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Executive Summary

In 2012, international shipping accounted for 2.2% of global carbon dioxide (CO.) emissions
and 2.1% of global greenhouse house gas (GHG) emissions. Shipping also accounted for
about 13% and 12% of global nitrogen oxide (NOx) and sulfur oxide (SOx) emissions and a
significant amount of diesel particulate matter (DPM) emissions. Maersk Line, the world’s
largest container shipping company, has committed to reducing CO. emissions by 60% per
container by 2020 compared to a 2007 baseline. Between 2007 and 2016, Maersk Line
reduced emissions per container by 42%. As part of this effort, Maersk Line has committed
to investing $1 billion over five years to retrofit about 100 vessels. $125 million of the
investment was used to retrofit 12 G-class vessels (one vessel not yet retrofitted —
Gunhilde). This Radical Retrofit (RR) program includes redesigning the bulbous bow of
each vessel, replacing existing propellers with more efficient models, and derating the main
engines to make them more efficient at lower speeds. It also involves raising the bridge to
increase each ship’s capacity from about 9,500 twenty-foot equivalent units (TEUs) to about
11,000 TEUs. With financial support from the ports of Los Angeles and Long Beach, Maersk
Line has also installed high-tech equipment to track vessel emissions and energy efficiency.
The ports contributed $1 million to the Connected Vessel Program as part of a three-year
project to develop real-time tracking systems that are part of an industry leading effort to

pinpoint vessel emissions while ships are at sea and at berth.

The goal of this report is to support Maersk’s Connected Vessel Program, during its early
stages, by assessing the various sources of data, developing recommendations, and
designing a preliminary model for assessing the emissions reductions associated with the
RR on each vessel. The two main sources of data used in this project are the Maersk Ship
Performance System (MSPS) and the Control, Alarm, and Monitoring System (CAMS). The
two main differences between these sources of data are the frequency in which the data is
reported and the method in which it is reported. MSPS data is reported manually
approximately once per day, while CAMS data is automatically reported every 10 minutes.
Additionally, whereas MSPS data has been collected for a long time both before and after

RR, there is very limited CAMS data available before the RR. The analysis of these sources



of data was based on two main objectives: estimate the difference in emissions pre- and

post-RR and measure uncertainty of the MSPS data.

Section 2.2 presents the results of a series of multiple linear regressions for each vessel
using only MSPS data during constant main engine load/normal cruising operations to
measure the effect the RR had on fuel consumption during this type of performance. All the
results presented in this report are based on this type of performance and do not include
any other type of vessel operation. Fuel consumption was calculated by dividing fuel
consumption by distance travelled and number of containers so that it could be measured
on a per kilometer (km) per container basis so that it is comparable to other forms of
transportation. The explanatory variables that were used in the model were: retrofit status,
time duration of report, weather, draught, main engine load, main engine RPM, vessel
speed, and energy consumed by refrigerated containers. To estimate an average change in
fuel consumption for the G-class, a fixed effects regression was used to control for
unobserved heterogeneity between the vessels that is constant over time. The estimated
decrease in fuel consumption is then used to calculate emissions reductions and fuel

savings using a set of emissions factors and fuel costs assumptions.

Section 2.3 focuses on the uncertainty associated with the MSPS data used in Section 2.2.
Using only minimal post-RR MSPS and CAMS data from one vessel over a short period of
time, this section shows how CAMS data is more responsive to vessel performance
changes compared to MSPS data. A series of graphs illustrate main engine load, main
engine RPM, and vessel speed from both MSPS and CAMS data and then a paired t-test is

used to quantify the differences.

The major takeaways from these two subsections are that MSPS data from shortly before
and after RR shows that the class average fuel consumption improvement is 19% (p-value
< 0.05; R? = 0.66); however, the individual models show substantial variance between the
vessels. The fuel consumption decrease values for each vessel range from 5.8% to 33.3%;
and these coefficients are all statistically significant at the 0.05 level except for one vessel—

the Gjertrud. Using these estimates, the emissions reductions are greater than what was



predicted by Maersk Line. However, using CAMS data to assess the uncertainty of the
MSPS data shows that there is a high level of uncertainty associated with using MSPS data.
When more CAMS data becomes available, this pattern of uncertainty is likely to hold
constant. The regression models can be improved by also controlling for biofouling, crew

behaviors, and minor differences in vessel design.

In addition to collecting and analyzing data, the Connected Vessel Program is developing a
Performance Platform for vessel operators to view their performance in real-time. The final
section of this report makes three recommendations on how Maersk Line can include
environmental considerations in the new Performance Platform. The recommendations are:
1) develop an emissions reductions contest that provides financial rewards for the vessel
crews that reduce the most amount of CO,, 2) use social comparisons as a way of showing
vessel performance against the rest of the class, and 3) include an environmental

notification system that informs operators about the emissions footprint.



1 Introduction

International shipping carries around 90% of the volume of world trade’ and is critical to
global economic development. Maersk Line is the largest container shipping company in the
world, operating around 600 vessels with a total capacity of nearly 3.1 million twenty-foot
equivalent units (TEUs). Since 1928, Maersk Line has made 46,000 port calls in 343 ports
in 121 countries.” But these large, ocean vessels are also significant contributors to global
emissions.* From 2007-2012, total shipping emissions averaged to 1.02 billion tonnes
carbon dioxide (CO,) per year, which is approximately 3.1% of global CO,.* During this time,
shipping also produced about 15% of nitrous oxides (NOx) emissions and 13% of sulfur
dioxides (SOx) emissions from anthropogenic sources. These emissions not only contribute
to total greenhouse gases (GHGs) production, but also cause both human health and
environmental impacts like: impaired air quality, damage to public health, degradation of
visibility, acidification of lakes and streams, and environmental harm to sensitive forest and
coastal ecosystems.” When released into the air, NOy contributes to ground level ozone

concentrations and smog in cities around the United States.

With the increasing concern over these harmful issues, regulators and shipping companies
are working to reduce the environmental footprint of maritime shipping. Maersk Line has
committed to reducing CO, emissions per container by 60% by 2020 from a 2007 baseline.
Part of this commitment includes a $1 billion investment in a Radical Retrofit (RR) program
that will retrofit about 100 vessels by increasing total vessel capacity and increasing fuel
efficiency. In 2015 and 2016, Maersk spent $125 million of the investment to retrofit the G-

class vessels (12 vessels total, 11 currently retrofitted). In addition to the RR program,

' Rose George, Ninety Percent of Everything: Inside Shipping, the Invisible Industry That Puts Clothes on
Your Back, Gas in Your Car, and Food on Your Plate, 1 edition (New York: Metropolitan Books, 2013).

% Maersk Line, “Maersk Line Facts,” accessed April 19, 2016, http://www.maerskline.com/en-
us/about/facts-figures.

% EPA, “Ocean Vessels and Large Ships,” Ocean Vessels and Large Ships, accessed April 19, 2016,
https://www3.epa.gov/otag/oceanvessels.htm.

* IMO, “Third IMO Greenhouse Gas Study 2014: Executive Summary and Final Report,” 2015,
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Documents/Third%20Green
house%20Gas%20Study/GHG3%20Executive%20Summary%20and%20Report.pdf.

5 EPA, “Human Health and Environmental Effects of Emissions from Power Generation,” n.d.,
https://www3.epa.gov/captrade/documents/power.pdf.



Maersk Line is also working through the Connected Vessel Program, with the support from
the Ports of Los Angeles and Long Beach, to install high-tech equipment to track vessel
emissions and energy efficiency in real-time. This equipment will help pinpoint vessel
emissions both at sea and at berth. The support from the ports of Los Angeles and Long
Beach came through the San Pedro Bay Ports Clean Air Action Plan (CAAP) Technology

Advancement Program (TAP) as a three-year grant.

This report is designed to provide background data assessment and analysis to assist
Maersk as it continues to work on the Connected Vessel Program and the TAP grant. Due
to time constraints and data limitations, the analysis in this report is narrowly focused, and
all the recommendations are intended for Maersk Line and not as any type of conclusion or
statement for the public or any other entity. Maersk’s final deliverable for the TAP grant will
include a more detailed and rigorous analysis than what is presented in this report.
However, some of the information presented in this report may be helpful for someone who
is trying to understand the how the shipping industry is increasing energy efficiency and

what the future of energy efficiency might look like.

The report is divided into three main sections:

1. The first section provides more background information about the impacts of air
emissions from global shipping and some of the global initiatives to improve vessel
energy efficiency. This section provides some context of where this project fits both
in Maersk’s objectives and the broader shipping community.

2. The second section contains the data analysis. The data analysis has two main
goals: measure difference in emissions pre- and post-RR and measure uncertainty
of the data using newly installed high-tech equipment. The two main sources of data
used in this report are the Maersk Ship Performance System (MSPS) and the
Control, Alarm, and Monitoring System (CAMS). The two main differences between
these sources of data are the frequency in which the data is reported and the
method in which it is reported. MSPS data is reported manually approximately once

per day, while CAMS data is reported automatically every ten minutes. Additionally,
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whereas MSPS data has been collected both before and after RR, there is very
limited CAMS data available before the RR.

a. MSPS data was used to measure the energy efficiency improvement
associated with the RR. This was done by creating a series of linear
regressions for each of the 11 retrofitted vessels and then a G-class average
was estimated using a fixed-effects linear regression.

b. To test the validity of this data, a series of graphs and t-tests are presented to
compare post-RR variables in both the MSPS and CAMS data sets.

3. The third section focuses more on the development of Maersk’s Performance
Platform. The Performance Platform is currently being designed to be a tablet-based
software that allows ship operators to view vessel performance in real-time. This
section provides three recommendations on an environmental section within the
platform. These recommendations include creating an emissions reduction contest
with financial incentives, using social comparisons across vessel classes, and

creating an environmental notification.

The appendices attached to this report are designed to provide more information that is not
included in the report. They include more graphical comparisons of MSPS and CAMS data,
descriptive statistics of the MSPS data from before and after RR, the output from regression

models, and an assessment of existing performance platform vendors.

1.1 Background Information

In 2016, 196 countries signed the Paris Agreement under the United Nations Framework
Convention on Climate Change, which provides a new global framework to address climate
change with a goal to hold temperature increase to below 2°C. However, this framework
does not include maritime transportation. This is largely because emissions from
international shipping cannot be attributed to any national economy and, as a result,
emissions from shipping are addressed through the International Maritime Organization
(IMO). The IMO has been addressing air pollution from shipping since 1997 and is
continuing to develop measures to address the environmental impacts of shipping

emissions. Shipping is often criticized because of the large amount of emissions it
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produces, but the amount is due to the total amount of tonnage and distance associated
with maritime transportation. On an equal weight and equal distance basis, shipping is the
most efficient method of transportation compared to rail, truck, and air. Nonetheless,
shipping companies, like Maersk Line, are taking significant steps to improve energy
efficiency and reduce total emissions. The following section gives an overview of the human
health and environmental impacts associated with shipping and then explains Maersk’s RR

program and why the ports of Los Angles and Long Beach are invested in the outcome.

Ships consume high sulfur content fuel oil that produces large amounts of NOx, SOx, and
particulate matter (PM) as well as CO,, carbon monoxide (CO), and other hydrocarbons
(HC). These emissions contribute to the nonattainment of the National Ambient Air Quality
Standards (NAAQS) for ozone and CO and can have adverse health effects. About 70% of
a vessel’s emissions are generated within 400 km of land,® and these emissions can affect
populations living near coastlines and ports as well as those living further inland.
International shipping is estimated to produce 18.6 million tonnes of NOx and 10.6 million
tonnes of SOy annually.” These harmful emissions have been proven to lead to death and
serious respiratory illness like asthma and chronic bronchitis.® PM can also lead to
premature death as well as aggravation of respiratory or cardiovascular illness, decreased

lung function, and increased hospital admissions.’

While the human health impacts of shipping emissions tend to catch most of the headlines,
the environmental impacts of shipping emissions also pose a challenging set of threats and
opportunities. Shipping emissions can influence climate change, acidification, visibility, and
eutrophica’[ion.10 In 2012, shipping produced approximately 938 million tonnes of CO,, which

was 2.6% of global CO, emissions. Combining CO,, methane (CH,4), and N.O, which are

6 Oyvind Endresen, “Emission from International Sea Transportation and Environmental Impact,” Journal
of Geophysical Research 108, no. d17 (n.d.).

