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IIRE Journal of Maritime Research and Development 

 

Maritime sector has always been influencing the global economy. Shipping facilitates the bulk 

transportation of raw material, oil and gas products, food, and manufactured goods across 

international borders. Shipping is truly global in nature, and it can easily be said that without 

shipping, the intercontinental trade of commodities would come to a standstill. 

 
Recognizing the importance of research in various aspects of maritime and logistic sector, IIRE 

through its Journal of Maritime Research and Development (IJMRD) encourages research 

work and provides a platform for publication of articles, manuscripts, technical notes, papers, 

etc. on a wide range of relevant topics listed below: 

 
• Development in Shipping 

• Ship Operations and Management 

• Risk Assessment and Risk Management in Maritime Sector 

• Maritime Safety and Environmental Protection 

• Technological Developments 

• Maritime Education 

• Human Resource in Maritime Sector 

• Trade Liberalization and Shipping 

• Freight Rates Fluctuations and Forecasting 

• Commodity Markets and Shipping 

• Shipping Investment and Finance 

• Maritime Logistics 

• Multimodal Transport 

• Inland Waterways Transport 

• Maritime Statistics 

• Port Management, Port Pricing and Privatization 

• Economic and Environmental Impact of Shipping and Ports 

• Other Current Topics of Interest in Shipping 
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ADVANCED ANALYTICS-BASED ENERGY EFFICIENCY 

MANEGEMENT 
 

Dr. Jai Acharya1, Mr. Anuj Chopra2, Mr. Sanjay Verma3, Mr. Pawan Kapoor4, 

Dr. Anantha Subramanian5 Mr. Jairaj Kumar6 & Ms. Yogyata Kapoor7. 

 

 

Abstract 

 

 

The article analyses the GHG emissions and analyse and detect the current possible harm that maritime industry 

needs to cut back on. The need to move towards a more sustainable future is growing crucial day by day. It has 

become imminent for the maritime industry to move towards an environmentally friendly path for the growth of 

the industry and betterment and safety of this planet and us human beings. This article was well constructed after 

taking points from an HSE session held by IMRC with great masters of our industry. 

 

Keywords: Environment, Maritime, Sustainability, GHG, Carbon emissions, Health. 

 

1. INTRODUCTION: 

 

Broadly air pollution consists of two parts: Smog, Particle Matters (PMs), Oxides of Nitrogen 

and Sulphur (NOx, SOx) and its variants that are visible locally up to certain extent, however, 

the other part, the GHG emissions that are on a global level and largely invisible. Greenhouse 

 
1 Principal Consultant at International Maritime Management & Consultancy Services (IMMC) & Director at 
International Ocean Institute (IOI) HQ, Malta. 
Email: jaiacharya@gmail.com 
2 Co-Founder & CEO at ESGPlus LLC. 
Email: anuj.chopra@esgplusllc.com 
3 Director of Decarbonisation Solutions at Wartsilla, Singapore. 
Email: sanjay.verma@wartsila.com 
4 Managing Director at ISF Maritime Services & Founder & Trustee of Inner Search Foundation. 
Email: pawankapoor@isfgroup.in 
5 Faculty at Department of Ocean Engineering, IIT Madras. 
Email: subruiitm@gmail.com 
6 Chairman & Managing Director, Ocean Sparkle Ltd. 
Email: jairajkumar@oceansparkle.in 
7 Director of Global Marketing & Business Development at ISF Group & Convener of International Maritime 
Research Confluence (IMRC). 
Email: yogyatakapoor@isfgroup.in 
 

mailto:jaiacharya@gmail.com
mailto:anuj.chopra@esgplusllc.com
mailto:sanjay.verma@wartsila.com
mailto:pawankapoor@isfgroup.in
mailto:subruiitm@gmail.com
mailto:yogyatakapoor@isfgroup.in


          
 
 
 

29 
 

 

 

IJMRD VOL 6, ISSUE 1 

gas emissions have harmful effects which can be broadly categorized into: Climate change 

related effects and Health related effects. Some of the health impacts have been observed and 

closely monitored in the western world and there is a huge amount of awareness in that area 

and appropriate actions are being taken. But the attention on the aspects of climate change side 

of it is still lagging and it largely depends on the factors such as the industry clusters, nature of 

the industry, nature of local legislation and its degree of enforcement.  

