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Introduction 

Ports and shipping channels are critical components of many nations’ transport infrastructure 

and make a significant contribution to the economy.  With volatile and disrupted global trade 

comes further pressure on ports to be adaptive and resilient. With greenhouse gas emissions 

(GHG) from maritime transport estimated to exceed one billion tonnes per annum [1], 

sustainability is an ever present, and increasingly important, consideration for ports. This is 

occurring against a backdrop of a changing climate that is presenting more frequent and 

severe weather events.  

The United Nations Conference on Trade and Development 2023 Review of Maritime 

Transport states that “beyond cleaner fuels, the industry needs to move faster towards digital 

solutions…to improve efficiency as well as sustainability.” 

Digitalisation has driven access to more data, in real-time, and with greater precision. With 

the right tools, this data can lead to deeper insights into port and shipping operations, and be 

leveraged to identify opportunities to enhance safety and improve efficiency. Whilst alternative 

fuels will be critical to achieving net zero targets, there are digital technologies immediately 

available that have a proven track record of facilitating reduction in shipping related emissions 

through enhancing the efficiency of each voyage.  

 

Background 

In 2015, 193 countries adopted the United Nation’s 2030 Agenda for Sustainable 

Development and its 17 Sustainable Development Goals (SDGs). 

The IMO recognises that most of the elements of the 2030 Agenda will only be realised with 

a sustainable transport sector supporting world trade and facilitating global economy, and is 

actively working towards the SDGs. Ports, as critical nodes in the global supply chain, must 

respond to worldwide, regional and local challenges such as climate change and digitalisation. 

With the support of strategic partners including the American Association of Port Authorities 

(AAPA), the European Sea Ports Organisation (ESPO), and the World Association for 

Waterborne Transport Infrastructure (PIANC), in 2017 the International Association of Ports 

and Harbors established the World Ports Sustainability Program. One of the five WPSP 

themes is ‘Resilient Infrastructure’ and encapsulates SDGs #9 Industry, Innovation and 

Infrastructure, #13 Climate Action, and #14 Life Below Water. 

In relation to SDG #9, Industry, Innovation and Infrastructure, the IMO states [2] that 

technological advances in the port sector are key to building resilient infrastructure and central 

to the effective functioning of the whole transportation sector. A more efficient shipping, 

working in partnership with the port sector, will be a major driver towards global stability and 

sustainable development for the good of all people. Furthermore, investment, growth and 

improvement in the shipping and ports sectors are clear indications of a country or region that 

is enjoying success in the present and planning for future success. 



 

On #13 Climate Action, the IMO’s position [2] is that responding to climate change is one of 

the greatest challenges of our era, and requires appropriate, ambitious and realistic solutions 

to minimise shipping’s contribution to air pollution and its impact on climate change. 

Although one of the most sustainable modes of transport, shipping is estimated to emit one 

billion tonnes of greenhouse gas (GHG) emissions annually, representing ~3% of the total 

global emissions [3]. 

The Paris Agreement requires emissions to be reduced by 50% by 2050, and the IMO’s 2018 

Initial Strategy for Reduction of GHG Emissions from Ships [4] set an objective to achieve a 

40% reduction of CO2 emissions per transport work by 2030 (compared to 2008 values as an 

average across international shipping). However, recent data suggests shipping related GHG 

emissions continue to climb, with the International Energy Agency suggesting a 5% increase 

in 2022 [5]. 

In support of the 40% reduction of CO2 emissions target, amendments to the International 

Convention for the Prevention of Pollution from Ships (MARPOL) Annex VI were adopted by 

the IMO’s Environmental Protection Committee (MPEC). These include the requirements for 

Energy Efficiency Existing Ships Index (EEXI) and Carbon Intensity Indicator (CII) certification 

from January 2023, with initial ratings given in 2024. 

 

IMO Initiatives 

In 2013, the Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency 

Management Plan (SEEMP) came into force. The EEDI sets specific efficiency standards that 

new ships must meet, based on their size and type, in order to be certified for operation. These 

standards are periodically updated to reflect advancements in technology and improvements 

in energy efficiency. 

