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Abstract
Changes in weather patterns are now recorded more and more frequently in various
locations of the Earth. Collective action is needed to deal with the challenges of climate
change; the maritime industry must contribute its fair share to those activities, aiming to
mitigate a risk that can threaten humanity’s own existence. On the positive side, both
the European Union (EU) and the International Maritime Organization (IMO) have
clear ambitions to reduce greenhouse gas (GHG) emissions from ships that are linked to
climate change, and two similar albeit separate regimes have been introduced. EU’s
monitoring, reporting, and verification (MRV) regulation of CO2 emissions has already
been influencing shipping activities, since the related data collection has started on the
1st of January 2018. The second initiative is the IMO’s data collection system (DCS),
which revolves primarily around fuel consumption; the necessary data collection started
on the 1st of January 2019. To support an effective environmental performance
management framework for the maritime industry, it is necessary to create a robust
database that describes all aspects of energy efficient ship operations, with an emphasis
on the inventory of CO2 emitted from ships. The analysis at hand examines the
challenges in the relevant data collection scheme, with a particular focus on MRV,
considering that the specific regulation is already operationalized. An online survey
was conducted among maritime professionals in Singapore and Bangladesh to examine
the gap between current energy-related regulations/policies and standing operational
practices. The findings address the issues relating to shipping operations and certain
compliance, institutional and management matters. They also identify the industry’s
preparedness for this new policy framework of environmental performance manage-
ment as well as the impact on existing energy efficiency practices. A very important
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conclusion derived is that the quality of data collected is crucial for the effective
management of emissions related to shipping and the associated fuel consumption.

Keywords Environmental performancemanagement . Monitoring, reporting, and
verification (MRV) . Data collection system (DCS) . CO2 emissions . Data collection and
processing

1 Introduction

A certain number of important environmental precedents were recorded during the last
decade; unfortunately, the vast majority of them are far from desirable. It is indicative
that, according to the World Economic Forum (during the whole time period covered
by its reporting), 2016 was the first year in which an environmental danger, specifically
Bfailure of climate change mitigation and adaptation^, ranked first above weapons of
mass destruction, water shortage, and energy resource prices. (World Economic Forum
2016). Worldwide, changes in weather patterns are now recorded more and more
frequently; collective action is needed in order to deal effectively with the pressing
issue of climate change (Dalaklis et al. 2016).

Studies on climate systems suggest that humans themselves are one of the causes of
these climate and weather anomalies (Intergovernmental Panel on Climate Change
(IPCC) 2013). Prolonged emissions related to the burning of fossil fuels are causing
irreversible change in the climate system, certainly at the regional level—with the
Arctic region standing out (Dalaklis and Baxevani 2016; Drewniak et al. 2018)—and
with possible global implications. IPCC’s fourth assessment report (AR4) states that the
period 1983–2012 was the warmest 30-year period in the last 1400 years. The
magnitude of damage can only be minimized by stricter control over greenhouse gas
(GHG) emissions at a global level. Realizing the adverse impact, various political
actors initiated actions to achieve stricter control over carbon dioxide (CO2) emissions,
leading to the adoption of the BParis Agreement^ under the United Nations (UN).
However, the maritime and aviation industries were excluded from the BParis
Agreement^ because of their international nature and oversight by specialized UN
bodies, namely the International Maritime Organization (IMO) and the International
Civil Aviation Organization (ICAO) (IPCC 2013).

Emissions from the maritime industry, from 2007 to 2012, correspond to
approximately 2.8% of the global annual total GHG emissions (IMO 2015).
According to the portal for statistics, STATISTA, there are more than 51,400
merchant ships (as of 1 January 2016) operating around the world. These vessels
are responsible for consuming an average 350 million tons of fuel oil per year. In a
business-as-usual (BAU) scenario, emissions from ships are expected to increase
by between 50 and 250% by 2050 (IMO 2015; Dewan et al. 2018). In another
report of interest, the United Nation’s (UN) World Population Prospects predict an
approximate 30% increase in the world population by 2050, compared to 2017
figures (UN 2017). This significant rise in the world population will certainly
increase the demand for international trade and shipping operations. Interventions
related to energy usage and patterns of consumption will be crucial to reduce
emissions from ships.
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With the European Union (EU) paying close attention to environmental issues that
relate to shipping, EU’s regulation 2015/757, dealing with monitoring, reporting, and
verification (MRV) of CO2 emissions in relation to maritime transport, entered into
force on the 1st of July 2015. The objective of this regulation, also known as the MRV
regulation, is to gain a better understanding of fuel consumption and CO2 emissions
related to shipping activities within Europe.1 Briefly, irrespective of the vessel’s flag,
the regulation under discussion applies to ships greater than 5000 gross tonnage (GT)
undertaking one or more commercial voyages into, out of, or between European
Economic Area (EEA) ports. The MRV regulation requires per-voyage and annual
monitoring of CO2 emissions; other parameters are also included, such as quantities of
cargo carried and miles traveled. Furthermore, the annual disclosure of aggregated data
on a ship-by-ship basis is required (Nikitakos et al. 2018).

