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The Energy Efficiency Design Index (EEDI)  
for New Ships

During the 62nd session of the MEPC (11–15 July 2011), at IMO Headquar-
ters in London, the represented Parties to MARPOL Annex VI adopted 
amendments to Annex VI Regulations for the prevention of air pollution 
from ships. Considered the first regulation to establish CO2 standards 
across a global sector, the Energy Efficiency Design Index (EEDI) had 
been a central topic of discussion and development at the MEPC over 
the last 4 years. These amendments add a new Chapter 4 to Annex VI 
that focuses on the energy efficiency of large ships and mandates an 
increasingly stringent EEDI score for the majority of new vessels. 

The regulation will require most new ships to be 10% more efficient 
beginning 2015, 20% more efficient by 2020 and 30% more efficient 
from 2025. If implemented according to this time schedule, the ICCT 
projects that up to 263 million tonnes (Mt) of CO2 will be reduced 
annually by 2030. While the EEDI will add capital and implementation 
expense related to next-generation ship designs and technology, these 
costs are more than offset by projected savings up to 75 Mt and $52 
billion of fuel annually. 

The passage of EEDI regulation came with one important compro-
mise that could affect the magnitude of benefits in the near term. As 
a concession to countries that were concerned about the capacity 
of their shipyards to develop and deploy necessary technologies, 
individual flag administrators will be allowed to defer mandatory EEDI 
requirements for up to 4 years beyond the planned implementation 
dates. It is likely that many flag authorities will request the delay, 
but more difficult to project how many ships would actually defer 
producing EEDI compliant ships, The EEDI comes at a time when many 
sectors are experiencing substantial growth and unilaterally developing 
more efficient ships to serve the demand, so the effect of any delay is 
likely to be diminished. 

The regulation language allows for regular review and adjustment of 
the formula to improve its applicability and effect. Specific technical 
issues that were still under discussion as the regulation was passed 
were deferred to a special working group that will convene in late 
February 2012. Future revisions to the EEDI are expected to enhance its 
effectiveness and applicability by approving new efficiency technolo-
gies and including additional vessel classes. 
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In addition to the EEDI, MEPC62 saw 
passage of the Ship Energy Efficiency 
Management Plan (SEEMP), a regulation 
to require all ships (or ship companies) to 
develop and maintain a plan to maximize 
the efficiency of ship operations. The second 
IMO GHG study (2009) concluded that a 
10–15% reduction in fleet wide emissions was 
possible with operational strategies alone, 
indicating that the benefits of the SEEMP 
could be similar to those of the EEDI over 
the next several decades. 

Even more substantial GHG mitigation 
measures are under discussion at the MEPC 
in the form of market based mechanisms 
(MBM) such as cap and trade, fuel levies, or 
mandatory technology standards. Progress 
on developing MBMs at the IMO is slow and 
contentious due to persistent disagreement 
about how to resolve the United Nations 
Framework Convention on Climate Change 
(UNFCCC) principle of “Common but Differ-
entiated Responsibility” (CBDR) with IMO’s 
principle of “Equal Treatment for All” (ETFA.)

Key components of the EEDI

The EEDI estimates ship CO2 emissions per 
ton-mile of goods transported relative to 
a reference average of similar ships. The 
full equation (detailed in MEPC.1/Circ.681) 
includes several adjustment and tailoring 
factors to suit specific classes of vessels 
and alternate configurations and operating 
conditions. A detailed description of the EEDI 
equation is included as an appendix to this 
brief, but the fundamental formula can be 
simplified to:

Where P is 75% of the rated installed shaft 
power, SFC is the specific fuel consumption 

of the engines, Cf is CO2 emission rate based 
on fuel type, DWT is the ship deadweight 
tonnage,1 and Vref is the vessel speed at 
design load. The calculated EEDI (Attained 
EEDI) based on design specifications and 
sea trials of new ships will have to be below 
a reference value (Required EEDI) that is 
based on a regression of EEDI values from 
existing ships built between 1999 and 2009 
(Reference line). 

