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Abstract: Maritime transport stands out as a strategic sector; the increasing trend in maritime
traffic makes it essential to reduce energy consumption and emissions through investment in energy
efficiency. However, investments can be hindered by barriers, and drivers are necessary to reduce
or overcome them and promote investment. Consequently, the purpose of this study is to analyze
what factors influence investment decisions—and how they do so—when there are principal-agent
problems in the shipowner–charterer relationship. The methodology is based on the following
process: model and hypotheses formulation, variable definition, the creation of a study sample and
statistical treatment through a descriptive analysis of variables and a binomial logistic regression
model, all based on a state-of-the-art application. The results corroborate the hypotheses and indicate
that principal-agent problems and split incentives, especially in time charter contracts, and a lack of
verified information make the shipowners less likely to invest. Moreover, energy efficiency measures
are less likely to be implemented in older vessels, possibly due to the difficulty associated with
recovering the investment; they are more likely in larger and newer vessels, and regulation encourage
their adoption. Furthermore, investment is more likely in vessels with verified information and
high levels of both activity and harmful emissions. Improved knowledge in this field could help
businesses and governments to act in a more sustainable manner, without detriment to an innovative
and competitive sector.

Keywords: barrier; driver; energy efficiency; investment; finance; management; sustainability;
maritime transport; principal-agent problem; shipping

1. Introduction

Maritime shipping is a key sector in the economy, accounting for 90% of global economic trade [1–3].
Despite being one of the most environmentally-friendly modes of transport [2,4], the progressive
increase in seaborne trade also implies higher emissions and greater energy consumption. Forecasts
point to an increase in emissions of up to 250% by 2050 [5], and energy costs represent a high percentage
of the operating costs of vessels, accounting for between 60% and 70% [6]. Thus, the need arises to
ensure more efficient and environmentally-friendly maritime activity.

This positions the promotion of energy efficiency (EE) as one of the main objectives in services such
as transport [7,8]. Investing in energy efficiency measures (EEMs) can play an important role, as they
will help to manage and reduce energy consumption and harmful emissions [9–11], and therefore, it is
a highly relevant issue that becomes a key point for business and political decisions, oriented towards
environmental protection and greater energy savings.
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Nevertheless, there are several obstacles that hinder EE investment decisions and slow down the
dissemination of innovation [12,13]. To overcome or reduce these barriers, it is important to also focus
on the driving forces that encourage investment [14–16]. Consequently, studies on EE investment
are vital to ensure sustainable, competitive and innovative business and to contribute to improving
knowledge about the adoption and implementation of EEMs. Nevertheless, most studies have focused
on elaborate taxonomies and categorizing barriers and drivers [17–24], as opposed to empirically
studying their influence on EE investment [25–34]; therefore, empirical evidence in this field is scarce.

The main objective of this work is to analyze which factors (barriers and drivers) influence
EE investments when there are agency or principal–agent problems in the shipowner–charterer
relationship, and how those factors influence investment decision. The main contributions consist
of: (i) transferring the study of economic barriers and drivers of EE investment from the residential,
commercial and/or industrial fields to the maritime shipping sector, as this is a more widely studied
topic in dwellings and industry, but one that is nonetheless transferable to other sectors once the
proper adaptations have been made; (ii) determining how the considered factors influence investment
decisions by observing their real impact and, to this end, we employ data of actual (rather than
intended) investments and examine investment decisions over a range of years; and, although various
economic barriers and drivers are dealt with, (iii) another contribution consists of approaching the
study from an economic-financial perspective, supported by the conceptual framework of Agency
Theory [6,30,31,35,36].

This paper allows us to identify the type of vessels in which EE investments are most likely to be
made. Principal–agent problems, especially in vessels with time charter contracts, make shipowners
less likely to invest due to conflicts of interest (split incentives in the energy efficiency field) and a lack
of verified information. Moreover, EEMs are less likely to be implemented on older vessels, perhaps
due to the difficulty of recovering the investment, although legislation and regulation encourage their
adoption. Furthermore, investment is more likely in larger vessels with higher levels of activity and
harmful emissions, possibly to compensate for their negative impact on the environment. Improving
knowledge in this field can help the relevant parties to act in a more sustainable manner and contribute
to creating a broader and more contrasting vision of the subject. This allows organizations, politicians
and business decision-makers to learn from the past, understand the present and formulate government
policies and decisions in order to develop more sustainable actions to guarantee prosperous, competitive
and innovative activity in the shipping sector and allow the sector for develop in a way that is as
respectful as possible to the environment. We will use the terms “ship” and “vessel” interchangeably,
as well as the terms “maritime shipping” and “shipping” or “drivers” and “driving forces”

This paper has the following structure: Section 2 presents the state of current research, reviewing
some of the most relevant works in the literature on economic barriers, especially those related to agency
theory, drivers and previous empirical EE investment studies. Section 3 explains the methodology
followed to carry out the empirical study, i.e., the model and the hypotheses formulated, the variables
defined, the study sample created, as well as presenting, the statistical treatment, namely the descriptive
analysis of variables and the binomial logistic regression model. Section 4 presents the results of the
study and discusses them. Finally, Section 5 presents the conclusions of the work, the limitations of the
research and lines of future research.

2. The State of Current Research

Since the 1980s, energy efficiency investments and related issues have been studied most
comprehensively in the field of residential housing [18–20,37]; however, in the 2000s, a growing
interest emerged in other sectors [14,16,17,34,38–40]. Nevertheless, studies focused on shipping are
relatively few in number and recent [6,30,31,41–45]. Relevant issues have been the barriers that
inhibit EE investment and give rise to the energy efficiency gap, and drivers that can help reduce or
overcome a barrier and encourage investment. Nevertheless, most studies have focused on elaborate
taxonomies and categorizing barriers and drivers [17–23], as opposed to empirically studying their
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influence on EE investment [24–33]. Below is a review of some of the most relevant studies in the
literature, in which we first comment on papers related to barriers and their classification, focusing in
particular on the principal–agent problem; secondly, papers related to drivers and their classification are
discussed, and thirdly, empirical papers related to the influence of barriers and drivers on investment
are considered.

2.1. Barriers to Energy Efficiency Investments

A barrier can be defined as a mechanism that inhibits investment in measures that are efficient in
both energy and economic terms [23]. The study of barriers has mainly focused on the identification,
categorization and compression of the factors that may explain the low level of implementation of
cost-efficient measures [17,19,20,23,37,39,46]. Blumstein et al. [37] were the first to systematically
analyze the causes of the energy efficiency gap, and Jaffe and Stavins [19,20], Levine et al. [47] and
Golove and Eto [18] considered barriers similar to those established by Blumstein et al. [37] and
introduced the concept of market failure. Sorrell et al. [22–24] also made relevant contributions to the
classification of barriers, taking important elements from Jaffe and Stavins [19,20] and Golove and
Eto [18], and proposing a new categorization built on the theoretical background of the barrier in
economic, behavioral and organizational terms and including market barriers and market failures
within economic barriers. Their taxonomy is derived from different branches of economic theory,
orthodox and agency perspectives combined with transaction cost economics and behavioral economics;
theirs was one of the first empirical studies to do this. Cagno et al. [39] considered a taxonomy which
identified the various origins of the barriers with respect to the firm and the actors affected by the
barriers. Although there is a wide range of classifications, depending on the authors and the scope of
their topic, most have considered the same aspects: economic-financial, organizational, technical, legal
or institutional and behavioral aspects; and most agreed that, in general, there are three large groups of
barriers (Table 1): behavioral, organizational and economic [6,7,11,12,17,30,31,43,44,48–51].

Table 1. Barriers to Energy Efficiency Investments.

Types Subtypes Examples

Barriers to Energy
Efficiency Investments

Behavioral barriers

Organizational barriers

Economic barriers

Market barriers or
Nonmarket failures

Capital constraints
Heterogeneity
Hidden costs

Risk and uncertainty

Market failures

Regulation and other
Asymmetric information

Split incentives
Adverse selection

Moral hazard
Principal–agent problem

Source: Authors’ own work, based on the literature.

Some studies have focused on commercial and industrial firms [14,16,17,27,39,52,53], while
others have concentrated on residential sector [28,29,32,54–56], finding barriers that inhibited EE
investments. Nevertheless, maritime shipping has been the subject of few studies in this regard.
One of the first studies to specifically discuss barriers to low carbon technologies in shipping
was that by Hobson et al. [57], who classified barriers as technical, economic, social and legislative.
Kollamthodi et al. [58] reviewed the literature on barriers and analyzed them; they included risks,
hidden costs, informational problems, technical and operational measures and the principal–agent
problem. Some authors classify these barriers as technological, institutional and financial [43–45].
Maddox Consulting [50] distinguishes among technological, operational and physical barriers,
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regulatory, economic, market failures and administrative barriers. Jafarzadeh and Utne [49]
identified informational, economic, inter-organizational, technological, political, geographic and
intraorganizational barriers, while Rehmatulla and Smith [6,31] considered behavioral, organizational
and economic barriers (market barriers and market failures). Therefore, an analogous taxonomy to
other sectors was defined for shipping, which is no different from that of other sectors, in terms of
the principal–agent problem and the share of energy costs as compared to the total operating costs,
such as in the industrial sector [30]. Economic barriers are most commonly dealt with in the shipping
sector [6,31,42,43,50] and, generally, the factors that affect organizations the most, while behavioral
barriers, for instance, have a greater effect on individuals [59,60]. Economic barriers are classified
into nonmarket failures and market failures. It is important to distinguish between them, due to the
possibility of political intervention regarding the latter.

2.1.1. Economic Barriers: Market Barriers

A market barrier is a factor that inhibits EE investments, contributes to the slow diffusion and
adoption of innovations and explains why even though an energy efficiency measure (EEM) seems to be
economically efficient, the decision-maker does not implement it [6,12,14,19,20,23,31,53,61]. Among the
market barriers included in the reviewed literature (Table 1), those related to capital constraints and
factors that influence the magnitude of the energy efficiency gap stand out.

The high cost required for the adoption of EEMs during the shipbuilding process or the retrofitting
of existing vessels sometimes requires external financing [8]. However, capital constraints, influenced
by the economic crisis, the high cost of capital and the solvency of companies [6,18,61] can make it
difficult for EEMs to be adopted unless they produce a return above the minimum expected by the
investor [62]. Asymmetric information and a lack of knowledge by the lenders about EE investments,
the potential return on investment and the financial risk of the potential borrower may contribute to
creating capital constraints [12,59,63]. As a result, shipping companies are forced to turn to lenders
that are more willing to invest in these conditions, such as equity firms or third-party financing [8].
Investment decision-makers may prefer to keep payments low as opposed to minimizing operational
costs [59]; therefore, if improving EE means giving up other more profitable investment alternatives,
EE investment will be given a low priority, even when a project is economically viable and the company
has access to capital [11,12,38,64]. In the past, when fuel was relatively cheap, investment was even
prioritized in favor of crew costs, as companies lacked sufficient knowledge to evaluate EEMs [44].

Regarding the factors that influence the EE gap magnitude, these can include heterogeneity,
hidden costs, risk and uncertainty. Heterogeneity refers to the fact that the same technology can have a
different profitability and potential to reduce harmful emissions for each type of vessel, depending on
its characteristics, route and merchandise. This is because while a measure may be cost-efficient, it may
not be considered as such, and it may be implemented in one company but not in another [18,19]. Some
technologies may even be mutually exclusive and only applicable to a specific type of ship [44,45].
Likewise, vessel age may be of interest when considering an investment, since an older ship will tend
to have a lower margin of recovery of investments [22], which hinders EE investment.

Hidden costs act as a barrier when they outweigh the benefits of adopting a measure and are
represented by life-cycle costs, transaction costs [13,18,23,63], start-up or interruption costs outside
the dry-dock or inspection periods [43] and the loss or reduction of benefits [6,41,43,44,49,50]. This
classification applies to both the maritime shipping sector and also to others. The risk, uncertainty
and irreversibility of an investment may imply the rejection or delay of a viable project, due to the
numerous uncertainties that these types of investments entail. As a result of skepticism about the
proper functioning of innovative technologies, the shipowner may not always choose to invest in
the most efficient measures or, if he/she does so, it may require a premium to recoup the investment
and to cover risks [6,43]. Risk-related aspects can lead to strict investment criteria, such as the
demand for high levels of profitability and short payback periods [22]. Among these risks are business
and financing risks, technical risks or the unreliability of the EEMs and the external risk related to
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uncertainty regarding fuel price fluctuations, economic and political trends and new regulations
that may discourage shipowners from investing [6,22,23,30,65]. Nevertheless, some authors consider
legislation as a regulatory failure [11,12,43,44,49,50].

2.1.2. Economic Barriers: Market Failures

A market failure occurs when the neoclassical assumptions that define an ideal market are violated,
the conditions for Pareto efficiency are not met, and therefore, the market does not function properly.
These issues lead to a situation of imperfect competition and asymmetric information [12,22,23,59],
and potential difficulties can arise, which lead to a conflict of interest (namely, split incentives in the
EE field) between the parties to a contract. A market failure may justify policy intervention, as long
as the benefits of an intervention exceed the implementation costs [12]. In addition to informational
failures and split incentives, there are regulatory failures [12,43–45,49,50], interorganizational barriers,
environmental and energy security externalities (unpriced costs) [11,12,18,63] and the inability of some
companies to capture the benefits of their research (unpriced public goods) [11,12,63].

The most important market failures are informational failures and conflicts of interest, both of
which lead to a principal–agent problem, as agency theory states, so this section will focus particularly
on them. An agency relationship is a contract established between two cooperating parties in the
performance of an activity. A person or entity (principal) delegates to another person or entity
(agent) the performance of a task (investment decision) for the benefit of the former, in exchange
for remuneration (rent or freight rate) and granting the agent broad decision-making capacity as the
representative of the principal [22,23,30,35,36].

