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ARTICLE INFO ABSTRACT

Keywords: Sustainable investment in tangible shipping assets is important for understanding investor
SPStai“_able investment behaviour and promoting sustainable development in the industry and the global economy. This
Financial buyer research presents a framework for empirically testing the existence of the “green premium” for

Operating buyer
Container vessel value
Green price premium

eco-ships and the role of financial investors in containership investments. Real transaction data
from over 2000 sales and purchases of containerships between 2005 and 2023 are utilized in this
study. A Generalized Structural Equation Modelling is employed to investigate the relationship
among variables, including vessel value, eco-ships, investor categories, age, size, and others. The
finding confirms the presence of a green price premium for the second-hand container eco-ships.
Furthermore, financial buyers, who typically act as lessors in the financial leasing of ships in the
shipping industry, have shown a more pronounced inclination towards investing in container eco-
ships compared to operating buyers.

1. Introduction

The heightened commitment to sustainable investing is manifesting in a paradigm shift, whereby investors are systematically
incorporating Environmental, Social, and Governance (ESG) criteria into their portfolio selection and investment strategies (GSIA,
2023). The primary goal of this integration is to pursue not merely financial gain but also to generate positive social or environmental
outcomes, thereby contributing constructively to the society at large. Sustainable investing strategies have been adopted across a
variety of asset classes, where ESG performance is assessed either by employing external ESG ratings for securities (Berg, et al., 2019)
or through the analysis of environmental features associated with physical asset investments. As sustainable investing gains broader
acceptance, the financial implications of such practices have garnered significant scholarly attention. Consequently, the literature has
explored the expected green asset premium within financial markets, particularly in relation to asset allocation and risk management
(see for instance, Meuer et al., 2019; Dorfleitner et al., 2018; Douglas et al., 2017).

However, the findings have been varied and show difference across firms and sectors. As Khan et al. (2016) have pointed out, there
is a significant distinction between material and non-material ESG issues, which are usually combined into composite ESG ratings.
Within the transportation sector, ESG issues related to materials such as fuel type and engine design are more significant than non-
material issues like anti-corruption in the public sector. This paper seeks to investigate sustainable investing in relation to tangible
vessel assets in the international shipping industry.

* Corresponding author.
E-mail address: lji.om@cbs.dk (L. Jiang).

https://doi.org/10.1016/j.tre.2024.103658

Received 19 March 2024; Received in revised form 2 July 2024; Accepted 2 July 2024

Available online 13 July 2024

1366-5545/© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).


mailto:lji.om@cbs.dk
www.sciencedirect.com/science/journal/13665545
https://www.elsevier.com/locate/tre
https://doi.org/10.1016/j.tre.2024.103658
https://doi.org/10.1016/j.tre.2024.103658
https://doi.org/10.1016/j.tre.2024.103658
http://creativecommons.org/licenses/by/4.0/

H. Jia et al. Transportation Research Part E 189 (2024) 103658

The term “green premium” refers to the added value of an asset that is characterized by their environmentally friendly design and
advanced green technologies. Ships with such characteristics are deemed “eco-ships”. In this paper, an eco-ship is a vessel that features
an Eco Electronic Engine (eco-engine), which can save energy through electronic fuel injection. Container shipping is considered as
one of the most significant commercial innovations of the twentieth century. For decades, it has been the workhorse of international
trade by transporting containerized general cargo at low costs, which are primarily achieved through standardization and economies
of scale (Cosar and Demir, 2018). Approximately 60 % of seaborne trade, measured by dollar value, is transported via container
shipping (Placek, 2021). The current containership fleet is valued at USD $320 billion (Clarksons, 2022a), with ship sizes ranging from
100 Twenty-foot Equivalent Unit (TEU) to the mega size of 24,004 TEU. These vessels provide transportation services for consumer
goods and industrial products utilizing small feeder containerships for regional deliveries and larger vessels for intercontinental
shipments. Container vessels, integral to the global supply chain, are capital-intensive assets that require substantial investment and
involve high risks. As an example, in January 2022, the newbuilding price for a 23,500 TEU mega containership was USD 193 million
and a 7,000 TEU intermediate containership costed around USD 84 million (Clarksons, 2022b). By January 2024, merely two years
onward, the prices surged to USD 264 million for the former and USD 118 million for the later, showcasing the volatile nature of the
shipping market (Clarksons, 2024c). In addition to financial risks, container shipping is also vulnerable to various security disruptions
along shipping routes, such as the ongoing Red Sea Crisis (Notteboom et al., 2024) and general chokepoint closures (Pratson, 2023).

Oceangoing vessels, including containerships, have been powered by unrefined residual fuels in diesel combustion engines since
the late nineteenth century. Ship power systems emit various pollutants, such as particulate matter (PM, s), sulfur oxides (SO,), and
nitrogen oxides (NO,), which can have hazardous effects on health and the climate. Historically, emissions from international shipping
received minimal attention by the mainstream society, primarily due to the operations of these vessels in remote deep-sea areas, far
away from major human activities. Furthermore, the international shipping industry’s distinctive cross-border trading nature,
involving mobile assets, has led to its exemption from the global efforts to address climate change under the 2015 Paris Agreement. The
international shipping industry has been slow to embrace sustainable investing, as evidenced by the lack of freight rate premiums for
energy-efficient vessels, as noted by Adland et al. (2017). With the growing emphasis on climate change and consumers’ awareness of
the carbon footprint of the supply chain, the container shipping industry is facing societal and regulatory pressure to reduce its
environmental impacts across various aspects.

The objective of this paper is twofold: 1) to develop a framework for investigating the presence of a green price premium associated
with container eco-ships and 2) to investigate the role of financial investors in promoting sustainable investment in containerships
through the preferential selection of ships equipped with eco-features. We expect there to be a “green premium” for eco-ships for four
reasons. Firstly, the green technologies that mitigate environmental impacts from vessels are not typically included in the traditional
shipbuilding specifications. To incorporate these green technologies, shipowners must make specific requests during the ordering
process and allocate additional capital for their installation. Secondly, non-eco-ships face a higher risk of becoming stranded assets
compared to their eco counterparts, which tend to retain a higher residual value. As a result, the present valuation of eco-ships is likely
to include a premium, reflecting their environmental advantage and enhanced value retention. Thirdly, the potential for increased
freight income from eco-ships, owing to their energy-saving features, could result in higher valuations and suggest the existence of a
‘green premium’ for the vessel value. Fourthly, eco-ships tend to be more fuel efficient, resulting in lower operational costs.

