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Low Carbon Shipping t A systems Approach

International shipping accounted for 2% to 4% of global CO2 emissions in 2009 and it is
estimated that this share will grow by 150 -250% (compared to emissions in 2007) by 2050, if the
industry is left uncontrolled and in absence of policies (IMO, 2009). To meet the energy and
carbon challenges, the shipping industry needs to develop a strategy incorporating both
technological and operational measures such that objectives are met at low or least cos t, and
which provide an economically stable and environmentally sound service in a context of

uncertainties such as volatile fuel costs and availabilities (Smith et al, 2009).

The n Low Carbon Shipping I A systems Approach N is the result of a call by t he Engineering
and Physical Sciences Research Council (EPSRC),which recognised the need for further research
in this subject . Low Carbon Shipping is made up of a consortium of five UK universities;
University College London, Newcastle University, University o f Strathclyde, University of Hull and
University of Plymouth and a number of industry partners. The project started in January 2010
and it is majority funded by the RCUK energy (UK government research funding) programme
(A1. 7m over 3 vye aresjinancidlyand im Fkmddby a nupheroof in  dustry partners
including Lloyd s Register, Rolls Royce, Shell and BMT. The work is divided into 6 work packages,
from which outputs are collated to provide inputs into the holistic analysis:

Modelling the gl obal shipping system

Technologies for low carbon shipping

Shipping, ports and logistics

1

2

3

4, Shipping economics and life cycle costs
5 Regulation, policy and barriers

6

Operation for low carbon shipping

One of the high level aims of the EPSRC was to assess implementation barriers to low carbon

shipping . Work package five thus has mainly focussed on answering the following questions:

- What operational measures are available to shipping to improve energy efficiency?

- Are these measures being currentl y implemented?

- If not, why are they not being implemented?

- What is the relative importance of each type of barrier for each operational measure,
especially speed reduction?

- What is the relative importance of the differing types of charter as a barrier to adoption of

energy efficient operational measures and how does this vary between sectors?
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Executive summary

As part of the PhD research a survey was conducted to identify which energy efficient/fuel
saving operational measures are currently being implemented and those that are not being
implemented by the shipping industry and the reasons for doing so.  Nearly 150 responses were
received and the survey provide d a general overview of the uptake of measures and shed light
on why some measures were not undertaken or seemed unattractive for investment . Central to
the survey was the theory of market barriers and failures (e.g. risk, access to capital, split

incentives) that contribute to the efficiency gap.
Key findings:

U Fuel consumption monitoring, general speed reduction and weather routin g were most
frequentl y cited as measures having the highest potential for fuel savings and CO  , reduction.

U The above measures that were believed to be of highest potential have actual
implementation rate of around 65 -85% and on average across all the measures the
implementation rate was around 50%.

U Respondents cited that the above had high potential because savings from the investment
could be fully recouped, the operations were under direct control and that there were no
additional costs involved.

U The most pertinent barrier acr oss all measures that were not selected (i.e. seemed to have
lower fuel saving potential) were lack of reliable information on cost and savings, difficultly
in implementing under some types of charter , lack of direct control over operations &
materiality o f savings.

U The main barriers to speed related measures were difficulty in implementing under different
types of charter, charterparty clauses, unsuitable to the trade/route of operation and
constant delays in ports using first come first serve allocation o f berths.

U The size of the company wa s almost perfectly negatively correlated to the number of
respondents citing lack of reliable information on cost and savings. Small companies more
frequently cited this as a barrier in comparison to large companies.

U The second and third most cited barrier ; difficult to implement the measures under some
types of charter followed by lack of direct control over operations , were a result of the
different types of charter suggesting that chartering arrangements/ratios  (that | ead to split

incentives) may be barrier towards uptake of operational measures
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Introduction

A common method of presenting analysis of the order in which options might be adopted and

the likelihood of investment, particularly for policy work, is the Margi nal Abatement Cost Curve
(MACC), examples of which for shipping can be found in Faber et al. 2009 , Bauhaug et al. 2009,
IMO 2010, Det Norske Veritas 2009. The focus of the survey was on operational measures and
specifically voyage related measures because not only do they require comparably smaller
investment in contrast to other measures  but almost all of these are shown to be at a negative
cost by the aforementioned. Furthermore such operational/voyage related measures can lead to
instant reductions in CO 2 emissions since they are applicable to existing and future fleet
(Rehmatulla & Smith, 2012) .

