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As regulations regarding shipping decarbonization and greenhouse gas emissions in general are becoming increasingly strict, 
ship owners have been facing the trilemma of investing in a cheaper but much more polluting conventional vessel or in a more 
expensive but eco-friendly one or postponing their investment decision.  This paper quantifies the price premium paid for eco-
friendly cargo-carrying vessels and examines the determinants of it.  Weekly data from January 2019 until December 2023 
indicates that eco vessels trade at an average premium of close to 25% compared to their conventional counterparts.  However, 
the corresponding income premia are on average between 9% and 15%.  Our findings further suggest that the price premium is 
time-varying and highly dependent on the prevailing market conditions; in expansionary freight markets, it is significantly lower 
than in normal/recessionary ones.  Empirical estimation using nonlinear threshold autoregressive models indicates that recent 
price premia and changes in the fleet supply are strong drivers too with fuel costs and market liquidity having ambiguous effects. 
However, the magnitude and significance of these drivers vary based on the market state and segment.  Finally, the paper 
documents the adverse effect that the current technological and regulatory uncertainty has on investment in newbuilding 
vessels.  Our findings have important implications for industry participants, policymakers, and regulators. 
 
 

Introduction 

Shipping facilitates over 80% of global trade (UNCTAD, 2021), with world seaborne trade, measured in 
tonne-nau�cal miles, increasing at an average rate of 3.3% since 2000, based on Clarksons’ Shipping 
Intelligence Network (SIN) �meseries.  While shipping is less pollu�ng per transport work (i.e., tonne-
nau�cal mile) compared to other transport modes, due to the scale of its opera�ons, it accounts for 2.8% 
of global greenhouse gas (GHG) emissions (UNCTAD, 2023).  In other words, if global shipping were a 
country, it would be the sixth largest carbon dioxide (CO2) emiter in the world (Tiseo, 2023).  Without any 
further ac�on, shipping CO2 emissions are expected to increase by 90-130% by 2050 compared to the 
2008 levels (IMO, 2018).  
 
As a result, shipping environmental regula�ons are becoming increasingly strict.  The Interna�onal 
Mari�me Organiza�on’s (IMO’s) Ini�al Greenhouse Gas Strategy was aiming at reducing CO2 emissions 
from vessels by at least 40% by 2030, pursuing efforts towards 70% by 2050, vis-à-vis 2008 levels (IMO, 
2018). However, the revised and more ambi�ous 2023 IMO GHG Strategy aims at GHG emissions peaking 
from interna�onal shipping as soon as possible and reaching net-zero by or around 2050 (IMO, 2023).  To 
achieve that, among other measures, the shipping industry has started in recent years u�lizing vessels that 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4742928
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are more eco-friendly ―in terms of reduced fuel consump�on and, in turn, CO2 emissions― compared to 
conven�onal ones. 
 
From a technological perspec�ve, eco-friendly vessels should trade at a price premium compared to their 
conven�onal (i.e., non-eco) counterparts.  From a financial perspec�ve, though, for an investor to be 
willing to pay for such premium and for a capital provider to finance such acquisi�on, the eco vessel must 
generate higher cash flows or/and have a lower cost of capital than the conven�onal one.  
 

 
 

Ioannis Moutzouris, Ph.D., an Onassis Senior Lecturer in Shipping Finance and Analy�cs at Bayes Business School (U.K.), during 
his presenta�on about shipping decarboniza�on at the 10th City of London Biennial Mee�ng, which took place at the 
Interna�onal Mari�me Organiza�on in London on June 12-13, 2023. 
 
 

Relevance of the Research Ques�on 
 
This ar�cle contributes to the shipping, asset pricing, and sustainable finance literatures by inves�ga�ng 
whether such an eco price premium exists, analyzing its determinants, and rela�ng the findings to shipping 
investment decisions and their effect on the industry.  To the best of the authors’ knowledge, this is the 
first paper that explicitly examines shipping sustainability from this perspec�ve as previous research has 
focused on the technological and regulatory challenges related to sustainable shipping.  
 
There is also a growing body of literature (Mackenzie et al., 2024a; Mackenzie et al., 2024b) examining the 
implica�ons of environmental regula�ons on marine insurance, but neither those ar�cles explicitly 
incorporate the financial dimension.  While there exists a vast body of literature examining the 
determinants of vessel prices (e.g., Greenwood and Hanson, 2015; Moutzouris and Nomikos, 2019), it 
focuses on a single vessel type and, thus, not on the price differen�al between eco and conven�onal 
vessels. 
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A further contribu�on of the paper lies in the fact that it provides an alterna�ve model specifica�on for 
the rela�onship between vessel prices and freight rates while controlling for various frequently 
incorporated shipping variables.  Apart from the above contribu�ons to the academic literature, the 
empirical findings have important implica�ons for industry par�cipants, policymakers, and regulators. 
 