In the context of the second objective, we also hypothesize that the categories of buyers for vessel assets could have varying impacts
on vessel valuation. Ship buyers usually fall into two categories: financial and operating buyers. Financial buyers typically include
financial institutions such as specialized ship leasing companies, private equity funds, and commercial banks. On the other hand,
operating buyers, typically traditional shipping companies, acquire vessel assets to meet the demand of international trade by man-
aging daily vessel operations. The literature has presented various pieces of evidence regarding the profiles of these investors and their
impact on asset value. Gorbenko and Malenko (2014) suggested that strategic buyers, also known as operating buyers, might be willing
to pay more for the assets because of potential synergies resulting from the investment. On the other hand, financial buyers may be able
to afford a higher value asset due to their relatively low cost of debt (Axelson et al., 2013). Despite the crucial role of investors in
fostering sustainable investments in shipping, the differences between financial and operating buyers have not been investigated
thoroughly. Understanding these variances is vital for comprehending the dynamics of sustainable investments decision-making
within the shipping sector. The two groups of investors in vessel assets — financial buyers and operating buyers - differ fundamen-
tally in their objectives and financial resources, which may significantly influence their investment strategies and decisions. Financial
buyers primarily focus on maximizing returns, often using sustainability as a criterion for screening investments rather than inte-
grating it into daily operations. Conversely, operating buyers are more inclined to align their asset investments with their operational
sustainability goals. Additionally, financial buyers generally enjoy easier and cheaper access to capital compared to operating buyers.
Consequently, these differences in objectives and resources may lead to distinct investment preferences between the two groups.
Financial buyers might be more inclined to invest in green aspects of assets, even if they are more costly, especially when sustainability
is a mandatory criterion for their investment decisions. On the other hand, operating buyers typically consider the vessel’s full
specifications to ensure compatibility and efficiency within their entire fleet operations.

In theory, vessel value should reflect both expectations of future earnings and residual value (Beenstock, 1985), and the prevailing
supply and demand situation at the time of sales. The latter is influenced by factors such as the freight market, vessel specifications,
including age, size, and technical attributes (Stopford, 2009; Adland and Jia, 2015). In this paper, we further evaluate the value of
second-hand vessels, considering the impact of buyer type. Specifically, we investigate whether there is a price difference between
financial and operating buyers. Therefore, we have the following hypotheses:

Hy;: Assets of green containership present a price premium over their conventional counterparts.

Hoz: Financial investors in container shipping demonstrate a preference towards the acquisition of eco-ships over conventional
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ships.

Hos: Financial buyers positively influence the containership value due to their access to lower-cost capital.

Ho4: Fundamental factors, including vessel age, size, freight rates, and the builder’s country, impact the value of containerships.

The paper contributes to the existing literature in the following aspects. Firstly, this study presents pioneering research on sus-
tainable investments in tangible shipping assets, specifically containerships, utilizing real transaction data. Unlike existing literature
predominantly focused on financial equity investments with a sustainability lens, our work leverages a unique data set enriched with
vessel technical information and buyer profiles. This dataset facilitates a nuanced exploration on whether eco-ships demand a green
premium, and how investors prefer such assets. Furthermore, the methodology addresses the dynamic interplay between key variables
— asset value, vessel specifications and investor category — within a Structure Equation Model (SEM) framework. The model’s multi-
directional structure underscores the complex relationships among these variables, offering new insights. Lastly, the paper sheds light
on the critical role of financial investors in the maritime industry’s green transition. By employing a logistic model simultaneously
estimated within the SEM, we examine investors’ preferences for asset features, highlighting the contributions of financial investors to
sustainable investing in the container shipping industry.

The reminder of the paper is organized as follows. Section 2 presents the relevant literature. Section 3 illustrates the methodology
followed by data in Section 4. Section 5 analyses the results, which is followed with conclusions in Section 6.

2. Literature review

Beenstock (1985) elaborated in a theoretical framework that explains how ships are tangible capital assets, the prices of which
heavily influenced by expectations of future earnings and residual value. From the perspectives of supply and demand, there has been
literature on the factors influencing the price of second-hand vessels. Primary influencers such as age, size, freight rate, technical
specifications, and market outlook have been identified (Stopford, 2009; Adland and Jia, 2015). Builder country has been suggested as
another factor influencing the secondhand prices of certain vessel types (Adland et al., 2018; Fiasca et al., 2018). There is limited
evidence in the literature supporting the hypothesis that energy-efficient vessels result in an increase in vessel value (Adland et al.,
2018; Kokosalakis et al., 2021) or freight earnings (Adland et al., 2017). Adland et al. (2017) found that energy-efficient ships attract
higher time charter rates during normal freight market conditions. However, these vessels faced disadvantages during booming market
periods, as the extra revenue gained by prioritizing speed and capacity-enhancing attributes outweighed the savings on fuel cost
associated with energy efficiency. This asymmetric “green premiums” observed in the freight market suggests that the financial
benefits of energy efficiency may vary depending on market conditions. In the broader research domain of sustainable shipping, recent
literature has made significant contributes to understanding and optimizing the operation of fleets and ports to create more sustainable
shipping networks (Wang et al., 2018; Zhen et al., 2020; Ezaki et al., 2022). Additionally, advancements have been made in incor-
porating diverse data sources and utilizing artificial intelligence and machine learning to improve vessel routing (Du et al., 2022a; Du
et al., 2022b; Li et al., 2022).

From the financial perspective, given the average lifespan of 25-30 years for containerships, sustainable investing is of paramount
importance to ensure a fleet compliant with decarbonization mandates and mitigate the risks of the ships becoming stranded assets
(Bos and Gupta, 2019). In such cases, vessels may require costly retrofitting or premature scrapping due to noncompliance or economic
infeasibility (Cairns, 2018; Babiker et al., 2000).