Ships are required to meet the established EEDI requirements in order to obtain a certificate 

of compliance, which allows them to operate legally. Non-compliance can result in penalties 

or restrictions on a ship's operations. The EEDI was intended to drive the uptake of more 

energy-efficient technologies and practices in ship design and operation for new ships.  

The EEDI, which relates to the design of a vessel, is supported by the SEEMP, which provides 

a mechanism to improve the energy efficiency of a ship whilst in operation. The SEEMP urges 

the ship owner and operator at each stage of the plan to consider new technologies and 

practices when seeking to optimise the operational performance of a ship. The SEEMP also 

provides an approach for shipping companies to manage ship and fleet efficiency 

performance over time using recognized monitoring tools. 

The Energy Efficiency Existing Ships Index (EEXI) is a framework that became mandatory 

from January 2023. Unlike the EEDI that applies to new builds, the EEXI applies to all existing 

ships of 400 GT and above. It requires vessels to calculate their attained EEXI which reflects 

the technical or design efficiency of the ship. Ships then have to reach a Required EEXI. 



 

The EEXI framework is technology neutral, and the shipowner or charterer can choose the 

most appropriate means to achieve the goals set by IMO regulations. Examples of existing 

technologies available to comply with the Required EEXI include engine/shaft power 

limitation, waste heat recovery, wind assisted propulsion, etc. 

Along with the EEXI, the Carbon Intensity Indicator (CII) was introduced in January 2023 and 

is mandatory for ships of 5,000 gross tonnage and above. The CII reflects the operational 

energy efficiency of ships, expressed as the grams of CO2 emitted per tonne-nautical mile of 

operation.  

There are a few key terms in understanding the CII, as detailed below.  

The Attained CII is the actual CII of the vessel for the year in question. 

Attained CII = 
𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑖𝑛 𝑔𝑟𝑎𝑚𝑠

𝐷𝑊𝑇 𝑥 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑖𝑛 𝑁𝑎𝑢𝑡𝑖𝑐𝑎𝑙 𝑀𝑖𝑙𝑒𝑠
 

The Reference CII is the CII value from 2019.  

CIIRef = aCapacity-c  

where the values Capacity, a, and c are defined as per the table below: 

 

Ship Type  Capacity a c 

Bulk Carrier DWT > 279,000 279,000 4745 0.622 

Bulk Carrier DWT < 279,000 DWT 4745 0.622 

Gas Carrier DWT > 65,000 DWT 144050000000 2.071 

Gas Carrier DWT < 65,000 DWT 8104 0.639 

Tanker  DWT 5247 0.61 

Container  DWT 1984 4089 

General 

Cargo 
DWT > 20,000 DWT 31948 0.792 

General 

Cargo 
DWT < 20,000 DWT 588 0.3885 

Refrigerated 

Cargo 
D DWT 4600 0.557 

Combination 

Carrier 
 DWT 40853 0.812 

LNG Carrier DWT >100,000 DWT 9.827 0 

LNG Carrier 100,000>DWT>65,000 DWT 144790000000000 2.673 

LNG Carrier DWT < 65,000 65,000 144790000000000 2.673 

Table 1: Parameter values for determining Reference CII 

  



 

The required CII is the new CII that a vessel must meet for the relevant year, considering the 

reduction factor required for that year.  

CIIReq = CIIRef x 
100 − 𝑍

100
 

where Z is the reduction factor for the year as per Table 2.  

Year 
Reduction Factor 

Z 

2023 5% 

2024 7% 

2025 9% 

2026 11% 

Table 2: CII Reduction Factors 

The CII Rating is a measure of how a vessel’s Attained CII compares with the Required CII.  