" IMO, “Third IMO Greenhouse Gas Study 2014: Executive Summary and Final Report.”

® EPA, “Human Health and Environmental Effects of Emissions from Power Generation.”

° J.J. Winebrake et al., “Mitigating the Health Impacts of Pollution from Oceangoing Shipping: An
Assessment of Low-Sulfur Fuel Mandates,” Environmental Science & Technology 43, no. 13 (2009):
4776-82.

'° Ibid.
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also greenhouse gases, shipping produced 961 million tonnes of CO, equivalent in 2012.
This is 2.1% of global GHG emissions on a CO, equivalent basis. Shipping also causes
additional environmental impacts from ballast water discharge, sound pollution, wildlife

collisions, and oil spills.

One of the major concerns surrounding the shipping industry is the expected growth in
shipping. Even if energy efficiency improves, maritime shipping is expected to continue to
expand leading towards more fuel consumption and related emissions. In terms of tonne-
kilometers traveled, shipping increased by nearly 40% from 2000 to 2007, " leading to
increased CO, emissions. As globalization increases and economies grow, the need for
maritime transportation is going to increase.'? If the industry is going to lower total

emissions, it will become more important to find ways to increase energy efficiency.

1.1.1 Maersk Line and the Radical Retrofit Program

Maersk has made a significant long-term commitment to improving energy efficiency. By
2013, Maersk Line reached its 2020 target of cutting 25% of emissions from a 2007
baseline.'® Maersk then revised their carbon emissions goal to a 40% reduction by 2020."
Between 2007 and 2016, Maersk successfully reduced GHG emissions by 42% per
container per kilometer.'® Maersk Line once again revised its CO, emissions goal to a 60%
reduction from the 2007 baseline by 2020."°

As part of this global effort to reduce fuel consumption and emissions, Maersk has

committed $1 billion to retrofit about 100 vessels through its Radical Retrofit (RR) program.

" Jan Fuglestvedt et al., “Shipping Emissions: From Cooling to Warming of Climate—and Reducing
Impacts on Health,” Environmental Science & Technology 43, no. 24 (December 15, 2009): 905762,
doi:10.1021/es901944r.
'2 James J. Corbett and James Winebrake, “The Impacts of Globalisation on International Maritime
Transport Activity: Past Trends and Future Perspectives” (Global Forum on Transport and Environment in
a Globalising World, Guadalajara, Mexico: OECD, 2008).
'3 "Maersk Line Reaches 2020 CO2 Target Early." Ship & Bunker., 28 Jan. 2013. Web. Accessed 25 Apr.
12401 7. <https://shipandbunker.com/news/world/835135-maersk-line-reaches-2020-co2-target-early>.

Ibid.
'* The Port of Los Angeles News. Maersk Line, Ports of Los Angeles And Long Beach Partner To
!\éleasure, Reduce Air Pollution From Ships. Nov 7, 2016.

Ibid.
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$125 million of the $1 billion investment was used to retrofit 12 G-class vessels (one vessel
not yet retrofitted —Gunhilde). The G-glass is the focus on this report because of the
partnership with the Ports of Los Angeles and Long Beach, which will be explained in the
following subsection. The G-class vessels are all outfitted with shore power capability,
which is why the all call at the ports of Los Angeles and Long Beach making them the best
candidates for this project. The G-class vessels differ slightly, but are all very similar. All the
vessels were built between 2005 and 2008, and are all Danish flagged. The vessels have a
length overall of about 366 meters, a beam of about 42 meters, and a draught of about 16

meters. After RR, they have a capacity of about 11,000 TEUs.

These retrofits were also catalyzed by studies that found that the reduction in vessel
cruising speed could lead to improved fuel economy on a tonne-km basis."” As a resuilt,
Maersk reduced the average cruising speed from around 25 knots to maximum speed of
22.8 knots. The RR is designed to optimize vessel performance at lower cruising speeds.
The major components of the RR program are focused on decreasing fuel consumption and
increasing capacity. The fuel efficiency improvement components include: outfitting vessels
with new bulbous bows to reduce drag, replacing existing propellers with more efficient
models, and derating the main engines to make them more efficient at lower speeds. The
RR also involved the installation of additional lashing bridges and raising the bridge to
increase each ship’s capacity from about 9,500 TEUs to about 11,000 TEUs. In addition to
the efficiency and capacity modifications, each vessel was/will be outfitted with high-
frequency sensors to track vessel emissions and energy efficiency. Through the Radical
Retrofit-Energy Efficiency Demonstration Project, Maersk will demonstrate the benefits of
energy efficiency improvements for ocean-going vessels in a manner that ensures the

improvement can be demonstrated after implementation.'®

7 Shi, W., H. T. Grimmelius, and D. Stapersma. “Analysis of Ship Propulsion System Behaviour and the
Impact on Fuel Consumption.” International Shipbuilding Progress 57, no. 1-2 (January 1, 2010): 35-64.
doi:10.3233/ISP-2010-0062.

'® Maersk, “Exhibit A: Maersk - Radical Retrofit - Energy Efficiency Demonstration Project: Project Tasks
and Scope of Work,” n.d.
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Maersk estimated that the retrofit of the G-class vessels would reduce yearly vessel fuel
consumption by 10%, or about 3,000 MT of fuel/vessellyear.' This translates to 31,000
tons of CO, reduction per year per vessel and similar reduction levels among PM, NOy, and
SOx emissions. Figure 1 outlines the RR timeline for the 12 G-class vessels showing the
dry-dock stage and the flow meter and CAMS installation. The timeline highlights the
phased implementation of the RR and the availability of the new data source. It shows why
flow meter data is only available from two vessels pre-retrofit and that CAMS data has only
been installed on four of the 12 vessels as of the time of this report. This means that very

limited data is available from these sources.

1.1.2 The Ports of Los Angeles and Long Beach: San Pedro Bay Clean Air Action
Plan (CAAP) and Technology Advancement Program (TAP)
The Ports of Los Angeles and Long Beach represent the two largest ports in the United
States, and when combined make up the ninth-largest port complex in the world. In terms of
economic significance, the two ports account for 40% of the United States’ container
imports and 25% of total container exports. * In 2006, the Port of Los Angeles and Port of
Long Beach partnered to create the San Pedro Bay Clean Air Action Plan (CAAP).?' The
CAAP's mission was to reduce air pollution by 45% by 2011 to minimize public health
risks.** For the ports of Los Angeles and Long Beach, their vision as members of the CAAP
is to work towards the elimination of all harmful emissions from port-related sources.” As a
result, the two ports have decreased DPM emissions by 85%, NOx emissions by 50%, SOx
emissions by 97%, and GHG emissions by 12%.** To accelerate the implementation of
clean technologies, the CAAP created the Technology Advancement Program (TAP)*. This

program provides funding to interested parties who wish to partner with the Port of Los

¥ The Port of Los Angeles News. Maersk Line, Ports of Los Angeles And Long Beach Partner To
Measure, Reduce Air Pollution From Ships. October 31, 2016.
? The Port of Los Angeles News. 2016.
' Port of LA, “San Pedro Bay Ports Clean Air Action Plan (CAAP),” n.d.,
https://www.portoflosangeles.org/environment/caap.asp.
22 .
Ibid.
*® The Port of Los Angeles News. 2016.
** Ibid.
5 CAAP, “Technology Advancement Program Fact Sheet Fuel Additives” (San Pedro Bay Clean Air
Action Plan, n.d.), http://www.cleanairactionplan.org/documents/tap-fuel-additives-fact-sheet.pdf.
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Angeles and the Port of Long Beach in implementing and demonstrating new clean

technologies and strategies.*
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Figure 1. Timeline of Radical Retrofit and sensor installations overlaid with vessel calls to the ports of LA
and Long Beach.

% Lee Kindberg, “Improved Methods for Managing Energy Efficiency and Reducing Emissions for
Container Vessels Calling California Ports through Flow Meter Upgrades, Digitization, Visualization and
Cloud-Based Data Extraction” (San Pedro Bay Ports Clean Air Action Plan TAP Application, n.d.).
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In 2016, Maersk Line received TAP funding from the CAAP for their project: Verification of
Combined Energy Savings and Emissions Reductions Achieved by the ‘Radical Retrofit’ of
Two Classes of Container Vessels Calling California Ports. Through this partnership with
the Ports of Los Angeles and Long Beach, Maersk Line aims to quantify the benefits of the
$125 million upgrade performed on Maersk Line’s container ships which routinely call the
two ports.?” The stated purpose of Maersk Line’s TAP project is to verify the reductions
related to modifying G-class vessels to improve fuel consumption and air emissions. To
complete this work, Maersk Line was awarded a combined $1 million from the two ports
which is being used to install real-time tracking systems aboard the vessels. This new
technology will allow Maersk to better identify vessel emission sources while ships are both
at sea and at berth. The data from these systems will be analyzed for three years under the
TAP grant, and falls under Maersk’s, “Connected Vessel Program”.® Real-time data is
being collected on variables including: fuel consumption, speed, engine power, and
weather. Data is transferred, via satellite, to Maersk’s Global Vessel Performance Center
(GVPCQC) in real-time. This access to real-time conditions and performance measures will
provide the vessel operators and the GVPC team the unique ability to react almost

immediately to any potential operational inefficiencies on board a vessel.?

This master’s project has been structured by the goals of Maersk Line’s TAP grant and the
authors have worked to provide relevant and additional information as requested by Maersk
Line and the Fleet Performance Team. The analysis and recommendations included in this
report are designed to aid Maersk Line in the objectives outlined in the TAP grant and

Maersk Line’s broader efforts to increase fuel efficiency.

" The Port of Los Angeles News. Maersk Line, Ports of Los Angeles and Long Beach Partner To
Measure, Reduce Air Pollution From Ships. October 31, 2016.

*® The Port of Los Angeles News. 2016.

# “Maersk Line, Ports of Long Beach and Los Angeles Partner to Measure, Reduce Air Pollution from
Ships.” https://www.ajot.com/news/maersk-line-ports-of-long-beach-and-los-angeles-partner-to-measure-
reduce-a. November 7, 2016.
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2 Defining the Project Scope and Gathering Baseline

Information

This section is intended to provide background data analysis using the currently available
data. The conclusions reached here are only the beginning of the data analysis that will be
required for the TAP project or for future work to optimize fuel efficiency, but it should

provide a frame of reference for more detailed analysis.

2.1 Sources of Data

The two main sources of data used in this project are Maersk Ship Performance System
(MSPS) data and Control, Alarm, and Monitoring System (CAMS) data. The main difference
between these data sets is the frequency in reporting. MSPS data is collected, on average,
once per day while CAMS data is constantly being collected and then recorded every ten
minutes. MSPS data has always been collected, while CAMS data has only recently been
collected and recorded. New upgraded data management systems were installed around
the same time as the RR (see Figure 1 for timeline of installation). These new systems
collect and report CAMS data from new digital sensors and flow meters. In addition to these
sources of data, this report also used the vessel schedules to align the data sets and better
understand what the vessel was doing. Table 1 and Table 2 describe the characteristics

and availability of each data set.

2.1.1 Maersk Ship Performance System (MSPS)

Traditionally called the noon report, the MSPS data used for this report contains the
information recorded by a ship’s chief engineer on a daily basis. The data is
collected/aggregated manually and the MSPS report includes a variety of information
including the vessels position, weather conditions, speed, and other performance indicators.
The report is used to assess vessel performance or performance against similar ships. The
report is filed once a day or whenever the vessel changes modes of operations or
considerable changes in speed or weather is observed. While the report is not always sent
at noon, it is designed to provide a snapshot of the vessel’s performance over the previous

24-hour period. However, report periods are not always 24 hours. Some may be longer due
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to time zone changes or estimated time of arrival to port while other report periods may be
shorter if the vessel changes its mode of operation. Of the 6,104 reports that were used in
this study, the average length of report period was 19.8 hours with a standard deviation of

6.5 hours and a range of 1 to 36 hours.