One asset class comparable to ships in sustainable investment is real estate. The relationship between environmental performance
and real estate values has been extensively studied, yielding mixed results (see for instance, Reichardt et al., 2012; Del Guidice et al.,
2020; Cajias and Piazolo, 2012). Fuerst and McAllister (2011) used hedonic regression procedures to assess the impact of energy
performance certificates (EPCs) on appraised capital values and rental values of UK commercial property assets. They found no evi-
dence of a significant correlation. Conversely, successive studies on residential housing prices in Wales and apartment prices in
Helsinki support the existence of a price premium for highly energy-efficient real assets (Fuerst et al., 2016).

In the broader investment community, there is evidence of a growing number of investors committed to integrating sustainability
issues into their asset choices, as promoted by the United Nations Principles for Responsible Investment (UNPRI). The number of
UNPRI investor signatories, indicating their commitment, reached 5,391 by the end of 2023, with an estimated total of assets under
management (AUM) of USD 121 trillion in 2021, the most recent data available (PRI, 2024).

The literature presents various theoretical arguments on sustainable prinvestments. For instance, Jensen (2002) argues that sus-
tainable investments increase a company’s costs, thereby creating a competitive disadvantage. Scholars such as Sen and Bhattacharya
(2001) suggest that sustainability investing can increase the overall demand for products and services in a similar way to advertising.
This can lead to competitive differentiation and operating efficiency (Luo and Bhattacharya, 2006; Freeman et al., 2007). Przychodzen
and Przychodzen (2015) and Lee and Min (2015) suggest that “green” activities can enhance a company’s financial performance.
Jenssen and Randgy (2006) also discovered that companies that invest in product and process differentiation, including superior
environmental performance, tend to achieve better financial results. Baker and Sinkula (2002) and Darroch and Mcnaughton (2002)
argue that innovation is a key driver of long-term success for businesses and helps them navigate the highly volatile external
environments.

There is limited research on the green premium of shipping assets, let alone the implications of different ownership structures.
However, the growing emphasis on the overall emissions footprint of the entire supply chain makes it essential and inevitable to
explore sustainable investing in shipping assets (Kramel et al., 2021). Furthermore, the increasing recognition of the need to measure,
manage and report Scope 3 emissions underscores the importance of investigating sustainable investment in shipping. Scope 3
emissions encompass all indirect greenhouse gas emissions occurring in a company’s value chain, both upstream and downstream.
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These emissions are not directly produced by the company itself (Scope 1 emissions), nor are they the result of the company’s energy
consumption (Scope 2 emissions), but rather arise from activities such as distribution and transportation across the overall supply
chain. Managing Scope 3 emissions is complex due to the lack of knowledge and data from the distribution channel. This research aims
to shed light on this crucial aspect of sustainability.

3. Methodology
3.1. Generalized structural Equation modelling (GSEM)

Structural Equation Modelling (SEM) is a comprehensive statistical approach used to analyze complex relationships among
measurable or unmeasurable variables. When a variable is not directly observed and the concept is abstract, such as happiness, it can be
inferred from other measurements, such as the frequency of smiling. This is referred to as a latent variable, which can be constructed
and analyzed in the SEM (Bollen, 1989). In this research, however, we do not use any latent variables. Instead, our focus is on
examining the relationships between the measurable variables by conducting structural analysis of the causal associations among the
variables using path analysis and measurement models.

SEM does not necessarily adhere to the exogeneity assumption, which is a fundamental principle in regression models (Kline,
2015). Under the exogeneity assumption, the independent variables in the regression model are assumed to be uncorrelated with the
error term. In other words, the predictors should be independent from factors that are not included in the regression model. However,
when endogeneity occurs — meaning there is a two-way relationship between the independent and dependent variables — techniques
such as SEM become effective.

SEM generally comprises two main components: a measurement model using Confirmatory Factor Analysis (CFA) to capture the
relationships between latent variables and their observed indicators, and a structural model with path analysis to illustrate the re-
lationships among endogenous and exogenous variables. A full SEM model integrates measurement and structural models into a
unified framework, optimizing under a single common optimization criterion. (Ramlall, 2017). However, in this research, we utilized
only the structure model to investigate the relationships among variables, excluding the CFA model because all variables in the study
are observed, eliminating the need for latent variables.

A Generalized SEM (GSEM) relaxes the constrains present in the standard SEM, allowing the inclusion of variable types such as
binary, ordered, categorical, or count variables, rather than being limited solely to continuous variables. More importantly, GSEM is
powerful in analysing data that exhibits multilevel structures (Hwang and Takane, 2014). In the GSEM analysis, a global optimization
criterion is explicitly defined and optimized throughout iterations (Hwang and Takane, 2014). Consider a model with three observed
variables: X, Y, and Z. We hypothesize that X influences Y, and that both X and Y influence Z. Therefore, the relationship can be
specified using the following equations:

Y = fyxX +ey (€D)]

Z=fruX+PryY+ez )

Where, fyy is the coefficient representing the effect of X on Y,

Pzx is the coefficient representing the effect of X on Z, and.

By is the coefficient representing the effect of Y on Z.

ey and &z are the error terms for the equations predicting Y and Z, respectively.

This model allows for the estimation of both direct effects, such as the effect of X on Z, and indirect effects, such as the effect of X on
Z through Y.

Moreover, the model can be expanded to include additional variables to investigate complex relationships, such as mediation or
moderation effects (Hayes, 2013). Mediation occurs when the relationship between the independent variable X and the dependent
variable Z is explained, at least in part, by one or more exogenous variables, known as mediators. Mediation explores the how or why of
arelationship. Moderation occurs when the strength or direction of the relationship between two variables depends on a third variable,
known as the moderator. Typically, moderation is represented by an interaction term between the independent variable and the
moderators. Moderation addresses when or under what conditions the relationship changes (Baron and Kenny, 1986).