There are also developments in a similar direction by the IMO. Paving the way
towards an energy-efficient and sustainable maritime industry, the IMO adopted
two regimes in 2009, namely, the Ship Energy Efficiency Management Plan
(SEEMP) and Energy Efficiency Design Index (EEDI), which entered into force
on the 1st of January 2013. These instruments were introduced to facilitate vessels
engaged in maritime transport to adopt energy efficient, sustainable, and techno-
logically improved policies and measures (Ölçer 2018). The IMO has further
pushed forward efforts to reduce GHG emissions from ships: IMO’s data collection
system (IMO DCS) on fuel consumption is already established, with the relevant
data collection starting on the 1st of January 2019. Both EU’s MRVand IMO’s DCS
requirements are mandatory and are intended to be the first steps in a process to
collect and analyze emission data related to the shipping industry (DNV-GL 2018).
A comparison of the relevant implementation schedule of these two very influential
policy tools is presented in Table 1.

While the EU data collecting and reporting scheme has its focus on CO2 emissions
from shipping activities to, from, and within the EU area, the relevant scheme by IMO
covers emissions from global shipping. More importantly, it is essential to highlight
that whether, how and when the two regimes will converge has not yet been decided. In
Table 2, the main differences in the implementation approaches of the two regimes are
presented; the issue of how the collected data is treated in terms of confidentiality
clearly stands out.

Since monitoring/reporting of emissions related to shipping is a rather recently
introduced regime, there are only a handful of academic research efforts examining
its influence upon the maritime industry (see for example, Zaman et al. 2017). The
focus of the analysis at hand is MRV, considering that the specific regulation is already
operationalized; its main aim is to address the challenges in the relevant data collection
scheme and also highlight possible implications on shipping activities and daily
operational procedures. After this introductory section, the overall framework of
maritime policies related to energy management is briefly presented, along with a short
discussion of their level of effectiveness. Subsequently, the data gathered via a relevant
questionnaire completed by maritime professionals in Singapore and Bangladesh in

1 After its initial inception, the MRV framework is under continuous improvement. Delegated regulation
2016/2072 has amended that first MRV regulation; it must also be read in conjunction with delegated
regulation 2016/2071 and implementing regulations 2016/1927 & 2016/1928.
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relation to the MRV regulation is analyzed to extract the most important findings. A
discussion of barriers identified is also included before the concluding section.

2 Maritime policies related to energy management

A number of energy policy developments have been observed within the maritime
industry over the last decade. The IMO’s second and third GHG studies (2009; 2014)
provide a detailed picture of emissions related to shipping, as well as the trends and
trajectories for future scenarios. At the IMO level, the Marine Environment Protection
Committee (MEPC) is responsible for setting out the regulatory directions and proce-
dures for GHG emission reductions. Strong indicative examples include Annex VI of
the International Convention for the Prevention of Pollution from Ships (MARPOL),
1973 as modified by the Protocol of 1978, in particular in its regulation 22A for data
collection system; regulation 22A amendments (Res.MEPC278(70)); guidelines of
calculation of EEDI (Res. MEPC.245(66)); EEOI (MEPC.1/Circ.684, 2009); and
SEEMP (Res. MEPC282(70)). In the 72nd MEPC meeting in April 2018, various
resolutions and guidelines were adopted that relate to fuel consumption and CO2
emissions. For example, the member states discussed the key environmental issues
for the global shipping industry with special focus on the adoption of an initial strategy
for the reduction of GHG emissions from ships, including also the sulfur 2020 limit,
heavy fuel oil (HFO) use in the Arctic, the Ballast Water Management (BWM)
Convention, marine litter, and biofouling. Before moving in a different direction, it is

Table 1 EU MRVand IMO DCS timeline of implementation (prepared by the authors as an adaptation from
DNV-GL 2018).