It is worth noting that NOAA - the U.S. government’s National Oceanic Administration 

released a study on ocean rise where it's very accurately predicted the ocean rise for the next 

10 to 50 years until the end of the century and those numbers are alarming because that would 

explain to us what would happen to the coastal regions where nearly half the population of the 

world lives.  

International shipping is a large and growing source of greenhouse gas emissions. The EU 

supports global action to tackle these emissions and has put in place EU-wide data collection 

measures. Maritime transport emits around 940 million tonnes of CO2 annually and is 

responsible for about 2.5% of global greenhouse gas (GHG) emissions (Smart Ship Hub, 2021). 

These emissions are projected to increase significantly if mitigation measures are not put in 

place swiftly. According to the 3rd IMO GHG study, shipping emissions could under a 

business-as-usual scenario increase between 50% and 250% by 2050, undermining the 

objectives of the Paris Agreement. Despite such reports being released, the awareness among 

decision makers of the industry is pretty low (International Maritime Organization, 2014).   

Additionally, there is a limited number of studies on global shipping emissions which contain 

estimations on the in-port emissions, which is ship emissions on ports. Ports represent a source 

of atmospheric pollutants that can contribute significantly to jeopardize air quality of port cities. 

NOx, SOx, PM, and VOCs (Volatile Organic Compounds) are emitted by ships during 

manoeuvring in ports at arrival or departure and during hoteling when moored at wharves. 

Several methods exist to estimate emissions in function of ships' activity and engine 

parameters. However, there is still a certain degree of uncertainty in these calculations. There 

is a considerable limitation to develop effective plans of mitigation of air pollution in port 

cities.  
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2. INTERNATIONAL REGULATIONS AND POLICIES: 

 

It may be worthwhile to explore some of the policies and regulations for the maritime industry 

across the globe: 

2.1 Energy Efficiency: Existing Ship Index (EEXI): is for the existing vessel to comply with 

a design requirement. It is a one-time requirement which once achieved, the ship is 

approved to operate.  

2.2 Carbon Intensity Index: is the carbon intensity which will need to gradually reduce over 

the years for IMO to achieve its 2030 and 2050 ambition which is a 40% reduction 

compared to 2008 levels and in reduction in total GHG emissions of at least 50% by 2050 

compared to 2008 levels. There are two ways to achieve these targets for lowering the 

carbon intensity – change the fuel OR improve the ship’s operational efficiency so that less 

fuel is consumed (or switch over to alternative fuel or renewal energy source). 

2.3 The Marine Environment Protection Committee (MEPC): by IMO established the 

MEPC 74 resolution invites member states to “encourage voluntary cooperation between 

the port and shipping sectors to contribute to reducing GHG emissions from ships”. 

However, this resolution talks about ships and does not talk about Ports.  

2.4 Model Port Authorities (MPA): In countries like Singapore, government has committed 

to reduce its carbon intensity by a certain percentage. All port emission comes under the 

national inventory in Singapore. now the government has looked at different sectors and 

given them their target of reduction. Maritime and Port Authority (MPA) has been given a 

target of 37 reduction of carbon dioxide inside now.  The MPA is looking at all the areas 

where it can do the emissions reduction and have come with some of the following action 

plans:  

• Electrification of all the trains and vehicles which are moving the containers  

• Cold Ironing - Supplying shore power to the ships which are visiting port facilities in 

order to minimize the emissions. 

• Revised Logistic Strategy to avoid waiting of trucks, an attempt to reduce the air 

pollution in the process before they offload the cargo – offloading to be a fully 

automated process. 

• Electrify and/or reduce fuel consumption of harbour crafts in and around Singapore. 

And further, implement just-in-time arrival for the ships. 
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2.5 USA’s Policy: A policy in the USA states that ports have been directed to monitor the 

emissions on a regular basis because ports have the ships visiting them, port vessels, trucks 

and trailers, cargo hunting equipment, etc. 