The major benefit of MSPS data is that, unlike the higher-frequency CAMS data, MSPS
data was collected both before and after retrofit. The downside of using MSPS data is that it
includes a high degree of potential inaccuracy. Because the reports are manually logged

and show averages over long periods of time, the information can vary widely.

2.1.2 Control, Alarm, and Monitoring System (CAMS) and Flow Meters

The CAMS data captures many of the same data points as the MSPS reports except they
capture them at much higher frequencies. The data used in this report is CAMS data which
has been averaged every ten minutes. This higher frequency and automated logging
removes much of the potential inaccuracies associated with MSPS reports. Unfortunately,
there is very limited CAMS data available before RR. In addition to CAMS data, Maersk also
installed flow meters to collect fuel consumption data. The newly installed flow meters
monitor fuel consumption in real time with minimal inaccuracy. Due to the small amount of
available data, the fuel consumption data collected by flow meters was not used in this

report; however, it will be important to the larger TAP grant analysis.

One of Maersk’s largest operational expenses is its fuel bill. Traditionally fuel consumption
has been monitored manually though the MSPS reports, but as previously discussed, these
reports include a high degree of potential inaccuracy. For this report, we analyzed MSPS

and CAMS data as there was sufficient data to perform statistical analyses.
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Table 1. Characteristics of the different sources of data.

Data Source Data Characteristics
Timestamp | Averaged Snapshot Status Status Manually | Auto Log
Reading Reading (Pre-RR) | (Post-RR) Log
Port Call
Schedule v v v v
MSPS (noon v ~24 hour v v v
reporting)
CAMS v 10 minute v v v
Flow Meter W v v
* = limited data available
Table 2. Timespan/availability for each source of data by vessel.
Data Type Begin Date End Date Vessels
Port Call Schedule 1-Jan-14 1-Feb-17 All
MSPS (noon reporting) 1-dan-14 1-Feb-17 All
CAMS (at 10min frequency) 19-Nov-16 24-Feb-17 Gerner, Guthorm
19-dan-17 24-Feb-17 Grete
CAMS (at 5min frequency) * 19-Jun-15 22-Jun-15 Gerner

*Data was downloaded electronically from CAMS data before the vessel had the digital flow meters.

2.1.3 Vessel Schedule

The vessel schedule data was extracted from Maersk’s Global Sailing Schedule (GSIS)
internal database. It includes when each ship arrived and departed from each port. It also
includes identification information for each port. This data was combined with the MSPS
and CAMS data to identify between which ports the MSPS reports were filed and the CAMS
data was collected. This allowed us to better understand the operations of the ships.
Maersk also has exact positioning data available that may be more helpful in providing more
detail about the vessels’ operations, but this level of detail was unnecessary for this report.
Figure 2 shows the number of port calls made to each port from a G-Class vessel from
December 2013-February 2017. The number of calls is portrayed both by the size of the
circle. The larger the circle, the more port calls made by a vessel. Circles were made to be
transparent to ensure all circles could be seen. There were over 3,000 calls made during

this time, and the most frequented port was the Suez Canal (359 calls) followed by
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Shanghai (205 calls). These vessels called at the Ports of LA and Long Beach 45 and 73

times, respectively.

Figure 2. G-Class Port Calls from December 2013-February 2017.
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2.2 Estimating Emissions Reductions using MSPS Reports

In the TAP application, Maersk estimated that the vessel retrofits would reduce each
vessel’s fuel consumption by between 8.4% and 10.7% annually compared to a 2013
baseline. This equates to between about 2,050 and 2,950 tonnes of fuel/ vessel/ year.
Using only data from MSPS reports between 2014 and 20186, this section analyzes how
much the RR reduced fuel consumption and what that means in terms of total emissions
reductions. The variable for fuel consumption was calculated by dividing total fuel
consumed by distance traveled and TEU utilization. Because the RR drastically changed
the performance and capacity of the vessels, it was important to measure fuel consumption
on per TEU basis. Post RR vessels consume more fuel per vessel, but reduce the amount

of fuel consumed per TEU. We assumed that each vessel’s capacity before RR was 9,500
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TEUs and 11,000 after RR. We also assumed that each vessel operated at 70% capacity

both before and after RR. This is capacity value is based on industry standard.*

Equation 1: fuel consumption = fuel consumed (tonnes) / distance traveled (km)*TEU

To calculate the estimated fuel consumption, we ran a series of linear regressions to
measure the change in fuel consumption before and after the RR. This was done for each
vessel. To calculate an average for the class, we used a fixed effects linear regression
using the data from all of the vessels. The fixed effects regression was used to control for

time independent effects that differ between the vessels.

For this calculation, we used only MSPS reports during constant ME load/ normal cruising
operation as a starting point for analysis. A more detailed analysis would include all modes
of operation, but this was only the starting point to consider. Constant power is the most
fuel-efficient mode of operation. If the vessel were trying to maintain constant speed or
constant RPM, the engine efficiency would be reduced, so Maersk strives to operate in
constant power as much as possible. All other modes of operation were excluded from this
analysis; however, to fully compare the fuel reductions it is important to include these other
types of operations. Examples of other modes of operation include: variable speed/power
due to external factors, running with incomplete engine, performance test, slow-
down/stoppages due to technical problems, and variable speed/power for economizer soot
blowing. From 2014-2016, vessels spent an average of 67% of time constant ME load/
normal cruising operation, which accounted for about 68% of the total distance travelled.

Table 3 details these statistics for each vessel during this time.

% Angie Thibault, “Clean Cargo Working Group Carbon Emissions Accounting Methodology,” June 2015,
https://www.bsr.org/s/BSR_CCWG_Carbon_Emissions_Methodology_2015.pdf.
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Table 3. Percent of Time and Distance Spent at Constant ME Load/Normal Cruising (2014-2016)

Vessel Annual average # of % of Annual average distance | % of
Name hours spent at constant | total (km) traveled at constant | total
ME load/ normal hours ME load/ normal distance
cruising cruising
Georg 3,185 58% 99,423 58%
Gerd 3,925 68% 122,534 69%
Gerda 4,304 78% 135,632 80%
Gerner 3,046 58% 96,375 59%
Gjertrud 3,896 69% 125,347 70%
Grete 4,083 74% 129,501 74%
Gudrun 3,624 68% 112,619 68%
Gunde 3,894 77% 122,757 78%
Gunvor 3,154 60% 101,448 61%
Gustav 3,826 67% 118,534 69%
Guthorm 3,396 63% 105,451 63%
Class 3,682 67% 115,745 68%

The generated value of fuel consumption was highly, positively skewed, so to make the
distribution more normal, we logarithmically transformed the variable creating a new
variable that we called Log (Fuel Consumption). Figure 3 shows the distribution of the
original and transformed variable. In each regression, we wanted to measure the coefficient
associated with the status of the retrofit. A dummy variable was used to indicate retrofit
status. 0 meant that the vessel was not retrofitted, and 1 meant that the vessel had been
retrofitted. We also controlled for a series of other explanatory variables including: duration
of the MSPS report, weather (measured using a Beaufort scale), the average draught of the
vessel, main engine load, main engine RPM, vessel speed, and that amount of energy used
by refrigerated containers (reefer units). The equation of the regression we used was:

Equation 2: Log(Fuel Consumption) = B, + S (Retrofit Status) + g(Report Period) + g(Beaufort) +
B (Draught Average) + B(ME Load) + B(ME RPM) + B(Vessel Speed) + B(Reefer Energy) + €
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Figure 3. Distribution of Fuel Consumption and Log (Fuel Consumption).

2.2.1

Before running the linear regressions, we ran a series of descriptive statistics on potential

Descriptive Statistics

-10
Log(Energy Consumption)

explanatory variables that might be used. We used a t-test, assuming unequal variance, to

compare each variable before RR to the reports after RR. Table 4 shows which of these

variables was significantly different before and after RR. A detailed comparison of all these

variables is available in Appendix C. The only variable that was statistically different across

all vessels was the average draught. This makes sense because of how the vessel was

redesigned to carry a larger load. The one clear pattern, apart from the Grete, is that when

at least one of the engine performance variables (ME power, ME RPM, or vessel speed) is

statistically different, then the other variables in that group are also statistically different.

This is a logical correlation showing that if power increases, then RPM and speed also

increase.

Table 4. Statistical significance of pre- and post-retrofit MSPS variables.

Report Beaufort Draught | ME ME ME Vessel | Reefer
Period Average | Fuel Load RPM Speed Energy
Georg X X
Gerd X X X X X
Gerda X
Gerner X X X X X X
Gjertrud X X
Grete X X
Gudrun X X X X X
Gunde X X X X X X
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Gunvor X X
Gustav X X X X X
Guthorm X X X X X X

X = statistically significant at the 0.05 level

During this analysis, we noticed that six of the reports contained RPM values clearly outside
normal bound. The average value for ME RPM was around 69, so these values were 2 to
7,800 times more than the upper bound of normal vessel RPM data. The RPM value was
removed from these six reports. The entire reports were not removed because the rest of
the data seemed accurate. We assume that this error was most likely caused during the
data extraction process and is not indicative of any major issues or biases within the data.

The RPM errors that were removed are listed in Table 5.

Table 5. Erroneous RPM data removed from analysis.

Vessel Date Report ID RPM

Name Value
Gudrun 4-29-16 3050800 186
Gudrun 4-30-16 3051223 666,581
Gunvor 7-28-15 2798926 585,071
Gunvor 7-29-15 2799795 190,581
Gunvor 7-11-16 3104126 499,884
Gunde 9-4-14 2472929 15,163

2.2.2 Regression Analysis Results

Table 6 reports the regression coefficients for retrofit status on each vessel and a class
average. The class average was calculated using all vessel reports in a fixed-effects
regression clustering by vessel. The coefficients range from -0.058 to -0.333. The class
average was -0.196. All the retrofit coefficients were statistically significant at the 0.05 level,
except the Gjertrud, which was not statistically significant from 0 (p-value = 0.291). It is

unclear why this vessel was different than the rest of the class.
Because fuel consumption was logarithmically transformed this means the coefficient

estimates the percent change in fuel consumption. The class average of -0.196 translates to

a 19.6% reduction in fuel consumption. Table 7 details the results and significance of each
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coefficient for the fixed-effects, class regression. Figure 4 presents the coefficient for each

vessel and the class average as the percent decrease in fuel consumption. Detailed results

of each regression are available in Appendix C. The R-squared value for the class fixed-

effects regression was 0.66. This means that 66% of the variation in the response variables

is explained by the model. All the coefficients in the class model are significant at the 0.1

level except for Beaufort (p-value = 0.190). However, this pattern differs between vessels.

Table 6. Regression results for Retrofit Coefficient

10%

5.84%

95% Confidence
Interval
Number of Retrofit Robust P-Value Low High
Observations | Coefficient | Standard Error
Georg 502 -0.224 0.051 0.000 -0.325 -0.123
Gerd 626 -0.100 0.045 0.027 -0.190 -0.012
Gerda 660 -0.247 0.047 0.000 -0.339 -0.155
Gerner 446 -0.202 0.084 0.016 -0.366 -0.037
Gjertrud” 583 -0.058 0.055 0.291 -0.167 0.050
Grete 598 -0.159 0.042 0.000 -0.241 -0.076
Gudrun 538 -0.333 0.045 0.000 -0.421 -0.246
Gunde 570 -0.201 0.053 0.000 -0.306 -0.097
Gunvor 452 -0.162 0.059 0.007 -0.279 -0.045
Gustav 584 -0.301 0.066 0.000 -0.431 -0.172
Guthorm 539 -0.226 0.069 0.001 -0.362 -0.091
Class 6,098 -0.196 0.020 0.000 -0.241 -0.152
*Gjertrud not statistically significant
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Table 7. Fixed Effects Regression Results for the Class.