Timeline EU MRV IMO DCS

31 August 2017 Monitoring plans submitted
to accredited verifier

1 January–31 December 2018 First reporting period

1 March 2018 Chapter 4 of the International
Convention for the Prevention
of Pollution from Ships (MARPOL)
Annex VI enters into force

31 December 2018 SEEMP part II assessed for compliance
by flag state/RO (recognized
organization). CoC (certificate of
compliance) issued

1 January–31 December 2019 First reporting period

30 April 2019 Verified annual emission report

30 June 2019 Publication of data by EC

31 January 2020 and yearly Companies to create annual FOC
(fuel oil consumption) reports and
submit to flag state/RO

31 May 2020 and yearly Flag state/RO to issue SoC (statement
of compliance) on the FOC report
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also useful to highlight here that IMO’s GHG strategy describes the minimum ambition
of reducing CO2 emissions by 50% by 2050, compared to 2008 levels, while the
maximum possible ambition renders zero emission.

2.1 Development of maritime energy policies

2.1.1 SEEMP/EEDI/EEOI

The Ship Energy Efficiency Management Plan (SEEMP) sets the ground for IMO’s
DCS and the smooth implementation of the latter on board ships. Both processes
(SEEMP and IMO’s DCS) require continuous monitoring of energy consumption.
The IMO’s DCS regulation allocates responsibility for verifying the monitoring plan
and ensuring robust data is reported to the IMO’s fuel consumption database for global
stock. Additionally, the Energy Efficiency Operational Indicator (EEOI) is a monitoring
tool for managing ship and fleet efficiency performance over time (IMO 2009). The
various elements of data required for the calculation of EEOI are similarly applicable to
IMO’s DCS data collection process. In the case of SEEMP, the EEOI is used as the
primary monitoring tool where quantitative measurements for EEOI calculations are
necessary, according to regulation 22A of MARPOL, Annex VI.

Table 2 EU-MRV and IMO’s DCS Comparison (prepared by the authors, as an adaptation from DNV-GL
2018).

EU MRV IMO’s DCS

Monitoring plan: -Separate document describing the
methodology for data collection
and reporting

-Pre-defined format published by
EC and subject to verification by
an independent accredited verifier

-Deadline for submission of monitoring
plan was 31 Aug. 2017

-Data collection and reporting
methodology shall be
described in a SEEMP, part II

-Conformation of compliance
by flag state/RO

-Deadline for submission of SEEMP
part II is 31 Dec. 2018

Reporting to: European Commission:
-Company will report annual emissions

to the EMSA’s data base
(BTHETIS MRV^)

-Annual report to be verified by an
accredited verifier

Flag State:
-Annual emission report to be

verified by Flag State/RO
-Flag State (or RO) reports to

IMO data base

Reporting details: -Log abstract reports for: voyages to
and from EU ports; voyages between
EU ports and at berth

-The reports should contain: fuel
consumption; cargo carried;
distance; time; transport work.

-Fuel balance report containing bunker
delivery notes and remaining
on-board reports

-Log abstract reports for all voyages
-Containing: fuel consumption;

distance; and time
-Fuel balance report containing

bunker delivery notes and
remaining on-board reports

Disclosure: Data publicly available Ship data will be kept confidential
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2.1.2 IMO’s DCS

IMO’s DCS was proposed at the 70th MEPC meeting in October 2016 under the notion
of further promoting the issue of energy efficiency within the maritime transport
industry. This was regarded as a substantial step towards achieving a better environ-
mental footprint for shipping and making other energy efficiency measures more
transparent and effective. The goal of IMO’s DCS is to establish a global fuel
consumption database; this requires a robust/continuous flow of data and the establish-
ment of an undisturbed link between all the stakeholders involved in the process.
Therefore, maintaining the quality of associated data and the effective participation of
all stakeholders are clearly matters of concern. Figure 1 presents the flow of data
between the responsible parties in IMO’s DCS regulation. This figure reflects the other
previously mentioned concepts introduced by the IMO with the aim of improving
energy efficiency of vessels, such as SEEMP, the mandatory requirement of EEDI for
new ships, the EEOI for existing ships, and, as already highlighted, the fuel consump-
tion data collection system for ships of GT 5000 and over.

2.1.3 EU’s MRV

In the case of the EU, all transport modes—including the maritime sector—are
included within an initiative focusing on climate change, according to which emissions
are measured and controlled (to a certain extent) under mandatory regulations and
participation. As such, the integration of MRV into EU’s policy portfolio was the
primary reason for this adaptation: to reduce emissions from the maritime industry. In
the EU, maritime transportation volume increased by 48% between 1990 and 2007
(EUR-Lex n.d.). EU regulation 2015/757 considers that EEDI, EEOI, and SEEMP
alone may not be sufficient to reduce GHG emissions; therefore, it is essential to adopt
a more stringent policy framework. In that regulation, the introduction of MRV is
justified as a benchmarking tool for maritime energy efficiency management. This
regulation also sets a target for 2030 to reduce GHG pollution from domestic sources
by at least 40%, compared to the 1990 level. The EU expects that the implementation of
MRV will reduce ship emissions by 2% within its extended region, compared to the
BAU scenario in the future (European Commission 2017).