The EEDI regulation applies to new cargo 
ships greater than 400 gross tons (GT) and 
varies with ship type, size, and function. The 
categories of ships covered include oil and 
gas tankers, bulk carriers, general cargo ships, 
refrigerated cargo carriers and container 
ships. Together, the included ship categories 
account for 72% of CO2 emissions from the 
new-build fleet.2 

The regulation currently does not apply to 
passenger, mixed-use vessels (ferries, roll-on 
roll-off [Ro-Ro] ships or vehicle carriers, and 
cruise ships), and other specialty vessels 
for which deadweight tonnage is not an 
adequate representation of transportation 
capacity. It also does not apply to vessels 
below 400 GT. The simplicity of the key 
variables in the EEDI equation also means 
that it cannot be applied to ships with alter-
native propulsion systems such as diesel-
electric because the installed power variable 
(PME(I)) cannot be determined in the straight-
forward manner necessary for the equation. 
Future revisions of the regulation may seek to 
include additional ship and propulsion types 
by adjusting the formula or offering alterna-
tive formulations. 

1  Deadweight Tonnage (DWT) is effectively a measure of 
a vessel’s load-carrying capacity. For the EEDI equation, 
100% of DWT is used for all vessels, with the exception of 
containerships where 70% is used.

2  Note by the International Maritime Organization to the 
thirty-third session of the Subsidiary Body for Scientific 
and Technical Advice (SBSTA 33), 4 November 2010.
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As with other IMO regulations, a ship’s flag 
state is ultimately responsible for ensuring 
that it is compliant with EEDI. Compliance is 
demonstrated by the issuance of an Interna-
tional Energy Efficiency Certificate (IEEC) by 
a verifier (Maritime Administration or Classi-
fication Society). Verification is conducted in 
two stages. A preliminary verification is done 
based on the ship design and a final verifica-
tion test is done during a sea trial. The entire 
process involves the close involvement of the 
shipowner, shipbuilder, and verifier at each 
stage of the ship development.

Individual member states are also responsible 
for enforcement of IMO conventions and may 
structure various penalties for non-compliance 
among ships that carry their state’s flag. 
Member states have limited authority over 
vessels from other flag countries but can 
reserve the right to deny entry to vessels that 
are not in compliance. 

An “on-time” deployment of the EEDI will 
apply the design standards to ship orders 
placed on or after January 1, 2013 and to 
ships delivered after January 1, 2015 regard-
less of their order date. A three-step phase-in 
of the EEDI occurs in five-year increments: 
10% greater efficiency for ships delivered 
between 2015 and 2019, 20% between 2020 
and 2024, and 30% after 2025. Future ship 
efficiency improvements are determined 
relative to a baseline average efficiency of 
ships built between 1999 and 2009. 

Any country can elect to delay the EEDI 
implementation by up to 4 years without 
penalty. This clause was added to provide 
flexibility to developing countries that were 
concerned about upgrading their shipbuilding 
industry in time to provide ships that could 
satisfy EEDI requirements. The first guaran-
teed year for deployment of EEDI compliant 
ships would be 2019. 

In addition to the EEDI regulation, the new 
chapter 4 of Annex VI requires all ships or 
ship operating companies to develop and 
maintain a Ship Efficiency Management Plan 
(SEEMP) which provides a mechanism for 
monitoring efficiency performance over time 
and forces consideration of new technologies 
and procedures to optimize performance. 
A SEEMP will be a “live” document that 
details how the specific vessel will achieve 
optimize energy efficiency in operation, who 
is responsible, and how to track progress 
against targets. Many companies already use 
a SEEMP or similar plan. The regulation only 
requires that ships have a plan, but approval 
of the plan’s contents and tracking of the 
ship’s progress of SEEMP details by the flag 
administration is not required. 

Benefits and considerations

Based on methodologies detailed in 
appendix A, and using IMO ranges for 
projected fleet growth, the ICCT estimates 
that if the EEDI is implemented according to 
the original schedule, with compliant ships 
deployed starting in 2015, the regulation 
would save 15–45 million metric tons (mmt) 
of CO2 annually by 2020 and between 141 
and 263 mmt of CO2 annually by 2030. If 
implementation is delayed by 4 years for all 
ships, the potential CO2 reductions drop to 
between 2 and 6 mmt for 2020 and 80 and 
143 mmt for 2030. ICCT estimates for both 
the on-time and deferred case, based on the 
IMO mid-range growth estimate (Scenario 
A2), are illustrated in Figure 1, along with 
estimates of corresponding fuel cost savings. 