Therefore, the strengths of GSEM over traditional regression models for our application are numerous and compelling. First, the
methodology relaxes the stringent exogeneity assumption that is a fundamental requirement in ordinary regression models. This
flexibility is crucial for accurately modelling complex relationship where the assumption of strictly exogenous predictors may not hold.
Second, GSEM allows for the effective examination of bidirectional relationship between the independent and dependent variables
within a multilevel framework. This capability is essential for analysing systems where feedback loops and reciprocal causation are
present, providing a more realistic representation of the interactions. Third, the methodology is adept at handling endogenous phe-
nomena by incorporating measurement errors directly into the model, enhancing the robustness and reliability of the results. Fourth,
GSEM is well-suited for analysing both mediation and moderation effects. This dual capability allows for a nuanced exploration of
complex interactions that traditional regression models might miss. Lastly, GSEM provides greater flexibility in specifying models that
can incorporate various types of variables — e.g. continuous, categorical or ordinal variables — and complex error structures. This
adaptability makes it particularly suitable for diverse and intricate data scenarios. By leveraging these strengths, GSEM offers a robust
and versatile framework for our application, enabling a more comprehensive and accurate analysis of the underlying relationships in
our data.
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Investors » | Vessel value

Fig. 1. The conceptual relationship of investors and eco-ships, and the impact on vessel value.
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Fig. 2. Interrelationship among the determinants of vessel value and the vessel preferences of investors.
3.2. Model construction and specification

This study aims to examine the factors influencing the value of containerships, particularly focusing on the green price premium
and the role of financial investors. The relationship among the three main variables is illustrated in Fig. 1 below. The impact of a
vessel’s eco-ship status on its value is determined by the direct effect a, and the indirect effect b*c through the influence of the investor
preferences in choosing the eco-ship. Therefore, the total effects of eco-ships on vessel value theoretically should be the sum of the
direct and indirect effects: a + b*c.

To reflect this relationship and incorporate the variables that influence vessel value and investor’s vessel preference, we construct
the following GSEM:

Yie = 0+B*X; +y,*Fi+y,*E; +T*D; + €, 3

F; = m E; +n,10g(TEU); + n;log(age); , + u;, (4)

Where, y;, is the logarithm form of transaction prices for vessel i at time t.

X;. is the logarithm forms of independent variables, including the freight rate, size and age of the vessel.

F; is a dummy variable, when equal to 1, representing financial investors.

E; is a dummy variable, when equal to 1, representing eco-ships.

D; is a categorical variable, indicating ship builder countries.

7, and y, are the coefficient estimates of premia for financial investors and eco-ships, respectively.

B is the coefficient estimation vector for the numeric independent variables;

I is the coefficient estimation vector for the categorical independent variables.

& and y; , represent the residuals.

The GSEM framework comprises two components. Firstly, it represents the primary relationship between vessel value (y;;) and the
determinants X (size TEU;, age age; and market freight rate TC;). The potential existence of a green premium is investigated by
including the dummy variable E;. The role of buyer’s profile is analysed by including the dummy variable F;. When F; = 1, it represents
financial investors. Investors’ investment preferences on vessel are modelled as a logistic structure on vessel size, age, and whether it is
an eco-ship in eq. (4). Egs. (1) and (4) are estimated simultaneously.

The relationship among the variables is illustrated in Fig. 2. The relationship between vessel value, investor preference, and eco-
ships is further explored by incorporating key variables namely vessel age, size, market conditions, and the ship builder’s country. The
selection of these variables is based on a review of the literature and empirical exploration, aiming to strike a balance between model
performance and the complexity of the specification.

Moreover, investor’s vessel preferences may be affected by vessel size, which indicates leasing prospects based on the corre-
sponding market segment for the vessel’s employment. Larger containerships are typically used for long-haul cross-continental trades
managed by international shipping companies. Smaller containerships typically operate in national or regional trades that require
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adherence to local jurisdiction, as indicated by the vessel’s flag. Financial buyers may lack the local expertise and legal presence
required to lease smaller vessels to regional shipowners. Instead, larger international shipping companies are more likely to lease from
financial investors.

The first hypothesis (Ho;) can be illustrated as the direct effect of the eco-ship variable on vessel value (green premium). The second
hypothesis (Hoy) is the effect of the eco-ship variable on vessel value mediated by financial buyers (investor variable). Hypothesis Hos
represents the impact of investor profile on the vessel value, while Hypothesis Ho4 illustrates the fundamental factors’ effect on vessel
value.

3.3. Goodness of fit of the SEM

To test if the model is suitable for the purpose, a wide range of goodness of fit indices are utilized to validate the path and the
structure.

3.3.1. Chi-square

The Chi-square y? test is a fundamental statistic measure to assess the goodness-of-fit between a hypothesized model and the
observed data. The null hypothesis for the Chi-square test is that there is no significant difference between the observed data and the
model-implied data. It measures the discrepancy between the observed covariance matrix and the model-implied covariance matrix.
The y? statistic is calculated as:

7 =(N—1)eFML ®

Where, N is the sample size.

FML is the minimized value of the fitting function, which assesses the difference between the observed and model-implied
covariance matrices.

The Chi-square statistic is evaluated against a Chi-square distribution with a specific number of degrees of freedom (df), defined as:

=LY g ©
Where, p is the number of observed variables.

q is the number of parameters estimated in the model.

A non-significant Chi-square value (p-value > 0.05) suggests a good fit, meaning that the observed and model-implied covariance
matrices are not significantly different (Hu and Bentler, 2009). The Chi-square tests is a fundamental basis for assessing model fit but it
is highly sensitive to sample size. With large samples, even trivial discrepancies can result in a significant Chi-square value, suggesting
poor fit. Moreover, more complex models with more parameters can lead to smaller degrees of freedom, making it harder to achieve a
non-significant Chi-square value (Hooper et al., 2008).

3.3.2. The Comparative fit index CFI

The comparative fit index (CFI) is a measurement for evaluating how well a specified (hypothesized) model fits the observed data
relative to an independent, null model that assumes no relationships among the observed variables. CFI values range from zero to one,
with values closer to one indicating a better fit (Kline, 2023). The CFI is calculated using the chi-square values and degrees of freedom
for both the hypothesized model and the null model. The formula is defined as:

2 —
CFI=1 _X mozdel ;lf model )
Xt — f null

Where, y2 4 and df o4 are the chi-square value and degrees of freedom for the hypothesized model.

22q and df,, are the chi-square value and degrees of freedom for the null model.

CFI is less sensitive to sample size than Chi-square text, making it more robust across different sample sizes. However, the mea-
surement is sensitive to model complexity and the accuracy of it depends on the appropriateness of the null model as a baseline
(Hooper et al., 2008).

3.3.3. The Tucker-Lewis Index TLI

The Tucker-Lewis Index (TLI), also known as the Non-Normed Fit Index, is a measure to assess the goodness-of-fit in SEM. It is
particularly useful, when compared to CFI, because it considers model complexity, penalizing for the number of parameters estimated.
TLI values also range from zero to one, although there are rare cases when the values can be slightly above one (Hooper et al., 2008)
when the model is overfit, or sample size is too small. TLI values closer to one indicate a better fit (Hu and Bentler, 2009). The TLI is
calculated using the chi-square values and degrees of freedom.