Under the EU’s MRV system, ships over 5000 GT arriving at, within, or departing
from an EU port are required to collect data both annually and on a per-voyage basis

Fig. 1 IMO DCS data flow (source: prepared by the authors as an adaptation from res. MEPC.278(70)
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and to report CO2 emissions to the Commission. This translates into the fact that the
MRV framework requires various stakeholders to simultaneously participate in the
process. Additionally, as shown in Table 3, EU’s MRV follows a staged approach to
future emission abatement techniques, but the successful implementation will be
subject to a number of barriers and benefits.

2.2 Comparison of SEEMP, IMO’s DCS, and EU’s MRV sources of emission

A comparison among the SEEMP, IMO’s DCS, and EU’s MRV is presented in
Table 4, in terms of sources of emission related to fuel consumption. Considering
that it is necessary to establish an internationally recognized method of quantita-
tive measurement of EEOI for a vessel, it can be considered as the primary step
for a vessel’s energy efficiency monitoring (MEPC.213(63): SEEMP guidelines).
The tools, concepts, and methods of monitoring the energy efficiency data must be
determined at the planning stage and mentioned in each vessel’s SEEMP (Korean
Register of Shipping, n.d.). The MRV framework can be used for good energy
governance; without a rigid data collecting and reporting scheme, the various
energy efficiency initiatives already in place may not be as effective as envisioned
during their inception.

2.3 MRV implementation

Shipping companies, in order to maintain their licenses to operate in Europe,
will need to comply with the MRV regulation; the specific framework is expect-
ed to contribute to reducing maritime emissions related to seagoing vessels,
although additional measures will be needed. According to the 61st MEPC
information paper (IMO 2010), the expert group submitted a feasibility study
on reducing GHG emission from ships. The study included various market-based
measures (MBMs) exercised by various member states, such as GHG Fund
for ships, leveraged incentive scheme (part of GHG fund goes to good ships),
port state levy (award to green and efficient ships), ship efficiency and

Table 3 Staged approach of EUMRV, (source: prepared by the authors, as an adaptation from regulation (EU)
2015/757).

Stages Barriers Benefits

First stage Implementation
of MRV

•Split incentives
•Lack of information

about technology
•Lack of information

about ship
•Reliable information

about ship’s fuel
efficiency

2% reduction of shipping emission
compared to BAU

Cost reduction of Euro 2 billion by 2030
Reliable information about ships’

efficiency and fuel consumption
Removal of market barrier
Help international data collection system

to be easily implemented

Second stage Putting a price
on shipping
emissions

•International nature
of transport

Reduce transport cost
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credit trading, vessel efficiency system, global emissions trading scheme for
international shipping, and emissions trading scheme. Some of these proposals
could be effectively enforced when emissions from maritime transport are ap-
propriately inventoried and under a continuous monitoring regime. The stringent
regulations and economic incentives for energy efficiency are the driving forces
that will influence a company to invest in GHG abatement technologies and
achieve significant GHG reductions in maritime transport (IMO 2010). These
MBMs require the benchmarking of emissions from ships as well as from the
entire maritime transport sector based on robust data. However, challenges are
anticipated in the MRV implementation process.

2.4 Challenges in MRV

Developing a monitoring plan verified by an accredited verifier for MRV purposes is
vital. This requires a series of assessments involving a complete data collection,
storage, and transmission process. A monitoring plan is considered to be the backbone
of the MRV framework and should be reviewed regularly, at least once per year (EUR-
Lex n.d.). In the EU’s MRV, several procedures must be included in the monitoring
plan, such as measuring fuel uplift and fuel in the bunker tanks; ensuring the uncer-
tainty of fuel measurement to be consistent with the requirement in the regulation and
even the fuel suppliers’ accuracy standard; recording and determining the distance
traveled, cargo carried, and time spent at sea; and detecting surrogate data and
eliminating data gaps (EUR-Lex n.d.). The appropriate handling of such extensive data
could be a very challenging task (Nikitakos et al. 2018), and the type of Bdata-mining^
tools to be used is another relevant question that remains pending.

