emissions

for a mere 13% of their vessel fleet. Consequently, our investigation will fo-

cus on Golden Ocean Group, in addition to Frontline, as they demonstrated

the second smallest di↵erence in share price between the aforementioned sce-

narios, amounting to 0.46%. The objective of this section is to examine the

factors contributing to these observed di↵erences. Overall, three key factors

were identified.

Firstly, the number of ships with reported emissions unequivocally influences

the resulting share prices. While Frontline has reported emissions for 78%

of their vessels, Golden Ocean Group has a reporting rate of only 49% as

shown in Table 4. This disparity bears implications for the calculation of

total carbon costs, as these costs are contingent upon the number of ships

considered. However, it is worth noting that Stolt-Nielsen, despite exhibiting

a relatively higher di↵erence in share price between scenario 1 and 3 compared

to Golden Ocean Group, have reported emissions for 94 out of their total fleet

of 159 vessels, constituting 59%. This figure is somewhat close to Golden Ocean

Group’s reporting rate of 49%. This emphasizes that although the number of

ships with reported emissions does impact the resulting share price, it is not

the sole determining factor contributing to the observed disparities.

Secondly, another pivotal factor a↵ecting the resulting share prices is the re-

ported emissions per ship. As evidenced in Table 5, Golden Ocean Group

reported a mere 4,163 (CO2/year) per ship, which is less than half of Front-

line’s reported 8,824 (CO2/year) per ship. The observed heterogeneity in emis-

sions levels, as exemplified by the substantial di↵erence in emissions intensity

between Frontline and Golden Ocean Group, highlights the implications for
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share prices and the associated sensitivity to additional carbon costs. The no-

table disparity in emissions per ship between the two companies suggests that

they encounter distinct challenges and opportunities pertaining to regulatory

compliance.

Table 5: Overview of Emissions per Vessel in 2021

Total Emissions (CO2/year) Vessel Fleet Emissions per Vessel (CO2/year)

Wallenius 393,790 50 7,876

Frontline 458,833 52 8,824

Klaveness 9,238 2 4,619

Stolt-Nielsen 588,168 94 6,257

Golden Ocean 191,513 46 4,163

Thirdly, a decisive factor contributing to the observed disparities between the

companies is the nature of their shipping operations. The increased costs

associated with the EU ETS and ETD are likely to be disproportional among

the maritime segments, as exemplified by the case of Frontline and Golden

Ocean Group. As previously mentioned, Frontline primarily operates as an

oil tanker company, while Golden Ocean Group predominantly engages in dry

bulk shipping. Oil tankers, with their higher fuel consumption per transport

work in comparison to dry tankers and bulkers, face higher costs under the

scheme. This disparity in fuel consumption rates among the di↵erent segments

implies that oil tankers would be more heavily penalized by not prioritizing

decarbonization within the framework of the scheme.

To ensure the e↵ective inclusion of shipping into the EU ETS and the subse-

quent revisions of the ETD, and to prevent distortions in competition within

the maritime industry, di↵erentiated benchmarks for each segment should be

established. Such benchmarks would acknowledge the variations in fuel con-

sumption rates and incentivize the operation of energy-e�cient vessels within

each specific segment. By adopting di↵erentiated benchmarks, the EU ETS

and ETD would encourage and reward the utilization of energy-e�cient ves-

sels in each maritime segment, fostering sustainability while avoiding unfair

competition among di↵erent types of ships.
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7 Sensitivity Analysis

Conducting a sensitivity analysis to test critical assumptions is a crucial aspect

of equity valuation. The estimated share price obtained from chapter 6 relies

heavily on these assumptions, making it necessary to scrutinize them in detail

for a credible evaluation. As such, the next two subsections will delve into two

essential assumptions, namely ”WACC and Growth” and ”Carbon Cost”.

7.1 WACC and Growth

An essential assumption in our analysis pertains to the constant debt-to-equity

(D/E) ratio. As previously mentioned, this assumption is employed to min-

imize the need for frequent adjustments to the discount rate. However, it is

crucial to address the cyclical nature intrinsic to the shipping industry, which

often entails significant fluctuations for highly leveraged companies. Conse-

quently, it becomes imperative to examine this assumption to evaluate the

sensitivity of our model to changes in leverage and ascertain that it remains

within an acceptable range.