Coefficient Standard Error P-Value

Retrofit Status -0.196 0.020 0.000
Report Period 0.071 0.001 0.000
Beaufort 0.005 0.004 0.212
Draught 0.011 0.007 0.129
ME Load -0.000 0.000 0.082
ME RPM 0.049 0.005 0.000
Vessel Speed 0.001 0.010 0.893
Reefer Energy -0.000 0.000 0.000
constant -14.926 0.220 0.000
Number of Observations 6,098

Number of Groups 11

R-squared Overall 0.667

2.2.3 Emissions Reductions
To establish a pre-RR baseline, we used every constant ME load/ normal cruising report
starting in 2014 until the vessel was retrofitted. The time and number of reports varies by
vessel depending on when it was retrofitted. To calculate this number on an annual
average, we used the annual distance traveled for the class which was 115,744 km. Once
we established a baseline fuel consumption for each vessel, we used the fuel consumption
change coefficient to determine the post-RR fuel consumption. Using the fuel consumption
values pre- and post-RR, we determined the change in emissions levels using emissions
factors calculated based on a 2.1% sulfur content HFO. The industry typically assumes a
2.7% sulfur content HFO, but we used a 2.1% sulfur content fuel because it is the average
sulfur content that these vessels used in 2016 so it better estimates the actual emissions
from these vessels. The factors also take into consideration the type of engine in the vessel,
which is a Tier I, slow-speed diesel. The factors were calculated assuming a 2.1% sulfur
content based on the factors used in the IMO’s Third IMO GHG Study’’ that assumed a
2.7% sulfur content fuel. These emissions factors are:

e (CO,= 3,114 kg/tonne of fuel

e NO, =87.18 kg/tonne of fuel

" IMO, “Third IMO Greenhouse Gas Study 2014: Executive Summary and Final Report.”
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e SOy = 41.55 kg/tonne of fuel
e PM = 6.36 kg/tonne of fuel

Based on these factors, we calculated that the class average reduction in CO, emissions
was 1.278 tonnes per TEU, annually. The NOx, SOx and PM reductions were 0.036, 0.017,
and 0.003 tonnes per TEU respectively. We also used the fuel consumption values to
calculate the amount of fuel savings from the retrofit. For the cost of fuel, we assume a
bunker fuel price of $350 dollars per tonne, which was based on Maersk’s Line’s average
priced paid over the last 12 months. At this price, there is a $144 savings per TEU/year.
Table 8 shows a detailed breakdown of fuel consumption, emissions, and cost reductions

for all the vessels.

It is more appropriate to measure the emissions and cost savings annually on a TEU basis
rather than per vessel because the RR changed the vessel capacity. Comparing total fuel
consumed by vessel before and after RR showed that the total fuel consumed after RR is
higher. However, this is because the vessel has a larger container capacity. So, to compare
the results to the estimates from the TAP application, we multiplied the emission reductions
per TEU times 7,700 TEUs (11,000 capacity * 70% utilization) to calculate the total
reductions. This number only represents constant ME load/ normal cruising operations and
does not consider any other mode of operation. There would undoubtedly be emissions
reductions associated with the other types of operation as well, which would increase the
total amount of calculated reductions. Even still, these results show an even greater
reduction in the consumption of fuel and emissions than the estimates from the TAP
proposal. Table 7 compares the estimates outlined in the TAP application and the
calculations assuming an 11,000 TEU vessel. Additionally, the TAP estimates assume a
sulfur content in the HFO of 2.7%, whereas the calculations in this report use a 2.1% sulfur
content HFO. A lower sulfur content fuel would show greater reductions in total emissions
than if a 2.7% sulfur content fuel was used to calculate emissions. This difference in sulfur
content fuel is because the application was written several years ago and the average sulfur

content in the fuel for these vessels is now less.
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Table 8. Comparison of TAP Estimates and Calculated Values in Contants ME Load/Normal Cruising

(tonnes/year/vessel).
TAP Application Calculated
Estimate Reduction
Fuel 2,950 3,160
CO; 7,785 9,840
SOy 135* 131**
NOx 198 275
PM 16* 20**

* = Based on 2.7% sulfur HFO; **

= Based on 2.1% sulfur HFO
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Table 9. Estimated emissions reductions from Radical Retrofit.

Fuel
Consumption Improvement Cco2 NOX SOX PM Fuel Costs
(tonne (%) (tonne/year*TEU) | (tonne/year*TEU) | (tonne/year*TEU) | (tonne/year*TEU) ($/year*TEU)
fuel/(km*TEU)
Pre Post Pre Post Pre Post Pre Post Pre Post Pre | Post | Savings
Georg 1'225 1'?6‘;5 22.42 6.227 4.831 0.174 0.135 0.083 0.064 0.013 0.010 | $700 | $543 $157
Gerd 11808 | T47E 10.05 5872 | 5282 | 0.164 | 0.148 | 0.078 | 0.070 | 0.012 | 0.011 |$660 | $594 | $66
Gerda | o0 | THOF 24.74 6.835 | 5145 | 0191 | 0.144 | 0.091 | 0.069 | 0.014 | 0.011 |$768 | $578 | $190
Gerner 1'%2E_ 1'2?5’5 20.16 6.921 5.525 0.194 0.155 0.092 0.074 0.014 0.011 $778 | $621 $157
Gjertrud* 2'%25 1'(8)25 5.84 7.206 6.785 0.202 0.190 0.096 0.091 0.015 0.014 | $810 | $763 $47
1.93E- 1.62E-
Grete 05 05 15.87 6.959 5.854 0.195 0.164 0.093 0.078 0.014 0.012 | $782 | $658 | $124
1.73E- 1.15E-
Gudrun 05 05 33.32 6.227 4,152 0.174 0.116 0.083 0.055 0.013 0.008 | $700 | $467 $233
1.61E- 1.29E-
Gunde 05 05 20.11 5.810 4.641 0.163 0.130 0.078 0.062 0.012 0.009 | $653 | $522 | $131
1.99E- 1.67E-
Gunvor 05 05 16.19 7.164 6.004 0.201 0.168 0.096 0.080 0.015 0.012 | $805 | $675 | $130
1.79E- 1.25E-
Gustav 05 05 30.13 6.441 4.500 0.180 0.126 0.086 0.060 0.013 0.009 | $724 | $506 | $218
1.69E- 1.30E-
Guthorm 05 05 22.64 6.074 4.699 0.170 0.132 0.081 0.063 0.012 0.010 | $683 | $528 | $155
1.81E- 1.45E-
Class 05 05 19,64 6.508 5.230 0.182 0.146 0.087 0.070 0.013 0.011 | $731 | $588 | $144

*Gjertrud not statistically significant
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2.3 Using Post-RR Data to Understand Uncertainty of MSPS Reports using
CAMS Data

This next section moves away from comparing data before and after RR to comparing data
only after RR to measure the uncertainty associated with MSPS reports. To check how
accurate the MSPS reports are, we compare data from the reports to higher-frequency
CAMS data. CAMS data is automatically averaged every 10 minutes to provide a more
accurate picture of the actual vessel performance. However, there is very limited CAMS
data available pre-RR and at the time of this report, CAMS data is only available on the

Gerner, Guthorm, and Grete. See Figure 1 for timeline of CAMS installations.

To compare the available data sets, we chose three variables that were present in both sets
of data: ME power, ME RPM, and vessel speed. Figures 6-8 compare these variables on
the Guthorm during a series of 10 consecutive constant ME load/normal cruising reports
traveling from Singapore to the Suez Canal. These graphs do not represent the entire
voyage, rather just the time where there are consecutive constant ME load/normal cruising
reports. In each of these graphs it is easy to see the higher frequency of CAMS data (shown
in blue) compared to the longer averages from the MSPS reports (shown in red). The MSPS
reports follow a similar pattern as the CAMS data, and the graphs do not show a large
discrepancy between the sources of data. On February 22, the CAMS data shows a spike in
all three variables. It is unclear what caused this spike, but the MSPS reports do not reflect
the spike. This indicates how quick changes and maneuvers are easy to see in the CAMS
data but are not shown in the MSPS reports. This could have implications on total
emissions calculations and operations analyses. We expect that the constant ME
load/normal cruising times would show the closest parity to the CAMS data. Other
performance codes would likely show greater discrepancy between the data sets because

of the higher variability in performance operations.
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cruising reports (2-19-17 to 2-24-17). Vessel departed Singapore on 2-18-17 and arrived at Suez Canal
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Figure 7. Guthorm MSPS and CAMS speed (knots) data from consecutive constant ME load/normal
cruising reports (2-19-17 to 2-24-17). Vessel departed Singapore on 2-18-17 and arrived at Suez Canal
on 3-01-17.

To determine a quantitative measure of the difference between these lines, we ran a paired
t-test on the same reports shown in Figures 6-8. To pair the data, we averaged the CAMS
readings that were associated with the time period of each report. The results of this t-test
show that both ME power (p-value = 0.41) and speed (p-value = 0.27) are not statistically
different between each source of data. However, ME RPM (p-value-0.01) is statistically
different at the 0.05 level. Table 4 displays the results of these paired t-tests. The issue with
this test is the relatively small sample size. Because the longest continuous period of
consecutive constant ME load/normal cruising reports available was 10, our sample size for
this paired t-test was limited to 10. A small sample size could be creating statistical power
problems and causing us to fail to reject our null hypothesis that the difference between the
two lines is 0. In other words, with a larger sample size, it’s possible that ME power and

speed in MSPS reports versus CAMS data are in fact different.
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Table 10.Paired t-test comparison of Guthorm MSPS and CAMS data from consecutive normal cruising

reports (2-19-17 to 2-24-17)

Sample MSPS CAMS Difference | Standard | P-Value
Size Mean Mean Error
ME Power (kW) 10 27,808.50 | 26,866.70 941.80 1,098.39 0.41
ME RPM 10 72.70 72.60 3.90 1.27 0.01
Speed (knots) 10 19.14 19.08 0.06 0.05 0.27

To increase our sample size, we ran the same test on all available constant ME load/normal
cruising reports where there was also CAMS data available on the Guthorm. We selected
the vessel Guthrom because it had the largest amount of overlapping data from MSPS and
CAMS. We again averaged the CAMS readings associated with each MSPS report, which
allowed us to increase our sample size to 39. This improves the statistical power, and the
results show that in addition to the difference in ME RPM being statistically different (p-
value = 0.01), this time the difference in speed was also statistically different (p-value =
0.02) at the 0.05 level. However, the difference in ME power remains statistically

insignificant. See results in Table 5 below.

Table 11. Paired t-test comparison of Guthorm MSPS and CAMS data from all normal cruising periods
(12-7-16 to 2-24-17)

Sample | MSPS CAMS Difference | Standard | P-Value
Size Mean Mean Error
ME Power (kW) | 39 25,248.92 | 25,149.15 | 99.77 284.15 0.73
ME RPM 39 73.67 74.86 1.19 0.41 0.01
Speed (knots) 39 18.96 18.93 0.03 0.01 0.02

The graphs of the differences between MSPS and CAMS for ME power, ME RPM, and
vessel speed do not appear to be too different, but the paired t-tests show that there is at
least some statistical difference between the data sets. When more data is available from
the CAMS, it would be possible to create larger sample sizes and test additional time
periods across different vessels. Appendix B contains additional graphs for the same
variables on different vessels over consecutive constant ME load/normal cruising reports

and for mixed performance codes.

Based on these results, using the MSPS data to determine a baseline level of emissions

before RR to compare to CAMS data post RR will be difficult. There will have to be an
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added level of uncertainty or range associated with any type of baseline emissions levels.
Comparing additional MSPS to CAMS data with larger sample sizes will help better

determine a more accurate level of uncertainty.

2.4 Internal and External Validity

The two methods of data analysis are not intended to estimate a final calculation for the
benefits of the RR, rather they are intended to provide some guidance on how to determine
a methodology for calculating the benefits. The first calculation estimates the emissions
reductions using only MSPS reports from before and after the RR. The reports that were
used were during the 2014-2016 period and only include reports filed during constant ME
load/normal cruising periods. This is a helpful estimate in understanding this one
performance mode, but it does not include all the other operating modes. Fuel consumption
and the related emissions reductions likely look different for the other performance modes.
Similarly, the calculation only considers the vessel leading up to the RR. The TAP
application compares the benefits against a 2013 baseline, and Maersk’s emissions
reductions are measured against a 2007 baseline. So, while this analysis only focuses on
the benefits during constant ME load/normal cruising, it is important to measure total
emissions using the appropriate baseline. To better gauge the percent improvement from
either a 2013 or 2007 baseline, it will be necessary to calculate the percent change using
data from these time periods rather than from only right before the RR. Similarly, this
analysis focuses only on the g-class. The RR program is being applied to over 100 Maersk

vessels, and the benefits of the RR will likely differ between the vessel classes.