Informational failures include inaccurate or a lack of information and transaction
costs [13,18,22,63,66], resulting in informational asymmetries. The parties to a contract often act
under the influence of informational asymmetries, due to the fact that one party, usually the agent,
can have more information than the other, but is unwilling or has difficulties in transmitting it [20].
The agent can act in an opportunistic way, which can lead to a situation of limited rationality [67]
and increased risk aversion [68], or can prompt investment decision-makers to prioritize other types
of projects [12,18,59]. The worse-informed party may refuse to perform the transaction [69], causing
the parties not to reach an agreement if they do not receive the same data or sufficient guarantees in
terms of the energy and environmental performance of the vessels [8,11,31,70,71]. To a large extent,
the lack of information stems from the lack of adequate measurement and verification methods for the
operation of the implemented EEMs or the environmental performance of vessels. This can be due to
the meteorological conditions, and other operational factors can cause the monitoring of data on the
savings provided by the same technology to vary from one type of vessel to another [6,8,31].

Agency theory also assumes that the agents are autonomous and tend to maximize their own
interests at the expense of the principal [72], a condition that gives rise to conflicts of interest or split
incentives. The shipowner decides the level of EE to implement on his/her property, and the objective
is to assume the lowest possible cost of investment, due to the fact that it may not be able to appropriate
the energy savings or ensure the recovery of the investment through them [42]. The charterer assumes
the role of the principal, as is affected by the decisions of the shipowner (agent); his/her objective is for
the shipowner to maximize EE in order to benefit from greater energy savings and innovations, but the
charterer will not assume the cost of investment, since he/she does not own the vessel [12,19,35,36,73,74].
Since each party has different objectives and there are few incentives to adopt EEMs, split incentives
arise and make it difficult for the level of real investment in EE to reach a socially optimal level [6,8,31].

Consequently, split incentives and asymmetric information lead to a moral hazard and adverse
selection, and the principal–agent problem arises as a market failure, since verifying the agent’s
actions can be too difficult or extremely expensive [6,31,70]. Even if the charterer consumes fuel in a
responsible manner, it is difficult to discern what part of the energy savings is due to technological
factors, what part owes to exogenous factors and what part can be attributed to the charterer’s energy
management. The shipowner could hide behind this argument to justify the low savings obtained
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by the charterer after the agreement. Not revealing the hidden characteristics before signing the
contract may be an adverse selection problem, and in turn, a situation of moral hazard arises, given
that the shipowner excuses his/her behavior after the contract, which can give rise to postcontractual
opportunism [6,31,75–77]. In cases in which the shipowner pays the energy costs or energy bill,
the charterer could also act opportunistically, not adequately managing energy consumption, as the
shipowner pays the energy costs.

2.1.3. Agency Theory and Principal–Agent Problem

Agency relationships may or not result in a principal–agent problem, depending on the type of
contract signed between the parties, the informational failures and the split incentives (previously
mentioned in Section 2.1.2). Based on pioneering studies by Ross [36] and Jensen and Meckling [35],
the principal–agent problem in EE has been studied in different sectors, with the most common
example being the landlord–tenant relationship in the residential sector. The principal–agent problem
was first suggested by Blumstein et al. [37], who studied the possibility of split incentives between
owners and occupants of dwellings. Starting with the landlord–tenant relationship, Murtishaw
and Sathaye [29], Meier and Eide [78] and the International Energy Agency (IEA) [11] classified
principal–agent relationships into four general cases, based on the responsibilities assumed by each
party. This classification can be extrapolated to other sectors, such as shipping [30], depending on the
type of contract under which the vessel operates and its ownership [6,11,31,42,44,50], and has been
applied also to other modes of transport, such as roads [34,79].

Murtishaw and Sathaye [29] identified the party that selects the efficient technology to invest
in, who uses said technology and who pays the energy costs derived from it, and they developed a
framework to categorize the principal–agent problems in the residential sector. Meier and Eide [78]
and the IEA [11] observed how decision-making responsibilities are shared between the parties, who
makes the necessary initial outlay, who owns it, who operates the technology and who pays the energy
costs, applying their analysis to case studies. In all cases, the owner, as the agent, generally decides the
level of EE to implement, the technologies in which to invest and assumes the investment and vessel
costs. The charterer usually delegates investment decision-making to the shipowner and pays a freight
rate to it for the maritime transport service or for the available ship [6,31,43,44]. The main differences
can be in who owns the vessel, who is the principal and who bears the energy costs (included within the
travel costs in shipping). Depending on these aspects, there are four basic principal–agent relationship
cases in the shipowner–charterer relationship, which are described below and are related to a specific
type of contract (Table 2).

Table 2. Cases of principal–agent relationships and problems in maritime shipping.

Charterer Can Select the Measures Charterer Does Not Select the Measures,
Shipowner Selects Them

Charterer pays the energy costs Case 1: no principal–agent problem Case 2: Time Charter
principal–agent and efficiency problems.

Charterer does not pay the energy
costs, shipowner pays them

Case 3: principal–agent, usage and
efficiency problems

Case 4: Voyage Charter
principal–agent and usage problems.

Source: Author’s own work, based on literature.

• Case 1: the shipowner agrees to transport a specific cargo within a given time, owns and operates
his/her own ships, selects the technology to implement, and assumes the vessel and travel costs.
The shipowner and charterer are the same entity and, therefore, there is no agency problem
between them [31], or, if they are different entities, the costs are internalized [11,34].

• Case 2: associated with the Time Charter (TC) contract, in which the shipowner makes a vessel
available to the charterer for a specified period of time. The shipowner and charterer are separate
entities. The shipowner, as the agent, assumes the outlay of the investment, the capital and the
vessel costs. The charterer assumes the travel costs, which will be influenced by the shipowner’s
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decision. Since the shipowner assumes the investment, while the charterer benefits from energy
savings, the former will have no incentive to select efficient technologies, the agency and efficiency
problems arise and the agent can act opportunistically [6,31,34,42,43,45].

• Case 3: the principal and the agent are separate entities. The end-consumer can influence the
investment decision but does not assume the energy costs, is not the owner and does not make the
capital outlay necessary for the investment. The owner will have to cope with the possibility of
poor energy management by the end-consumer, which can mean an increase in the freight that it
demands. There will be efficiency and usage problems. In this case, it is not clear who acts as the
agent and who is the principal. IEA [11] considers the agent to be the one who pays the energy
costs and the principal is the one who selects and operates the technology; however, Vernon and
Meier [34] reason that the roles change in the trucking industry. In any case, this relationship has
not been identified with a specific contract in shipping [30,31].

• Case 4: this is associated with the Voyage Charter (VY) contract. The shipowner and charterer
are separate entities. The charterer hires a shipowner to transport a specific shipment of goods.
The shipowner is responsible for all costs (capital, vessel and travel costs), decides the level of EE
to implement and selects the technology in which it will invest. The shipowner can compensate
for the nonpayment of travel costs by the charterer with a higher freight rate, so it pays it only
indirectly. The charterer, as the principal, assumes the freight rate based on the quantity of goods
transported and, since it does not pay the travel costs, it can engage in opportunistic energy
consumption, triggering agency and usage problems [21,31,34,80].

The shipowner–charterer relationship established under a TC contract (Case 2) is the clearest case
of the principal–agent problem [81]. The agent’s objective is to reduce the cost of the investment, since
he/she cannot appropriate the energy savings or recover the investment through them, unless she/she
has long-term agreements with the charterer. The principal’s objective is to maximize energy efficiency
in the vessel provided by the agent to benefit from greater energy savings and not assume losses caused
by the poor efficiency of the vessel; however, the principal will not assume the initial outlay, as he/she
is not the owner [12,20,35,36,67,73,74]. When the shipowner considers assuming the investment in
EEMs but cannot recover his/her investment, he/she will tend not to invest, due to the fact that,
in general, the economic benefit that the charterer perceives is not reflected in the freight rates or in the
second-hand market [43], or if only a small percentage of fuel savings are recovered through higher
freight rates [42,81]. The charterer will also have no incentive to invest, as he/she will not consider it to
be commercially attractive if the duration of the contract and his/her relationship with the shipowner
are shorter than the return on investment [30,31,43].

2.2. Drivers of Energy Efficiency Investments

A driver is a factor that can help reduce or overcome a barrier or promote EE investment [14,16,59].
The classification of drivers in the residential and industrial sectors could be applied to maritime
shipping and, in spite of the existence of different denominations for each type of factor, most authors
have identified similar drivers that can be grouped into four general categories: economic-financial
drivers, regulation and policies, informational drivers and professional training drivers (Table 3). Their
study promotes a broader vision to help policymakers, businesses and decision-makers to understand
these drivers and enhance their positive effect on EE investment.
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Table 3. Drivers of energy efficiency investments.

Types Examples

Drivers of Energy Efficiency
Investments

Economic-financial drivers

Private financing, public funding and
financial incentives, energy cost
management, information costs,

budget management *

Regulation and policies

Efficiency due to legal restrictions,
energy audit, management, guidelines,

taxes, tariffs, clarity, standards,
willingness to compete, long-term

energy strategy, green image *

Informational drivers
Availability of information, verified

information, awareness,
ambition, knowledge

Professional training drivers Training and educational
programmes, technical support

Source: Author’s own work, based on literature. * Market-based mechanisms are specified separately, since they
can have a political-regulatory nature and provide a financial incentive.

Thollander and Ottosson [16] classified drivers into three groups related to the market,
energy policies and organizational and behavioral aspects. Their study was one of the first to
provide a classification of the drivers, taking into account previous studies on how they influence
investments in clean technologies. Hrovatin et al. [27] used their classification and added regulation.
Cagno et al. [17] differentiated between external and internal factors, considering the same categories
and Cagno et al. [39] stablished four categories: economic, regulatory, informational and vocational
training. Reddy and Painuly [59] distinguished among six driversS. aureuswareness raising,
declining technology prices, rising energy prices, attractiveness of technology, nonenergy benefits and
environmental regulations. Other classifications identified economic, regulatory, informational and
vocational training drivers [39,82,83]; financial, informational, organizational and external factors [84];
and economic factors, legal requirements and consumer requirements [85].

2.2.1. Economic-Financial Drivers

Financing mechanisms are drivers that could help to reduce or overcome barriers such as the
lack of access to capital, split incentives, informational failures and, in consequence, principal–agent
problems [8,31,39,84]. This can occur through private financing [39] or third-party financing [8] and
public financing or subsidies [16,17,39,86].

The third-party financing concept was introduced in the renewable energy sector in 2003,
with Sun Edison’s Power Purchase Agreements (PPAs) and, lastly, in the residential building sector
through Energy Services Companies (ESCOs) [8,50]. The original models can be adapted to the
maritime shipping sector, with methods such as Self-Financing Fuel-Saving Mechanism (SFFSM),
for long-term contracts or vessels operated by the shipowner, and Save as You Sail (SAYS), for short-term
contracts [8,14,31,71,82,87]. In these financial models, a third party contributes the initial capital of
the investment and obtains a return on the fuel cost savings generated by the efficiency gains derived
from the implemented technology [8]. The other parties involved do not have to bear the initial costs
and the cost savings generated are shared among the third party, the shipowner and the charterer
(depending on who is paying for the fuel) under a tripartite contractual arrangement [8,50].

Public funding and financial incentives by policy makers can serve to lower the risk and cost
of capital and can have a catalytic effect on private investments. Jointly to the creation of a low
carbon maritime technology fund (Multidonor Trust Fund, (MDTF)) by the International Maritime
Organization (IMO) [2,8] these initiatives could also provide the type of capital that would allow
companies to test new technologies [37,39,41,49,52,71,88,89].
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A multidonor trust fund for GHG-MEPC 74 (May 2019) agreed to establish a voluntary MDTF or
GHG TC-Trust Fund to provide a dedicated source of financial support for technical cooperation and
capacity-building activities to support the implementation of the Initial IMO Strategy for reduction of
GHG emissions from ships [90,91].

Adequate energy management, greater access to information on real costs and better budget
management relies on sensitivity analyses to reduce risks and verify the effects of possible
future variations on externalities, which are also important for reducing costs from lower energy
use [16,39,49,52,83,88,89]. To promote corporate energy efficiency investments, improving the return
on investment (through subsidies or low interest loans) will not be sufficient, and information on
investment return will not be of much help either. It is necessary to ascertain—and communicate—the
impact of energy efficiency investments on the competitive advantage of firms, or in other words,
to highlight the strategic character of these investments [92].

2.2.2. Regulation and Policies

Environmental impacts attract the attention of legislators and political organizations, which
put pressure on shipping companies to find new ways to reduce their harmful influence on the
environment [27,37,41,52,71,83,89]. International shipping was responsible for a large percentage of the
increase in Greenhouse Gas (GHG) emissions over 1990 levels (+32%) as compared to road transport
(+23%), in spite of the fact that both were lower than international aviation (+129%). Furthermore,
global transport is responsible for 14% of the total GHG emissions [93], and in 2017, road transport
generated almost 72% of total GHG emissions from global transport, while maritime shipping generated
13.3% [94]. The GHG emissions from road transport are ever increasing [95], accompanied by other
gases and air pollutants, such as nitrogen oxides (NOx), carbon monoxide (CO), sulfur dioxide (SO2)
from the burning of fuel and reactants producing particulate matter (PM) through chemical reactions
in the atmosphere [96].

Regarding maritime shipping, the IMO indicated that international seaborne trade has grown
by 500% over the last 40 years, with a commensurate rise in the amount of air pollutants and GHG
emissions from shipping [97]. Forecasts point to an increase in emissions of up to 250% by 2050 in
shipping [5]. Thus, the need arises to ensure more efficient and environmentally-friendly maritime
activity. The IMO could be an important institution in terms of diminishing the negative impact of
these emissions [2,8,86], as determined by the role of environmental regulation as a driver [27].

In fact, guidelines in the Emission Control Areas (ECAs) have been created for the control and
reduction of emissions in vessels built since 2013 and weighing more than 400 Gross Tonnage (GT),
to implement the Energy Efficiency Design Index (EEDI) and increase the efficiency of ships through
Ship Energy Efficiency Management Plan (SEEMP). This was carried out under the auspices of the
IMO Marine Environment Protection Committee (MEPC) 62nd session (July 2011) with the adoption
of amendments to Marine Pollution (MARPOL) Annex VI [98], hereafter referred to as the IMO
guidelines. Despite the significant contribution by shipping to climate change, for the sector, this was
the first legally binding climate change treaty adopted since the Kyoto Protocol; it came into force as of
1 January 2013 [98,99] and the EEDI and SEEMP were the first mandatory measures that took into
consideration the implementation of energy-efficient equipment in vessels, along with the utilization of
operational advances. These guidelines are an incentive for EE investment as a result of their mandatory
compliance. They also tackle the lack of transparency, reducing barriers related to informational
failures, although these initiatives do not yet have the influence to evaluate efficiency throughout the
entire sector [8,31,39,82,85,86,100,101]. Therefore, informational aspects must be considered in order to
develop an adequate calculation of EEDI or another similar index, as we will comment on Section 2.2.4.
External energy audit/submetering may be a relevant driver to consider in this sense.