3 Method of research

A survey questionnaire was developed to serve the purposes of this explorative study.
Dillman (2007) points out that a survey questionnaire describes more than just a general
inquiry. The attitude, attributes, behavior, and belief of each respondent can be deter-
mined by the sample of survey questions, which also serves as a tool for the surveyor

Table 4 Emission sources under EEOI, IMO DCS, and EU-MRV system (prepared by the authors, as an
adaptation from guidelines MEPC.1/Cir684 for calculation of EEOI, IMO resolution MEPC 278(70), and EU
regulation 757/2015.

Source of emission EU-MRV IMO-DCS IMO-SEEMP (EEOI)

Main Engines

Auxiliary Engines

Boilers

Gas Turbines

Inert Gas Generators

Incinerator
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(Dillman 2007). Therefore, answers provided by the use of a questionnaire can help to
diagnose or reach a decision on the basis of the outcome. Other methods were
unsuitable for this particular study, which aimed to reach a wide range of participants,
including ship managers, marine engineers, and deck officers who rarely work regular
hours and are difficult to contact directly. Hence, the survey was designed in an online
format, allowing more informants to participate.

The online survey began with a consent form, requesting all participants to
confirm that they fully understand the ethical issues, such as confidentiality and
voluntary participation, and agree to data being used for research and dissem-
inated. The principal motivation of the survey was to reveal the potential
barriers and industry’s standpoint with regard to the implementation of the
upcoming shipping framework of environmental performance management for
shipping, created by both EU and IMO. For this purpose, the survey was
divided into five sections: A: general questions, B: policy perspective, C:
technological standpoint, D: human element, and E: ensuring quality of data.
A sample survey can be found in Appendix 1. The participants for this
exploratory study were maritime professionals in Singapore and Bangladesh
where one of the authors used to work as a seafarer. The original research
idea was to conduct a pilot study on the challenges of environmental perfor-
mance management for the shipping sector in non-EU countries. Environmental
performance management led by EU and IMO has a significant impact on the
countries outside Europe. Understanding the implications of such shipping
management from the examples of Singapore and Bangladesh is considered to
be a good starting point to examine the current challenges.

The online survey was administered between June and July 2017 and 74
responses were collected. Among all respondents, 90% are male and the rest
(10%) are female with diverse maritime backgrounds, such as navigating
officers (n = 13, 17.81%), ship’s engineers (n = 32, 43.84%), maritime adminis-
trator (n = 6, 8.22%), ship managers (n = 11, 15.07%), port officials (n = 3,
4.11%), maritime education and training providers (n = 2, 2.74%), classification
society surveyors (n = 2, 2.74%), pilots (n = 1, 1.37%), marine surveyors (n = 1,
1.37%), flag administrators (n = 1, 1.37%), and others. The demographic profile
of the participants indicates that all participants are in the middle or later stages
of their careers, from which a degree of reliability, validity, and credibility of
responses is reasonably guaranteed. None of the participants are below 25 years
of age; 50% are between 35 and 45 years old; more than 66% are over 35; and
16% are over 45 years of age. Moreover, it was evident that many participants
possess high educational qualifications as 40% hold masters’ degrees or above,
47% bachelor’s degrees, and the rest were either master mariner or certificate of
competency (class 1) holders.

The collected data was thematically analyzed, and barriers to the implemen-
tation of maritime policy related to energy were identified. The identification of
barriers was a complex process which required a wide range of knowledge that
spans from regulatory requirements to vessel data collection systems; it also
required strong familiarity with vessel operators’ practices. Therefore, some
other barriers aside from policy-related ones were examined by employing a
holistic approach.
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4 Results

The results of the online survey data analysis are presented in two different parts: the
first discusses the Bimpact of MRV on maritime energy policies^ and the second
examines the issue of Bdata quality in MRV implementation^.

4.1 Impact of MRV on maritime energy policies

According to the survey, 73% (n = 54) of the respondents held the view that the
introduction of MRV will positively affect SEEMP to a great extent and also improve
energy efficiency on board ships. Over 24% (n = 18) put forward that the MRV will
have a minor positive impact on the SEEMP or the issue of Benergy efficiency^ as a
whole. No one identified a negative impact of MRVon SEEMP. As demonstrated via
Fig. 2, there is a positive mindset/expectation in relation to MRV. From a behaviorist
perspective, the trust that maritime professionals have in this new maritime energy
framework could help the smooth implementation of MRV. MRV is highly expected to
support and enhance the ship energy efficiency process and contribute to Bgreener^
policy making.