There is also some potential for bias in this the MSPS data. The calculated retrofit
coefficients vary widely from vessel to vessel, and the coefficient calculated for the Gjertrud
is not statistically significant. This points to the existence of some unobserved variable that
is likely effecting the fuel consumption. The R-squared value for each model was relatively
high, but it leaves room for other variables not included in the model. This unobserved
variable could be the reason why the Gjertrud’s retrofit coefficient was not significant. The
class average results were calculated using all the MSPS reports for every vessel (except

the Gunhilde because it has not been retrofitted) including the Gjertrud. Removing the
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Gjertrud from this sample could give a more accurate class average. One of the variables
that was not examined in this analysis was the crew that was on board each vessel.
Because the percent of time and distance spent at constant ME load/normal cruising varied
widely between the vessels, it is possible that this is because different vessel crews could
handle the vessel differently. Controlling for the crew could reduce some of the variance in
the results. Similar factors like schedule diversions, cargo load, and mechanical issues

could all influence differences between vessels.

The model also does not consider any sort of hull biofouling. After the RR, all vessels
received new hull paint to prevent biofouling. This would increase the energy efficiency of
the vessel coming out of dry dock and is not included in this model. Some of the efficiency
demonstrated in the calculations should be attributed to the new hull paint. There are also
slight differences between the vessels including age of the vessel and capacity. This report
assumes that all vessels went from a 9,500 to 11,000 TEU capacity and that the vessels
were always 70% full. Using real numbers and controlling for the weight of the cargo could

give a more accurate picture.

The second calculation focused on comparing MSPS reports and CAMS data for the same
time after RR. This data was only available on a select group of vessels for a small amount
of time. Using the small sample size, graphs comparing the two data sources did not show
any large discrepancies, but the t-tests proved that there were at least some statistically
significant differences in the data. Increasing the sample size when more data becomes
available will improve these estimates. The estimates also only consider constant ME
load/normal cruising times, and the differentiation between the data sets is likely to increase
in other modes of operation as performance becomes more variable. These findings still
show that there is a high level of uncertainty associated with MSPS reports, so using
MPSPS reports to establish a baseline level of fuel consumption and emissions levels will

require careful consideration of this uncertainty.
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3 Vessel Performance Platform: Incentivizing Environmental

Performance through Behavior

Maersk Line has partnered with Microsoft Corp. to build a digital platform that will help
revolutionize its business. The goal is to use the data presented in this project and other
sources to develop insights for strategic decision-making and to optimize performance. Ship
operators and analysts will be able to monitor vessel performance in real time using the
CAMS sensors and flow meters. This information will allow the vessel’s crew to make
decisions without waiting for MSPS reports once a day or viewing the performance in
retrospect. Seeing the data in real-time allows the crew to respond to inefficiencies
immediately, leading to increased fuel savings. The platform is currently being designed and
will likely include a section dedicated to the environmental performance of the vessel. This
section provides some options for Maersk to consider as it continues to develop different
features in the platform. These recommendations are based on an analysis of other
platforms being used in the maritime industry and an analysis of what some other industries
are doing to increase efficiency. These recommendations focus on using social
norms/comparisons, developing an emissions contest with financial awards, and how to

determine the frequency and type of environmental notifications.

Before discussing any recommendations, it is important to understand the employees who
will be using this platform and what their opinions are on environmental performance. In
2011, Banks et al.* circulated a questionnaire to seafarers and received 317 responses
from participants representing many different shipping companies. 66% of respondents had
work experience on tankers, while 20% of respondents had experience working on a
container ship. The amount of experience at sea ranged from less than a year (16%) to 25
years or more (11%). The job roles were also very different ranging from engineer (22%) to

deck officer (22%) to master/captain (13%). Here are some of the main takeaways:

% Charlotte Banks, “Seafarers’ Current Awareness, Knowledge, Motivation and Ideas towards Low
Carbon-Energy Efficient Operations,” Journal of Shipping and Ocean Engineering, April 1, 2014,
http://www.lowcarbonshipping.co.uk/files/ucl_admin/LCS%202012/Banks.pdf.
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e 94% of respondents believe that it is either important or very important to reduce
global carbon emissions
o 94% of respondents also believe that it is either important or very important to
reduce shipping carbon emissions
e 77% of respondents believe that it is possible or very possible to reduce shipping
carbon emissions
o 58% of respondents believe it is possible or very possible for crew to help
reduce shipping carbon emissions
e 74% of respondents would like to know either more or a lot more about how crew
can help reduce shipping carbon emissions
e 54% of respondents think a reward would much or very much effect the amount they

try to make energy efficiency improvements

These last two bullet points are particularly relevant. They point directly to crew interest in
helping to reduce shipping carbon emissions and that a reward could affect how hard they
try. The results of the questionnaire all point towards the conclusion that given the
appropriate tools and methods, vessel operators can and want to help reduce emissions.

The following recommendations are oriented based on these assumptions.

3.1 Recommendation 1: Emissions Reduction Contest

In other industries, like utilities, research has proven that financial rewards and social norms
work well in reducing consumption.*® Residential conservation programs differ from
industrial and commercial conservation programs because the financial benefit of industrial
and commercial conservation efforts goes to the company rather than the homeowner.
Vessel operators are more like these commercial and industrial actors and do not have the
same type of financial incentive to reduce fuel consumption as a homeowner who is trying

to lower their utility bills. So, while the technology improvements from the RR reduce fuel

% Paul Dolan and Robert Metcalfe, “Neighbors, Knowledge, and Nuggets: Two Natural Field Experiments
on the Role of Incentives on Energy Conservation” (St. Louis, United States: Federal Reserve Bank of St
Louis, 2013),
http://search.proquest.com.proxy.lib.duke.edu/docview/1698360998/87963F8C807C44FAPQ/41.
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consumption, maximizing the full potential of RR will also require some behavioral changes
amongst Maersk seafarers. As previously mentioned, 54% of seafarers believe that a
reward could affect the amount they try to make energy efficiency improvements. To
increase the amount of effort vessel crews exert on improving efficiency, Maersk should
create an emissions reduction competition for each vessel class. This competition would
offer a financial reward as well as serve as a form of recognition for the vessel with the

smallest emissions footprint.

The Performance Platform could track a specific metric/indicator that could be used for a
competition among the vessels in the class. An example of a metric is the CCWG metric:
Equation 3. CO. emissions = (IMO Emission Factor * Total Fuel Consumption)/(distance sailed*TEU)

This is just one example of a metric that is possible to track with the Performance Platform.
The difficulty in choosing a metric is that it must be comparable across all vessels. Because
the vessels operate in different locations and are not hauling identical cargo, it is difficult to
compare total fuel consumption between vessels. This metric standardizes CO, emission
on a per TEU level. Other challenges associated with a contest like this include: determining
an appropriate period for vessel comparison, tracking results by crew rather than by vessel,
controlling for different vessel operations, rewarding the appropriate actors, and accounting

for different types of fuel used that produce different amounts of emissions.

As of the date of this report, high-frequency CAMS data sensors have only been installed
on four of the G-class vessels, so this type of contest is dependent on the availability of
equipment that currently being installed. Once the entire class is outfitted and a contest is
put into place, it could serve as a method to remind the crew about the environmental
performance of the vessel and encourage good behavior. The other recommendations
focus on additional ways of encouraging this same type of behavior that may be easier to

implement in the short-term.
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3.2 Recommendation 2: Social Comparisons

Social norms are used in a variety of settings to encourage good behavior. Some of these
settings include: energy/water usage,* smoking cessation programs,®® weight loss,*

charitable giving,®” and voter recruitment.®®

One of the advantages of using social norms to
influence behavior is that they have been found to be more effective than pleas made solely
based on environmental conservation® In fact, not only are social norms shown to be
effective in catalyzing a change in behavior, but they have also been proven to be an
economical choice for the implementing organization as well. A 2013 study of energy
utilities use of social norms found that utilities that promote peer comparisons can lower
energy consumption at a low cost.*® While the effectiveness of this approach has been most
strongly linked to households that are the “least price sensitive”, it is important to note that
these types of comparison messages had a significantly higher influence on behavior than
social or technical information alone.*’ This could be applicable to Maersk because vessel

crews are most similar to the least price sensitive homeowners because salary is not tied to

environmental performance.

% Hunt Allcott and Todd Rogers, “The Short-Run and Long-Run Effects of Behavioral Interventions:
Experimental Evidence from Energy Conservation,” The American Economic Review; Nashville 104, no.
10 (October 2014): 3003—37, doi:http://dx.doi.org.proxy.lib.duke.edu/10.1257/aer.104.10.3003.

% Deborah Karasek, Jennifer Ahern, and Sandro Galea, “Social Norms, Collective Efficacy, and Smoking
Cessation in Urban Neighborhoods,” American Journal of Public Health;, Washington 102, no. 2 (February
2012): 343-51.

% Tricia M. Leahey et al., “Social Networks and Social Norms Are Associated with Obesity Treatment
Outcomes,” Obesity (Silver Spring, Md.) 23, no. 8 (August 2015): 1550-54, doi:10.1002/oby.21074.

% Jens Agerstrdm et al., “Using Descriptive Social Norms to Increase Charitable Giving: The Power of
Local Norms,” Journal of Economic Psychology 52 (February 2016): 147-53,
doi:10.1016/j.joep.2015.12.007.

% Costas Panagopoulos, Christopher W. Larimer, and Meghan Condon, “Social Pressure, Descriptive
Norms, and Voter Mobilization,” Political Behavior; New York 36, no. 2 (June 2014): 451-69,
doi:http://dx.doi.org.proxy.lib.duke.edu/10.1007/s11109-013-9234-4.

% Noah J. Goldstein et al., “A Room with a Viewpoint: Using Social Norms to Motivate Environmental
Conservation in Hotels,” Journal of Consumer Research 35, no. 3 (2008): 472-82, doi:10.1086/586910.
0 lan Ayres, Sophie Raseman, and Alice Shih, “Evidence from Two Large Field Experiments That Peer
Comparison Feedback Can Reduce Residential Energy Usage,” Journal of Law, Economics, and
Organization 29, no. 5 (October 2013): 992—-1022.

*' Paul J. Ferraro and Michael K. Price, “Using Non-Pecuniary Strategies to Influence Behavior: Evidence
from a Large Scale Field Experiment” (Cambridge, United States: National Bureau of Economic
Research, Inc., July 2011), http://search.proquest.com.proxy.lib.duke.edu/docview/16878378517pq-
origsite=summon.
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One of the most useful characteristics of the atmosphere on board a ship is the cultural
environment of the crew setting. While previous research has shown that seafarers are
generally aware of and interested in reducing shipping carbon emissions, there is also a
team aspect that can be taken advantage of to make social comparisons even more
effective. This idea of “conditional cooperation” means that people are found to be more
willing to participate when others around them are engaged in similar behavior.** Studies
show that the individuals are more likely to engage with energy efficiency information when
their personal data is compared to peer groups.*® Showing the social comparison across
similar vessels could make it more likely that vessel crews pay more attention to their

environmental footprint or at least consider the data more.

We believe that an approach that utilizes both an emissions reduction contest with financial
incentives and social norm comparisons, the crews will be more motivated to consider how
their decisions can positively influence the environmental optimization of the vessel. The
availability of more transparent and real-time environmental data could increase interest in
vessel optimization decisions that are associated with better environmental performance
and decreased emissions. However, to maintain engagement, it will be important to ensure
that any type of social comparison is done on a level-playing field. Different vessel classes
will have different environmental footprints, so comparisons should only compare metrics
that are similar across all vessels or only compare similar vessels with similar operations.

An unfair comparison could turn crews off to environmental performance all together.

3.3 Recommendation 3: Environmental Notifications
The effectiveness of the two recommendations described above rely on effective
communication to vessel crews through the Performance Platform. It is important to

consider the frequency and timing of any type of environmental notifications. To encourage

“2 Bruno S. Frey and Stephan Meier, “Social Comparisons and Pro-Social Behavior: Testing ‘Conditional
Cooperation’ in a Field Experiment,” The American Economic Review 94, no. 5 (December 1, 2004):
1717-22, doi:10.1257/0002828043052187.