Furthermore, some global projects executed by IMO to reduce carbon intensity and GHG emissions
from international shipping and to support the uptake and implementation of EEMs are: the Global
Maritime Energy Efficiency Partnerships Project (GloMEEP Project), the Global Industry Alliance to
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Support Low Carbon Shipping (GIA), the Global maritime technology network project (GMN project),
GreenVoyage-2050 project and multidonor trust fund for GHG (GHG TC-Trust Fund) [90].

The increase in energy prices and their fluctuations are considered drivers because they make
it necessary to look for alternative energies or to improve the measures adopted to reduce energy
costs [2,14,16,17,31,53,82,89,102]. These variables are considered by Trianni et al. [83] as regulatory
factors, and by Thollander et al. [84] as financial factors. These factors are associated with a
company’s need to increase or guarantee future dividends [14,16,89,102]; nevertheless, some authors
have considered that subsidies may be more effective than energy price increases in promoting
energy-efficient technologies [68]. Furthermore, pressure from shareholders and stakeholders
can act as a driver to increase the responsible image of companies concerned with Corporate
Social Responsibility [2,39,52,82,83,85], as can managers who are committed to energy efficiency,
management vision based on activity performance and support for the long-term energy strategies
of firms that improve their competitiveness [27,39,103] and also the characteristics of firms and
buildings [14,17,37,39,40,62,67,82,89,104–106].

2.2.3. Market Based-Mechanisms

Market-based mechanisms, measures or instruments are specified separately [2,6]. In addition to
being regulatory or political factors, these would give rise to the generation of funds for the adaptation
and transfer of technologies. They are flexible measures that use prices or other economic variables
to provide monetary incentives for polluters to reduce emissions [99] or have a political-regulatory
nature, as indirect, market-based regulations. Some examples are environmental taxes, the provision
of subsidies, various offsetting mechanisms and Emissions Trading System (ETS) usually applied
in transport sector. They consist of placing a price on GHG emissions or introducing rates based
on the consumption of energy resources, thus increasing the costs of fuel consumption to reduce
emissions and promote the adoption of cost-efficient technologies [2]. The carbon emission trading
mechanism includes a cap and trade system in which firms or national governments can trade emission
allowances under an overall cap (or limit) set by a governmental authority, based on the total amount
of carbon emissions [107]. These mechanisms internalize the negative external environmental cost
of the emissions by forcing the polluter to compensate for that cost [99]. The cap buyer will pay a
charge for emissions, whereas the seller will be rewarded for emissions reductions. Consequently,
overall emissions are reduced by rewarding the most efficient companies and less efficient companies
are provided with incentives to work toward greater efficiency over time [107]. Carbon emissions
would begin to decrease only when the price of carbon exceeds a certain threshold, and the variations
in the total costs depend on the carbon cap, as concluded in a road transport study by Li et al. [107].
The European Commission considers the European Union ETS (EU ETS) as an essential regulatory
tool for reducing emissions; nevertheless, the shipping industry opposes their inclusion in the system,
as previous experience from the aviation industry revealed that regional rules cannot adequately
regulate international sectors [99]. Various stakeholders are also concerned that the EU ETS will
distort competition and will result in carbon leakage, as well as create a high administrative burden
for the industry. ETS in shipping is experiencing growing interest, focusing on investigating the
establishment of a global Maritime Emissions Trading Scheme (METS) which could be useful to
reduce emissions [99,108,109]. Nevertheless, a global METS without certainty in terms of the price of
allowances will result in companies simply offsetting emissions rather than reducing them [99].

2.2.4. Informational and Training Drivers

The lack of confidence data can be considered as an obstacle [44]; having more information would
reduce the costs associated with research and risk aversion [6,31]. Accessibility to information reduces
the cost of obtaining it, and also favors the dissemination of knowledge about EEMs, harmful emissions
or investment characteristics. Consequently, it can also improve communication in an organization,
facilitating decision-making by bringing about greater knowledge [17,37], which, together with greater
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environmental awareness and top management’s commitment to energy efficiency, can promote
investment [14,16,39,49,52,59,82,83,85,88,89].

Fuel combustion in industry, transportation and households is an important source of primary
pollution (directly emitted into the atmosphere) and secondary pollution (from chemical reactions
among the pollutants), and is responsible for climate change [110]. These emissions are challenging
to measure, and consequently, the calculation and verification of information about emissions are
important aspects to consider in investment decisions [95].

Numerous methods and approaches are used to estimate emissions at different levels (global,
national, regional, street, vehicle or vessel level, etc.). Two main approaches are used to calculate
emissions from road transport: the approach based on monitoring traffic flows and the approach that
uses vehicle registries [111]. Most countries use the Computer Programme to Calculate Emissions
from Road Transport (COPERT) model developed for the European Environment Agency (EEA),
which requires a number of activity data inputs, including the number of vehicles segmented by
vehicle type, fuel and emission standard. Since COPERT requires a difficult process, some authors
have suggested other methods, for example socio-economic information for emission estimates [112].
Data from existing registries often cannot be used directly, since it does not accurately reflect the
distribution by type and emission class of the vehicles [113,114]. Other forms to calculate emissions
are the fuel-based approach [95], Travelling Salesman Problem (TSP) model [107] and bottom-up and
top-down estimation. Bottom-up and top-down estimation methodologies are also used to determine
emissions in both maritime and road transport [115–118]. The bottom-up method estimates emissions
from statistical analyses of activity data and country-specific emission factors, while the top-down
method estimates emissions based on observations [119].

In maritime shipping, EEDI regulations have made the verified calculation of technical energy
efficiency for new ships compulsory since 1 January, 2013 [98]. Nevertheless, there is no definitive
database with the vessel’s EE and emissions information for existing fleets. Consequently, shipowners
and charterers have to work with estimates of EE computed from the key ship parameters. Fleet
estimates are even used to form the baseline curves stipulated by IMO guidelines [42,98]. A similar
approach is taken in the formation of the Existing Vessel Design Index (EVDI) [120,121]. The EVDI
measures each ship’s theoretical carbon dioxide (CO2) emissions per nautical mile travelled [121],
and can be applied to existing vessels as well as new builds (where EEDI is not available/applicable).
It generally yields a somewhat higher value than the EEDI (referencing the aim for vessels of emitting
less CO2 per tonne transport than their peers) and the median difference between the EVDI and EEDI
is 5% (thus making the EVDI more conservative) [120–122]. EVDI information can be even verified to
guarantee the quality of information about vessel emissions and EE [121,123]. Rehmatulla et al. [31]
believe that increased public funding, which would incentivize ship owners to test new technologies,
would also bring about the collection of useful information on their operation.

Obtaining energy efficiency or saving certificates [14,104,124], the initiatives of the EU to improve
the ease with which verified and reliable information on the operation of vessels (Monitoring Reporting
and Verification (MRV)) [85] may be obtained, the adoption of international standards, such as ISO
50001, which may favor the implementation of operational measures [49,85] and energy audits that
identify aspects which require improvement [83] are all drivers related to regulation and policies and,
at the same time, informational drivers that can help to reduce informational failures. Internal training
factors, related to the promotion of professional training programs, and external factors, related to
technical support for companies in the sector by technology providers, ESCOs, EEMs installers, etc.,
can also contribute to promoting EE investments [2,16,39,53,82,83,85].

2.3. Previous Empirical Studies on Barriers, Drivers and Their Influence on Energy Efficiency Investments

Blumstein et al. [37] suggested decades ago that barriers are interconnected, and the factors
causing the energy efficiency gap may affect investment decisions [11]. They were among the first
authors to consider split incentives between owners and occupants of residential dwellings and to



Sustainability 2020, 12, 7943 12 of 42

conducted a semistructured interview and case study suggesting a landlord–tenant issue. Weber [125]
indicated that it is difficult, empirically speaking, to determine why investment projects in energy
efficiency with a good cost-effectiveness ratio are not materializing, due to the intangibility of the
barriers. Furthermore, the literature has focused more on elaborate taxonomies and the categorization
of barriers and drivers than on empirically studying their influence on EE investment; therefore,
empirical evidence in this field is scarce, especially as it pertains to maritime shipping.

Empirical studies have obtained data and analyzed barriers, drivers and EE investment through
various research methods, such as the mixed method approach or a combination of qualitative and
quantitative methods, that can combine surveys, questionnaires, interviews and/or focus groups;
and econometric and statistical studies using discrete choice models, Probit, Logit or Tobit regressions.
Consequently, this section will firstly comment on empirical papers based on the mixed method
approach (also considering some reports and case studies with similar approaches in this section),
and secondly, on those based on econometric and statistical analyses, considering that decisions to
invest in different firms and sectors are impacted by similar, yet not identical factors [27]. The general
studies will be considered first, followed by shipping studies.

2.3.1. Mixed Method Approach Studies

Blumstein et al. [37] were the first to systematically analyze the causes of the energy efficiency
gap; one of the first empirical studies was the work by Velthuijsen [106], who used a mixed method
approach (interviews and a self-administered questionnaires) to compare the perceived and calculated
potential of adopting EEMs and the actual level of implementation. He identified the barriers and their
effect on the basis of a survey of Dutch firms, examining the decision-making process for the adoption
and the price elasticity of energy. He states that in order to introduce incentives for investment,
the government may take additional actions, alongside energy taxes, such as the increased availability
of information and subsidies.

Other authors also used the mixed method approach in different sectors to analyze the factors
which influence EE investment decisions, how they operate and the extent to which public policy or
organizational change may help to overcome them. Some conclusions from their studies are that the
main barriers and drivers fall within the economic and organizational categories [88,126], barriers
within group-owned companies are more closely related to organizational problems, and barriers
within private industries are more closely related to informational problems [38,53].

Ownership, split incentives, the principal–agent problem and informational aspects were also
considered important. Few papers have verified the split incentive problem, in terms of its very
existence or quantification. Murtishaw and Sathaye [29] conducted the first research that attempted to
do this for US residential energy use, providing a methodology and a matrix that assigned households
to various principal–agent cases. They assessed the potential size of the split incentive problem and
estimated that as much as 35% of residential energy use in the U.S. is potentially affected by it, based
on the number of dwellings affected by misaligned incentives. The IEA [11] compiled quantification
studies from different sectors that show that the pervasiveness of the principal–agent problem ranges
widely by sector and country. Based on different types of leases for rental offices or landlord–tenant
relationships, it has been seen that renters are not willing to pay more rent for energy-efficient spaces,
or there is a lack of energy efficiency premiums; thus, landlords are unable to recoup their investment
and are less likely to invest [22–24,52].

Vernon and Meier [34] investigated principal–agent problems in the trucking sector, in which
the contracts and stakeholders are very similar to those of the shipping sector, using Murtishaw and
Sathaye’s [29] principal–agent matrix. There is little empirical literature exploring evidence of this issue
in road transport; nevertheless, Vernon and Meier determined that there is an usage problem in 91%
of the trucking fuel consumption, because the truck driver does not pay for fuel costs, and lacks any
incentive to engage in fuel-saving operations. Furthermore, they revealed that 23% of tractor trailers
are affected by an efficiency problem, because owners of rental trailers do not pay for fuel, and contracts
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for rentals do not monetize the fuel efficiency of tractor trailers. Carbon War Room [127] also identified
split incentives between truck owners and those that pay for fuel. Klemick et al. [128] explored
investment decisions within the heavy-duty trucking sector pertaining to fuel-saving technologies.
They relied on focus groups and interviews to gain insight into what factors might explain apparent
underinvestment in fuel-saving technologies. They found that there are split incentives between
owners and drivers. Other factors they found to be important were tradeoffs between fuel economy
and the uncertainty and risk associated with new technologies, if decision-makers are loss averse.
Graus and Worrell [79] analyzed the principal–agent problem in a company leasing cars for executives
in the Netherlands through a case study. Despite the fact that the company’s cars were newer and
employ diesel engines, the authors verified that their fuel efficiency was worse than that private cars,
since they are larger and were driven longer distances compared to private cars. These results show
that principal–agent, efficiency and usage problems can occur. The lack of awareness and the lack of
credible information about new technologies and technology performance also contribute to the slow
adoption of some technologies in road transport [128,129].

The payback period is a commonly used criterion by companies to evaluate investments [38,88,129,130].
This occurs in such a way that if it exceeds a certain value or if the company lacks capital, investments
seem not to occur, and even if an energy-efficient technology is economically viable and the company
has access to capital, they still might not be made [38].

Authors also consider that the characteristics of companies, vehicles and buildings, such as
size and age, matter when investing [17,102,128,130], and investment decisions are the result of an
interaction between external and internal factors of a company, conditions of potential adopters and
characteristics of the technologies [102]. Other important barriers are technical risks, the cost of
production, inappropriate technology, the lack of time and other priorities, a lack of access to capital
and poor organization. The highest ranked drivers are associated with cost reductions resulting from
lower energy use, people with real ambition, long-term energy strategies, the threat of rising energy
prices and the electricity certificate system [16].

Companies need to prioritize energy management and the reduction of energy costs as a result
of drivers [17,52]. Some authors have recognized that energy audits and consultants are important
in overcoming barriers and ensuring profitability [38,53,130], with a high level of implementation of
recommendations. Other factors to consider are regulatory aspects, such the introduction or increase
in tariffs for consumed resources and polluting emissions [88], public policies and policy intervention
to promote the diffusion of EEMs through regulations and public financing [38,52,102,130]. Voluntary
government EE programs should be flexibly designed and implemented to accommodate the many
different barriers [131].