Another aspect measured was the impact of MRV on daily shipping opera-
tions. The International Organization for Standardization (ISO) is a global
organization that sets standards for various disciplines. Among others, ISO
9001, ISO 14001, and ISO 50001 are important for shipping companies to
operate their maritime businesses reputably. Today, many shipping companies
subscribe to these ISO standards as part of their corporate social responsibility
(CSR) (Ölçer and Ballini 2018). Any company subscribing to these standards
will have a better basis on which to put a system in place for maritime energy
policies and face less hindrance to implementing MRV. Figure 3 presents the

54

18

2

0

72.97

24.32

2.70

0.00

0 10 20 30 40 50 60 70 80

Will affect positively in large extent

Minor positive impact

No effect at all

Negative effect on SEEMP

Q: In your opinion, what would be the impact of MRV on the 

existing Ship Energy Efficiency Management Plan (SEEMP) for 

energy saving in your domain? 

Percentage Population

Fig. 2 Impact of MRVon SEEMP
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number/percentage of ISO subscription identified via the survey. ISO 9001:2015
concerning company quality management systems was the most selected by the
participants (73%, n = 54). Compliance with ISO 9001:2015 indicates that these
organizations are able to provide their customers with quality services (ISO
2017).

About 49% (n = 36) of the respondents’ organizations meet the ISO
14001:2015 (Environmental Management) standard; the organizations’ activities
are monitored and controlled, and environmental impacts are minimized by
complying with this standard. Considering available energy management system
standards, ISO 50001:2011 is still making its way into the industry as 34%
(n = 25) of respondents’ organizations are in compliance. Among those ISO
standards, ISO 50001 requires organizations to monitor, measure, and analyze
their energy performance at planned intervals (ISO 2017), which could be a
perfect platform for smooth implementation of MRV. The lack of ISO 50001
subscription means that an energy management system will still need to be
adopted by a large proportion of shipping companies. Other participants, whose
jobs included dealing with IMO regulations, such as the International Safety
Management (ISM) Code, pointed out that none of these international standards
were followed; they constituted about 4% (n = 3) of the sample population. It is
a small number, but still disappointing, considering that energy management
and efficiency should not fall behind other important goals of the maritime
industry, such as safety, security, protecting the marine environment, and en-
suring occupational health.

To more closely examine the focus on energy efficiency at the institutional
level, Fig. 4 summarizes how Benergy efficiency^ is dealt with by the respec-
tive organizations. Approximately, 55% (n = 41) of the respondents stated that

54

36

25

3

72.97

48.65

33.78

4.05

0 10 20 30 40 50 60 70 80

ISO 9001: 2015 (Quality)

ISO 14001: 2015 (Environment)

ISO 50001: 2011 (Energy)

Others

Q: Does your company operate according to the requirements and 
guidelines of the Interna�onal Standards, such as-?

% of popula�on of selec�on Popula�on

Fig. 3 Use of international standard in a company.
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energy efficiency is included in their quality management systems. A total of
35% (n = 26) of the respondents’ organizations have incorporated energy effi-
ciency in their corporate goals and objectives. Approximately, 7% (n = 5) of the
participants mentioned that energy efficiency measures (i.e., SEEMP) exist in
their organizations and recognized them as being cost effective. However, 22%
(n = 16) of the participants answered that energy efficiency is not included in
their organization in any type/form. It is important to understand why some
organizations are falling so far behind the current trends of maritime energy
management; this fact also indicates that there is a gap among the shipping
companies in terms of the implementation of maritime energy policies.

4.2 Data quality in the MRV implementation

An accurate and reliable source of data is the foundation for an effective MRV
framework. Errors in the instruments of the MRV can be considered as impor-
tant barriers to its effective implementation. It is indicative that errors in the
fuel consumption monitoring equipment, such as fuel tank–measuring devices,
flowmeters, and exhaust gas outflow–measuring devices can be eliminated by
the integration of new monitoring technologies that ensure high precision.
However, it is necessary to highlight that when selecting and improving a
monitoring methodology, the improvements from greater accuracy shall be
balanced against the additional costs. Providing another additional example of
room for improvement, existing errors within the banker delivery note (BDN)
and short delivery of the bunker could be rectified by appropriate measures
such as better regulatory compliance and introduction of various technological
solutions.

26

41

16

5

35.14

55.41

21.62

6.76

0 10 20 30 40 50 60

The company’s corporate goals and 

objectives

Quality Management System

Not included at all.

Other

Q: Is Energy Efficiency included in any of the followings 

in your company?  

Series3 % of Population Number of Selection

Fig. 4 Inclusion of energy efficiency measures
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4.2.1 Data robustness

Maintaining data robustness, including the accuracy of data, is the most important
factor in the MRV framework. However, identifying and eliminating data errors are
major concerns for the effective implementation of MRV. The chosen monitoring
method must be robust enough to ensure that data gaps are minimized and errors/
omissions are avoided.