* Tim Harries et al., “Is Social Norms Marketing Effective?: A Case Study in Domestic Electricity
Consumption,” European Journal of Marketing; Bradford 47, no. 9 (2013): 1458—75,
doi:http://dx.doi.org.proxy.lib.duke.edu/10.1108/EJM-10-2011-0568.
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fuel savings, the vessel operators must be well informed of their vessel’s performance. This
information flow must be steady but not be an annoyance, as social norms have the largest
impact on the day that information on the social norm is received.** Much of the available
research on social norms stems from residential energy savings programs, and these
research studies document the correlation between a decline in program participation and
the time elapsed since the program participant was notified of their performance.*’
Therefore, we recommend that Maersk notify vessel operators frequently, but not to a point
of notification overload. Research has demonstrated that notifications can occur at
inopportune moments, causing inefficient task performance.* The delivery of notifications
should be well-timed to both influence the maximum amount of fuel savings but not disrupt
the crew’s routine tasks. We recommend that vessel operators be sent notifications both
regularly and appropriately in relation to other tasks and other communications to the
vessel. Well-timed notifications will allow the crew to make any necessary changes to

vessel operations.

Notifications could be formatted in many ways: email, text message, and push notification.
Notifications could also require the recipient to complete an action, such as send a read
receipt or respond. Two example push notifications of a vessel’s emissions upon completing
a leg of a route, can be seen below.

Figure 8. Example push notification environmental notification from Performance Platform.

-}? Vessel Emissions Notification 1m ago

Arrival to Long Beach: During this leg from Yokohama,

reduction from Gerner’s last voyage along this route.

* Dolan and Metcalfe, “Neighbors, Knowledge, and Nuggets.”

“® Allcott and Rogers, “The Short-Run and Long-Run Effects of Behavioral Interventions.”

*® Shamsi T. Igbal and Eric Horvitz, “Notifications and Awareness: A Field Study of Alert Usage and
Preferences,” (Redmond, WA: Microsoft Research.) 2010.
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Figure 9. Example push notification environmental notification from Performance Platform.

$ Vessel Emissions Notification 1m ago

Arrival to Long Beach: During this leg from Yokohama,
Gerner consumed 688 metric tons of fuel and produced
194.9g of CO, per TEU

The overall goal of the notifications is to ensure that the operators are incorporating
environmental considerations into decision making. The notifications should be a reminder
of those considerations. The notifications should be designed to function with other features
like the emissions reduction contest or social comparisons. For these recommendations to

be effective, they should be used in conjunction with each other.

3.4 Voluntary and Mandatory Reporting Standards

The International Convention for the Prevention of Pollution from Ships Annex VI (MARPOL
Annex VI), which was first adopted in 1997, is an international treaty that addresses air
pollution prevention requirements from ships. It was implemented in the United States
through the Act to Prevent Pollution from Ships, 33 U.S.C. § 1901-1905 (APPS). Through
MARPOL Annex VI, the IMO has already implemented energy efficiency programs that

Maersk is aware of and in compliance with.

These standards include:

e Ship Energy Efficiency Management Plan (SEEMP): Regulation 22 of
MEPC.203(62) requires that every ship keep on board a specific SEEMP. The
SEEMP provides an approach for monitoring ship and fleet energy efficiency
performance over time and include some options to be considered for optimizing the
performance of the ship. The goal of this plan is to reduce overall emissions while
increasing efficiency. Some of the steps that are taken to achieve this include: speed
optimization, weather routing, hull monitoring and maintenance, efficient cargo

operation, and electric power management.
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¢ Energy Efficiency Design Index (EEDI): Since January 2013, the IMO has required
new ships to meet minimum energy efficiency level per capacity mile for different
ship type and size segments. The EEDI will be tightened every 5 years to stimulate

innovation and technical development during the initial design-phase of a ship.

o Energy Efficiency Operational Indicator (EEQI): the EEOI is an efficiency indicator
recommended for all ships to calculate from fuel consumption, distance traveled, and
cargo data. It is considered as the annual average carbon intensity of a ship in its

real operating condition.*’

But the IMO is continuing to design additional energy efficiency programs and other
organizations are developing voluntary reporting requirements. The designers of Maersk’s
Performance Platform should consider these existing and upcoming standards so that the
platform can be used to fulfil any of the standards. Maersk is already tracking many more
variables and indicators than any type of standard would require, but it is important to be
aware of what is/will be required. This section details some of the IMO’s upcoming recent

and upcoming actions as well as some of the voluntary reporting standards that exist.

3.4.1 Upcoming IMO Actions

Recently, during the 70" meeting of IMO’s Marine Environment Protection Committee
(MEPC) in October 2016, the committee voted to adopt a mandatory data collection system
to track the fuel consumption of vessels. The requirements pertain to vessels of 5,000 GT or
higher and go into effect in March 2018. Specific data requirements and management
systems for this global system have not yet been decided, but the MEPC will work to finalize
data variables and structure during their next meeting in May 2017, but vessels will be

required to report metrics like fuel consumption, type of fuel, distance traveled, service

7 ucL Energy Institute. “Understanding the Energy Efficiency Operational Indicator: An Empirical
Analysis of Ships from the Royal Belgian Ship owners’ Association.”
http://www.lowcarbonshipping.co.uk/files/Ben_Howett/RBSA_final main.pdf May, 2015.

*8 «70th Session of the Marine Environment Protection Committee (MEPC 70) at the International
Maritime Organization (IMO) - Mobility and Transport - European Commission.” Mobility and Transport.
ftransport/media/media-corner/70th-session-marine-environment-protection-committee-mepc-70-
international_en. October 28, 2016.
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hours at sea, and cargo capacity. At the end of the calendar year, the collected data must
then be sent to the state where the vessel is registered (Flag State). The Flag State will be
responsible for reviewing and approving the data before awarding the vessel a statement of
compliance and forwarding the data to an IMO global database. IMO will complete the
annual reporting process by utilizing the global database to generate a report for the MEPC.
The final IMO report will not contain vessel-specific data so individual vessel performance

will not be released publicly.*®

The data that will be required is information that Maersk is already collecting, but Maersk
should continue to monitor developments with these reporting standards to make sure that
the format and collection methodology of their collection system matches the international

standard.

In addition to the new mandatory reporting requirements adopted by the MEPC following
the October 2016 meeting, the Committee also adopted a new GHG strategy roadmap for
2017-2023. This roadmap will help develop a comprehensive strategy to reduce GHG
emissions from vessels with a 2018 implementation date.*® Under the roadmap, the MEPC
formed a working group tasked with addressing the reduction of vessel’s GHG emissions.
The working group is tentatively scheduled to meet during the upcoming MEPC 71 meeting

in May of 2017.

Prior to the announcement of the roadmap, the European Community Shipowners’
Associations (ECSA) publicly supported the roadmap system as it mirrors the strategies

identified in the Paris Climate Agreement.®’ This statement served as an announcement

%9 «70th Session of the Marine Environment Protection Committee (MEPC 70) at the International
Maritime Organization (IMO) - Mobility and Transport - European Commission.” Mobility and Transport.
ftransport/media/media-corner/70th-session-marine-environment-protection-committee-mepc-70-
international_en. October 28, 2016.

% “New Requirements for International Shipping as UN Body Continues to Address Greenhouse Gas
Emissions.” IMO, October 28, 2016. http://www.imo.org/en/MediaCentre/PressBriefings/Pages/28-MEPC-
data-collection--.aspx.

*" Smedegaard, Niels. “Open Letter to ICS on the IMO CO2 Roadmap.” ECSA - The European
Community Shipowners’ Associations, August 12, 2016. http://www.ecsa.eu/9-latest-news/290-ecsa-s-
open-letter-to-ics-on-the-imo-co2-roadmap.
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that the E.U. and Norway stand behind the mission of the roadmap and will support efforts
to further define short and long term measures as the MEPC continues to define

implementation strategies.

The International Chamber of Shipping (ICS) also released a statement of support following
the MEPC October 2016 meeting. Specifically, ICS stresses the importance of MEPC’s data
reporting requirements as they will prove vital in the monitoring and enforcement of CO.
emissions reduction strategies, targets, and accountability.>®> While the roadmap will prove
critical in the reduction of GHG emissions industry-wide, both ECSA and ICS have
commended the fact that this action plan also addresses the concerns of developing nations

who fear the negative impacts of increased shipping emissions.

Although the implementation of the roadmap is set to enter a final stage in 2023, a recent
2017 vote by the EU parliament seeks to enforce a regional CO, plan if the IMO roadmap is
not operational by 2021. The EU plan would incorporate shipping into the EU Emissions
Trading System (ETS) starting in 2023 and would apply to both EU and non-EU vessels.>
Specifically, the ETS system would cover CO, emissions that occur both within EU ports
and during voyages to and from them.* The trading system could operate under a
“maritime climate fund” designed to propel research and innovations that address the
reduction of maritime emissions. Internationally, many shipping associations, like ESCA and
ICS, have voiced their disapproval of the EU’s regional approach as it is seen as
undermining the progressive plans the IMO passed for global emissions reductions.> As
the EU vote puts pressure on the IMO’s roadmap timeline, international organizations plan

to continue to work towards an IMO solution as they explore various global implementation

%2 «|CS Applauds IMO Road Map for CO2 Reduction by International Shipping.” International Chamber of
Shipping, October 31, 2016. http://www.ics-shipping.org/news/press-releases/view-article/2016/10/31/ics-
applauds-imo-road-map-for-co2-reduction-by-international-shipping.

% “EU Parliament Votes to Snag Ships in Emissions Trading Net.” February 15, 2017.
http://www.marinelog.com/index.php?option=com_k2&view=item&id=25094:euro-parliament-seeks-to-
shove-ships-into-emissions-trading-scheme&ltemid=227.

** “EU Parliament Votes to Snag Ships in Emissions Trading Net”

% “European Politicians Vote to Add Shipping to Regional Emissions Trading System -.” Splash 247,
February 16, 2017. http://splash247.com/european-politicians-vote-to-add-shipping-to-regional-
emissions-trading-system/.
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strategies for MEPC 71 which is set to take place in May of 2017. Maersk is already ahead
of the IMO and its CO. roadmap, so these efforts should be monitored to make sure that

nothing in the development of new standards will undermine Maersk’s efforts.

3.4.2 Clean Cargo Working Group (CCWG) & Clean Shipping Index (CSI)

The CCWG is a business to business carrier-shipper initiative organized in 2003 under the
global non-profit BSR. CCWG is dedicated to environmental performance improvement in
marine container transport through measurement, evaluation, and reporting. The CCWG
voluntary annual reporting program is intended to generate credible and comparable
environmental performance data within the ocean container shipping sector.”® In 2015,
CCWG published standard methodologies for reporting and verifying CO, emissions for
vessels. The goals of CCWG methodology are to utilize common collection and conversion
techniques to better compare and enhance vessel emissions performance across the
industry, and enable calculation of shippers’ supply chain transport footprints. The data
required for this platform includes: vessel name/IMO number, total fuel consumption and
type of fuel used, distance traveled over ground, nominal TEU capacity, reefer TEU
capacity, days of vessel operation, and trade lane in which the vessel is operating.>” Data is
then certified and calculated through guidelines specified by CCWG. Maersk is already a
participant in this initiative, and data presented in the Performance Platform could track

performance using the same methodology outlined by the CCWG.