2.3.2. Econometric and Statistical Studies

Regarding the application of econometric and statistical analyses to EE investment study, the most
widely used techniques were the discrete choice model; Tobit, Probit and Logit regressions (binomial
and multinomial); conditional demand model, etc., using data from databases or questionnaires that
make it possible to verify the real impact of barriers and drivers. We will comment on some of the
most relevant papers, applying these techniques. Authors applying these methods have studied the
influence of barriers and drivers on EE investments, attitudes towards them and policy implications,
considering aspects such as the sector of activity, the characteristics of firms, commercial buildings and
dwellings, the type of tenure and the investment decision, the selection of different EEMs or aspects
related to the EEMs adoption. Some authors have studied EE investment decision as a binomial factor,
binary decision or as the possibility to invest or not [25,27,28,32,33,67,68,105,124,132,133].

One of the most important barriers to investment is related to property: the investor–user dilemma,
or the landlord–tenant or principal–agent problem [6,30,31,56,74,105,134–136]. Furthermore, the lack
of information, knowledge and awareness [26,54,62,136], with varying levels of importance in terms of
barriers across different sectors, subsectors, firms and measures, presents itself as a major barrier.
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Brechling and Smith [56] focused on UK households, showing small income-related effects
that suggest no barriers to capital access, whereas home ownership was the only socio-economic
characteristic that influenced EE investment decisions. Similar to Brechling and Smith, Scott [136]
stated that owners of dwellings do not invest in energy saving items due to a lack of information,
nonappropriability, small potential saving, restricted access to credit and transactions costs.
Gillingham et al. [66] studied the presence of wall and attic insulation and showed that this presence
is more likely in owner-occupied dwellings where the resident pays for heating or cooling,
and Krishnamurthy and Kriström [135] analyzed survey data on 11 Organization for Economic
Co-operation and Development (OECD) countries, finding positive effects of ownership on investment
in energy-efficient appliances, due to the fact that owners are substantially more likely than renters
to have access to them. Charlier [74], Dato [137] and Davis [138] observed that ownership positively
affects the adoption of EEMs when a housing unit is owner-occupied. However, if a housing unit is
renter-occupied, landlords are not inclined to make EE investments because they do not pay the energy
bill and tenants are the ones receiving the energy savings.

Levinson and Niemman [21] found that contracts which include energy costs in rental payments
have positive effects on investment, since landlords of heat-included apartments may provide more EE
to minimize costs or may lease them with utilities included to signal their efficiency. Nevertheless,
contracts which do not include energy costs have negative effects on investment, because, in this
case, the landlord can have more difficulties to recoup his/her investment, and might not invest in
EE [21,138].

Hill [139] indicated that significant regional differences exist in the determinants of residential
energy expenditures, and that principal–agent problems appear to be an unimportant factor in energy
efficiency in Austria if efficiency investments are the only mechanism considered. Although it was
conceivable that owners and renters may have different characteristics that determine annual energy
expenditure, the variable he used may fail to detect these differences; nevertheless, he confirmed that
household energy expenditures per square meter were actually higher for owners than renters.

Hellman Miller et al. [140] estimated the likelihood of the adoption of EEMs in the residential
sector in the US, with a focus on the principal–agent problem, and found that rental units with
heat-inclusive rents were less inclined to conserve energy. Moreover, EE investment is more likely to
occur during later periods of tenancy, when relations between landlords and tenants might be better
established [134,135,137,141].

Tenants have high energy expenditures related to energy-inefficient building characteristics,
due to the fact that they are generally poorer than landlords and they are unable to invest [74]. In the
commercial office sector, Kontokoska [132] stated that the ownership type and local market do, in fact,
influence retrofit decisions, providing evidence for the importance of understanding ownership type
and the varying motivations of different types of owners in EE investment decisions. Schloman
and Schleich [105] explored factors driving the adoption of low cost EEMs in the tertiary sector and
found that the landlord–tenant dilemma holds for the adoption of all low-cost EEMs considered,
complementing the existing literature about high cost EEMs in the tertiary sector [62]. Scleich and
Gruber [62] suggested that the investor–user dilemma is not only a barrier to EE in private households,
but also in the commercial, as well as in most private and some public services sectors and Olsthoorn
et al. [134] observed that organizations that rent or lease their work spaces are less likely to adopt
EEMs. Cooperative apartment buildings are significantly more energy-efficient than buildings with
rental apartments. Moreover, public ownership has a negative impact on EE, as cooperative apartment
buildings are owner-occupied and the usage problem of split incentives is mitigated, since the benefits
from improving the EE go directly back to the users in the form of lower monthly fees and higher
property values [142].

Some authors found that financial barriers may impede investments, especially for small firms [54].
Others found that high investment costs and other priorities or more attractive opportunities than
EE investment [25,68,89] are relevant barriers [134]. Nevertheless, some authors have stated that they
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were of no relevance [26,92] and that the least relevant barriers are the technical risk to production and
risk to product quality [134].

Firm or dwelling characteristics, such as age or size, environmental and efficiency characteristics,
household consumption characteristics and the characteristics of residents and their relationships
(socioeconomic variables, pro-environmental households, attitudes, etc.) can influence EE investment
decisions [25,32,33,74,133,136,137,142–144] or decisions to join efficiency programs and initiatives [67].
The likelihood of investing is influenced by dwelling and industry-specific characteristics, the energy
efficiency gap is less likely to exist in large and well-performing firms [27] and investments also occur
more frequently in newer and larger dwellings or firms [32,33,66,137,144–146]. Households in urban
areas, married couples, residents belonging to higher income classes or with higher educational levels
are more likely to adopt EEMs, while older residents are less likely to do so [32,33,140,144].

Abadie et al. [25] focused on manufacturing enterprises and found that firms located in the states
with the highest GHG emissions levels and with the most stringent environmental regulations were the
most likely to invest in EE. These authors, Anderson and Newell [68] and Achtnicht and Madlener [143]
confirmed that payback time and investment costs are determining factors in deciding whether to
invest in EE, as adoption rates are higher for projects with shorter payback times, lower costs, greater
annual savings, higher energy prices and greater energy conservation [68] and the probability of
investing decreases as the payback time increases [25,143]. People who have already made such
investments are more likely to be more motivated to make additional investments. Furthermore, trust
in researchers, scientists and experts has a positive effect on both decisions [137]. The lack of financial
support, low priority, economic loss during new technology replacement, technology uncertainty, less
pressure on energy prices and a relatively high preference for short-term profitability may hinder
companies in making investment decisions [147].

Investment can be encouraged by providing and strengthening financial incentives and
support [27,28,105,147] through subsidies and policies related to public financing [89,103] and focusing
on low-income tenants and third-party financers [74]. This is supported by the facts that landlords,
who are able to afford EE investments, are more likely to invest [143], and that subsidies may be more
effective in promoting energy-efficient technologies than energy price increases [68,133]. However,
Schlomann and Schleich considered that higher energy prices can act as a driver [105] Favorable tax
treatment for efficiency improvements [89,103] and carbon pricing policies [147] also can promote
investment, although Charlier [74] believes that tax credits are ineffective in the split incentives context.
The willingness of the consumer to apply for financing, noneconomic motivations and needs like
comfort, convenience and belonging can also facilitate investment [124,133,148]. If applied to shipping,
comfort and convenience do not seem to be directly extrapolated [124]. Kontokoska [132] commented
that it is necessary to consider and account for the ownership type when designing and implementing
building EE policies.

The economic potential for cost savings, cost reduction and energy savings is considered an
important driver behind investment decisions [54,89,133,143,148]. Aravena et al. [124] indicated that
the decision to invest in EEMs is mainly driven by economic factors, such as gains in energy savings
and the private cost of the measures. Foreign ownership and managerial expectations of future
demand only impact EE investments, while clean technology investments are influenced by managerial
expectations of the future business conditions of the firm [27,141].

The dissemination of information [147], informing and educating the public through various
information sources [27] and targeted information provision [54] may be useful to facilitate company
investment in efficient measures. Schlomann and Schleich [105] suggested that knowledge transfer from
the parent company to a subsidiary enhances the diffusion of low-cost EEMs, and that public-sector
organizations are more likely to adopt energy management. Aravena et al. [124] suggested that the
focus should be placed on providing information about the benefits of the EEMs in order to increase the
adoption of EEMs by households. Furthermore, certification should be provided to inform consumers
about the energy performance of a building relative to similar buildings [142]. Hrovatin and Zorić [28]
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showed that, in addition to professional energy audits, other information sources (constructor, public
consultation, media, etc.) could also play a significant role in fostering energy-efficient retrofit decisions.
Emission taxes can play an important role, but flexible standards, subsidies and information measures
are also particularly important [146].

2.3.3. Maritime Shipping Sector

With regard to the shipping sector, there have been relatively few empirical studies that have
investigated factors that influence EE investments and the principal–agent problem. Much of the
literature consists of industry, consultancy or nongovernmental (NGO) reports, IMO paper submissions,
EU research, reviews and theoretical papers. Most empirical studies are based on the mixed method
approach and interviews with industry experts and providers of the technologies, or Marginal
Abatement Cost Curve (MACC) and few constitute econometric and statistical studies. Nevertheless,
econometric and statistical studies such as the discrete choice model, Logit or Probit used in the
aforementioned previous studies in other sectors (Section 2.3.2) could be applied to the maritime
shipping sector, since investment situations and the principal–agent problem are similar therein,
as described in Section 2.1.3.

One of the first empirical studies by Gordon [149] identified barriers to five EEMs, using an
online questionnaire with a similar framework to other works, but it lacked methodological rigor
and quality [30]. Hill [150] used semistructured interviews to investigate barriers to uptake measures
derived from a MACC modelling, following the established taxonomy of barriers, comparing the
perception of barriers with those observed and proposing policies for the removal of these barriers.
Other authors also have focused on the analysis of the probability of investment and the order in which
the various existing options could be implemented using the MACC method, a graphical method that
indicates the marginal cost of reducing emissions for varying amounts of emissions [43,45,50,151].
However, this method presents certain shortcomings in the field of maritime transport, due to an
incomplete representation of costs and low-risk representation [6]. It also fails to show the actual rates
of implementation of EEMs. Faber et al. [45] provided a comparative analysis of the MACCs that have
been produced so far for the shipping industry, and Maddox Consulting [50] provided a comprehensive
analysis of measures available for reducing CO2 from shipping at negative cost. The results showed
that the implementation rate of measures was between 50% and 75%, and indicated the relevance of
split incentives as a barrier.

The principal–agent problem, split incentives and informational asymmetries are among the
most relevant causes for the energy efficiency gap and significant barriers to EE investment.
Kollamthodi et al. [58] and Faber et al. [43] mentioned that vessels can be affected by the principal–agent
problem, without going into great detail, providing empirical data or modelling. Bergantino and
Veenstra [152] specifically investigated the principal–agent problem in shipping contracts from an
economic perspective, focusing on the informational asymmetries while ignoring the split incentives
branch of the theory and agency theory in the context of energy efficiency. Johnson and Andersson [153]
focused on barriers related to information asymmetries and power structures within organizations;
they considered principal–agent problems and power structures to be among the possible causes for
energy efficiency gaps.

Agnolucci, Smith and Rehmatulla [42] focused on studying the cost savings perceived by the
charterer and how they can be recovered by the shipowner to encourage him/her to invest in EEMs.
The authors concluded that only 40% of the financial savings delivered by energy-efficient technology
were perceived by the shipowner, due to the principal–agent problem. Rojon and Dieperink [2]
concluded that the barriers could be overcome with a greater dissemination of knowledge of wind
propulsion technologies, alternative financial mechanisms, market-based mechanisms, and greater
political and regulatory involvement.

Authors such as Rehmatulla [30] and Rehmatulla and Smith [6,31], who considered that empirical
studies on shipping field had not made full use of the mixed method research as used by empirical
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studies in other sectors, focused on examining how different economic barriers and investment
parameters influence the adoption of EEMs, and also studied the principal–agent problem and
examined effects on EE investment in shipping. They based their work on previous research [11,29,34]
and applied greater methodological rigor, combining data extracted from surveys and analyzing
charter contracts. The authors selected situations in which a principal–agent problem could arise,
framed them within the four basic cases (commented on in Section 2.1.3) and estimated the end-users
affected by the principal–agent problem and the energy consumption of vessels. Their studies showed
that split incentives are also perceived as one of the most important barriers to the implementation of
EEMs, followed by information failures, risk and costs. Technical factors and legal and managerial
issues can also pose major obstacles to investing in EEMs on vessels [41].

To overcome barriers such as the lack of capital, conflicts of interest and informational problems,
one driver to consider could be financing through third parties and financial models capable of bringing
about the adoption of fuel-efficiency and alternative fuel technologies that profitably reduce fuel use
and resulting GHG emissions [6,8,30,31,41]. Regulation can help overcome barriers [41], but it would
require greater implementation of EE and CO2-reducing technologies than those driven by current
regulations alone [154].

3. Methodology and Data

In our literature review, we observed that the barriers and drivers which impact EE investments
have scarcely been explored from an empirical point of view, especially in shipping, or from a
principal–agent perspective. Three reflections can be made when examining the literature: the general
classification of barriers and drivers to EE investment can be transferred from a general field to maritime
shipping, with the appropriate adaptations, since, despite the different names and particularities of
each sector, most authors identify similar barriers and drivers in residential, commercial, industrial
and transport sectors; EE investments can be understood from the logic of the principal–agent problem,
based on different cases of agency relationships and contracts; and the econometric and statistical
procedures from general field can be applied to maritime shipping to improve the quality of studies in
this field.

The main points to address in order to improve the literature are: the lack of data to create
adequate models and the difficulty in finding them; the lack of rigor in previous research processes; the
scarce application of econometric and statistical techniques to corroborate the real impact of barriers
and drivers in maritime shipping sector; the predominance of conclusions based only on theoretical
frameworks, questionnaires with low response rates and authors opinions, rather than econometric
and statistical models and verified data; and the adaptation of interesting empirical models from other
sectors, e.g., residential, commercial and industrial sectors, to the maritime shipping sector.

The research problem addressed in this paper focuses on investments made in energy efficiency
in the maritime shipping sector when there is a principal–agent problem between the shipowner and
the charterer. The objective is to observe the type of factors that affect the investment decision and
how they influence it, and, assuming there is a principal–agent problem, the type of principal–agent
problem that arises.