Besides the inherent shortcomings in MACC analysis (Kesicki 2010), for shipping it is commonly
undertaken with an incomplete representation of costs and little representation of risk (beyond
the investment rate of return). The result from the  above referenced analyses has so far been the
identification of substantial (e.g. up to 30%) unrealised abatement potential using options that
often appear to be cost -negative at current fuel prices. This contradicts the logic that a
competitive industry with a dominant energy cost should be overlooking opportunities to

increase efficiency at a profit. Possible explanations are that either:

1 Models for analysis are inadequate for representing costs/benefits of low carbon and
energy efficiency investment or the data used are incorrect  (i.e. hidden costs, inadequate
representation of risk) ; or

1 Other implementation barriers/failures exist which are obstructing the shipping
industr y Ns i mpl ement at i on suchfas ihfermatiomala prdblenms, split

incentives, access to and cost of capital (Rehmatulla & Smith, 2012).

It is possible to gain some insight into the relative significance of each of these explanations, by
looking at h ow this work has been discussed by others both for shipping and other industries
AEA (2008), Faber et al (2009), IMarEST (2010), Faber et al (2011), Rehmatulla (2011), Heisman &
Tomkins (2011) have discussed barriers to implementation  of abatement option s in shipping. . A

brief description and overview of the barriers literature is provided in the annex to this report.
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Survey methodology

The purpose of the survey was to assess the uptake of such cost-effective/cost negative and
energy efficient operation al measures within the shipping industry. The survey was able to
provide a general indication of what measures are implemented in each of the shipping sectors
and shed light on why some measures were not undertaken or seemed unattractive for
investment. Having gained approval by UCL and UK Data Protection , data collection through the

online survey ran from November 2011 to April 2012.

The unit of analysis /target population were global shipping companies with more than 5 ships
which consisted of shipowners, ship owner -operators, ship management company & shipping
division major charterers/cargo owners in the wetbulk, drybulk & container sectors only . These
were recruited from Clarksons Shipping Information Network (SIN) database of shipowners. It is
believed that this is the most comprehensive list of the target population. However upon
comparison with other online database s such as World Shipping Directory slight undercoverage
of companies was noted. Effort was made to merge the frames to cover accurately th e target
population . A stratified sampling approach was taken so as to represent the different variables

of interest to the survey. A company with 90% of its fleet belonging to a sector would be placed

in the respective sector category and when the fleet ¢ omposition falls below 90% for one sector,

the company is placed under the mixed sector. Below is schematic showing the stratified

sampling frame design.

Sector Size Company | Parent/subsidiary/division Region DWT  No. Of ships
Wetbulk Large
Medium
Drybulk Large
Medium
Container Large
Medium
Mixed Large
Medium
Notes/definitions:  Large companies = 50 ships + , Medium companies = 10 | 49 ships,

Small companies =5 | 9 ships

Upon refining and strati  fying the frame (as shown above ) had just around 600 large and medium

companies (target population ) and it was decided to take a census approach i.e. contact every
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company with 10 ships or more. Four to five points of contact were made with each company

starting with pre -not i fi cati on emai l to each companyNs
speak to the technical/operations senior personnel, follow up email to the relevant person,
reminder call to these persons and concluding with a final reminder email. For the small

companies consisting of approximately 1000 companies it was decided to take a random

sample. The total number of companies that responded was 149 which consisted of 97 almost
complete (90% item response) responses and 52 partially completed responses making the
response rate for large and medium companies just over 15% (80% of sample required) and
50% of sample required for small companies. In order to be representative and to make

generalisations i.e. reach statistically overall significant results with a confidence level of 90%

and margin of error interval of +/ -15% or +/ -20% each stratum required the following  number

responses:
Sector Populatio  +/- 15% Sample +/ - 20% Sample Sample
n required required achieved
Wetbulk Large 27 15 11 6
Medium 141 25 16 12
Drybulk Large 18 12 9 3
Medium 141 25 16 13
Container Large 24 14 11
Medium 57 20 14 4
Mixed Large 49 19 13 0
Medium 143 25 16 16
600 155 106 55
All Small 41000 30 17 24
Total 1600 185 123 79