Table 5 summarizes the results pertaining to data inaccuracy. Fifty percent
(n = 37) of the participants responded that the most important cause for data
inaccuracy could be associated with human errors in data collection and inter-
pretation. This factor is followed by lack of correct procedure (27%, n = 20).
Only 9% (n = 7) identified errors in conjunction with the measuring devices
themselves as the main contributor to data inaccuracy during the data collec-
tion. Approximately, 11% (n = 8) of the respondents agreed that all of the above
reasons included in the relevant question could be responsible for creating
inaccuracies in the collected data. If two answers are combined (lack of correct
procedure (27%) and human error (50%)), a total of 77% (n = 57) is associated
with the domain of the human element. This issue should be further studied in
future research that connects the topics of Bhuman element^ and Bmaritime
energy management^ (Kitada and Ölçer 2015).

4.2.2 Issues with manual data collection

Daily fuel consumption of different types of machinery on board ships is
transmitted to the head office via relevant electronic forms. In case there is
manual reading and entry of data into the relevant system of decision support,
there is a waste of effort and opportunities for error or misreporting. Addition-
ally, addressing uncertainty, maintaining reliability, and reducing noise in data
servicing MRV purposes is important. Robustness of the MRV framework
depends on system integrity and elimination of any existing data gaps during
the exchange of relevant information. Misreporting is a noteworthy concern,
considering that it could affect a database on a large scale. Figure 5 summa-
rizes the views about how misreporting could occur. About 69% (n = 51) of the
participants acknowledged that the main cause for misreporting or wrong entry
could be human error or lack of knowledge about the procedure for data entry.

Table 5 Factors for data inaccuracy

Factors for data inaccuracy Population Percentage

Error within the measuring device 7 9.46

Human error in collection and interpretation 37 50.00

Lack of correct procedure 20 27.03

Other 2 2.70

All of above 8 10.81
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Of specific concern is the finding that approximately 29% (n = 21) of the
participants pointed towards intentional misreporting, including 11% (n = 8)
citing intentionally maintaining ship’s undeclared stock and 18% (n = 13) citing
fraudulent entry of data. This brings the issue of Bdata integrity^ to the
forefront.

Technically speaking, there are various modern data management tools avail-
able on ships. The online survey also included a question about the types of
information technology (IT) systems used on board for data collection, mainte-
nance, storage, and interpretation. The use of a computerized maintenance
management system (CMMS) on board facilitates, apart from carrying out
sequential maintenance, the recording and transmission of data that fully de-
scribes the ship’s operation. These systems can provide the backbone for proper
implementation of MRV. According to the survey, 54% (n = 40) of the partic-
ipants noted that their organizations subscribed to CMMS of different kinds,
while 28% (n = 21) did not know and approximately 10% (n = 7) did not
subscribe to any CMMS (Fig. 6). In summary, a CMMS could be used to
transfer data towards the company’s head office, as well as any other interested
party in the loop of MRV. If the company wishes to integrate the automated
data collection system or a common platform for multiple users, it can be better
achieved by the CMMS.

4.2.3 Issues with data collection process

According to EU regulation 2015/757 and a similar document by IMO (Ap-
pendix IX, in res. MEPC.278(70)), the company shall define the procedure for
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data collection and identify methods for detecting surrogate data and eliminat-
ing gaps. As shown in Fig. 7, 70% (n = 52) of the participants stated that their
organizations have identified potential problems with data collection and trans-
formation, and necessary steps have been taken to improve the quality of data.
This shows a firm commitment towards the improvement of data quality by the
companies where the participants are working. One of them even suggested that

Fig. 7 Problem associated with data collection
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once new regulations are put in place, more problems related to data quality
would surface. Rather worrisome is the fact that over 16% (n = 12) of the
participants responded that no relevant assessment has been carried out yet.
For a high level of compliance to this new framework of environmental
performance management for shipping, a thorough assessment should be carried
out and then any identified shortcomings need to be vigorously addressed.

5 Discussion

Various research efforts identify barriers to maritime energy management, from
technical to operational, from behavioral to financial, and from managerial to
complexity views of categorizing them (Acciaro et al. 2013; Kitada and Ölçer
2015; Ölçer et al. 2018). In the analysis at hand, the focus revolved around the
quality of data that will serve the EU MRV regulation. The survey results
appeared to show concerns in terms of the readiness of shipping companies’
policies for environmental performance management as well as data quality in
MRV implementation. This highlights the role of shipping companies in the
successful environmental performance management process. It is a commonly
shared knowledge that vessels engaged in maritime transport have an impact on
the environment, mainly because of their reliance on internal combustion
engines and their related emissions; hence, the maritime industry should make
an effort to mitigate the impact of climate change. The specific regulatory
framework is the first step of a staged approach for the inclusion of maritime
transport’s emissions into the European framework of greenhouse gas reduction,
alongside all other modes of transport. The overall strategy consists of three
consecutive steps: (a) monitoring, reporting, and verification of carbon emis-
sions from ships; (b) GHG reduction targets for the maritime transport sector;
and (c) further measures, including market-based measures (MBM) (Nikitakos
et al. 2018).