Data and Ini�al Findings 
 
The empirical analysis is performed using weekly data from Clarksons’ Shipping Intelligence Network (SIN) 
for a representa�ve vessel type from each of the dry bulk and tanker sectors (which, combined, facilitate 
more than three quarters of the world seaborne trade), that is Capesize dry bulkers and Aframax tankers.1 
The sample period, given the limited data availability for eco-friendly vessels, ranges from August 16, 2019 
to December 30, 2022 for Capesizes and from January 4, 2019 to December 8, 2023 for Aframaxes.  The 
incorporated variables are the prices of second-hand vessels 𝐸𝐸𝑃𝑃𝑡𝑡 and 𝐶𝐶𝑃𝑃𝑡𝑡 – eco-friendly and conven�onal 
vessels, respec�vely – at period 𝑡𝑡; the �me-charter (TC) rates 𝐸𝐸𝐸𝐸𝐶𝐶𝑡𝑡, and 𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 –– for eco-friendly and 
conven�onal vessels, respec�vely; 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡 costs; the percentage change in the fleet 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑦𝑦𝑡𝑡 in terms of 
DWT,2 capturing the supply in the sector; and sales of second-hand vessels scaled by the respec�ve size of 
the fleet as a proxy for market liquidity, 𝐿𝐿𝑄𝑄𝑡𝑡. 
 
Figure 1 
Price and 1- and 5-Year Time-Charter Premia for the Capesize Sector 
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To examine the price differen�als between eco and conven�onal vessels, the eco premium variables for 
prices, 𝑃𝑃𝑃𝑃𝑡𝑡, and TC rates, 𝑇𝑇𝑇𝑇𝑃𝑃𝑡𝑡, are defined using the following formulas: 
 

𝑃𝑃𝑃𝑃𝑡𝑡 =
𝐸𝐸𝑃𝑃𝑡𝑡
𝐶𝐶𝑃𝑃𝑡𝑡

− 1         𝑎𝑎𝑎𝑎𝑎𝑎         𝑇𝑇𝑇𝑇𝑃𝑃𝑡𝑡 =
𝐸𝐸𝐸𝐸𝐶𝐶𝑡𝑡
𝐶𝐶𝑇𝑇𝑇𝑇𝑡𝑡

− 1 

 
As suggested by Figure 1,3 the es�mated price premium for the Capesize vessels is 23.2% on average while 
the TC ones are close to 9.0%.  Similarly, for the Aframax vessels, the corresponding figures are 24.9% and 
approximately 15%.  This implies that TC premia on their own cannot explain the observed price premia.  
 
Figure 2 
Price Premium and Eco-Friendly/Conventional TC Rates for Capesize Sector 
 

 
 
 

Furthermore, Figure 2 indicates that, when the price premium is low, freight market condi�ons are more 
prosperous, and the opposite.  A poten�al explana�on for this finding is that the eco vessel provides more 
secured income compared to its counterpart.  Namely, in normal/recessionary shipping markets, where 
the demand for vessels is rela�vely normal/low, a period charterer would prefer leasing first the eco-
friendly vessel (as it is more fuel-efficient but also because of ESG principles that become increasingly 
important).  Accordingly, the residual demand for vessels is not significant, which results in a larger TC 
premium and, ceteris paribus, price premium during that period.  Expansionary markets, in contrast, are 
equivalent to high demand for seaborne trade and �ght supply of vessels.  While eco vessels are s�ll first 
employed realising very high TC rates, the increased residual demand pushes the TC rates of conven�onal 
ones high too –a rela�vely larger increase compared to the increase in the TC rates of the eco ones.  As a 
result, the TC and price premia decrease during expansionary periods. 
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Methodology and Main Empirical Results 
 
The authors further inves�gate the determinants of the documented eco price premium through a two-
step empirical approach.  First, since eco vessels have only recently become available, the �me span of the 
available data is rela�vely limited.  Hence, to develop a robust framework, the paper adopts the approach 
proposed by Caner and Hansen (2001) which allows tes�ng for the presence of a unit root and of 
nonlinearity using a Wald test for threshold effects and Wald and t-tests for unit roots.  The tests reject the 
null hypotheses of no threshold and of a unit root sugges�ng that the price premium follows a two-regime 
sta�onary nonlinear data-genera�ng process driven by market condi�ons.  Second, having tested various 
model specifica�ons, the threshold autoregression (TAR) model of Hansen (1996) is chosen as the most 
appropriate and best performing one.  In turn, this allows tes�ng and analyzing the rela�onship between 
eco price premia and various shipping explanatory variables as freight rates, fuel costs, fleet supply, and 
liquidity in the second-hand market for vessels, depending on freight market condi�ons.  Namely, Regime 
1 captures the eco price premium dynamics in normal/recessionary market condi�ons and Regime 2 in 
expansionary ones. 
 