As with other new-build vehicle standards, 
the benefits of EEDI will unfold gradually 
over time as new ships replace and augment 
the existing fleet. This effect is even more 
pronounced with the EEDI because ships 
have an operating life of approximately 25–35 
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years. This implies that it may not be until 
2040–2050 before the entire world fleet is 
EEDI-compliant and the full benefits of the 
regulations are realized. The gradual nature 
of this regulation will be compounded (as 
shown previously) if a large majority of flag 
countries choose to allow the full four-year 
delays to implementation. There is no penalty 
for a country to elect to delay implementa-
tion requirements, so a flag administration 
might rationally choose the delay regardless 
of whether new flagged vessels are EEDI 
certified. A country may elect to delay the 
EEDI implementation to offer flexibility to 
companies operating ships under those flags 
to manage and build their fleet according to 
their own business needs. 

For these reasons, the extent of actual delay 
in ships being rolled out to EEDI specifica-
tions will likely be more a function of market 
conditions and industry business models 

than of international politics. Most major 
container companies are already planning 
to build larger and more efficient ships that 
will increase capacity while reducing overall 
costs. Together with the common use of 
slow steaming to save money and fully utilize 
tonnage, this general shift in the container 
industry could create a container fleet nearly 
as efficient as an EEDI-compliant fleet, 
regardless of the regulation’s implementa-
tion date. Other major ship classes, such 
as bulkers and tankers, whose fleets and 
landside reception facilities are optimized to 
current designs, may be more likely to favor 
delay. Figure 2 shows reductions from EEDI-
covered ship classes according to IMO’s high, 
middle and low estimates of fleet growth.3 
Because of the fleet size and the highest 
potential future demand, containerships 
account for both the majority of projected 

3  IMO (2009). “Second IMO GHG study 2009; Prevention of air 
pollution from ships” .
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Figure 1. Projected CO2 emissions and cost savings through 2030 from the shipping fleet affected by 
EEDI Regulation. IMO Scenario A2, with and without proposed 4-year delay.
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savings and the most uncertain variable in 
the growth scenarios. 

Other market drivers, such as the potential 
fuel savings with EEDI compliant ships, will 
also drive de facto implementation of EEDI-
consistent ships. In the past, fuel price has 
not been a strong driver in decisions about 
how to build and equip new ships. Ship 
operators face two main annual costs that 
inform their decision: amortized capital 
costs of the ship and operating cost, which 
is dominated by the cost of fuel. Fuel price 
fluctuates substantially year-to-year and 
has been, on average, lower than the annual 
capital cost of the ship itself. This made 
minimalizing capital costs the dominant 
consideration in designing new ships. 

The often-cited “split incentive” market 
failure, deriving from the separation of ship 

ownership and operation, compounds the 
tendency to emphasize minimizing capital 
costs. More recently, as noted by the Shipping 
Intelligence Network,4 the annual capital 
costs associated with new ships relative to 
annual fuel costs has changed significantly 
such that annual fuel costs are much higher 
than capital costs. This effectively drives the 
economics of building new ships in the same 
direction as the EEDI regulation: diminishing 
the increased construction costs of EEDI 
compliant ships while emphasizing the fuel 
savings. Similarly, relatively high fuel costs 
will favor the development and marketability 
of the new efficiency technologies that 
enhance the EEDI rating of ships. 

4  Martin Stopford, “Revolution in the Engine Room—Shock-
ing Revelations”, www.clarksons.net/sin2010/markets/Fea-
ture.aspx?news_id=31585 (accessed 22 September 2011).
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Figure 2. CO2 emissions reductions in 2030 by ship type according to IMO’s high-, mid-, and low-growth 
scenarios (assuming no delay in EEDI implementation).
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Expected future developments

The Marine Environment Protection 
Committee (MEPC) agreed to a work plan 
to finalize details of the EEDI regulation. 
The work plan focuses on energy efficiency 
measures, including development of the 
EEDI framework for different ship types 
and sizes; propulsion systems, not covered 
by the current EEDI requirements; and 
development of the EEDI and SEEMP-related 
guidelines. The MEPC agreed to the terms 
of reference for the intercessional working 
group on energy efficiency measures for 
ships, scheduled to take place in February/
March 2012. A list of ongoing issues with the 
EEDI regulation, based on recent submis-
sions to the MEPC, is contained in appendix 
C. Other issues that have been brought up 
in the past, such as revised methodology to 
facilitate inclusion of Ro-Ro ships, are likely 
to be re-introduced during the mandated 
periodic review of the regulation. 