CII Rating = 
𝐴𝑡𝑡𝑎𝑖𝑛𝑒𝑑 𝐶𝐼𝐼

𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐶𝐼𝐼
 

Based on the CII Rating achieved, a vessel is assigned to a category from A to E 

 

Ship Type d1 d2 d3 d4 

Bulk Carrier 0.86 0.94 1.06 1.18 

Gas Carrier DWT > 65,000 0.81 0.91 1.12 1.44 

Gas Carrier DWT < 65,000 0.85 0.95 1.06 1.25 

Tanker 0.82 0.93 1.08 1.28 

Container 0.83 0.94 1.07 1.19 

General Cargo 0.83 0.94 1.07 1.19 

Refrigerated Cargo 0.78 0.91 1.07 1.2 

Combination Carrier 0.87 0.96 1.06 1.14 

LNG Carrier DWT > 100,000 0.89 0.98 1.06 1.13 

LNG Carrier DWT < 100,000 0.78 0.92 1.1 1.37 

Table 3: CII Ratings  

  



 

Based on the CII Rating, a vessel is assigned a Grade from A to E as per Figure 1. A ship 

rated D for three consecutive years, or E for one year, has to submit a corrective action plan 

to show how the required Grade of C or above will be achieved. Administrations, port 

authorities and other stakeholders as appropriate, are encouraged to provide incentives to 

ships rated as A or B. 

 

Figure 1: CII Rating Grades 

Maintaining the existing Grade will become increasingly difficult with each year as the 

Reduction Factor (Z) becomes more stringent, demanding vessels find new ways to improve 

their Attained CII.  

A key criticism of the adopted CII methodology is that it ignores the actual cargo carried during 

the year, but instead focuses on the potential carrying capacity of the vessel [6]. The IMO had 

in fact considered a Demand-based CII which used the actual tonne-miles value of a ship, but 

opted to proceed with the Supply-based CII which uses the DWT value and therefore ignores 

the actual utilisation of a vessel. It is therefore possible to reduce the CII by sailing extraneous 

ballast voyages to increase fuel efficient distances.  

 

Opportunities 

A study published in 2023 by the World Bank [7] found that around 60% of a ship’s time in 

port is attributed to cargo operations, with 30% accounting for arrival time and 10% idling time. 

This means there is a significant amount of wasted time, leading to excess fuel burn and 

emissions. Port turnaround times are the responsibility of both the vessel and the port so both 

need to work in tandem to achieve the desired results.  

A ship that spends less time in port will burn less fuel, reduce its emissions, and achieve more 

optimal arrivals. Improving the efficiency with a coordinated approach to shipping is estimated 

to reduce emissions of the current fleet by around 20% [8]. 

One existing, well proven technology that is facilitating real emissions reductions is the 

Dynamic Under Keel Clearance System (DUKC®). The efficiency shipping is related in part 

to the sailing drafts and windows that are available at each port that a vessel visits. Whilst 

some ports are unconstrained, many ports apply antiquated methods to determine when a 



 

vessel can transit, and the maximum draft achievable for that vessel. DUKC® is a could-based 

digital solution for draft and tide optimization employed to simplify transit planning and 

scheduling whilst managing navigational risk. Delivered as SaaS, DUKC® is underpinned by 

detailed modelling of port operations, numerical analysis of ship motions, hydro-dynamic 

models, channel survey data, and the AI assisted assimilation of real-time and forecast 

environmental conditions. Connecting advanced calculation engines with the port's available 

IoT devices and digital data sources, DUKC® allows the sailing draft and window of every 

vessel to be safely maximised. This increases channel accessibility, berth utilization, and port 

efficiency, whilst reducing dead-freight and vessel wait times.  

 

Case Studies 

The first case study examines an Australian bulk port. The port handles approximately 30m 

tonnes per annum and has channel approach of ~1.5km.  

With the aims enhancing navigational safety, efficiency, and sustainability, the Port 

implemented DUKC®. This advanced transit planning and vessel scheduling technology 

allowed vessels to sail deeper and the available sailing windows increased. This resulted in a 

CII improvement for every vessel through increased cargo, whilst reducing the wait times for 

vessels at anchor.  

The additional draft resulting from the application of digital transit planning was 0.73m. This 

equates to an available 9,000 tonnes of additional cargo for every vessel. Enhancing the 

utilisation of each vessel reduces the CO2 emissions on a per tonne-km basis. For this case 

study, the estimate CO2 reductions are 140,000 tonnes, equivalent to [9]: 

• Emissions from 52,058,709 litres of diesel; 

• Emissions from 70,260,229 kilograms of coal burned; 

• Emissions from 27,240 homes’ electricity use for one year; 

• Carbon sequestered by 2,314,912 tree seedlings grown for 10 years. 