The es�ma�on results (Table 1) confirm that TC rates cannot determine on their own the eco price 
premium since the slope coefficient of 𝑇𝑇𝑇𝑇𝑇𝑇, while significant in all cases, is well below 1.  Instead, mainly 
past price premia and growth in the supply of the fleet also possess significant explanatory power.  This is 
in line with the previous finding of the paper that price premia are on average significantly lower than the 
TC ones.  Furthermore, it is evident that the impact of the TC premium is more pronounced during 
expansionary phases of freight markets, which are also characterized by less persistence of price premia. 
Those findings are consistent across the dry bulk and tanker sectors. 
 
The explana�on for this could be related to the fact that, in expansionary markets, where sen�ment is high 
(Papapostolou et al., 2014), an increase in the TC premium can have a greater impact on the valua�on of 
the eco-friendly vessel than the previous price premium but also than fuel costs.  In contrast, in 
normal/recessionary markets where investors are less op�mis�c and, thus, more conserva�ve and capital 
availability is reduced, past price premia and fuel costs can play a more significant role in vessels’ valua�on.  
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Table 1 
Es�ma�on Results for the Model with the 1-year TC Rate 
 

 
 
This table reports the condi�onal least squares es�mates for the threshold models with two regimes including the es�mated 
threshold, the number of observa�ons that lie in the first and second regime, respec�vely.  LR is the likelihood ra�o test for the 
null of no threshold whose p-value is computed through the bootstrap as suggested by Hansen (1996) with N bootstrap 
replica�ons.  The trimming % is the percentage of observa�ons that are excluded from the sample so that a minimal percentage 
of observa�ons lie in each regime.  Figures in ( ) are p-values. ***, **, * indicate significance at the 1%, 5%, and 10% level, 
respec�vely. 
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In other words, if in expansionary markets, where TC rates for either vessel are already high, there is a 
larger increase in the TC rate for the eco vessel compared to the one for the conven�onal one, this signals 
to shipowners that inves�ng in the eco vessel is indeed a reasonable decision.  In contrast, in 
normal/recessionary markets, factors such as fuel costs gain more importance. 
 
The slope coefficients for the fleet supply are significantly posi�ve in all cases.  While vessels with modern 
eco engines cons�tute less than 50% of the total fleet, their frac�on has rapidly increased, that is from less 
than 19% of the total fleet in early 2019 to more than 33% at the end of 2023.  This decreased appe�te 
for conven�onal vessels and the increased supply of eco ones might be driving the prices of the 
conven�onal vessels down and, thus, the price premium up.  Furthermore, fleet supply has a larger effect 
on the price premium in expansionary markets as investor sen�ment and capital availability are increased.   
 
A further interes�ng finding is that an increase in fuel costs has a bigger effect on the price premium in 
normal/recessionary markets.  This is because, in normal/recessionary markets, fuel prices amount to a 
much larger frac�on of the vessel’s income compared to expansionary ones.  As such, a period charterer 
would prefer leasing first the eco-friendly vessel as it is more fuel-efficient (but also a ship owner opera�ng 
the vessel in the spot market would realize a higher profit).  Finally, second-hand vessel transac�ons have 
a small impact on price premia.  The authors re-es�mate the model using the 5- year TC rates and the main 
results are similar to the ones discussed above. 
 
Further Discussion and Conclusions 
 
The authors find that eco-friendly vessels trade at an average premium of close to 25% compared to their 
conven�onal counterparts.  However, the long-term cash flows generated by the former investment are 
only around 10-15% higher than for the later.  Furthermore, a brief analysis4 on the cost of capital between 
standard and green/sustainability-linked loans reveals that the later are cheaper by only 23 basis points. 
Therefore, neither the prevailing �me-charter rates nor the cost of capital can explain on their own the 
observed price differen�al and jus�fy the eco-friendly investment.  Instead, the TAR model es�ma�on 
suggests that the magnitude of the price premia can also (mainly) be atributed to the persistence of price 
premia and fleet supply, that is on expecta�ons about the future.  
 