Despite the need for further refinement, 
passing the EEDI regulation is a substantial 
indication that the IMO is able to address 
GHG emissions from shipping despite chal-
lenging political disagreements among 
member countries. In addition to stimulating 
development and marketability of efficiency 
technologies, EEDI regulation clears the way 
for the IMO to focus on developing market-
based mechanisms (MBM) for the shipping 
sector that would generate substantial 
near-term GHG reductions. MBM proposals 
being considered include measures that 
would generate money to fund GHG reduc-
tions outside of the sector (such as a fuel 
levy, or a cap and trade system, primarily) 
or measures that would further stimulate 
efficiency improvements solely within the 
sector. Progress of MBM discussions at the 
IMO has been hindered by opposing views 
on the applicability of the United Nations 
Framework Convention on Climate Change 

(UNFCCC) “common but differentiated 
responsibilities” principle to IMO’s policy of 
equal treatment for all (ETFA) countries. 

Of the 169 IMO member countries, only 
the 59 countries that have (so far) ratified 
MARPOL Annex VI were eligible to vote on 
the EEDI regulation. While the forum sought 
consensus, detractors blocked that effort 
and called a vote. This resulted in passage 
of the measure by a 48-5 majority (with 
2 abstentions and 4 absences). Notably, 
many developing nations and small island 
developing nations voted in favor of the EEDI, 
breaking with the conventional assumption 
that all developing countries oppose GHG 
regulations. Passing the EEDI indicates 
two important points: (1) that the IMO can 
take action on climate regulations; and (2) 
that, because the positive votes included 
many developing countries, in their view the 
principle of CBDR is not at odds with ETFA. 

As further indication of the IMO’s clear 
intent to maintain equal treatment among its 
members as MBM discussions move forward, 
the final EEDI regulation language includes 
aspirational clauses about technology transfer 
and assistance that would help ensure that all 
countries have access to new technologies 
and processes that may be needed to meet 
EEDI standards. Inclusion of this language 
was originally intended to secure a specific 
commitment among countries but was 
left intentionally vague in the final draft to 
preserve IMO’s ETFA principle. The discussion 
of MBM is expected to resume at the next 
MEPC meeting in late February 2012.
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Appendix A:  
Methodology and Assumptions

The estimates of CO2 emissions from ships 
and the resulting graphs of relative emissions 
and fuel prices were based on an analysis 
of the existing fleet and rely on information 
drawn from the Second IMO Greenhouse Gas 
Study (2009)5 and Lloyds Registry world 
shipping fleet data (2007).6 

Specifically, the following data were used:

• Ship numbers and average fuel consump-
tions in 2007 by ship type and size (IMO)

• Ship numbers in 2020, and 2050 (IMO)

• Ship growth rates between 2020 and  
2050 (IMO)

• Mandatory efficiency improvement in each 
phase (IMO)

• Ship age distribution in 2007 (Lloyds)

CO2 emissions estimates were calculated 
using the following steps and assumptions:

• Divide ships into six age groups

• Assume ship age distribution in 2007 is the 
same as the distribution in 2010 by each 
ship category

5  IMO (2009). “Second IMO GHG study 2009; Prevention of air 
pollution from ships” International Maritime Organization 
(IMO) London, UK.

6  Lloyd’s Register – Fairplay Database, 2007.

• Assume ship retires in 30 years

• Extrapolate ship numbers in 2015, 2020, 
2025, and 2030

• Ship numbers in a given year are equal to 
retired ships plus added ships

• Calculate the average age for each ship 
category weighted by fuel

• Assume 2010 is the reference year

• Assume a fixed annual energy efficiency 
improvement rate from the year an existing 
ship was built to 2010 (0.2% was used to 
be conservative)

• Calculate the accumulated energy efficiency 
improvement from the year an existing ship 
was built to 2010 to calculate the average 
fuel consumption in the phase zero

• Calculate fuel savings for each phase

• Calculate CO2 savings from fuel savings 
based on relevant fuel types

• Remove the energy efficiency improvement 
rate built in to the IMO GHG report to avoid 
double counting.
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Appendix B: An Anatomy of the  
Energy Efficiency Design Index (EEDI) Equation for Ships
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Appendix C: IMO Ongoing EEDI  
Development, Active Initiatives as of 15 July 2011
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