Data quality management (DQM) is one of the important tools for the
effective implementation of the MRV regime in the maritime industry. In terms
of integrity of data, reliability, and reduction of noise, DQM is necessary for a
robust MRV framework. DQM serves to eliminating data holes and minimizing
data leakage. Data holes exist, for example, in different sensors’ intervals,
manual human interference, and sensor breakdowns (Konovessis and Thong
2017). The importance of automation intake has to do with data quality, which
has been clearly identified in this paper.

Within the DQM, maintaining data accuracy is of utmost importance for the
MRV framework, affected by various attributes, for example, equipment used
for data collection, availability of data, and method of analysis. During the
verification process, the verifier must ensure that data accuracy is sufficient and
in full compliance with relevant standards. Data accuracy checks could be
performed by a Bplausibility check^ for fuel consumption data and other vessel
activity data could be cross-checked with relevant data by the automatic
identification system (AIS) (VARIFABIA 2017). Upon ensuring quality of the
relevant data, minimization of data gaps generated from ships could be used by
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the verifier to perform a plausibility check to confirming the fuel consumption
data. Vessels’ inputs of MRV-associated data, such as engine room logbook,
chief engineer’s log abstract, and other dynamic data inputs have to be checked
by the verifier during the certification for verification and compliance. Data
gaps for an MRV system have to be assessed on three criteria: data collection
process, procedure for data transformation, and details of company operational
documentation and regulatory requirements of the MRV framework. As de-
scribed in ISO 19030-1:2016, in order to make the DQM effective, data
uncertainty needs to be checked through expert assessment of available re-
sources and applicability on a case-by-case basis.

6 Conclusion

According to this new framework of environmental performance management
for shipping, created by both EU and IMO, vessels should monitor fuel
consumption and related emissions, distance traveled, time spent at sea, and
finally loaded cargo. All these parameters provide the so-called Benergy effi-
ciency indicators^; the issue of energy efficiency is very high on the contem-
porary political agenda, as a rather significant number of governments around
the world are focusing heavily on how to reduce wasteful energy consumption
and GHG emissions. Existing maritime energy policy regimes, such as SEEMP,
EEDI, and EEOI under the MARPOL Annex VI, provide a good starting point
to reduce CO2 emissions from ships. The most relevant interventions culminat-
ed in the latest decision of the IMO to reduce emissions by at least 50% by
2050, compared to the 2008 baseline of 20%, at the 72nd MEPC meeting in
London, May 2018. The IMO strategy strengthens the specific focus on reduc-
tion of CO2 emissions from shipping, in line with the Paris Agreement tem-
perature goals.

However, the SEEMP and EEOI onboard ships are still considered as
insufficient and less effective. The analysis at hand explored issues related to
SEEMP, EEDI, EEOI, and EU’s MRV and IMO DCS. Data-related barriers to
energy efficiency measures onboard ships were identified through an online
survey questionnaire. The effective implementation of MRV can be influenced
by several factors. A positive note was high expectation and trust in MRV as an
effective policy by a vast majority of maritime stakeholders. It is a widely
shared belief that the MRV framework will enhance the existing maritime
energy policies. On the other hand, there are still pending questions regarding
the robustness and quality of data to successfully support the various MRV
tasks and necessary exchange of information. The findings show that there
seems to be a gap among shipping companies in adopting quality management
systems, such as ISO standards, and technological investment in their vessels is
still needed.

The limitation of the current research effort was its exploratory nature with a
limited number of respondents and data obtained through only one method, an
online survey. As a pilot study in Singapore and Bangladesh, with participants’
limited experience of working with the regulatory bodies like the EU or IMO,

Exploring the new policy framework of environmental performance... 17



the results could provide a rather different picture. Though this is the case,
many of our respondents operate their vessels in EU waters. Since the maritime
business is global, they are equally sensitive to the development of maritime
energy policies and the issue of compliance. In this regard, future research can
investigate the views of EU-based maritime professionals and experts to com-
pliment the research findings from this paper.

Appendix 1: Sample online survey
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