In terms of enhancing channel capacity and efficiency, the digital innovation increased the 

available sailing windows by an average of 28 hours.   

These achievements were realised with minimal port infrastructure. The data requirements 

from the port were limited to an AIS feed, a single tide gauge, and wave buoy, and bathymetric 

survey data. This is hardware and data that many ports already have access to, or that can 

be implemented cost effectively.  

The value delivered to the port and its customers was significant, and the goals of enhanced 

safety, efficiency and sustainability are being realised. 

  



 

These results are consistent with the analysis undertaken for the iron ore export ports in the 

Pilbara region of Western Australia, which indicate that DUKC® reduces the CO2 emissions 

by 1.2m tonnes per annum for the given freight task. They are also consistent with results 

from a case study from the UAE which resulted in DUKC® delivering a reduction in CO2 

emissions of ~5% per transit.  

The second case study is Port Botany. Port Botany is one of Australia’s largest container ports 

with an annual throughput of approximately 2.5m TEU on 1,600 ships. It is also Australia’s 

largest common user bulk liquids facility.  

The approach to Botany (refer Figure 2) commences in very deep water, with vessels crossing 

the Bombora Shoal with a depth of 15.4m. The approach channel is exposed to swells from 

the south east which can be significant; 2m to 3m is not uncommon although swells up to 8m 

have been experienced.  

 

Figure 2   Approach to Port Botany. Channel transitions from very deep water. Transits can be 

exposed to very large swells.  

 

Botany Bay tidal range is approximately 2.1m, with a range of 1.3m from mean high water 

spring to mean low water spring, and 0.8m for mean high water neaps to mean low water 

neaps. 

Within days of operationalising DUKC®, a new record was set for the deepest ever tanker 

vessel to call at the Kurnell berth. Weeks later, the heaviest container vessel ever to call Port 

Botany arrived safely using DUKC®. At a draft of 14.8m, the MSC Asya is understood to be 

the deepest ever container vessel into an Australian port. Later that week, the STI Condotti 

would become the deepest ever tanker to arrive at Botany’s Bulk Liquids Berth. In February 

2022, the MSC Tokyo arrived at a draft of 15.1m, again breaking the record for the deepest 

container vessel to call any Australian port.  

  



 

OMC has partnered with a shipper that regularly calls Port Botany with imports. OMC provides 

long range planning advice using DUKC® to enable the shipping company to optimize their 

inbound sailing drafts with certainty that sailing windows will be available during the LayCan. 

Taking the example of an LR2 tanker, serving a single route from the Middle East to Botany, 

the Reference CII is 4.297, whilst the 2024 Required CII is 3.996. This would require moving 

the same volume of cargo whilst reducing the CO2 emissions by 7%, potentially achieved 

through operational options such as slow steaming or weather routing, or physical changes 

to the vessel. Alternatively, using DUKC® the vessel is able to confidently load more cargo to 

achieve an Attained CII of 3.808 for a CII Rating of 0.951.  

 

Conclusion 

The ports and shipping industry faces a range of operational challenges including congestion 

and delays, larger vessels, and more severe weather events. In parallel, there is the 

requirement to find ways to reduce CO2 emissions. Whilst alternative fuels remain a critical 

element of the long-term solution, there are technologies immediately available that are 

providing Harbour Masters, Pilots, Terminal Operators, and Shippers with the tools to 

maximise efficiency whilst ensuring navigational safety.  

DUKC® has a long and proven history of increasing sailing drafts and windows across all 

types of ports and vessels. This paper highlights how the benefits delivered through DUKC® 

translate to CO2 emissions reductions, improved efficiency, and CII Rating improvements.  

It is expected that any tidally restricted or draft constrained port could realise CO2 emissions 

reductions, whilst forward thinking shippers can achieve CII Rating improvements, through 

the application of DUKC®.  

 

  

 

 

1 For the purpose of illustration, the Demand-based CII calculations are used.  
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