2 2
X null/ df null — X mudel/ df model
TLI = )
X rzlull/ df null-1

TLI is also less sensitive to sample size compared to Chi-square test. Moreover, by penalizing more complex models, TLI helps prevent
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Table 1
Statistical description of key data.
Mean St. dev. Median Minimum Maximum Skewness Kurtosis

Total sample: observations 2109
TEU 2721 2536 1732 180 19,224 2.24 6.29
Age (year) 11.74 6.38 11.64 —4 35.76 0.13 0.21
Vessel price (million USD) 16.72 21.22 9.25 0.6 171 2.94 10.41
Eco-ships: observations 228
TEU 6117 4194 4686 300 19,224 0.75 —0.28
Age (year) 5.79 5.02 5.37 —3.84 19.87 0.36 -0.4
Vessel price (million USD) 40.18 38.84 21.5 0.6 171 1.15 0.49
Non-eco-ships: observations 1881
TEU 2309 1875 1708 180 13,102 1.85 4.36
Age (year) 12.46 6.14 12.15 -4 35.76 0.13 0.42
Vessel price (million USD) 13.88 15.75 8.45 0.68 113.84 2.84 9.98

Financial investors: observations 124

TEU 5962 4263 4250 300 19,224 0.87 0.44
Age (year) 7.91 5.16 9.36 -1.29 20.96 —0.05 —0.67
Vessel price (million USD) 36.82 38.22 18.14 0.6 171 1.4 1.28

Buyer investors: observations 1985

TEU 2518 2238 1728 180 13,102 2.18 5.9
Age (year) 11.98 6.37 11.86 —4 35.76 0.12 0.23
Vessel price (million USD) 15.47 19 9 0.68 156 2.96 10.77

overfitting, which may occur when too many parameters are included in the model (Hooper et al., 2008).

3.3.4. Root mean square error of approximation RMSEA

Lastly, we also use Root Mean Square Error of Approximation RMSEA for assessing the goodness of fit of the SEM. The measurement
evaluates the discrepancy per degree of freedom between the model-implied and observed covariance matrices. RMSEA is calculated
using the formula:

RMSEA — Mz/d{fl ©

RMSE adjusts for the complexity of the model, making it a more robust measure, especially in large samples. Typically, RMSEA values
of less than 0.05 indicate a good fit (Hu and Bentler, 2009; Hooper et al., 2008).

4. Data

Global containership sales transaction records were collected from January 2005 to March 2023 through Clarksons Shipping In-
telligence Network (SIN). There were 2,109 transactions of containerships sales and purchase (S&P) with a total value of USD 35
billion during the sample period. Each transaction record represents a single vessel S&P. The specifications of the vessels are gathered
from the Clarksons World Fleet Register (WFR). In addition, we collect freight market data in terms of Time Charter Equivalent (TCE),
which measures vessel’s daily earnings in USD/day, for various container vessel sizes from Alphaliner and SIN.

The dataset consists of extensive information, which can be categorized as:

a) Transaction information includes the sale date, sale price in both local currency and US dollars, as well as the buyer’s company and
country.

b) Vessel attributes: including vessel size (TEU), year of build, builder and its country, classification society, engine type and model,
fuel and power type, and the set of energy efficiency equipment, particularly the eco-engine specification.

Freight market indicator: Time-charter rate in USD/day. There are 307 unique buyer identities, of which 26 buyer companies
belong to the category of financial investors, including corporates, leasing houses, and commercial banks. The financial investors
conducted 124 transactions in the sample. These organizations typically purchase vessels and subsequently lease them out to shipping
companies on medium to long-term contracts (5-15 years), separating the ownership from vessels’ daily operations.

The missing sales price data is imputed using K-Nearest Neighbours (KNN) regression based on TEU size and sale date. The sta-
tistical description of the key attributes, including size, age, freight rate, and vessel price, is shown in Table 1. The size of vessels,
measured in Twenty-foot Equivalent Units (TEU), ranges from small feeder vessels with a capacity of 180 TEU to megaships with a



H. Jia et al. Transportation Research Part E 189 (2024) 103658

1,0002999 TEU £ 100-999 TEU 3,000-5,999 TEU
SizeGroup
10,000-15,999 TEU £ 16,000+ TEU 6,000-9,999 TEU
| v e
Presale - 1
Aad
I
1
s T E—
. I .
. .
5-10yr - —EC!— y
N I o .
10-20yr - o=
204yr- 1
0 50 100 150
USD million

Fig. 3. Containership sales price by vessel size, per age profile, over the sample (Jan 2005-March 2023) (The box plot is based on the distribution of
the prices according to age and size at the time of sale. The interquartile range of the prices is shown in the box, with a vertical line representing the
mean. The range is depicted by the solid line outside the box, and the outliers are represented as dots.).

Table 2
Number of transactions and total transaction value by size group and age group.
Age Number of transactions Total transaction value (USD million)
si
1ze Presale 0-5yr 5-10 yr 10-20 yr 20 + yr Presale 0-5yr 5-10 yr 10-20 yr 20 +yr
100-999 TEU 16 82 244 69 264 685 1,257 230
1,000-2,999 TEU 60 94 216 649 92 1,824 2,438 3,255 5,152 792
3,000-5,999 TEU 28 36 146 167 19 1,403 1,495 2,296 2,793 265
6,000-9,999 TEU 9 21 36 66 739 1,536 1,423 1,829
10,000-15,999 TEU 13 30 13 1,410 2,853 947
16,000 + TEU 2 1 269 119
Table 3
Transaction number and value by the top 10 builder countries.
Number of transactions Total transaction value (USD million) Unit transaction value (USD million)
1 South Korea 571 13,434.9 23.5
2 China P.R. 440 7,202.4 16.4
3 Germany 419 4,982.1 119
4 Japan 300 3,841.5 12.8
5 Poland 142 1,751.2 12.3
6 Taiwan 60 1,053.2 17.6
7 Turkey 41 502.0 12.2
8 Denmark 33 843.5 25.6
9 Netherlands 24 204.0 8.5
10 Romania 18 585.4 32.5

capacity of 20,000 TEU. The minimum vessel age being negative (—4 years) suggests that the vessel sale occurred before its
completion, a practice commonly termed as pre-sale. For the entire sample, the average S&P price is USD 16.7 million.