The CSI has a similar mission to CCWG, which is to use reported data to generate more
transparency and a higher demand for clean ships within the container and cargo shipping
industry. In 2014, both organizations signed a memorandum of understanding to
collaboratively work towards a cleaner, more efficient shipping industry.58 CSl provides a

data collection system intended to allow cargo ships and carriers to benchmark their

%% Thibault, “Clean Cargo Working Group Carbon Emissions Accounting Methodology.”
57 |a:

Ibid.
8 BSR. “Media Advisory: BSR’s Clean Cargo Working Group and the Clean Shipping Index Agree to
Explore Potential for Merger.” http://3blmedia.com/News/Media-Advisory-BSRs-Clean-Cargo-Working-
Group-and-Clean-Shipping-Index-Agree-Explore-Potential, /News/Media-Advisory-BSRs-Clean-Cargo-
Working-Group-and-Clean-Shipping-Index-Agree-Explore-Potential. May 2014.
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environmental performance with other participants. The tool includes data on CO,, NOx,
and SOx emissions as well as data on waste and on-board chemicals, lubricants,
refrigerants, and cleaning agents. While data requirements vary depending on pollutant
type, CSI’s data requirements for CO; calculations include: type of cargo carried, distance
traveled, and fuel consumption. Final CO. calculations are accepted in both the IMO’s
Energy Efficiency Operational Indicator format as well as the CCWG calculation method

and span one year in time.*®

4 Conclusions

The environmental impact of commercial shipping is continuing to attract attention around
the world as concerns grow regarding GHGs. There will be even more pressure on the
shipping industry from regulators to GHG emissions. Maersk Line has set a lofty goal to
reduce CO, by 60% per container per km, and the RR investments will help make

significant gains towards this goal.

The intent of this report is to provide Maersk with baseline data analysis on pre- and post-
RR data from different sources of data and to provide some recommendations on how to
use new sources of data to encourage behavioral changes through the Performance
Platform. Using only manually logged MSPS data, we calculated a 19% reduction in fuel
consumption during constant main engine load/normal cruising operations. This is a greater
improvement than was estimated in the TAP application. However, the retrofit coefficient
varies widely between vessels in the G-class. This variation between vessels is likely due to
the uncertainty associated with the MSPS reports but could also be due to mechanical or
operational differences between the vessels. To examine the difference between MSPS
reports and the automatically logged CAMS data, we compared the limited data overlap
between the two sources. Using graphs, the two data sources did not appear to be

drastically different. However, a paired t-test on data from one vessel (Guthorm) during

% «Clean Shipping Index: Environmental Parameters,” 2017.
http://www.cleanshippingindex.com/information/environmental-parameters-2/.
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constant main engine load/normal cruising operation showed that the differences in the two
data sources are statistically significant in some cases. This analysis was limited due to a
small sample size. When more data is available, additional tests should be run to better

understand this difference.

Both analyses exhibit some internal and external validity issues. To get a more accurate
estimate of the actual reduction in total emissions, additional analysis is needed comparing
all the vessels in each of the performance modes. The model should also take into account
some missing variables including hull biofouling and differences in crew/vessel
characteristics. When more CAMS data is available, it will be easier to calculate the

uncertainty associated with using MSPS data to establish baseline emissions levels.

With more CAMS data, there will a much greater capacity to examine vessel performance
and to more effectively optimize fuel efficiency. This will lead to even greater emissions
reductions and fuel savings. Maersk is currently developing a Performance Platform that will
provide ship operators and advisors with more information to make better decisions about
performance optimization. This platform should include an environmental section that
monitors the emissions levels of each vessel. The platform should also strive to encourage
behavioral changes among vessel crews. This report provides three specific
recommendations on how the Performance Platform can improve behavior: 1) develop an
emissions reductions contest that provides financial rewards for the vessel that reduces the
most amount of CO,; 2) use social comparisons as a way of showing vessel performance
against the rest of the class; and 3) include an environmental notification system that
informs operators about the total emissions from trips. These recommendations are

important to consider now during the design phase of the Performance Platform.
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Appendix A: Additional Comparison of Manual vs. Auto Logged Data
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Figure 10. Gerner MSPS and CAMS main engine RPM data from Port of Long Beach to Port of Oakland (1-11-17 to 1-12-
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Figure 11. Gerner MSPS and CAMS main engine power (kW) data from Port of Long Beach to Port of Oakland (1-11-17
to 1-12-17). (Y-axis: OkW — 44,000kW)
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Figure 12. Gerner MSPS and CAMS speed (knots) data from Port of Long Beach to Port of Oakland (1-11-17 to 1-12-17).
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Figure 13. Gerner MSPS and CAMS main engine power (kW) data from consecutive constant ME load/normal cruising
reports (2-11-17 to 2-15-17). Vessel departed Singapore on 2-10-17 and arrived at Suez Canal on 2-21-17. Smaller range

of values shows more detail on CAMS data.
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Figure 14. Gerner MSPS and CAMS main engine RPM data from consecutive constant ME load/normal cruising reports

(2-11-17 to 2-15-17). Vessel departed Singapore on 2-10-17 and arrived at Suez Canal on 2-21-17.
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reports (2-07-17 to 2-09-17). Vessel departed Salalah on 2-05-17 and arrived at Tanjung Pelepas on 2-11-17.
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Figure 16. Grete MSPS and CAMS main engine RPM data from consecutive constant ME load/normal cruising reports (2-
07-17 to 2-09-17). Vessel departed Salalah on 2-05-17 and arrived at Tanjung Pelepas on 2-11-17.
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Figure 17. Grete MSPS and CAMS vessel speed (knots) data from consecutive constant ME load/normal cruising reports

(2-07-17 to 2-09-17). Vessel departed Salalah on 2-05-17 and arrived at Tanjung Pelepas on 2-11-17.
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Appendix B: Descriptive Statistics

Table 12. Descriptive statistics of MSPS reports pre- and post-retrofit.

Pre-Retrofit Post-Retrofit Comparison
. Standard _— .
Units Mean . .. Mean Standard Deviation | Difference (Pre-Post) | P-Value
Deviation
Period hours 19.56 6.60 18.11 7.06 1.45 0.02*
Distance nautical miles | 342.00 134.35 351.06 126.58 -9.01 0.45
Beaufort scale (0-8) 3.65 1.65 3.57 1.40 0.08 0.56
Draught Average | meters 12.39 1.27 13.00 1.65 -0.61 0.00*
Georg ME Fuel tons 72.77 43.00 69.58 46.06 3.19 0.44
:::?;g AE Fuel tons 5.53 4.00 3.01 3.43 2,51 0.00%
ME 1 Load kW 19,580.83 9,447.47 20,141.47 | 10,542.82 -560.64 0.55
ME RPM rpm 67.38 12.41 67.57 13.23 -0.20 0.87
Speed GPS knots 16.78 3.36 17.20 3.46 -0.42 0.19
Reefer Energy kWh 5,366.97 7,255.33 5,506.64 | 5,777.90 -139.67 0.81
Period hours 20.24 6.58 17.19 7.77 3.05 0.00*
Distance nautical miles | 351.72 127.41 341.07 123.13 10.66 0.29
Beaufort scale (0-8) 3.74 1.58 3.66 1.46 0.08 0.53
Gerd Draught Average | meters 12.49 1.21 12.97 1.50 -0.47 0.00*
n,=333 ME Fuel tons 70.57 42.59 70.08 44,91 0.49 0.89
N;=293 AE Fuel tons 3.51 3.84 3.10 3.41 0.41 0.16
ME 1 Load kW 18,659.86 9,346.70 20,899.51 | 9,433.38 -2,239.65 0.00*
ME RPM rpm 66.12 13.45 69.47 12.68 -3.35 0.00*
Speed GPS knots 16.30 3.68 17.53 3.34 -1.23 0.00*
Reefer Energy kWh 5,312.90 6,606.83 5,456.15 | 6,113.05 -143.25 0.78
Period hours 19.76 6.59 19.05 6.81 0.71 0.22
Distance nautical miles | 320.28 130.64 358.36 143.32 -38.08 0.00*
Beaufort scale (0-8) 3.73 1.63 3.90 1.75 -0.17 0.26
Gerda Draught Average | meters 12.32 1.41 13.18 1.46 -0.86 0.00*
=466 ME Fuel tons 74.81 45.67 69.45 44,91 5.35 0.17
n,=194 AE Fuel tons 417 3.79 2.93 3.90 1.24 0.00*
ME 1 Load kW 19,683.22 10,132.33 19,135.75 | 9,895.66 547.47 0.52
ME RPM rpm 67.15 12.58 66.74 13.00 0.41 0.71
Speed GPS knots 17.28 3.58 17.03 3.60 0.25 0.42
Reefer Energy kWh 6,245.98 5,802.90 5,439.55 | 4,626.94 806.43 0.06
Period hours 20.40 5.92 20.94 6.09 -0.54 0.50
Distance nautical miles | 321.07 126.80 323.07 119.37 -2.01 0.90
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Beaufort scale (0-8) 3.83 1.76 4.23 1.60 -0.40 0.06
Draught Average | meters 12.25 1.34 13.63 1.39 -1.39 0.00*
ME Fuel tons 75.93 41.87 100.35 45.48 -24.42 0.00*
f]"'o‘ig‘;g AE Fuel tons 1.52 2.95 1.63 3.52 -0.10 0.82
n,=194 ME 1 Load kW 19,911.68 9,239.17 25,225.91 | 8,535.71 -5,314.24 0.00*
ME RPM rpm 66.74 12.55 73.00 11.58 -6.26 0.00*
Speed GPS knots 17.05 3.50 18.40 3.14 -1.35 0.00*
Reefer Energy kWh 4,665.44 3,496.37 8,228.29 | 6,831.07 -3,562.84 0.00*
Period hours 19.97 6.38 20.23 6.25 -0.26 0.65
Distance nautical miles | 320.63 133.30 338.68 132.94 -18.05 0.14
Beaufort scale (0-8) 3.73 1.65 3.41 1.39 0.32 0.02*
Gjertrud Draught Average | meters 12.29 1.18 13.06 1.58 -0.78 0.00*
=414 ME Fuel tons 78.94 48.00 78.15 43.50 0.79 0.85
n,=168 AE Fuel tons 2.09 2.94 1.70 2.85 0.39 0.14
ME 1 Load kW 20,617.76 9,780.30 20,179.60 | 9,147.53 438.16 0.61
ME RPM rpm 68.08 13.33 68.48 12.10 -0.40 0.73
Speed GPS knots 17.01 3.75 17.47 3.04 -0.45 0.13
Reefer Energy kWh 4,506.74 4,164.15 5,381.76 | 6,245.89 -875.02 0.10
Period hours 20.47 6.30 20.51 5.85 -0.04 0.94
Distance nautical miles | 335.01 128.69 346.22 130.86 -11.21 0.31
Beaufort scale (0-8) 3.64 1.54 3.73 1.86 -0.09 0.55
Draught Average | meters 12.39 1.28 12.75 1.70 -0.36 0.01*
f]"or:e;; ME Fuel tons 79.66 42.52 86.02 46.92 -6.36 0.10
n,=231 AE Fuel tons 2.11 2.94 2.26 3.14 -0.14 0.58
ME 1 Load kW 20,636.66 9,076.33 21,832.85 | 9,859.91 -1,196.19 0.14
ME RPM rpm 67.72 12.12 69.89 12.05 -2.17 0.03*
Speed GPS knots 16.86 3.30 17.63 3.11 -0.77 0.00*
Reefer Energy kWh 5,425.42 4,837.65 5,173.48 | 4,559.99 251.95 0.52
Period hours 20.30 5.91 19.92 6.23 0.38 0.47
Distance nautical miles | 345.40 127.03 366.10 118.56 -20.70 0.05*
Beaufort scale (0-8) 3.89 1.78 4.01 1.68 -0.12 0.41
Gudrun Draught Average | meters 12.27 1.29 12.96 1.76 -0.69 0.00*
1y=300 ME Fuel tons 73.50 4714 86.76 51.42 -13.26 0.00*
N;=240 AE Fuel tons 3.79 3.67 2.54 3.41 1.25 0.00*
ME 1 Load kW 18,916.37 10,479.32 22,151.75 | 10,646.94 -3,235.37 0.00*
ME RPM rpm 65.20 14.33 71.55 13.72 -6.35 0.00*
Speed GPS knots 0.00 3.98 17.77 3.59 -1.74 0.00*
Reefer Energy kWh 5,5685.57 4,466.06 4,868.20 | 4,296.71 717.37 0.06
Gunde Period hours 20.42 6.00 20.59 6.49 -0.17 0.78
no=421 Distance nautical miles | 358.59 127.55 365.00 147.43 -6.41 0.64
n=150 Beaufort scale (0-8) 4.04 1.75 3.94 1.52 0.10 0.50