The above figu res for the sample required are directly from the responses  of the participants
which in comparison to the sampling frame from Clarksons SIN were slightly different. For
example the frame showed that only 2 large wetbulk companies had responded to the surv ey
and 21 medium sized wetbulk companies responded. Due to the level of non response there
may be a presence of systematic biases (i.e. those who responded are significantly unlike those
who failed to). However because of scarcity of information on this su bject area, even such low
response rate may be able to provide useful information, hence the decision to publish the

results as is, without any weightings and inferences to the population
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i
| |
‘!:"

o



BARRIERS TO UPTAKE BENERGY EFFICIENT RERATIONAL MEASURES \ ;“ @_L‘;\

For those who responded , the item non response along the questionna ire is depicted below in

figure 1 . From the beginning (ql) to end (q17) the responses to the questions are halved.

160 149
140
120
100
80
60
40
20
0

Q1- Measures Q2- Q3-8-Barriers Q9-14-EEDI& Q15-17-
potential Implementation speed related Chartering ratio

Figure 1: Response rates per question

In order to make the sampling frame more representative of the population, it was also stratified

into regions , to capture atleast the large maritime clusters

EU West Asia FarEast ‘

Wetbulk Large 9 (2%) 6 (1%) 2 (0%) 10 (2%) 27 (5%)
Wetbulk Medium 88 (15%) 6 (1%) | 14 (2%) 33 (6%) | 141 (24%)
Drybulk Large 4 (1%) 3(1%) | 1 (0%) 10 (2%) 18 (3%)
Drybulk Me dium 75 (13%) 11 (2%) 6 (1%) 49 (8%) | 141 (24%)
Container Large 13 (2%) 0 (0%) 0 (0%) 11 (2%) 24 (4%)
Container Medium 37 (6%) 4(1%) | 2 (0%) 14 (2%) | 57 (10%)
Mixed Large 23 (4%) 1(0%) | 4 (1%) 21 (4%) 49 (8%)
Mixed Medium 80 (13%) 1 (0%) 8 (1%) 54 (9%) | 143 (24%)

329 | 32 (5%) | 37 (6%) | 202 (34%) 600

(55%)

Major variables of interest (independent variables) were:

il

=A = =4 =4

Size | in the number of ships in a company fleet

Chartering ratio I percentage of ships owned/chartered in and how this was chartered out
Fuel use I annual fuel bill of the company

Region I Companies mainly fall in to four categories namely; EU, West (US), Asia & Far East
Sector | Companies operating their fleet solely in the wetbulk, Drybulk, Container sectors &

companies with a mixed fleet (ship s in two or more sectors)
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Major variables of interest with the above (dependent variables) were:

1 Uptake of a measure |10 operational/voyage measures

1 Citation of a barrier | 7 barriers related to market barriers and market failures.

Independent variableéX):

Size (SCi) Sector (Si) Fuel Use (FUI) Chartering % (Ci) Type of company

Categorical Categorical Categorical numerical (TCi) categorical

Large Wetbulk < =100,000 = Low Shipowner

Medium Drybulk 100,001 - 499,999 = medium Management
company

Small Container >=500,000 = high Charterer

Mixed Owner -operator

Shipping division of
cargo owner

Dependent variables (Y):