The methodology applied in this empirical research consisted of a four-phase process (Figure 1).
First, the state of current research (examined in Section 2) was considered to identify which barriers and
drivers from the literature review could be the most interesting to study. Based on this, first, the model
and the hypotheses were formulated; second, the variables were defined to allow the pertinent analyses
to be carried out; third, a process of searching for, compiling, merging and filtering the data was carried
out to create a study sample and obtain the defined variables; and finally, the statistical treatment
was presented, consisting of a descriptive analysis of the variables and an explanation of the selected
empirical method to estimate the model and test the hypotheses that had been formulated, i.e., binomial
logistic regression.
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3.1. Model and Hypotheses

With the objective of the study in mind, and based on economic rationality and a literature review,
the hypotheses and predictable relationships for the model were formulated, indicating that a positive
relationship is expected when a factor encourages investment in energy efficiency, while a negative
relationship is anticipated when a factor inhibits it.

Some vessel characteristics, such as age or size, or certain factors, such as regulation or information,
can act as either drivers or barriers. For example, it may be appropriate to invest in an EEM in a vessel
with certain characteristics, but not in others. This can be due to the fact that heterogeneity is a barrier
to investment in one type of vessel, but not in another, the characteristics of which promote investment.
In the case of regulation, it may or may not favor investment, depending on its purpose. Finally, in the
case of information, if it is accessible and verified, it can be a driver, and if not, information can be
a barrier.

Next, the formulated hypotheses are presented (Table 4), associated with the barriers and drivers
that will allow them to be analyzed. Justification is provided as to why they were considered
appropriate, based on the previous literature.

The general characteristics of the vessels, such as age or size, can be important factors that allow
us to determine how the particularities of each vessel influence the EE investment decision. They
allow us to observe the effects of market barriers, such as heterogeneity, since the same technology
can be profitable and have a given emission reduction potential for a given class of vessel, route and
merchandise, but not for others [17,19,22,44,45,67], and they can act as either barriers or drivers.

The active age of the vessel is expected to have a negative effect on the probability of investing
in EE, with investments in older vessels being less likely than in newer vessels (H1). This is because
older vessels have exhausted more years of their useful life than younger vessels, and therefore, may
not have sufficient time left before decommissioning to recover high outlays, such as those that can
bring about improvements in energy efficiency [22,23]. This circumstance can result in advanced age
acting as a barrier, since payback is an important element to consider in investment projects, which are
usually only applied to ships whose remaining lifetime allows the investment to be fully recovered
over the years included in the annuity calculation [25,43,68,143]. The longer it takes to recover the
investment, the greater the risk, and if the operating time that a ship has left is less than the payback
time, the capital cannot be recovered, so the investment would not be attractive.
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Table 4. Hypotheses and predictable relationships with EE investment.

Hypothesis Description
Predictable

Relationship with
EE Investment

Factor Analyzed:
Barriers and Drivers

H1

A negative effect of the age of the vessel
in active use is expected on the

probability of investing in
energy efficiency.

-
Market barriers: Heterogeneity and
risk//Vessel characteristics as drivers

H2
A positive effect of vessel’s size is

expected on the probability of investing
in energy efficiency.

+

H3
A positive effect of the vessel’s activity

is expected on the probability of
investing in energy efficiency.

+

Economic-financial aspects,
regulation and policies: control,
management, audit, method of

operation as driver

H4
A negative effect of Time Charter

contracts is expected on the probability
of investing in energy efficiency.

-
Market failures: split incentives and

principal–agent problem

H5
A positive effect of Voyage Charter

contracts is expected on the probability
of investing in energy efficiency.

+

H6
A positive effect of the level of

emissions is expected on the probability
of investing in energy efficiency.

+
Regulation and policies: emissions

management as driver

H7
A positive effect of verified information

is expected on the probability of
investing in energy efficiency.

+

Market barriers: uncertainty,
informational failures,

principal–agent
problem//Information as a driverH8

A negative effect of unverified
information or lack of verified
information is expected on the

probability of investing in
energy efficiency.

-

H9

Regulation on emissions and EE in
maritime shipping are expected to have

a positive effect on the probability of
investing in energy efficiency.

+
Regulation and policies: legislation,
regulation and IMO guidelines as a

driver

Source: Author’s own work, based on the literature review.

Characteristics such as vessel size can also condition the investments. A positive effect of size
is expected on the probability of investing in energy efficiency (H2) [32,33,66,133,137,142–144,146],
given that in larger ships, energy consumption and emissions could be higher, so reducing costs and
decreasing the negative impact on the environment become relevant and necessary goals.

Although older age and smaller size act as barriers to investment, younger age and larger size act
as drivers, so the same type of characteristic can either inhibit or promote investment, depending on
its quantity. This is consistent with heterogeneity, since it would mean that investments are more likely
to be made in newer and larger vessels.

In addition to the general characteristics of vessels, knowing their activity can help us to understand
why EEMs are implemented in some types of ships and not in others. A positive effect of the activity
on the probability of investing in energy efficiency (H3) is expected, since the intensity of maritime
traffic entails a higher negative impact on the environment and an increase in energy consumption
that can be reduced with the adoption of EE investments. Consequently, the most energy intensive
companies are more likely to adopt EEMs [62,105] to enhance their image in relation to Corporate Social
Responsibility [2,39,52,82,83,85] as a long-term energy strategy to improve competitiveness [27,39,104].

Split incentives and principal–agent problems that arise in the shipowner–charterer relationship
are relevant market failures [2,6,30,31,35,36,42,58,145,152]. Vessels can be operated under various
types of freight contracts, and depending on their typology, the impact of the principal–agent
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relationship between the shipowner and the charterer on investment decisions can be observed.
The Time Charter (TC) contract is associated with agency and efficiency problems, and the Voyage
Charter (VY) contract is associated with agency and usage problems, as explained in Section 2.1.3.
Based on this, a negative effect of TC contracts is expected on the probability of investing in energy
efficiency (H4), because in TC, the shipowner makes the investment decision and the charterer pays
the energy bill. Therefore, the shipowner will be less willing to make investments from which
he/she will not be able to obtain or adequately recover energy savings. In turn, a positive effect of
VY contracts is expected on the probability of investing in EE (H5), because in VY, the shipowner
makes the investment decision and pays the energy costs or energy bill, and may have a greater
predisposition to implement EEMs [6,21,29–31,34,78]. Knowing the type of contract under which each
vessel operates can be useful to understand how each principal–agent relationship case affects the
investment decision [6,11,26,29–34,42,54,56,62,74,105,132,134,141,150].

Another interesting area of study are environmental and efficiency characteristics. A positive
effect of the level of emissions is expected on the probability of investing in energy efficiency (H6), since
a very high level of emissions implies more pollution, and investment can be increased to reduce its
negative impact on the environment, acting as a regulation or political driver [25,42,54,74,121,134,137].
These characteristics allow us to observe how high levels of emissions can place pressure on shipping
companies to reduce their impact on the environment and improve their green and responsible
image through more efficient investment and management. Uncertainty about the operation of the
technologies to be installed or the environmental impact of a vessel may be a market barrier to
investment, due to the lack of reliable information. This can be related to informational failures
when, on the one hand, imperfect and asymmetric information helps to create a principal–agent
problem and, on the other hand, the existence of verified and accessible information can boost
investment [25,26,28,32,33,54,62,124,137,141]. Considering the availability and quality of information
about the environmental and efficiency characteristics of the vessel and vessel emissions, this
information is expected to be relevant in two ways: when the information is verified, a positive
effect is expected on the probability of investing in energy efficiency (H7) and, therefore, more
and better available information is more likely to act as a driver of investment. However, when
the information is not verified, information asymmetries may arise, and in these cases, the lack of
information and its low reliability are expected to have a negative effect on the probability of investing
in energy efficiency (H8), in such a way that less and worse available information is more likely to
represent a barrier to investment [25,26,28,32,33,54,62,125,141,142].

Regulation is another factor to consider when making EE investment decisions. Uncertainty about
future regulations can inhibit investment, but some regulations can boost investment, acting as a driver.
It is expected that the IMO guideline for the control of emissions and the reduction thereof in vessels
built since 2013 and weighing more than 400 GT, the IMO MEPC 62nd session (July 2011) with the
adoption of amendments to MARPOL Annex VI [98] would have a positive effect on the probability of
investing in energy efficiency (H9), since, given the lack of incentives to invest, it may be necessary for
a higher institution to impose rules that help solve environmental problems. Before 2013, the lack of a
regulation of this nature could be considered to have slowed down or failed to incentivize investment
in EEMs [25–27,54,74,86].

3.2. Variable Definition

In this section, the type of information needed to test the formulated hypotheses is specified and
the variables are defined. Their inclusion is considered to be appropriate, based on the justification of
the hypotheses and the previous literature.

Given the scarcity of empirical literature focusing on the impact of economic barriers and drivers
in maritime shipping, applying econometric and statistical studies and addressing the issue from
principal–agent problem, the variables used in other areas, such as the residential or industrial sectors,
were applied and adapted to this study. Work with EE in the shipping sector is not straightforward [155],
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and considering applications in other sectors can help us provide useful insights for shipping managers
and politicians. The period chosen for the study covers 2006 to 2019 inclusive, and only vessels larger
than 10,000 Dead Weight Tonnage (DWT) are taken into account. Furthermore, only Bulk Carriers or
vessels dedicated to the transport of bulk cargo will be considered, due to the fact that within maritime
shipping, they are one of the main areas of interest, because they are responsible for a large share of the
CO2 emissions in the industry [30].

First, the investment decision was considered as variable (INVDEC), and second, the general
characteristics of the vessels were considered, such as the age of the vessel in active use (AGEAC) or
the vessel size (SIZEM), vessel activity per year (RACT), the characteristics of the types of contract
under which each vessel operates (CTC), the environmental and efficiency characteristics of the vessel
(EVDI), the quality of information about its characteristics (VINFOB) and regulation (also studied with
AGEAC).

INVDEC (EE Investment Decision): the investment decision was considered as variable, since the
purpose of the study is to analyze the effects of barriers and drivers on shipowner’s investment decisions
and the probability of investing. When an investment in EE is made for the vessel, the variable will
be assigned a value of 1, while when no investment is made, a value of 0 will be assigned. Thus,
this is a dichotomous variable, since there are only two options: investment or no investment in
EE [25,27,28,32,33,67,68,105,124,137].

AGEAC (Age of the vessel in active use and IMO guidelines) and SIZEM (vessel size): the general
characteristics of the vessels can be important factors that allow us to determine how the particularities
of each vessel influence the EE investment decision. They can be measured by variables such as
the age of the vessel in active use (AGEAC) and vessel size (SIZEM), which allow us to observe the
effects of market barriers, such as heterogeneity, since the same technology can be profitable and have
a different emission reduction potential for one class of vessel, route and merchandise, but not for
another [17,19,22,44,45,67].

AGEAC, as the age of the vessel, could be measured in years; nevertheless, in our study, it will be
grouped to reflect the IMO guidelines in the youngest group [98,99] and to simplify the model and
give it greater flexibility (since there are more groups and more coefficients). The decision was made
not to create an excessive number of groups, because the more there are, the more closely the model fits
the sample. The IMO guidelines, as mandatory regulations for EE, emissions and maritime shipping,
will act as a driver of investment. Incorporating this aspect into the model can help us to understand
the impact of regulations on investment [25–27,54,74,86]. Since this regulation is based on the age of
vessels and the year of a vessel’s construction, we can use the same variable to analyze the effect of
vessel age and the effect of the IMO guidelines.

If the data about age of the vessels is not available, it must be considered that in order to obtain
AGEAC, we can subtract the year of a vessel’s construction from 2020 to obtain the years that the
vessel had been operating prior to the last year analyzed (2019). For instance, a vessel built in 2013
will have and age of 7 years. The years will be grouped into three categories: Young vessels (YV)
with ages between 0 and 7 years inclusive; Medium-aged vessels (MV) aged 8 to 14 years inclusive;
and Old vessels (OV), older than 14 years. This classification allows us to address the regulation with
the same variable as age, since the YV group coincides with the vessels for which the IMO guidelines
are mandatory, vessels built after 2013 (inclusive) or with and active age of 7 years (inclusive) and
weighing more than 400 GT [98]. As only vessels larger than 10,000 DWT are taken into account,
all exceed 400 GT. Consequently, AGEAC is a qualitative variable that let us test H1 and H9.

SIZEM will be measured in DWT divided by 1000 due to the variable scale will be adapted to the
model. This is a quantitative variable which allows us to test H2. The scale of SIZEM must be adapted
due to the huge values that can exist for the size of a vessel. Most authors included variables such
as the characteristics of the dwellings, households, firms or vessels in their empirical studies on EE
investments decisions [27,30,32,33,124,137,142–144,146] as variables, using number of employees to
define the size of a firm or m2 to define the size of a dwelling. Agnolucci et al. [42] included GT in their
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study, rather than the more meaningful DWT, and the sign on the former variable was contrary to
expectations. Since larger vessels are capable of transporting more cargo, one would expect a positive
effect of this variable on charter rates. We hope to improve upon the work of Agnolucci et al. by
using DWT.

RACT (Vessel activity per year): some authors use export activity, expected demand, sales or
intensity of activity in the case of firms [2,5,26,62,68,71,105,137,145]. Knowing the number of contracts
that a vessel received in the analyzed period (2006–2019) can help us to determine the intensity of its
activity. Nevertheless, considering that the year of build of some vessels can be later than the first
year of the analyzed period, we will calculate the rate of activity by dividing the number of contracts
received for vessels constructed before 2006 by the difference 2020–2006 (i.e., 14 years), and the number
of contracts received for vessels constructed after 2006 by the difference 2020 - the year in which the
vessel was built. RACT is a quantitative variable that allows us to test H3.