56



Draught Average | meters 11.93 1.22 13.13 1.53 -1.21 0.00*
ME Fuel tons 71.19 42.05 83.92 45.61 -12.73 0.00*
AE Fuel tons 2.48 3.61 1.61 2.96 0.87 0.00*
ME 1 Load kW 18,303.93 9,291.72 20,739.05 | 9,077.17 -2,435.13 0.01*
ME RPM rpm 65.04 12.85 68.85 12.14 -3.82 0.00*
Speed GPS knots 16.72 3.76 17.53 3.14 -0.80 0.01*
Reefer Energy kWh 4,647.62 3,564.27 5,674.90 | 4,562.70 -1,027.28 0.01*
Period hours 21.29 5.32 20.17 6.46 1.13 0.05*
Distance nautical miles | 345.23 138.59 337.95 127.15 7.28 0.56
Beaufort scale (0-8) 3.98 1.73 3.76 1.59 0.92 0.16
Draught Average | meters 12.05 1.40 13.23 1.57 -1.18 0.00*
Gunvor ME Fuel tons 84.51 42.25 82.25 46.70 2.25 0.59
::’;‘gg AE Fuel tons 415 3.68 419 3.64 20.05 0.89
ME 1 Load kW 20,914.26 9,293.84 20,405.89 | 8,711.22 508.37 0.55
ME RPM rpm 68.30 12.50 68.78 11.64 -0.48 0.67
Speed GPS knots 16.95 3.42 17.28 3.16 -0.33 0.14
Reefer Energy kWh 5,849.55 5,666.88 5,180.21 4,713.80 669.34 0.17
Period hours 19.81 6.40 18.92 7.07 0.89 0.24
Distance nautical miles | 319.73 129.43 328.26 147.29 -8.53 0.59
Beaufort scale (0-8) 3.53 1.54 3.61 1.52 -0.07 0.65
Gustav Draught Average | meters 12.00 1.78 13.00 1.71 -1.00 0.00*
=480 ME Fuel tons 70.37 46.11 75.32 40.85 -4.95 0.28
ny=104 AE Fuel tons 2.83 3.47 3.53 3.88 -0.70 0.09
ME 1 Load kW 18,936.55 10,325.14 20,951.10 | 8,334.51 -2,014.54 0.03*
ME RPM rpm 65.28 13.38 69.93 11.88 -4.66 0.00*
Speed GPS knots 16.67 3.70 18.00 3.11 1.33 0.00*
Reefer Energy kWh 3,621.82 2,779.43 4,798.46 | 3,039.43 -1,176.65 0.00*
Period hours 19.86 5.99 16.29 7.44 3.56 0.00*
Distance nautical miles | 321.02 137.06 305.74 148.21 15.27 0.28
Beaufort scale (0-8) 3.73 1.58 3.45 1.33 0.28 0.04*
Draught Average | meters 11.97 1.36 12.90 2.04 -0.93 0.00*
fo‘it;‘gjrm ME Fuel tons 66.62 38.63 64.18 47.75 2.44 0.58
n=145 AE Fuel tons 3.17 3.70 2.21 3.35 0.96 0.00*
ME 1 Load kW 17,553.29 8,565.93 20,426.32 | 11,040.23 -2,873.03 0.01*
ME RPM rpm 64.09 12.01 68.95 14.18 -4.86 0.00*
Speed GPS knots 16.46 3.41 17.65 3.60 -1.19 0.00*
Reefer Energy kWh 4,794.36 5,470.00 4,746.01 4,235.42 48.34 0.91
Period hours 19.27 7.00
Gunbhilde Distance nautical miles | 323.05 136.90
ny=600 Beaufort scale (0-8) 3.56 1.53
Draught Average | meters 12.62 1.46
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ME Fuel tons 70.13 42.99
AE Fuel tons 2.15 3.53

ME 1 Load kW 18,834.66 9,257.47
ME RPM rpm 65.67 12.67
Speed GPS knots 16.68 3.55
Reefer Energy kKWh 6,720.07 8,272.33
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Appendix C: Regression Results

Linear regression
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Linear regression
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.99
.53
.13
.96

o

(@)

(@)
|

[e)} w

Ne) (@)

N [e)}
| |

o

(@)

(@)
|

.4209661
.000 .0631883
.0113379
.0404967
-.000054
.000 .0492677
.596 -.0711706
.0000321
.000 -16.41597

-.2455208
.0795321
.0360498
.0269012

-.0000129
.0973076

.040927

-.0000182

-14.94749

Linear regression

Number of obs
F(8, 561)
Prob > F
R-squared

Root MSE

570
158.46
0.0000
0.6718
.51625

RetrofitStatus
ReportPeriod

Beaufort

Robust

Std. Err.

-.2010999
.07565
.0093828

.0531769
.0039627
.0136842

.78
.09
.69

-.3055501
.0678664
-.0174958

-.0966497
.0834336
.0362614

63



DraughtAverage
MElLoad

MERPM
VesselSpeedGPS
ReeferEnergy

_cons

.0248216
-1.94e-06
.0374521
.0252837
-.000036
-15.04453

.0200252
.0000175
.0209748
.0416483
3.92e-06
.5542341

.24
.11
.79
.61
.18
.14

.0641552
.0000325
.0786508
.1070893
-.0000283
-13.9559

-> Shortname =

Gunvor

Linear regression

452
109.69
0.0000
0.6842
.50981

RetrofitStatus
ReportPeriod
Beaufort
DraughtAverage
MElLoad

MERPM
VesselSpeedGPS
ReeferEnergy

_cons

Robust

Std. Err.

Interval]

-.1619277
.0676885
-.0059986
.002689
-.0000374
.0870016
-.0677931
-.0000351
-15.57655

.0594423
.0048558
.0150019
.0195047
.0000149
.0152751
.0313017
4.72e-06
4771157

72
.94
.40
.14
.51
.70
.17
.44
.65

0.216 -.0145119
0.912 -.0000363
0.075 -.0037465
0.544 -.0565218
0.000 -.0000437
0.000 -16.13315
Number of obs =
F(8, 443) =
Prob > F =
R-squared =
Root MSE =
P>|t| [95% Conf.
0.007 -.2787516
0.000 .0581452
0.689 -.0354823
0.890 -.0356442
0.012 -.0000666
0.000 .0569811
0.031 -.1293114
0.000 -.0000444
0.000 -16.51425

-.0451038
.0772319
.0234851
.0410221

-8.09%e-06

.1170222

.0062748

.0000259

-14.63886

-> Shortname =

Gustav

Linear regression

Number of obs

F(8, 575)

584
164.94
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Prob > F

R-squared

0.0000
0.6878
.53496

RetrofitStatus
ReportPeriod
Beaufort
DraughtAverage
MElLoad

MERPM
VesselSpeedGPS
ReeferEnergy

_cons

Robust

Std. Err.

.3013023
.0728664
.0149863
.0333676
.0000352
.0694308

-.00642

.0000298

-15.83877

.0660561
.0035139
.0149903
.0130394
9.67e-06
.0118211
.0305495
3.50e-06
.3346258

.56
.74
.00
.56
.64
.87
.21
.53
.33

-.1715618
.0797681
.0144562
.0589782

-.0000162
.0926486
.0535823
-.000023

-15.18153

-> Shortname =

Linear regression

Guthorm

539
91.94
0.0000
0.5641
.63996

RetrofitStatus
ReportPeriod
Beaufort
DraughtAverage
MElLoad

MERPM

Robust

Std. Err.

Interval]

.2263548
.0657598
.0136201
.0064847
.0000126
.0578066

.0688664
.0040849
.0185592
.0209132
.0000167
.0189463

.29
.10
.73
.31
.76
.05

Root MSE =
P>|t| [95% Conf
0.000 -.4310429
0.000 .0659647
0.318 -.0444287
0.011 .007757
0.000 -.0000542
0.000 .046213
0.834 -.0664222
0.000 -.0000367
0.000 -16.49601

Number of obs =

F(8, 530) =

Prob > F =

R-squared =

Root MSE =
P>|t| [95% Conf.
0.001 -.3616393
0.000 .0577353
0.463 -.0500789
0.757 -.0345983
0.450 -.0000454
0.002 .0205875

-.0910702
.0737843
.0228386
.0475678
.0000202
.0950257
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VesselSpeedGPS
ReeferEnergy

_cons

Fixed-effects
Group variable:
R-sg: within

between

overall

corr(u_i, Xb)

-0.51 0.612 -.1024012 .0603185
-9.15 0.000 -.0000391 -.0000252
-25.92 0.000 -15.79984 -13.57386

Number of obs = 6098

Number of groups = 11

Obs per group: min = 446

avg = 554.4

max = 660

F(8,10) = 3112.25

Prob > F = 0.0000

adjusted for 11 clusters in Shortname)

RetrofitStatus
ReportPeriod
Beaufort
DraughtAverage
MElLoad

MERPM
VesselSpeedGPS
ReeferEnergy

_cons

| -.0210414 .0414161
| -.0000322 3.52e-06
| -14.68685 .5665661
(within) regression
VesselIDin~S
= 0.6693
= 0.4366
= 0.6665
= -0.0206
(Std. Err.
| Robust
| Coef Std. Err.
+
| -.1963868 .0200961
| .0706858 .0018684
| .005434 .0040759
| .0108159 .0065349
| -.0000109 5.66e-06
| .0498916 .0058241
| .0013845 .0100751
| -.0000376 3.14e-06
| -14.92605 .2208484
+
| .07871067
| .52997985
| .02158109

t P>|t] [95% Conf. Interval]
-9.77 0.000 -.2411638 -.1516099
37.83 0.000 .0665228 .0748488

1.33 0.212 -.0036476 .0145156
1.66 0.129 -.0037449 .0253766
-1.93 0.082 -.0000235 1.69e-06
8.57 0.000 .0369146 .0628686
0.14 0.893 -.0210642 .0238331
-11.95 0.000 -.0000446 -.0000306
-67.59 0.000 -15.41813 -14.43397

xi: regress logenergyconsumption Retrofit ReportPeriod Beaufort DraughtAverage

MElLoad MERPM VesselSpeedGPS ReeferEnergy i.Shortname,

robust



i.Shortname

_IShortname 1-11

Linear regression

(_IShortname 1 for Shor~e==Georg omitted)

Number of obs
F (18, 6079)
Prob > F

R-squared

6,098
643.25
0.0000
0.6729
.52998

RetrofitStatus
ReportPeriod
Beaufort
DraughtAverage
MElLoad

MERPM
VesselSpeedGPS
ReeferEnergy
_IShortname 2
_IShortname 3
_IShortname 4
_IShortname 5
_IShortname 6
_IShortname 7
_ISshortname_ 8
_IShortname 9
_IShortname 10
_IShortname 11

_cons

Robust

Std. Err.

Interval]

-.1963868
.0706858
.005434
.0108159
-.0000109
.0498916
.0013845
-.0000376
-.0440102
.0663823
.1570873
.0465956
.0802043
-.0253637
-.0160765
.0328525
.0972681
.210181
-14.97912

.0157057
.0011652
.0044471
.0053174
4.09%e-06

.005343
.0117318
1.37e-06
.0310806
.0309245
.0360751
.0318776
.0311361
.0316132
.0318953
.0335845
.0324912
.0364498
.1411136

-12.50
60.66
1.22
2.03
-2.67
9.34
0.12
-27.36
-1.42
2.15
4.35
1.46
2.58
-0.80
-0.50
0.98
2.99
5.77
-106.15

Root MSE =
P>|t]| [95% Conf.
0.000 -.2271755
0.000 .0684015
0.222 -.0032839
0.042 .0003919
0.008 -.0000189
0.000 .0394175
0.906 -.0216139
0.000 -.0000402
0.157 -.1049392
0.032 .0057594
0.000 .0863673
0.144 -.0158958
0.010 .0191665
0.422 -.0873368
0.614 -.0786027
0.328 -.0329849
0.003 .0335739
0.000 .1387264
0.000 -15.25575

-.1655981
.0729701
.0141518
.0212399

-2.90e-06
.0603657
.0243829

-.0000349
.0169188
.1270053
.2278072
.1090869
.1412421
.0366094
.0464497
.0986899
.1609623
.2816355

-14.70248
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Appendix D. Performance Platform Comparisons

removed from public version
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