Uptake of measures (Mi) Citation/frequency of barrier (Bi)
Categorical Categorica/Numerical
1. Weather routing Split incentiv es
2. Autopilot adjustment Informational problems
3. General speed Risk
reduction
4. Fuel consumption Lack of access to capital
monitoring
5.  Trim/draft Hidden costs
optimisation
6. Speed reduction due General/other

to port efficiency I JIT

arrivals

7. Raising crew Heterogeneity
awareness & energy

efficiency training

8. Efficient voyage
execution

9. Optimisation of

ballast voyages




Global Maritime Clusters




Demographic profiles

Company size by no. of

8 10 ships and under
B 17 - 49 ships

K 50 ships and over

Company size by annual f

100,000 tonnes &
under

100,001 - 499,999
tonnes

M 500,000 tonnes and
over

n =86

The sampling frame s represented well ship
owning, operating and management companies
but had very few charterers and cargo owners
who had to be recruited from Clarksons fixtures.
The question did not have mutually exclusive
choices, hence the number of pure shipowning,
operating and management companies was
slightly lower. The actual numbers are presented

in the following section.

Sectors represent

M Tanker
E Dry bulk
i Container

H Other

n=97

Company size by empl

8 50 employees and
under

5] - 499 employees

M 500 employees and
over

n=94

The asked

questionnaire

respondents
demographic questions on the size of the
company by number of ships, number of
employees and annual fuel use with mutually
exclusive choices. The responses from medium
sized companies

are approximatel y in

proportion to the population.

M Shipowner

Shipping company t

H Charterer

i Ship owneyoperator

H Management
company

M Shipping division of a
cargo owning
company

n=99

The survey was primarily focussed on the
wetbulk, drybul k and container sectors. The
responses from the wetbulk and drybulk are
representative/proportionate to the population,
however the container sector was significantly
under represented. The question did not have
mutually exclusive choices, hence the numbe r
of pure wetbulk, drybulk & container was

slightly lower.
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Key Findings
Respondents were first asked to select the top five operational measures that they believe have

the highest potenti al in reducing fuel consumption

Figure 2: Operational measures believed to be of highest potentie
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For a list of measures and their description please refer to appendix A. Fuel consumption
monitoring, general speed reduction and weather routing were cited as measures that have the
highest potential. But does this hold for all the sectors? How will this vary according to company
size, ownership and chartering ratio? The reasons that were cited for those who implemented
the aforementioned measures were gener ally because savings from the investment could be
fully recouped, the operations were under direct control and that there were no additional costs
involved. T hese claims will to be further investigated in the later sections. Some respondents
also cited ot her technical measures such as m ewis duct, propeller upgrade etc, which were
beyond the scope of this survey. In contrast to other measures autopilot adjustment ranked very

low, perhaps due t o the materiality of savings, which  will be discussed later.

From the measures selected (above) by the respondents, the follow up question asked whether
they have considered/implemented the measure they believed had the highest potential. Many
MACC studies assume that measures with negative costs have been fully implem  ented or would
have been/be implemented under certain fuel price . From the above it can be seen that even
measures that were deemed to be of highest potential have actual implementation rate of
around 65 -85%. On average across all the measures the implemen tation rate is around 50%.
Combing the already implemented and p  lanning to implement categories, the average across all

the measures is just under 70%. The answers to this question clearly show that despite the

7\
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easiness of implementation and short payback (IMO/IMarEST inf.18) some measures still do not
see 90-100% implementation. How much of this gap between the potential and actual be
explained by the market barriers & failures ? Could it be that the chartering ratio (operation in
spot or time) or ownershi p has an influence in the implementation of the measures? How do the

implementation rates vary according to sector?

Figure 3: Implementation of the measure
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The respondents were then asked why they believed the measures they had not s elected in the
first question had lower potential for fuel sav ings. For the barrier categories and response
choices refer to appendix B. In general t he most pertinent barrier across all measures that were
not select ed (i.e. seemed to have lower fuel saving potential) were lack of reliable information on
cost and savi ngs, difficultly in implementing under some types of charter , lack of direct control
over operations & materiality of savings , i.e. measures may be ignored by decision -makers due
to their limited impact (AEA, 2008) (these, represented on average 50% of bar riers cited for any
given measure).

Some of the responses to this question indicate this;

f None of these are unattractive for investment, just not the top ones N - Global containerline

t Not al way s - Medianssizén/F6 based shipping company

} Alreadybei ng done but savings aS8neallWSaased shigpiagcompana s ur e s N
t Smal | e fAnengmous

timpact r at hlame BUdaséd shipping company
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