To beter understand this finding, it is useful to consider the increasingly strict regula�ons in the form of 
the revised and more ambi�ous 2023 IMO GHG Strategy, the Carbon Intensity Indicator, the inclusion of 
shipping in the EU Emissions Trading System but also the poten�al adop�on of market-based-measures 
(such as carbon taxes) in the coming years.  These are expected to give a strong compe��ve advantage to 
eco vessels against their conven�onal counterparts, expressed in high spreads between eco and non-eco 
freight rates and, thus, vessel prices.  Thus, inves�ng in the more expensive eco vessel, can be perceived 
as a rather medium- to long-term strategy. 
 
To add to this complexity, this second-hand investment decision is associated with much less technological 
and regulatory uncertainty compared to the case of newbuilding vessels.  The later can have an economic 
life of more than 20 years and require in-depth considera�on of factors such as future availability and price 
of alterna�ve fuels, the required vessel specifica�ons and technology to burn those, the current and 
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forthcoming regula�ons (which can vary among jurisdic�ons) but also safety concerns related to 
alterna�ve fuels as ammonia.  Therefore, shipowners not only face the dilemma of whether to invest in a 
cheaper but more pollu�ng conven�onal vessel or in a more expensive but eco-friendly one but also 
whether it is ra�onal to postpone their investment decision for when there is more clarity regarding 
technology and regula�ons (Moutzouris, 2024).  The later has important implica�ons on new building 
investment decisions.  
 
Figure 3 
Average Vessel Earnings and Investment in Newbuilding Vessels  
 

 
 

Source of Data:  Clarksons’ Shipping Intelligence Network. 
 
 

Namely, tradi�onally, the investment decision of shipowners was associated with the current and expected 
freight market condi�ons; however, the introduc�on of this “decarboniza�on risk” has, on the one hand, 
weakened the effect of freight rates on new building investment and, on the other hand, adversely affected 
shipping investment as a whole.  Regarding the former fact, while from January 2005 to March 2018 there 
was a 58% correla�on between investment in newbuilding vessels and freight market condi�ons, this has 
decreased to 21% from April 2018 and the adop�on of the Ini�al IMO Strategy on the reduc�on of GHG 
emissions from ships.  With respect to the later fact, the average monthly investment in the period from 
April 2018 to September 2023 has decreased by 29% compared to the period from January 2005 to March 
2018 (Figure 3).  Related to that, as of September 2023, the average age of dry bulk and tanker vessels 
were circa 13 and 12 years, respec�vely, and the order books 6% and 8% of the fleet, correspondingly.  This 
underinvestment in newbuilding vessels can have important adverse effects on the mid- to long-term 
supply of the fleet and the well-func�oning of the shipping industry and, in turn, the efficient facilita�on 
of world seaborne trade.  
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This research was mo�vated by the recent regulatory developments around shipping decarboniza�on and 
numerous related discussions and events with various stakeholders, including ship owners/operators, 
financiers, ship brokers, market analysts, charterers, and regulators.  The main outcomes of those 
discussions are aligned with the findings presented here.  As such, to reach the IMO environmental targets 
without threatening the well-func�oning of the shipping industry and world trade, there is an increasing 
need for consensus among the different regulatory authori�es and the various stakeholders.  
 
 

Endnotes 
 
The authors thank participants at the 2023 Finance Research Workshop at Bayes Business School (formerly Cass), City, 
University of London; at the 6th Commodity Markets Winter Workshop (2023) in Lillehammer; at a seminar delivered to the 
U.K. Department for Transport (2023); and at the 2023 Conference on Climate and Energy Finance in Hannover.  Their 
constructive comments helped improve the paper.  This work was supported by the U.K. Department for Transport, as part of 
the U.K. Shipping Office for Reducing Emissions (UK SHORE) Programme and the U.K. Engineering and Physical Sciences 
Research Council (EPSRC) [grant number EP/Y024605/1]. 
 
1 Capesize vessels have a typical cargo-carrying capacity of 180,000 deadweight tonnes and are mainly associated with the 
trade in iron ore and coal but also grains.  Aframax have a typical cargo-carrying capacity of 115,000 deadweight tonnes and 
are involved with the transportation of oil. 
 
2 A measure expressed in metric tons (1,000 kg) or long tons (1,016 kg) of a ship's carrying capacity, including bunker oil, fresh 
water, crew, and provisions.  This is the most important commercial measure of the capacity. 
 
3 For conciseness, the figures focus on the Capesize sector, but the paterns are similar for the Aframax one. 
 
4 Based on data from Marine Money Deal Database and Clarksons’ SIN, a sample of 69 shipping loans for the period 2020 to 
2023 is collected and the average spread is calculated.  The null hypothesis of equal means between standard and GLs/SLLs 
spreads at the 5% significance level cannot be rejected. 
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