CTC (type of contract under which each vessel operates): this variable can be useful to understand
how the principal–agent relationship case and the principal–agent problems, associated to each type of
contract, affect investment decisions [6,11,29,31–34,42,54,56,62,74,103,132,134,141,150,154]. For each
operation carried out by each vessel, the type of contract can vary. We will consider the most frequent
type of contract under which the vessel operates to classify it within a principal–agent problem or
type of contract (Case 2 and TC or Case 4 and VY), in a similar way as chartering ratios defined in the
maritime shipping literature [30]. Consequently, the number of TC and VY contracts that each vessel
has will be grouped to create a variable that shows us the effects of the principal–agent problem on
the probability of investment in EE. Vessels that only operate under TC contracts or that have more
contracts of this type than VY will be classified as TC. Vessels that only operate under VY contracts,
or have of more such contracts than TC or a similar number of contracts, will be classified as VY.
The CTC variable will be created by assigning the value 0 to VY and the value 1 to TC, associating each
type of contract with a type of principal–agent case: principal–agent and efficiency problems (Case 2
or TC contracts, value 1) and a principal–agent and usage problems (Case 4 or VY contracts, value 0).
Consequently, with CTC, we can study the influence of principal–agent problems through the type of
contract. This variable will, in turn, allow us to test H4 and H5.

EVDI (Existing Vessel Design Index): regarding the environmental and efficiency characteristics of
the vessel, it is relevant to observe the amount of harmful emissions of each vessel and their efficiency.
Emissions, energy consumption and energy savings in relation to energy efficiency renovations are
highly pertinent factors that can influence investment decisions [74]. In spite of some EE investment
studies having used CO2 emissions from states as an indicator of pollution levels in the area of
study [25], or emissions savings estimations with PROMODUL software [74], in this study, we will
focus on emissions at a vessel level measured in grams of CO2 per tonne nautical mile from each
vessel [42,121], since it is an adequate piece of data for vessels, as we saw in the literature review.
The variable was named EVDI, since this is the index that measures each ship’s theoretical CO2

emissions per nautical mile travelled, developed by RightShip [120,121]. The EVDI can be applied
to existing vessels as well as new builds (where the EEDI is not available/applicable), it generally
yields a somewhat higher value than the EEDI and the median difference between the EVDI and the
EEDI is 5%, making EVDI more conservative [120–122]. EVDI can serve as a static indicator, but it is
useful to obtain a general idea of the vessel efficiency level in terms of emissions, as considered by
RightShip [121]. It is a quantitative variable that will allow us to test H6.

VINFOB (quality of information about emissions): environmental and efficiency characteristics
can be related to informational failures and the quality of information whereby, on the one hand,
imperfect and asymmetric information helps to create a principal–agent problem and, on the other,
the existence of verified and accessible information can boost investment. Some authors have included
variables such as information in their empirical studies [25,26,28,32,35,62,124,137,141]. The variable
that we will use to indicate the quality of information is named VINFOB; this variable indicates whether
the information on emissions from a vessel (EVDI) has been verified by a classification society, such as
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a nongovernmental organization [121,123]. It will be obtained by assigning the value 0 to vessels for
which this information has not been verified and 1 to those for which it has. This is a dichotomous
variable which will allow us to test H7 and H8.

Table 5 shows the variables that could be useful to measure each of the factors to be analyzed
and test the hypotheses, the variable description, the unit of measurement and type of variable,
as well as the studies on which their incorporation into the model has been based. While the units
of measurement from our variables are not always the same as those in previous studies, they are
nevertheless consistent with them, similar, adequate or justified in the variable definition, as they
have been appropriately adapted to maritime shipping sector. Even in the maritime shipping sector,
some units of measurement were improved, such as those pertaining to the size of the vessel, using
DWT instead of GT, and some concepts have been presented as variables, based on literature review.
It should be noted that each variable can help to test more than one hypothesis.

Table 5. Variable Definition for the Study of Economic Barriers and Drivers that Influence
EE Investments.

Variable Variable Description Unit of Measurement Type of Variable Authors

INVDEC EE Investment Decision 0: no investment in EE
1: investment in EE Dichotomous [25,27,28,32,33,67,68,105,124,137]

AGEAC
Age of the vessel in
active use and IMO

guidelines

YV: young vessels under
IMO guidelines

MV: medium-aged vessels
OV: old vessels

Qualitative [25,26,28,30,32,33,42,54,56,67,68,74,86,
98,124,132,134,136,137,141–146,150]

SIZEM Vessel size DWT/1000 Quantitative [26–28,30,42,54,56,62,67,68,74,86,98,
99,105,132,134,136,139,141–146]

RACT Rate of vessel activity
per year

No. of contracts per
vessel/active year in the

studied period
Quantitative [26,30,62,68,105,145]

CTC Type of contract under
which the vessel operates

0: VY contract
1: TC contract Dichotomous [6,11,26,29–34,42,54,56,62,74,105,132,

134,136,141,145,150]

EVDI Existing Vessel Design
Index or emissions

Grams of CO2 per tonne
nautical mile Quantitative [25,42,74,120–123,137]

VINFOB Quality of Information
about Emissions

0: Unverified info.
1: Verified info. Dichotomous [25,26,28,32,33,54,62,121,123,124,136,

137,141]

Source: Author’s own work.

3.3. Study Sample

This section discusses the process for obtaining the data from the study sample, which consisted
of two phases: search and data collection and data merging, debugging and transformation.

3.3.1. Data Collection

After having defined the variables (Table 5) that can help us to understand the decision to
invest in energy efficiency, we searched for data that reflected as closely as possible the essence and
characteristics of each of the items. Data collection required intensive search efforts due to the diverse
nature of the variables to be analyzed (which required consulting various sources) and the paucity of
public or accessible sources containing the information that was needed.

The sources consulted were Refinitiv Eikon from Thomson Reuters [156] and the Rightship
organization [121,157] (Table 6). Data were collected at a vessel level.
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Table 6. Information collected by vessel type and sources.

Database Information/Vessel Vessel Type No. of
Observations Source

Base 1 Vessel characteristics and
activity information Bulk Carrier 81,533 Eikon Thomson Reuters

Base 2 Vessel characteristics Bulk Carrier 13,500 Eikon Thomson Reuters

Base 3 Vessel characteristics and energy
and environmental information Bulk Carrier 10,762 Rightship

Base 4 Information on EE investments Several vessel types 12,968 Rightship

Source: Author’s own work.

Information was collected from 2006 to 2019 inclusive. Information on general vessel characteristics,
such as size and age, and on aspects related to activity and principal–agent relationship cases, was
obtained from Eikon. Data related to environmental and energy aspects, the quality of the information
and related to EE investments were obtained from Rightship, after presenting the purposes of the
investigation and a summary of the work to be done to the sustainability manager of the organization.
Anonymous information was used at all times; in this way, the privacy and confidentiality of the data
of shipowners, charterers, vessels and organizations was guaranteed. Institutional sources such as the
IMO, specifically mandatory regulations on Energy Efficiency for Ships in MEPC 62 (July 2011) with
the adoption of amendments to MARPOL Annex VI [98], were consulted to determine the legal factors.

3.3.2. Data Merging, Debugging and Transformation

Once the necessary information was collected, the data were merged into a single sample.
R version 3.4.4 [158] was used for this task. Since the unit of measurement is the data per vessel,
and each vessel is identified with a common IMO code, the data from the four databases were unified
using this common code. First, all ships were selected, except those with an IMO code equal to 0.
Second, a phased merger was carried out, keeping all Base 1 vessels and crossing them with matches in
Bases 2, 3 and 4. We proceeded in this manner because all Base 1 vessels are bulk type and have relevant
information to address principal–agent problem. The sample was made up of 112,744 microdata items.
After the merger, the sample was purified by means of the following steps:

• Vessels with incomplete data were removed.
• Vessels with a weight of less than 10 K DWT were removed.
• Vessels that did not have associated a shipowner and charterer in the sample were removed.

Without this information, it is not possible to verify (in this case) whether or not there are split
incentives, a necessary condition for a principal–agent problem to exist. If charterer = shipowner,
there are no split incentives, whereas if charterer , shipowner, there are split incentives.

• Vessels for which the type of contract under which they operate is not indicated were removed,
because without this information, it is not possible to know what type of principal–agent problems
may exist.

• Vessels in disrepair or decommissioned vessels were removed.

All the vessels in the sample may have a conflict of interest or split incentives, since charterer ,
registered owner, so it is a valid sample in terms of this study, focusing on observing how the type of
existing principal–agent problem influences investment in EEMs, as opposed to how the existence
of an agency problem influences this same investment. This condition was assumed based upon the
literature, and verified according to this data. Some vessels were reflected more than once, because
the same vessel may have more than one contract and more than one EE investment in the period of
time studied, so that when the bases were merged, several rows appeared for the same vessel with
repeated data. To avoid duplicates, a sample with unique values per vessel was prepared, resulting in
one row with an IMO code for each vessel. In turn, in order to avoid losing information on contracts
and investments, a frequency table was created with this information, obtaining for each vessel the
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total number of contracts, the number by type of contract and whether or not it made any investments.
A sample with 6750 unique vessels was obtained. The sample size is large enough to make statistical
inferences and produce reliable estimates.

To reflect the variables defined in the data from the study sample, some of the study sample
data were used directly as model variables (collected variables), while other data were adapted or
subjected to some sort of transformation (variables based on the authors own work). INVDEC, EVDI
and VINFOB was used directly as collected variables. INVDEC and VINFOB were assigned values
of 0 and 1, as they were defined as dichotomous variables, and EVDI was obtained from the EVDI
data or emissions measured in grams of CO2 per tonne nautical mile from each vessel, as calculated
by Rightship.

AGEAC is a variable based on the authors own work, due to the fact that the study sample data
about the age of a vessel was the year of build and we had to transform it. To obtain AGEAC as defined,
we subtracted the year of build from 2020 to obtain the years that the vessel had been operating prior
to the last year analyzed. Moreover, AGEAC were grouped into classes to simplify the model and
give it greater flexibility (since there are more groups and more coefficients), and to reflect the IMO
guidelines in the YV group, according to AGEAC definition provided in Section 3.2. The decision was
made not to create an excessive number of groups, because the more there are, the more closely the
model fits the sample. The variable scale of SIZEM was simply adapted to the model and is the result
of dividing DWT by 1000.

Other variables, such as RACT and CTC, required information that the data sources did not
provide. Consequently, these variables had to be obtained by other means.

RACT was obtained by preparing a frequency table of the number of contracts each vessel had
in the analyzed period, reflecting the intensity of its activity. Nevertheless, considering the variable
definition and that the year of build of some vessels was later than the first year of the analyzed
period, we calculated a rate of activity per year by dividing the number of contracts received by vessels
constructed before 2006 by 2020–2006 (14 years) and the number of contracts received by vessels
constructed after 2006 by 2020—the year of build of the vessel.

Regarding to CTC, the data collected indicates the type of contract (TC or VY) for each operation
carried out by each vessel and allow us to determine how the principal–agent relationship case
associated with each type of contract affects the investment decision. Consequently, the CTC variable
had to be obtained by preparing a frequency table of the number of contracts each vessel had in the
analyzed period in each category (TC or VY) and grouping them as explained in the variable definition.
As defined, vessels that only operate under TC contracts or have more contracts of this type than
in VY were classified as TC, and vessels that only operate under VY contracts or have more such
contracts than TC (or similar number of contracts) were classified as VY. The CTC variable was created
by assigning the value 0 to VY and the value 1 to TC, associating each type of contract with a type of
principal–agent case, i.e., principal–agent and efficiency problems (Case 2 or TC) and a principal–agent
and usage problems (Case 4 or VY).

3.4. Statistical Treatment

After the literature review, it was found that some of the empirical studies on EE investments
used Probit and Logit models to observe the factors that influence investment decisions, to see how
they were related to them and/or predict the investment decision. Authors such as Bauwens and
Eyre [159] and Ramos et al. [144] affirmed that the results of the Probit and Logit models are very
similar, both theoretically and in their empirical application.

In this work, after a descriptive analysis of the variables indicating ranges, means and standard
deviations or frequency distributions, we opted for the formulation of a binomial logistic regression,
which is commonly referred to as a Logit model of dichotomous response in econometrics [160,161].
With this binomial logistic regression, we can determine the probability of making investments in
energy efficiency in situations with a principal–agent problem, since a dichotomous dependent variable
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will be presented with two options: investment or no investment in EE. Multiple linear regressions
cannot be used in this context, since the dependent variable (Yi) and perturbation (εi) of each equation
cannot follow a normal distribution or have constant variance, because consistent estimators of the
model coefficients cannot be obtained, nor can the hypothesis of linearity between the observed values
be fulfilled [162].

This model serves to calculate the probability of investing for each vessel, which lets us classify
vessels into two groups, according to their general and environmental characteristics, vessel activity,
regulation, type of contracts or principal–agent problems and quality of information: vessels in which
the shipowner is likely to invest in energy efficiency and those that are not. This allows us to determine
which factors influence investment decision and the intensity with which they do so. In this way, we can
also corroborate which factors represent a barrier or a driver for investment decisions. The relationship
to be studied will be that between the dependent variable (Y) and the independent variables (or
interactions between them) (Xj); the functional form of this relationship will be given by Expressions (1)
and (2):

Yi = β0 +
n∑

j=1

β jX ji + εi (1)

Yi = x′β+ εi (2)

The relationship between Y and each Xj in the binomial logistic regression model estimates the
probability that Y = 1 will occur, given the values of Xj. It is expressed by the following Function (3):

Pr(Yi = 1) =
1

1 + e−(β0+
∑n

j=1 β jX ji)
=

1
1 + e−Yi

(3)

where Pr (Yi = 1) is the probability of occurrence of Y for an individual i, and e is the base of the
natural logarithm and n is the number of regressors, which, in this case, are the same as the variables.
A linear relationship is thus proposed, albeit not with the study variable, but rather utilizing the
logistical transformation of its probability. In the case of logistic regression, the model is estimated by
minimizing the maximum-likelihood function, which is an analogous approach when evaluating how
much information remains to be explained after the model has been estimated:

LL =
N∑

i=1

[Yi ln(Pr(Yi = 1)) + (1−Yi) ln(1− Pr(Yi = 1))] (4)

The maximum-likelihood function takes on values close to 0 when the predicted probability is
successful in classifying the case as 0 or 1. In the event of a mistake, it tends towards large values, in such
a way that the estimated coefficients β will be those that minimize the maximum-likelihood function.