Green technologies mainly include Eco Electronic Engine (eco-engine), which can save energy through electronic fuel injection in
the main engine. The central component of an electronic engine is the Electronic Control Unit, which essentially functions as the
engine’s computer. It monitors and controls various engine functions, using sensors and actuators to optimize performance and ef-
ficiency. In the sample, there were 228 transactions involving vessels equipped with eco-engines. For the eco-ship sub-sample, the
average size increases to over 6,000 TEU, compared to the average size of 2,309 TEU for the full sample. The average age of eco-ships is
less than 5.8 years, which is less than half of the average age of non-eco-ships. The average sales price for the eco-ships reached USD 40
million, which is significantly higher than that of the non-eco-ships at USD 13.9 million. There were 124 transactions in which
financial institutions acted as buyers. The average size of transactions driven by financial buyers appears to be larger, and the average
age appears to be younger compared to transactions in which shipping companies are the buyers. The average sales price also appears
to be higher for financial buyers, with an average of USD 36.8 million.
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Fig. 4. The freight market indicator, Time Charter Equivalent TCE ($/day).

Table 4
GLM Regression Estimation Results.

Dependent variable:

Log_px

(€8] 2) 3) “@ 5)
Log_TCE market 0.797""" 0.796""" 0.626"" 0.622""" 0.612"""

(0.024) (0.023) (0.024) (0.024) (0.024)
Log_TEU size 0.286""" 0.288""" 0.446""" 0.442""" 0.431"""

(0.017) (0.017) (0.019) (0.019) (0.019)
Log_age —-0.398""" —0.405""" —-0.368""" —0.366""" —0.354"""

(0.013) (0.013) (0.013) (0.013) (0.013)
Builder country 0.126"" 0.051* 0.054* 0.065""

(0.032) (0.030) (0.030) (0.030)
Year trend —0.047""" -0.048""" —0.051"""
(0.003) (0.003) (0.003)
Investor profile 0.098"" 0.076
(0.046) (0.046)
Eco-ship 0.182""
(0.038)

Constant -6.283"" —6.287""" 88.777"" 90.083""" 96.311"""

(0.187) (0.186) (5.606) (5.635) (5.757)
Observations 2,092 2,092 2,092 2,092 2,092
Log Likelihood -1,561 -1,553 -1,418 —-1,416 —1,405
Akaike Inf. Crit. 3,130 3,117 2,848 2,846 2,825

Note: the levels of statistical significance level are denoted as: * indicates a p-value less than 0.1, “indicates p < 0.05, and "~ indicates p < 0.01

To further illustrate the relationship between vessel price and age or size, Fig. 3 presents a box plot that reveals the distribution of
vessel price in relation to size and age. The figure shows a decrease in sale prices as the vessel age increases across all size segments.
Table 2 presents the number of transactions and the total transaction value categorized by size and group. As shown, the age profile at
the time of S&P occurrence varies across size groups. In the dataset, larger vessels are sold at a younger age, while smaller vessels are
sold at a relatively older age. The most active segment in the S&P is 1,000-2,999 TEU containerships aged between 10 and 20 years.

The dataset includes shipyards from 22 shipbuilder countries. Four major builder countries — South Korea, China, Germany, and
Japan - dominate the S&P transactions in the sample, accounting for 84 % of transaction value. Table 3 presents the top 10 builder
countries for the vessels involved in the sample, showing the number and value of transactions.

The freight market indicators, time charter equivalent (TCE), are shown in Fig. 4 below. The graph displays time charter rates for
various vessel sizes with contract lengths ranging from 6 to 12 months over the sample period. One notable observation is the sig-
nificant volatility towards the end of the observation period, primarily driven by the instability during the COVID-19 pandemic.

To accurately reflect the freight market conditions for the vessels in the S&P transaction records, the vessels are matched by size
with the published TCEs for the selected vessel sizes. For example, a M—year—old containership with a capacity of N TEUs sold on date
T is compared with vessels of the same size and age on the same date to determine its market freight rate, which is represented by the
6-12-month TCE for similar ages. If there is no exact match in terms of size or age, the market TCE is adjusted linearly based on the
sizes and ages of that specific vessel in the S&P records.
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5. Empirical findings and discussions
5.1. The estimation results from Generalized Linear models (GLM)

Our investigation into the existence of a green premium and the role of financial investors begins with an analysis using a stepwise
Generalized Linear Models (GLM) modelling procedure, gradually including variables. The main results are reported in Table 4. The
overall findings from the multivariate regression models (1) to (5) suggest that the vessel value is positively affected by the freight rate
level (TCE) and the vessel size (TEU), but negatively affected by the vessel age. These findings are in line with theory and the existing
literature. For instance, Stopford (2009) suggests that a booming second-hand vessel sales market is driven by an increasing freight
market. This, consequently, boosts shipping companies’ cashflow, enabling them to invest in second-hand vessels to promptly acquire
transportation capacity. Newer vessels typically experience higher sales prices due to less operational wear, lower operational cost,
and are equipped with advanced technological features. Furthermore, larger vessels achieve higher average sales prices compared to
their smaller counterparts within the same age range. Price differentiation is natural because vessels are large steel structures, and the
raw material represents a high proportion of the building costs. Moreover, the augmented cargo capacities and operational capabilities
inherent to larger vessels amplify their market value.

In relation to the attribute of the builder country, we have investigated various options by considering different combinations of
builder countries to determine their significance in influencing vessel value. Eventually, we singled out Japan from the rest of the
builder countries. It appears that ships built in Japan command a premium over vessels built elsewhere. Therefore, starting from Model
(2) and beyond, we introduce a dummy variable to indicator whether the builder country is Japan. As indicated in the models, there is
a clear premium ranging from 5 % to13% for Japan-built container ships across the various model specifications. The data suggests that
container vessels built in Japan have consistently commanded an excessive transaction valuation of about 6.7 % in Model (5) in the
sample.