 

3. INDIAN POLICIES AND CHALLENEGES IN INDIA: 

 

The Marine Environment Protection Committee (MEPC) by IMO established the MEPC 74 

resolution invites member states to encourage voluntary cooperation between the port and 

shipping sectors to contribute towards reducing GHG emissions from ships. The government 

of India has been the signatory to this resolution, and they have made commitments in the 

COP26. However, this resolution talks about ships and does not talk about Ports. There are a 

lot of areas where ports must themselves help and reduce the emissions of GHG gases. 

There is no shortage of plans even in India - The maritime vision 2030 (MIV 2030), The 

national action plan, and there have been eight key interventions, and twenty-one green 

initiatives which have been identified to support the national action plan and the commitments 

which have been made at COP26. 

The Indian government is committed to a reduction of 40 percent of GHG by 2030 which 

includes all sectors including the ports. The national action plan includes a part on the port 

segment which states that by 2023 ports should be able to implement just in time arrivals. It 

also states that incentives should be offered to less-polluting vessels by 2023, battery charging 

stations to be provided to less polluting fuels (such as methane, LNG), along with bunkering 

facilities for technological requirements (like shore power). Interestingly, this action plan only 

considers the major ports and does not account or offer these incentives to private ports. It is 

important to note that more than 45% of the cargo is managed by the private ports.  

Some players have made attempts to go green in a small way. However, these efforts have not 

met with an encouraging response from the port developers. For example, some players who 

operate in the LNG Terminals in India, have tried to convert their tugs to use LNG as a fuel 

which is an expensive undertaking. Such an undertaking does not receive any additional 

advantage or incentive but is rather rejected as the cost of the tug construction rises 

exponentially. On the other hand, banks, financial institutions, and venture capitalists 
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pressurise operators to go green to receive funding and loans. In such situations operators find 

themselves sandwiched between two ends with no sustainable and promising solution in sight.  

Some governments like the Singapore government have taken on itself to say to fund the 

difference in cost for operators and players who are working towards going green. However, 

gap funding is not a long-lasting solution.  

With 2023 being only a year away, Indian ports have not yet commenced on any major efforts 

or initiatives to take advantage of the national action plan. Unfortunately, the port authorities 

and or the port developers are not aware of the requirements by 2030. So, while there are several 

key action plans, the first step required to be taken is to initiate the measurement and monitoring 

process of the emissions. However as of today, none of the Indian ports are collecting any data 

on emissions.  

 

4. INTRODUCTION TO DATA ANALYSIS: 

 

ln the context of Indian ports, there are hardly any research attempts made on emission 

assessment and develop the methodology to assess and manage the inventory of ship emissions 

(including emissions caused by port operations machinery/equipment, motor vehicles and 

logistics within the port facilities, its vicinity and around the coastal areas. While prior to 1970s 

and 80s, when port facilities were governed by the government authorities or autonomous port 

trusts, there were no effective policies towards combating the air pollutions due to ships exhaust 

emissions and impact on ocean/ coastal environmental. 

However, after 1990s, under various UN Agencies and IMO Regulatory Framework, the 

importance of Climate change, Global warming and emissions caused by road, rail. aviation, 

maritime and other industrial activities caught the serious attention resulting the adoption of 

strict policies and effective enforcement on each sector respectively. The progressive global 

attention and requirements of mandatory compliance played a key role in effective 

implementation of regulatory framework.  

There are some basic steps to begin with, such as emissions data collections from the vessels 

directly, AIS reports, engines operating parameters and daily logbook noon report. Also, ports 
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always maintain records of fuel consumption and how much they have spent on fuel. This can 

be used to calculate the amount of CO2 released.  

However, it is particularly important for Indian port management and administrative authorities 

to adopt a long-term strategy on emissions assessment and inventory management to formulate 

the effective policy on environmental shipping and attainment of the energy efficient green 

port status. The concept of Green Port Strategy itself would be rewarding in many aspects, 

which will bring international and national applauds/accreditations, economic benefits, 

preferred ports of prominent shipowners and entitlement of relatively higher tariffs, etc. 

The proactive approach of port facilities towards the development of database on emission 

inventory around its vicinity would enrich it with emission database of various type of ships 

and logistics equipment which could be shared for the academic research and database can be 

shared/exchanged for the commercial purposes whenever required Ship emissions can be 

divided into land-based (Florian Kattner, 2017). airborne-based, marine-based, satellite-based 

(Jun Ding, 2017), and Unmanned Aerial Vehicle (UAV) based measurements according to 

different platforms.  