Regarding the structural interpretation of the model, the significance of each estimated coefficient
will indicate whether the influence of its factor on the investment decision is statistically significant.
The significance of the estimated coefficients was analyzed with a Wald test or likelihood ratio test of
the overall significance of the model. The sign of the estimated coefficient will indicate whether it is a
barrier or a driver, and how the variable influences the investment. The standardized coefficient will
allow the relevant factors to be ranked according to their level of influence on the investment decision
when they have different metrics, as in this case. Each predictor is measured in standard deviation
units with standardized coefficients, and may therefore be compared equally. We shall define the
standardized coefficient of the estimated coefficient β j of the factor X j with the formula:

β j·σ
(
X j

)
·
π
√

3
(5)
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where σ
(
X j

)
is the standard deviation of X j and π

√
3

is the fixed standard deviation of the
logistic distribution.

INVDEC (EE Investment Decision) was established as a dependent variable (Y), while the
independent variables (Xj) were general characteristics of the vessel, AGEAC (age of vessel in active
use and IMO guidelines), considering YV as reference level in the regression, associated with regulation
(IMO guidelines) and SIZEM (vessel size); the vessel activity represented by RACT (Vessel activity per
year); the cases of principal–agent relationships and problems represented by CTC (type of contract
under which each vessel operates); the amount of harmful emissions and efficiency of the vessel EVDI
(Existing Vessel Design Index or emissions) and VINFOB (quality of information about emissions).
When testing the hypothesis, we applied a significance level of 0.05.

4. Results and Discussion

In this section, we present a descriptive analysis of the variables included in the model (Table 7),
the results of the binomial logistic regression (Table 8) used to empirically contrast and test the
formulated hypothesis and, subsequently, a discussion of the results with the hypotheses validation
(Table 9).

Table 7. Descriptive Analysis of the Model Variables.

Variable Unit of Measurement Type Range, Means, SD or FD *

INVDEC 0: no investment in EE
1: investment in EE Dichotomous 0 FD: 5560 1 FD: 1190

AGEAC
YV: 0–7 years

MV: 8–14 years
OV > 14 years

Qualitative
YV FD: 1504
MV FD: 3556
OV FD: 1690

SIZEM DWT/1000 Quantitative Range: 10.13–269.96
Mean: 78.49 SD: 47.20053

RACT
No. of contracts per

vessel/active year in the
studied period

Quantitative Range: 0.07143–46.2
Mean: 1.25011 SD: 2.562161

CTC 0: VY
1: TC Dichotomous 0 FD: 888 1 FD:5862

EVDI Grams of CO2
per tonne nautical mile Quantitative Range: 1.92–14.93

Mean: 4.696 SD: 1.372506

VINFOB 0: Unverified info.
1: Verified info. Dichotomous 0 FD: 2880 1 FD: 3870

* Standard Deviation (SD) and Frequency Distribution (FD).

Table 8. Estimation of the regression coefficients, significance of the individual variables, odds ratios
and standardized coefficients.

Variable Estimated
Coefficients Std. Error Z Value Significance

Pr(>|z|)a) Odds Ratio Standardized
Coefficients

(Constant) −6.620744 0.465344 −14.228 0.0000 ***** 0.0013
AGEAC_MV −0.498043 0.095494 −5.215 0.0000 ***** 0.6077 −0.4510582
AGEAC_OV −1.440675 0.0131916 −10.921 0.0000 ***** 0.2368 −1.1321457

SIZEM 0.011261 0.001739 6.477 0.0000 ***** 1.0113 0.9640811
RACT 0.985459 0.044964 21.916 0.0000 ***** 2.6790 4.5796698
CTC −0.350523 0.150543 −2.328 0.0199 *** 0.7043 −0.2149137
EVDI 0.637457 0.055716 11.441 0.0000 ***** 1.8917 1.5869178

VINFOB 1.227024 0.100468 12.213 0.0000 ***** 3.4111 1.1008358

***** < 0.001 *** < 0.05; Number of observations: 6750; McFadden Pseudo-R2: 0.2612194.
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Table 9. Hypothesis testing.

Hypothesis Description Predicted Relationship
with Investment Sign Validation

H1

A negative effect of the age of the vessel
in active use is expected on the

probability of investing in
energy efficiency.

- Validated

H2
A positive effect of vessel’s size is

expected on the probability of investing
in energy efficiency.

+ Validated

H3
A positive effect of the vessel’s activity

is expected on the probability of
investing in energy efficiency.

+ Validated

H4
A negative effect of Time Charter

contracts is expected on the probability
of investing in energy efficiency.

- Validated

H5
A positive effect of Voyage Charter

contracts is expected on the probability
of investing in energy efficiency.

+ Validated

H6
A positive effect of the level of

emissions is expected on the probability
of investing in energy efficiency.

+ Validated

H7
A positive effect of verified information

is expected on the probability of
investing in energy efficiency.

+ Validated

H8

A negative effect of the unverified
information or lack of verified
information is expected on the

probability of investing in
energy efficiency.

- Validated

H9

Regulation on emissions and EE in
maritime shipping are expected to have

a positive effect on the probability of
investing in energy efficiency.

+ Validated

4.1. Results

Different combinations of variables were tested in the defined model, starting with a model that
included only collected variables, and with a model that included variables created by the authors.
Finally, it was decided to use a combination of both types of variables, as described in Sections 3.2
and 3.3 and Tables 5 and 7, since, due to their particularities, some variables required using the data
collected, while others had to be subjected to some sort of transformation, and also because their
interpretation seemed more appropriate in terms of the reviewed literature. Furthermore, a model
with variables in logarithms was estimated, although it is not discussed, since taking the logarithms of
the variables did not reduce the heteroscedasticity of the residuals while making the interpretation of
the results less intuitive.

Once the estimation of the binomial logistic regression model was made, the results that appear in
Table 8 were obtained.

4.2. Discussion

According to the previous results, our next step was to carry out the hypotheses validation and
discussion in order to draw the main conclusions.
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As can be seen in the significance column in Table 8, all the variables contained in the model were
shown to be statistically significant using a Wald test, with significance levels of less than 0.05, and in
most cases, under 0.001. This model has a goodness of fit of 0.2612194 using McFadden’s Pseudo R2.
It is an acceptable result in logistic regression, according to Liao and McGee [163]. Below, we comment
firstly on the influence on EE investment of each variable, and, secondly on how they influence it, that
is to say, if the variables act as barriers or drivers, inhibiting or promoting the investment, respectively.

The standardized coefficient column of Table 8 shows that the most influential variable from our
model is the rate of vessel activity per year (RACT), followed by the emissions (EVDI), the age of the
vessels in active use and the IMO guidelines (AGEAC) and the quality of information about emissions
(VINFOB), which have a similar influence on EE investment decisions in absolute terms. The size
(SIZEM) and the principal–agent case or type of contract under which each vessel operates (CTC) are
the factors with the least influence on investment in this model. This result may be due to the facts that
both types of contracts (TC and VY) have principal–agent problems, and we studied the influence of
principal–agent problems according to the type of contract, rather than the influence on the investment
decision of the existence or not of principal–agent problems. In addition to the comparison of the
greater or lesser influence of each factor, it is important to analyze the direction of their influence on
investment to determine whether they inhibit or promote it, due to the fact that the difference among
the values of some variables can be considerable, in spite of their modest influence.

All predicted hypotheses and relationships with the dependent variable were validated, as the
signs observed in Table 8 for each of the variables contained in the model point in the same direction as
the predictions made in the formulation of hypotheses (Table 4). The validation of the signs is shown
in Table 9 and interpreted below.

The general characteristics of vessels referring to age show, with a negative sign in Table 8, that
the probability of investing in EE decreases as the vessel ages, and therefore, that investment is less
likely in older vessels (AGEAC_OV) than in newer vessels (with AGEAC_YV being considered as
reference level in the regression) and less likely in Medium vessels (AGEAC_MV) than in newer
vessels (AGEAC_YV); and therefore, H1 is met (Table 9). This may be due to the fact that the time
available to recover the investment is shorter in older vessels, as they have a smaller margin of useful
life. The AGEAC variable also reflects the effect of the mandatory regulation on energy efficiency
for ships or guidelines by IMO [98], which drives investment in newer vessels, due the fact that we
considered vessels built from 2013 as being in the AGEAC_YV group, for which minimum EEMs,
EEDI and a SEEMP are required. It was verified that in vessels with this obligation, the probability of
investing increases, since investment is less likely as the vessel ages (AGEAC), and therefore, it is more
likely as the vessel reduces its age, as in the AGEAC_YV group, that contains vessels built from 2013.
Therefore, H1 and H9 are fulfilled.

These results are in agreement with previous studies that point out that newer firms
or dwellings are more likely to undergo EE investments, while older age can act as a
barrier [22,25,32,38,68,130,143,144,146]. Usually, the lifetime of a vessel is between 20–25 years,
so EE investments are only applied to vessels whose remaining lifetime allows the investment to be
fully spread out over the years included in the annuity calculation [43,44], since the longer it takes to
recover the investment, the greater is the risk, and adoption rates will be higher for projects with shorter
payback times. Some authors considered regulation to be an important driver, and proposed that it
can serve to introduce or increase tariffs on the resources consumed and polluting emissions [17,88]
or establish policies to promote EE investment [17,38,52,102]. In this study, we saw that regulation,
such as guidelines from IMO, can promote investment and help overcome barriers to adopt EEMs and
implement EEDI and SEEMP [26,41,54,62,152–154].

Regarding vessel size (SIZEM), the estimation indicates, with a positive sign, that the larger the
vessel size, the greater the probability of investment in EE; as such, H2 is met. This may be because
larger vessels tend to have higher freight rates or better contracts and, therefore, could offer a better
guarantee of income generation and investment recovery that encourages the implementation of EEMs.
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It could also be due to the fact that larger ships pollute more. According to the Odds Ratio of the SIZEM
variable (Table 8), for each 0.001 DWT that the size of a vessel increases, the probability of investing
versus that of not investing increases by 1.0113 (i.e., for each DWT, it increases by 1011.3). This result
is consistent with previous studies in which authors verified that size influences the EE investment
decision, with the energy efficiency gap being less likely to exist in large and well-performing firms
and dwellings [27,32,33,66,144,146].

Regarding the activity of the vessel, the estimates for the RACT variable indicate, with a positive
sign, that the greater the rate of vessel activity per year, the greater the propensity to invest in EE;
thus, H3 is met. This may be due to the fact that a vessel with more contracts implies an increase in
maritime traffic and, consequently, the emissions of polluting gases will be greater, as will the energy
costs [1–3]. This situation can encourage the quest for greater EE through the implementation of EEMs
for various reasons, e.g., reducing the environmental impact, reducing the energy bill or because on
ships with intense activity, the return on investment may be faster [26,27,30,42,62,68,105,145]. A more
energy-efficient vessel could be attractive to charterers who want to hire more efficient ships, thus
making the investment decision more attractive. According to the Odds Ratio of the RACT variable,
for each additional contract per year that a vessel has, the probability of investing versus that of not
investing increases by 2.6790.

The type of contract under which a vessel operates (CTC) lets us observe how the principal–agent
relationship between the shipowner and charterer influences on EE investments. We studied two types
of principal–agent relationships in Section 2.1.3: Case 2, through TC contracts, with principal–agent
and efficiency problems; and Case 4, through VY contracts, with principal–agent and usage problems.
In both cases, the principal–agent problem can hinder investment; nevertheless, the results in Table 8,
with a negative sign, indicate that a vessel which operates under more TC contracts than VY contracts has
a decreased probability of investing in EE, as compared to vessels that operates under more (or similar)
VY contracts than TC contracts, thus confirming H4 and H5. Consequently, estimates indicate that TC
contracts or Case 2 of the shipowner–charterer relationship, as well as split incentives, principal–agent
and the efficiency problems that it implies, are relevant barriers to EE investment, which is consistent
with the literature, demonstrating that using the binomial logistic regression method, which is more
commonly applied in the residential sector, can be as useful as other methods previously commented in
maritime shipping to analyze principal–agent problems [6,11,22,23,29–31,34–36]. The results observed
may be due to the fact that in TC contracts, the shipowner cannot recoup investment easily through
freight rates, because he/she does not pay the energy costs or energy bill, but rather, the charterer pays
it, and, consequently the shipowner does not benefit from energy savings from retrofits and has little
incentive to invest.

According to the Odds Ratio of the CTC variable, when a ship has more TC contracts than
VY, it is 0.7043 times less likely to invest in EE as compared to not investing in EE, than in a vessel
with more (or similar) VY contracts than TC contracts, an interesting and considerable difference.
Although it is a complicated subject and there can be principal–agent problems in both two types of
contracts, the shipowner has fewer incentives to invest in EE in TC contracts [6,29–31,34,42]. This
fact is consistent with principal–agent problems in other sectors. In residential and industrial sectors,
investment is more likely when the landlord/owner/agent who own his/her home assumes the cost
of investment [66,74,135,140] and tenants/renters/principals are less likely to have access to EEMs,
and thus, do not invest in them [56,74,105,132,134,141]. Furthermore, contracts which include energy
costs in rental payments have better effects on investment than contracts in which tenant assumes
the energy bill. Nevertheless, if the landlord does not include energy costs, he/she can have more
difficulties to recoup his/her investment, and might not invest in EE [21,140]. In the trucking sector,
Vernon and Meier [34] presented results which are consistent with those of this paper, demonstrating
that trucks are affected by an efficiency problem because owners do not pay fuel costs and rental
contracts do not monetize fuel efficiency. Furthermore, in shipping, split incentives are also perceived
as an important barrier to the implementation of EEMs [6,30,31]. This may be due to the fact that only
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40% of the financial savings delivered by energy efficiency are passed on to shipowners, due to the
principal–agent problem, and they have few incentives to invest [42].

Regarding informational failures, the VINFOB variable shows, with a positive sign, that when the
information is verified, the probability of investing in EE increases, since it improves the quality of the
information, and there are more guarantees that it is reliable and true. In contrast, when there is a
lack of information or this information is not verified, a barrier to EE investment arises. This confirms
H7 and H8, and according to the Odds Ratio of the VINFOB variable for each point that the verified
information increases, the probability of investing versus that of not investing is 3.4111 times higher in
vessels with verified information than in vessels with unverified information. Knowing whether the
information on efficiency and level of emissions is verified is important, since certifications should
serve to inform charterers about the energy performance of a vessel. This can provide shipowners
with a verified indicator of the performance of their vessel in order to decide whether to invest or
not, just like energy efficiency certifications inform consumers and renters of buildings by making
comparisons to similar buildings [142]. Informational asymmetries and access to verified information
are important barriers and drivers, respectively, as many authors have shown in their studies. They
consider informational asymmetries and the lack of information, knowledge and awareness to be a
cause of energy efficiency gaps and low levels of investment [26,54,62,152,153], and dissemination of
knowledge about EEMs to be a driver [2,28,54,105,141], thus supporting the results from our study.