This finding is consistent with the study by Adland et al. (2018), which revealed that handysize bulk carriers built in Japan are 6 %
more valuable than those built in China, reflecting the perceived variations in build quality. Japanese yards are renowned for their
superior quality, reliability, and innovation. This leads to a better condition of the Japanese-built vessel at the time of sale, which
contributes to a higher valuation. Consequently, the market’s preference for Japanese-built vessels is evidenced by their price premium
in the sale and purchase market. We would like to point out that the existence of the builder premium for Japan may vary over time and
may not persist going forward. According to orderbook information provided by Clarksons, Japan currently only produces 8-9 % of the
world market’s container ships. The quality of ships from other Asian shipyards is improving.

Models (3) - (5) include a time trend, and the statistically significant coefficient estimates in all the models suggest a declining
vessel value of second-hand containerships from 2005 to 2023. The negative time trend indicates a dynamic shift in the interaction
between the sale & purchase (S&P) market and the newbuilding market. The increasingly stringent regulations regarding environ-
mental issues in the shipping industry have contributed to the downward trend in the second-hand containerships market. Instead, the
demand is shifting toward newbuildings where newer designs and advanced equipment are available. These technological advance-
ments make new vessels more appealing by reducing the risk of becoming stranded assets in a market that is increasingly prioritizing
sustainability and compliance with regulations. In contrast, older ships face the challenges of non-compliance or costly upgrades in the
near future, which can reduce their resale value.

The investor’s profile is included in Model (4) to compare the transaction value of financial buyers with that of the operating
buyers. The statistically significant value of 0.098 in Model (4) suggests that financial buyers, on average, pay a 10 % premium (e%%%)
compared to operating buyers for the second-hand containerships.

When investigating the potential existence of a premium for eco-ships, we incorporate a dummy variable in Model (5) to factor in
the installation of eco engines in the vessels sold. The coefficient is statistically significant, indicating a 20 % (e%182) price premium for
vessels equipped with eco engines. This finding supports the hypothesis (Hp;) that containerships with eco-friendly features command
a price premium compared to their conventional counterparts. The implication of such a premium is twofold. Investing in eco-ships can
result in higher resale values due to the market’s appreciation of associated benefits. It also indicates a market preference that could
influence future purchasing decisions towards greener shipping solutions.

Importantly, it is worth noting that the coefficient of the investor’s profile, initially significant at a 95 % confidence level in Model
(4), becomes insignificant in Model (5) when the eco-engine variable is included. This shift suggests that the eco-ship variable captures
a significant portion of the explanatory power that was previously attributed to the investor profile in interpreting vessel value. The
potential overlap in the information provided by both variables suggests that the eco-engine characteristics have a more direct and
potent influence on vessel value. This is particularly salient when considering the tendency of financial buyers to pay a premium for
vessels equipped with eco engines, as identified in Model (4). Thus, the eco-engine variable emerges as a more dominant determinant
of vessel value, overshadowing the explanatory power associated with the investor profile once the model accounts for these eco
features. This relationship will be further investigated using a SEM structure in the section below.

5.2. The estimation results from GSEM models

The GLM modelling process also demonstrates the specification process for GSEM. We started with a more restricted model
specification, the GLM Model (1) and then progressed to identify more general forms by including potentially omitted variables in
Model (1) (Bentler and Chou, 1993). The statistically significant variables are selected as the basis for further analysis in the GSEM.

Finally, the study examines the factors influencing vessel value, green premium, as well as the vessel preferences of investors using
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Table 5
Estimation results of the Structural Equation Model.
Comparative Fit Index (CFI) 0.998 N 2109
Tucker-Lewis Index (TLI) 0.999 Df 3
RMSEA (90% confidence interval) 0.037 [0.016, 0.060]
Chi-square 11.45
p-value 0.010
Estimate Std.Err z-value P(>|z|)

Panel 1: dependent variable: log_price

Log_TCE market (b1) 0.796*** 0.024 33.484 0.000

Log_TEU size (b2) 0.037 0.038 0.973 0.330

Log_age (b3) —0.403%** 0.009 —46.102 0.000

Japan built (b4) 0.129%** 0.035 3.641 0.000

Eco—ship (b5) —0.133* 0.073 —1.832 0.067

Investor profile (b6) 0.505%*** 0.007 70.123 0.000

Intercept —6.266%** 0.182 —-34.5 0.000
Panel 2: dependent variable: Investor profile

Eco—ship b7) 0.324%*= 0.125 2.594 0.009

Logs size (b8) 0.49%** 0.066 7.418 0.000

The impact of eco-ship on vessel value

Indirect effect_eco-ship 0.163*** 0.063 2.586 0.01

Total effect_eco-ship 0.03 0.037 0.81 0.418
R-Square:

SEM1: Log_price 0.996

SEM2: Financial buyer 0.166

Note: the levels of statistical significance level are denoted as: * indicates a p-value less than 0.1, ~indicates p < 0.05, and ~*" indicates p < 0.01

the GSEM, with findings detailed in Table 5. The goodness of fit of the model is mainly determined by two evaluation criteria: the
Comparative Fit Index (CFI) and the Tucker-Lewis Index (TLI). Both CFI and TLI compare the goodness of fit of the model specification
compared to the null model, in which all observed variables are uncorrelated. CFI and TLI values range from zero to one. Higher values
indicate a better fit of the model to the data. Our results show that both CFI and TLI are close to one, indicating a good fit of the model.
The advantage of CFI and TLI is that they are less sensitive to sample size, making them more reliable. Also shown in the upper panel of
Table 5, chi-square statistic for the GSEM specification achieved a p-value of 0.01, suggesting that there is a difference between
observed and model-predicted covariances (null hypothesis). Therefore, the chi-square test suggests a poor fit of the model. However,
it is recognized that the chi-square test is highly sensitive to sample size and is prone to accepting the null hypothesis (indicating poor
fit) for large samples. Often, researchers use the ratio of chi-square to degrees of freedom (y2/df). A ratio of 2 to 5 is often considered
indicative of an acceptable fit, and our model has y?/df = 3.8. Finally, the goodness-of-fit Root Mean Square Error of Approximation
(RMSEA) measure achieved was 0.037, which is below the threshold of 0.05 at the 90 % confidence interval.