To account for the cyclical nature of the shipping industry, we conducted a

sensitivity analysis on the share price of Wallenius Wilhelmsen. We selected

this company specifically due to its high emissions reporting rate, which en-

compasses 96% of its fleet, thereby enhancing the credibility and reliability

of these results. Our model assumes that the long-term growth rate in the

terminal value aligns with the 5-year forward inflation expectation rate. This

assumption indicates no real growth. However, growth rate assumptions are

subject to uncertainty and can significantly impact valuation results.

Lowering the growth rate to 1.25%, which is below the risk-free rate assumed in

the model, the share price decrease from USD 30.44 to USD 26.27, correspond-

ing to a reduction of USD 4.17 per share. It should be noted that assuming

such a low growth rate would be unrealistic. Consequently, it appears that the

model’s dependence on growth rate assumptions is minimal. Table 6 provides

an illustration of this relationship. To further investigate this relationship, we

maintained the WACC at a constant 6.59% while increasing the growth rate.
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Table 6: Sensitivity Analysis - WACC and Growth

7.2 Carbon Cost related to the EU ETS

Another crucial assumption in our study pertains to the assumption regarding

the allowance price associated with the EU ETS. This metric is characterized

by volatility and uncertainty, making accurate forecasting of this cost chal-

lenging. To account for the potential escalation and its financial implications,

we conducted a sensitivity analysis on the share price of Wallenius Wilhelmsen

under each decarbonization scenario.

Within this analysis, we examined di↵erent cases in which the allowance price

was assumed to increase by di↵erent percentages: 50%, 100%, 150%, 200%,

and 500% from its initial value of USD 98.74, as utilized in our model. These

cases aim to illustrate the e↵ect of changes in the allowance price, stemming

from the EU ETS, on the company’s share price and provide an understanding

of the potential e↵ects across di↵erent pricing scenarios.

Notably, when we simulated a 500% increase in the allowance price, as depicted

in Table 7, we observed an approximate 9% decrease in the share price for

scenarios 1 and 2, and a substantial approximate 26% decrease in scenario 3.

These findings suggest that a 500% increase in the allowance price would indeed

exert a significant e↵ect on the company’s share price, particularly in scenario

3. However, it is crucial to acknowledge that assuming such a drastic increase

would be unrealistic. Thus, this analysis primarily serves as an indicator of the
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share price’s sensitivity to fluctuations in the allowance price. By examining

extreme cases, we gain insights into the potential range of e↵ects and better

understand the relative significance of the allowance price in influencing the

company’s valuation.

Table 7: Sensitivity Analysis - Carbon Cost

% Increase in Carbon Cost

0% 50% 100% 150% 200% 500%

Scenario 1 29.92 29.66 29.40 29.14 28.88 27.32

Scenario 2 29.71 29.32 28.94 28.63 28.25 27.13

Scenario 3 28.91 28.14 27.38 26.62 25.85 21.27

Moreover, it is crucial to emphasize that our study focuses exclusively on

the analysis of carbon costs within the scope of the EU ETS and the subse-

quent revision of the ETD. It is worth noting that these are just facets of the

broader regulatory landscape governing carbon emissions and environmental

sustainability. Indeed, numerous other regulations and policies may exert a

substantial influence on the financial position of companies operating within

the shipping industry. When considering the cumulative impact of these reg-

ulations, the overall e↵ect on the company’s financial position may become

significant.
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8 Recommendations

Following the assessment of the limitations of the valuation model in Chapter

six, this chapter presents our recommendations for improving the valuation

model further.

8.1 Recommendations for Future Research

Although this thesis presents a thorough analysis of the cost implications as-

sociated with the inclusion of shipping in the EU ETS and the subsequent

revision of the ETD, there are several aspects that could be further explored

to better comprehend the dynamics of this complex sector. The following rec-

ommendations provide guidance for future researchers seeking to enhance the

current model and address its inherent limitations.

Firstly, it is crucial to conduct further research and analysis to gain a deeper

comprehension of the factors contributing to the observed variations among the

companies. Specifically, an investigation into the influence of data availability

on emissions reporting should be undertaken to assess its impact on the anal-

ysis. Examining the extent to which data availability a↵ects the estimation

of carbon costs related to the EU ETS and ETD, it can illuminate the po-

tential underestimation of the actual costs. Furthermore, the influence of the

nature of shipping operations should be further investigated to ascertain the

need for di↵erentiated benchmarks. Investigating this aspect can contribute to

a more equitable penalization mechanism for companies operating in di↵erent

maritime segments. As a potential next step, researchers can assess various

benchmarking strategies for di↵erent segments, aiming to identify an approach

that mitigates competition distortions. By delving into these aspects, future

studies can foster a more comprehensive understanding of the financial impli-

cations pertaining to decarbonization e↵orts within the maritime sector.