The environmental and efficiency characteristics of the vessels were analyzed by means of the
EVDI variable, which shows how polluting a vessel is through its emissions. The results in Table 8
indicate that the more emissions a vessel generates, the more the probability of investing in EE increases,
probably to reduce its harmful impact on the environment. According to the Odds Ratio of this variable,
for each gram of CO2 per tonne nautical mile that a vessel’s emissions increase, the probability of
investing in EE, as compared to not investing in EE, increases by 1.8917 times in vessels with higher
emissions. This may be due to the fact that the management and reduction of energy consumption and
harmful emissions are highly relevant issues that have become key points for business and political
decisions, oriented towards environmental protection and greater energy savings. In addition, firms
with high emission levels or located in regions with high levels of emissions are more likely to invest
in EE; as such, it was expected and confirmed that vessels with high levels of emissions are more likely
to invest, which is consistent with the literature [7,8,25,42,54,74,121,137].

5. Conclusions, Limitations and Future Lines of Research

The existence of barriers to EE investment in maritime shipping, especially market failures related
to the principal–agent problem, makes its study of great interest regarding understanding what can be
done to reduce impact and to determine the drivers that could be of help, both to public and private
entities, when it comes to overcoming them. In this section, we summarize the principal conclusions of
our study, we comment on research limitations and we consider some lines of future research.

5.1. Conclusions

Our model gives us evidence that supports the ideas found in the reviewed literature, in such
a way that all the considered factors (barriers and drivers) are significant and the direction of their
influence on EE investment decisions or the probability of investing is coherent with the hypothesis.
We found that shipowners are more likely to invest in EE in vessels with a higher rate of activity or
a higher number of contracts per year, since this can imply a higher level of emissions, due to the
increasing trend in maritime trade; this is the most influential factor from the analyzed variables when
it comes to investing or not.

Vessel emissions, the age of vessels in active use, IMO guidelines and verified information have a
similar influence on the EE investment decisions. We found that shipowners are more likely to invest in
vessels with higher emissions, since this implies a harmful impact on the environment, and shipowners
may feel pressure from stakeholders. Nevertheless, it must be considered that the EVDI focuses on
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technical performance rather than operational performance, since a vessel with a low EVDI is not
always a vessel with low emissions; it can also be affected by adverse weather conditions. Regarding
information, we saw that the higher the quality, the more it will boost investment, since verified
information acts as a driver for investment, and unverified or a lack of information act as a barrier;
the difference among the influence of verified and unverified information is considerable. The age of
the vessel is also relevant. The probability of investing in EE decreases as the vessel ages; therefore,
investment is less likely in older vessels than in newer vessels. This may be due to the fact that the
time available to recover the investment is shorter in older ships, as they have a smaller margin of
useful life. The IMO guidelines act as a driver of investment due to the fact that they are mandatory in
all the vessels built after 2013 (inclusive), and we confirmed that regulations can have a positive effect
on EE investment. Regarding the type of contract under which a vessel operates and the size of the
vessel, these parameters have less influence on investment decision than other analyzed variables;
nevertheless, they are significant and allowed us to confirm the formulated hypotheses.

In this paper, we confirmed that the type of contract under which a vessel operates is a significant
factor, and the shipowner is more likely to invest in EE when a vessel has more TC contracts
(principal–agent and efficiency problems) than VY contracts (principal–agent and usage problems),
with TC contracts serving as a barrier to EE investment. This variable in our model is significant and
very useful to observe the effects of freight contracts on the probability of investing, and to validate the
hypothesis. Nevertheless, as the type of contract under which the vessel operates variable has been
defined, the fact that a vessel has more TC contracts than VY and, therefore, there is a principal–agent
and efficiency problem between the shipowner and charterer (Case 2), does not seem as influential as
other variables on the investment decision. This may be due to the fact that additional or different types
of data might be needed in the study sample to reflect the influence and study the principal–agent
problem and split incentives effect, since this is a complicated issue to address and a relatively novel
subject. Or perhaps, since both types of contracts imply principal–agent problems, the variable used
could be more adequate to analyze the influence of having an efficiency or usage problem on the
investment in different EEMs (technical or operational) rather than their influence on investing or
not, since the literature states that ships operating under TC contracts are more likely to carry out
operational EEMs, while ships operating under a VY contract are more likely to carry out EEMs of a
technical nature [30]. Consequently, a greater influence of the type of contract could perhaps be found
considering different types of EEMs, as opposed to simply determining whether to invest or not.

Size acts as a driver; the larger the vessel size, the greater its influence on the probability of
investment. This may be because larger vessels could offer a better guarantee of income generation
and investment recovery, thereby encouraging the implementation of EEMs, or due to the fact that
larger vessels pollute more, which is in line with the effect of the rate of activity and EVDI.

In general, it can be said that the findings of this study are consistent with those of the reviewed
studies, and corroborate the proposed hypotheses. As there are few empirical, econometric and
statistical studies on economic barriers and drivers to EE investments in maritime shipping from the
perspective of the principal–agent problem, the main contributions of this work lie in: corroborating
the existing general and shipping literature on EE investments; demonstrating that empirical research
such as binomial logistic regressions can be extrapolated from other sectors and applied to the maritime
shipping sector; and demonstrating that when investing in vessels, there are certain similarities to the
principal–agent problems observed with dwellings, firms and another modes of transport, such as
trucks [6,11,29–31,34–36]. Moreover, we studied the principal–agent problem from the perspective of
the most frequent types of contracts under which a vessel operates, based on cases of principal–agent
relationships from the literature [11,29–31,34], and we considered specific regulations which apply to
the maritime shipping sector.

Economic growth models lead to a situation with negative impacts on the environment and high
levels of energy consumption, with most energy consumption growth occurring in road and maritime
transport in 2017 in the EU-13 [164]. In trying to alleviate this and solve the most serious problems of
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climate change and energy consumption, there is no doubt that EE has become a highly relevant issue
that is closely linked to the measures that are being imposed by governments and institutions [98].
Regulation, policies and interventions by higher-level organizations are necessary, since the Sustainable
Development Goals (SDGs) in the field of energy, climate change and shipping, due to their magnitude,
require states to join forces and create initiatives [165]. In this way, we are witnessing an increase in
legislation, mandatory regulation and guidelines and policies. Any of these initiatives that directly or
indirectly helps to reduce payback time, increase funding, reduce barriers to EE investment or control
emissions, such as the IMO guidelines, must initially be seen as an option worth bearing in mind and
should be targeted on a priority basis by public sector policies. Instruments such as tax deductions,
subsidies, public financing, facilities to access loans and taxes on pollution-causing activities can be
reasonable options to encourage EE investment [25,146]. Furthermore, policies could focus on the role
of shipowner–charterer market failures—especially those relating to principal–agent, efficiency and
usage problems.

However, it is necessary to identify and communicate the impact of EE investments on the
competitive advantage of firms, in other words, to highlight the strategic nature of these investments [92]
and the environmental benefits that they can bring about, since even though it is sometimes necessary to
resort to superior or governmental bodies that impose mandatory EE standards and create investment
incentives, it would be also desirable for other actors in society (banks, shipowners, charterers, etc.) to
get involved in this challenge. Greater implementation of EEMs is required beyond those promoted
by current regulations alone [154]. To help reduce principal–agent problems and boost investment,
it may be necessary to create new financing formulas such as third-party financing, proper budgetary
management, and to get the involvement of shipowners and charterers [8,31,41,74].

Different actors do not only account for the negative impact upon the environment which
results from poor energy and environmental management of economic activity; they can also use
the information and knowledge generated on an academic level and the experience of their daily
operations to act on solid and proven bases and focus on how to resolve this situation, attempting to
find common goals that allow them to work for the prosperity of the maritime shipping sector and
for a more sustainable future. Maximizing business profit should not be the only beacon that guides
maritime shipping; it must go hand in hand with sustainability, since EE improvement and energy
cost savings are not incompatible with a prosperous business. Moving forward in the study of the
barriers and drivers of EE investments, analyzing shipowner–charterer relationships and unravelling
the keys to implementing EEMs without harming any of the parties involved should be a priority on
the agendas of shipowners, charterers and governments, since it can place a strategic sector at the
forefront of innovation and sustainability.

5.2. Limitations of the Research

Difficulties and limitations were found in aspects related to data sources and the adaptation of
theoretical concepts to the empirical model in a sector with scant empirical literature that could serve
as a guide. Obtaining data for an empirical study of these characteristics required intensive effort
dedicated to searching for, compiling and creating the study sample, as well as a great deal of thought
to identify the best and most rigorous way possible to apply theoretical aspects to real quantitative
and qualitative data, ensuring that all the necessary nuances and empirical aspects extrapolated from
other different sectors had been accounted for. For this purpose, the literature on barriers, drivers,
principal–agent problems and investments in energy efficiency, as well as those from other sectors
and shipping, was used. The primary example of this pertains to the dwelling or industrial sectors,
in which the principal–agent problem has been studied in greater depth to identify similar indicators
that can be extrapolated to the transport and maritime fields.

The diverse nature of the indicators analyzed required consultations of different sources and
working with various databases to create the study sample. Some databases were limited, private
or contained confidential company information, and certain data had to be transformed, since the
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necessary information could not be extracted directly from the original data. It should also be noted
that there was no information on the exact date on which EE investments had been implemented,
although all of them belonged to the study period considered (2006–2019), and the situation of the
companies involved could not be compared before and after the investment; rather, the probability
of investing based on vessel characteristics and barriers and drivers information from a time range
was considered. Moreover, our study considered the static efficiency of each vessel through the EVDI
variable. This variable indicates the grams of CO2 per tonne nautical mile travelled that a vessel
is expected to generate, taking into account, principally, design characteristics. After investment,
we implicitly assume that an investment will produce the same or greater efficiency at a certain point
in time. EVDI do not vary significantly if operational measures are implemented, but can vary if
technological or design measures are implemented. EVDI can be applied to existing vessels as well as
new builds (where EEDI is not available/applicable); in spite of being a static indicator, EVDI serves
as a useful variable to obtain a general idea of the level of a vessel’s efficiency in terms of emissions,
as considered by RightShip.

Focusing the study, i.e., mainly on vessel characteristics, the principal–agent problems, split
incentives, the lack of information that hinders EE investments based on the type of contract under
which a ship operates and on drivers, it was considered that financial information related to capital
constraints was not essential; therefore, this was not included in the analysis [105]. Financial factors
are important, but can represent secondary influences on investment decisions, whereas the strategic
nature of an investment can be a primary influence on decision-making [92]. Some of this information
is related to the amounts disbursed by shipping companies in their investments, on their economic
situation and financial structures, cost, access to capital and capital constraints, the priority of EE
investments over other types of investments, indebtedness and sources of financing or financial
incentives. This type of data may be confidential or appear in databases with restricted access.

The observed low level of influence of the type of contract under which a vessel operates, as noted
previously, may have been due to the fact that additional or different types of data might be needed in
the study sample to reflect the influence of this factor, as well as to study the principal–agent problem.
Before Rehmatulla [30], who applied a similar variable definition to address the principal–agent
problem through the type of contract under which a vessel operates, there was no previous research on
maritime shipping that suggested that this was a pertinent or stable variable. Nevertheless, he stated
that research from other sectors has used similar variables based on the types of contract or tenure,
such as rented dwellings, owner-occupied dwellings, rental contracts or household tenure, to measure
the principal–agent problem, as noted in the variable definition [11,29,32–34,54,56,62,105,134,145].
Or perhaps, since both type of contracts (VY and TC) imply principal–agent problems, the variable used
could be more adequate for analyses of the influence of an efficiency or usage problem on investments
of different EEMs, rather than their influence on the decision to invest.

Market failures, such as environmental and energy security externalities and the inability to
capture the benefits of their research, were not included, as the benefits of reducing externalities are
frequently treated separately in energy efficiency analyses, and are not considered part of the energy
efficiency gap [23,48]. Risks such as uncertainty regarding fuel prices are more difficult to transfer to a
study such as this one, since each ship can operate with different types of fuel, buy fuel in different
markets or be affected by externalities [6,43,44]; furthermore, for some of the ships in the sample, these
types of data were confidential or were not available.

Other aspects that could be interesting to study are the hidden costs. It could be necessary to have
information on the period of time used for the implementation of the investments made.

5.3. Futures Lines of Research

For future research, it could be interesting to reflect some of the barriers and drivers in the model
that were not included in this work in order to understand the influence of this type of factor on
EE investment in a more global manner, such as financial barriers related to capital constraint risks,
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uncertainty regarding fuel prices and hidden costs, e.g., the loss of the collection of freight rates caused
by the implementation of improvements outside of the dry dock period or during periods greater
than the time that the ship is out of service. Furthermore, an issue worthy of further study is to
differentiate among the types of EEMs in which there would be greater propensity to invest, and the
influence of factors on each type of EEM, rather than only focusing on the decision to invest, or not,
in EE. Such a differentiation study could be based on existing cases of the principal–agent problem and
shipowner–charterer relationships to determine whether the influence of type of contract is higher on
different EEM investments, as the literature states that ships operating under TC contracts are more
likely to carry out operational EEMs, while ships operating under VY contracts are more likely to carry
out technical ones [30].

Perhaps additional or different types of data are needed in the study sample to obtain a greater
vision of the reality of the issues related to barriers, drivers and the principal–agent problem. There are
many possibilities before us that we must recognize and take advantage of in the best possible way.
The sea offers us the opportunity to be connected in a rich, changing global world. The least we can
do is reflect on how we can give it back a little of what it gives us. Innovation requires imagination,
knowledge, reflection and a willingness to face new challenges. But it also requires support, facilities,
breaking new ground and smoothing out the obstacles that appear.
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