The estimation results, as reported in Table 5, confirm once again that TCE has a positive effect on vessel value, while age has a
negative effect on vessel value. The effect of vessel size on vessel value vanished when introducing the endogenous effect of the vessel
being eco-ships and size on financial buyers’ choice. When looking at the effect of eco-ships on vessel value in the SEM, the direct effect
is negative (—0.133) and the indirect effect through financial buyers is calculated by b6*b7, resulting the total effect of 0.03. This
premium estimate is lower than the results obtained in the GLM. We need to point out the differences in interpreting GLM and GSEM
model specifications. GSEM coefficients are standardized with a variance of 1, while GLM coefficients are unstandardized. This usually
leads to different coefficient estimates from GLM than SEM. Most importantly, SEM allows for the inclusion of multiple interrelated
dependent variables and the control of confounding variables in a more comprehensive way. The estimation method of SEM considers
the entire covariance structure of the data. This might lead to a more accurate estimate of the effect of a particular variable, as it
controls for more potential confounders and pathways of influence than a typical GLM.

The coefficient b6 represents the price difference paid by financial buyers compared to operating buyers. The estimation results
suggest that financial buyers pay a substantial premium of 66 % (e%°°®). While some premium is expected, the magnitude seems
exaggerated. However, when we analyse the results in conjunction with the statistically insignificant coefficient of the variable log
(size), the coefficient of financial buyer appears to be amplified by absorbing both the impact of size and the buyer-effect on vessel
values. This reflects the observation in Table 1, where vessels purchased by financial buyers tend to be larger in size and younger in age
compared to those acquired by shipping company buyers. Consequently, the average sale price appears to be higher for financial
buyers.

Panel 2 in Table 5 reports the estimation results for the GSEM logistic regression, as shown in Eq. (2). This model predicts the
probability of an event occurrence, specifically, the likelihood of a financial buyer acquiring a vessel based on whether it is an eco-ship
of a certain size. The coefficient value represents the change in the odds ratio of the predictors. The results suggest that a one-unit
increase in eco-ships leads to a 35 % (€%3-1) increase in the odds ratio for the buyer to be a financial investor. In other words, the
significantly positive coefficient (b7) suggests that financial buyers have a stronger preference for eco-ships. This finding confirms the
Hopz and evident the proactive role of financial buyers in contributing to sustainable investment within the maritime industry. This
inclination towards eco-ships aligns with a broader movement in the financial industry towards ESG criteria. It also reveals a strategic
orientation among financial buyers towards capitalizing on the long-term economic benefits of owing eco-ships that may shape the
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Table 6
Sale transactions by size segment: Operating buyer VS. Financial buyer.
Size segment Number of transactions ~ Total transaction value (usd m)  No. Of transactions by financial buyers % of financial buyer transactions
100-999 TEU 411 2,435 5 1%
1,000-2,999 TEU 1111 13,461 32 3%
3,000-5,999 TEU 396 8,251 37 9%
6,000-9,999 TEU 132 5,526 34 26 %
10,000-15,999 TEU 56 5,209 13 23 %
16,000 + TEU 3 388 3 100 %
Total 2109 35,270 124 6 %

future landscape of shipping investment.

Therefore, we will further investigate the investment preferences of financial buyers in relation to vessel sizes. We have shown in
Table 1 that transactions with financial buyers show higher average size and lower average age compared to transactions made with
operating buyers. We further analyse the size group of transactions made by financial buyers, and the evidence can be seen in Table 6.
Financial buyers exhibit a clear preference for acquiring larger (above 8,000 TEU) and comparatively newer (aged between 0 to 5
years) containerships. The rationale for this preference may be multifaceted. Predominantly, larger vessels operate in the cross-
continental markets, which present a relatively transparent competitive situation. National trades are usually served by smaller
vessels, which have restrictive ownership and, as a result, limited S&P trade liquidity. For instance, the Jones Act in the U.S. imposes
restrictions on all water transportation of cargo between U.S. ports, mandating that these vessels must be America-built, owned, and
operated. For financial buyers who do not have domain knowledge in shipping, to have the opportunity to lease out vessels to in-
ternational shipping companies is likely more attractive and poses fewer risks compared to leasing in the national markets. Moreover,
financial buyers may have lower capital costs due to their advantageous access to the capital market, enabling them to bid for higher-
value assets. Precisely, the shipping industry requires the capital flexibility provided by financial investors to free up capital expen-
diture on high-value assets. Therefore, financial buyers would be able to afford the premium for these modern and larger vessels, which
demonstrate a prognosis for elevated future cash flows or capital appreciation.

6. Concluding remarks

The findings confirm that the second-hand containership market commands a green price premium for eco-ships. In addition,
financial buyers, who often serve as lessors in the financial leasing of ships within the shipping industry, exhibit a stronger preference
for investing in larger and greener container ships compared to operating buyers. Consequently, financial buyers are more willing to
pay the green premium for these eco-ships.

Eco-ships, recognized by improved fuel efficiency and reduced emissions, are increasingly favoured in the containership sector due
to their economic viability. Financial buyers primarily invest in ship assets to offer financial and operational flexibility to shipping
companies. In turn, these investors can also capitalize on the long-term economic benefits of owning vessels that may face fewer
regulatory hurdles, lower fuel consumption, higher price premium and potentially lower carbon taxes or emission fees. With their
advantage in accessing relatively low-cost capital and focus on efficient capital allocation, financial buyers are well positioned to invest
in capital-intensive containerships, particularly the larger ones. The findings suggest that financial investors have significantly
contributed to the sustainable investment in containerships by prioritizing eco-ships investment. The pivotal role of financial investors
in advancing eco-friendly maritime assets is revealed for the first time, to the best of our knowledge.

Future studies have the potential to extend the scope of analysis by incorporating a wider range of shipping segments. Particularly
for tankers, such a study could be valuable, because there already exists a two-tier pricing market for scrubber-fitted and non-scrubber-
fitted vessels. This expansion into more segments would enable a more comprehensive understanding of the green premium and how it
fluctuates over time. Additionally, there is a significant opportunity for researchers to delve into the realm of financial investment
returns, for example by focusing on the role of bargaining on ship transaction prices and financial sale-and-leaseback transactions in
the shipping industry (Sahoo et al., 2023; Yoon and Kim (2023)). Another intriguing avenue for research lies in the exploration of
diversity within the group of operating buyers. Understanding the variances and unique characteristics within this group could provide
valuable insights into their influence on asset valuations in the maritime sector. Such in-depth investigations would not only enrich our
current knowledge but also offer practical implications for stakeholders in the shipping industry.
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