Secondly, an analysis of cost considerations concerning the acquisition of new

ships and the maintenance of the existing fleet reveals crucial aspects that

warrant further investigation. While the industry possesses substantial finan-

cial resources, it is imperative to acknowledge the potentially high expenses
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associated with procuring and developing ships that comply with stringent

regulations and ambitious decarbonization pathways. Additionally, assessing

the lifespan, e�ciency, and associated costs of the existing fleet is vital to

comprehend the overall cost implications, including maintenance, repairs, and

upgrades required for regulatory compliance and operational e�ciency. Con-

ducting a comprehensive analysis of these cost and development factors is rec-

ommended to enhance the analysis. A cost-benefit analysis can be performed

to compare the cost of acquiring new ships with the penalties incurred due to

regulatory requirements. This will provide further insights into the significance

of carbon costs resulting from the EU ETS and ETD and help determine the

threshold at which these costs become substantial enough to drive change.
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9 Conclusion

This chapter presents the conclusion and main insights derived from our re-

search. The EU ETS and the subsequent revision of the ETD have emerged

as prominent MBMs for controlling GHG emissions in the shipping industry.

While existing literature emphasizes the potential of these measures to in-

centivize investments in new technologies and facilitate long-term emissions

reductions, concerns persist regarding their e�cacy in driving substantial de-

carbonization e↵orts.

The objective of our study was to develop a valuation model that assesses the

financial implications of the EU ETS and ETD by considering various trajec-

tories for emissions reductions. In this model, we generated projected carbon

costs associated with three distinct scenarios: 1) Achieving full decarboniza-

tion by 2050, 2) Attaining the targets outlined in the IMO GHG strategy,

and 3) Adopting no explicit decarbonization ambitions. The projected carbon

costs related to the EU ETS were derived by multiplying anticipated emis-

sions figures by corresponding assumptions and the prevailing spot allowance

price. Similarly, the projected carbon costs associated with the revision of the

ETD were obtained by multiplying projected fuel consumption figures by the

additional cost per metric tonne of HFO.

By incorporating the projected carbon costs derived from the EU ETS and the

ETD revision into the DCF model for five shipping companies, we computed

the share prices for each scenario and observed varying di↵erentials between

full decarbonization and the absence of sustainability ambitions. These dif-

ferentials were 0.43%, 0.46%, 3.40%, 6.16% and 26.49% for Klaveness, Golden

Ocean Group, Wallenius Wilhelmsen, Stolt-Nielsen and Frontline, respectively.

Further investigation of Frontline revealed that specific characteristics, such as

its higher-than-average emissions per vessel and a higher reporting rate, con-

tributed to the pronounced disparity in its share price across the scenarios.

Conversely, Golden Ocean Group exhibited lower emissions per vessel and a

lower reporting rate, resulting in a smaller decrease in share price across the

scenarios. Notably, the nature of their shipping operations also played a sig-

nificant role in the observed di↵erences in share prices. Frontline and Golden
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Ocean Group possess substantially similar vessel fleet sizes, but operate in dif-

ferent maritime segments, suggesting that the EU ETS and the ETD revision

penalize the absence of decarbonization prioritization di↵erently across these

segments, potentially distorting competition within the industry. Thus, the

in-depth analysis of Frontline and Golden Ocean Group demonstrates the sig-

nificance of specific company characteristics in shaping the financial impact of

decarbonization e↵orts.

The main insights derived from our study indicate that the financial impact

of prioritizing full decarbonization versus neglecting sustainability ambitions

altogether is not significant enough to compel companies across the shipping

industry to undertake substantial investments in new vessels, alternative fuels,

or other decarbonization solutions within the current design of the regulatory

frameworks. Moreover, it becomes evident that these measures will a↵ect the

industry in an uneven manner, potentially disrupting competition dynamics.

These findings highlight the potential limitations of the EU ETS and ETD

revision as e↵ective MBMs and accentuate the necessity for stronger and more

robust regulatory frameworks. We assert that the proposed valuation approach

represents a positive stride towards evaluating the cost of inaction within the

shipping industry.
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