Ship emissions are calculated by multiplying the AIS-based fuel consumption by emission 

factors. The AIS based tracking also allow for calculating sailed distance for individual ships 

and aggregated. Drone based ship emissions data collection are calculated by analysing the 

collected exhaust sampling in a suitable laboratory using the test kit attached with a UAV 

(drone).  

A typical overview of emissions inventory by ship types for the ASEAN region in 2017 (DNV 

GL, 2018) from the findings by AIS based emission modelling are: 

• CO2 emissions are 112 million tonnes, representing about 14% of the global ship 

emissions. 

• Emissions of NOx and SOx are 2320 Kton and 1730 Kton, respectively. 

• Emissions of PM10 and PM2.5 are 214 and 194 Kton, respectively.  

Shipping emissions in ports are substantial, accounting for 18 million tonnes of CO2 emissions, 

0.4 million tonnes of NOx, 0.2 million tons of SOx and 0.03 million tonnes of PM10 in 2011. 

Around 85% of emissions come from container ships and tankers. Container ships have short 

port stays, but high emissions during these stays.  
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Most of CO2 emissions in ports from shipping are in Asia and Europe (58%), but this share is 

low compared to their share of port calls (70%). European ports have much less emissions of 

SOx (5%) and PM (7%) than their share of port calls (22%), which can be explained by the EU 

regulation to use low Sulphur fuels at berth.  

The ports with the largest absolute emission levels due to shipping are Singapore, Hong Kong 

(China), Tianjin (China) and Port Klang (Malaysia). The distribution of shipping emissions in 

ports is skewed: the ten ports with largest emissions represent 19% of total CO2 emissions in 

ports and 22% of SOx emissions. The port with the lowest relative CO2 emissions (emissions 

per ship call) is Kitakyushu (Japan); the port of Kyllini (Greece) has the lowest SOx emissions 

(Merk, 2014).  

Other ports with low relative emissions come from Japan, Greece, UK, US, and Sweden. 

Shipping emissions have considerable external costs in ports: almost EUR 12 billion per year 

in the 50 largest ports in the OECD for NOx, SOx and PM emissions, the emissions most 

directly relevant to local populations. Approximately 230 million people are directly exposed 

to the emissions in the top 100 world ports in terms of shipping emissions (Merk, 2014). 

A reliable and up-to-date ship emission inventory is essential for getting overview of the trends 

and challenges, and for assessing the effect of different emission control options. It is therefore 

recommended to establish an environmental accounting model for continuous monitoring of 

ship traffic, air emissions and impacts in the region. The model could provide stakeholders with 

updated status for the most important air emission components, both local pollutants and GHG 

emissions. Furthermore, it is recommended that the Drone sampling of exhaust gases from 

ships and AIS-based emission inventory is further detailed to categorize emissions as domestic, 

international or transit. This could help and guide port facilities administration, coastal 

administration authorities in making targeted policy choices to fulfil national obligations 

relating to domestic emissions. 

 

5. ACHIEVING THE GOALS: 

 

The initial IMO GHG strategy envisages a reduction in carbon intensity of international 

shipping (to reduce CO2 emissions per transport work, as an average across international 

shipping, by at least 40% by 2030, pursuing efforts towards 70% by 2050, compared to 2008); 
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and that total annual GHG emissions from international shipping should be reduced by at least 

50% by 2050 compared to 2008. Initiating efforts to assess and manage inventory of ship 

emissions can be leapfrogged with international cooperation.  Working across borders and 

trying to treat this as a global village problem rather than a regional or local problem can 

expedite efforts to achieve the goals because there is a lot of very good research work being 

done, availability of the emissions data inventory, the emission assessment methodologies and 

the algorithms which have already been developed. Further, the introduction and 

implementation of easy port incentive programs to reward and monetize emission reduction 

efforts so that there is some incentive for the good actors to work in that direction. This 

ambition cannot be met without a carbon zero fuel; and so, the 2050 ambition must be met with 

development of a green fuel.  
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