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Global CO2 Emission from Maritime Transport 

 Total amount of GHG emissions from shipping have increased
from 977 million tonnes in 2012 to 1,076 million tonnes in 2018
(9.6% increase).

 The share of shipping emissions has increased from 2.76% in
2012 to 2.89% in 2018.

1st IMO GHG Studija 2000.

2nd IMO GHG Studija 2009.

3rd IMO GHG Studija 2014.

4th IMO GHG Studija  2020.

Total carbon dioxide emissions by vessel types, tons, January 
2012—March 2023 (684 mil t CO2 - 850 mil t CO2)



Source: EMSA 2018







LEGISLATION
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https://doi.org/10.3390/jmse8100820

Ozone depleting substances                                Reg.12
Nitrogen oxides (NOx) Reg.13
Sulphur oxides (SOx) and PM Reg.14
Volatile organic compounds (VOC) Reg.15
Shipboard incineration Reg.16
Reception facilities Reg.17
Fuel oil availability and quality Reg.18

IMO Legislation – MARPOL Annex VI

Chapter 3 - Requirements for Control of 
Emissions



https://airmodus.com/shipping-ultrafine-emissions/



http://dx.doi.org/10.1038/s43247-024-01442-3



Global mean temperature change from the FaIR model simulating the effects of a reduction in SO2 emissions equivalent to 
8.5MtSO2 per year after 2020, relative to the SSP2-4.5 scenario across 66 different CMIP6 models. The solid line shows the average 
of all model runs, while the shaded area shows the 5th to 95th percentile range. Chart by Zeke Hausfather for Carbon Brief.





EU and IMO regulatory framework for GHG emission reduction 



Revised IMO Strategy on GHGs in shipping

DNV: Maritime Forecast to 2050



Solutions that can contribute Decarbonisation of shipping

DNV: Maritime Forecast to 2050



Center for Research, Innovation and Entrepreneurship @UoM/PFK

Activities within Center:
• Research and Innovation;
• Project activities;
• Provider of Life Long Learning;
• Supporting student start ups;
• Supporting activities between academia and industry, etc.

Labs/equipment:
• SMART BAY Lab;
• Marine fuels laboratory;
• 3D Lab;
• Underwater ship archeology, etc

Personnel:
• Prof. dr Danilo Nikolić, coordinator
• MSc Radmila Gagić
• PhD Maja Škurić
• Dijana Radović



Interreg Danube – GREEN-PRO project
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PROJECT TITLE Possibilities of Establishing Green Propulsion Shipping Routes on 
Rivers and Seas 

ACRONYM GREEN-PRO 

CO-FUNDING PROGRAM Interreg DANUBE SMF 

COORDINATING INSTITUTION University of Montenegro, Faculty of Maritime Studies Kotor (UoM) 

PARTNERS 

 

University of Zagreb, Faculty of Mechanical Engineering and Naval 
Architecture; Lviv Polytechnic National University, Department of 
Chemical Engineering; Energy Institute at the J ohannes Kepler 
University Linz 

PROJECT BUDGET 118.496,00 € 

BUDGET FOR THE UoM 38.192,00 € 

PROJECT COORDINATOR Prof. dr Danilo Nikolić 

PROJECT DURATION 01/09/2024- 31/08/2025 

 



Interreg Danube – GREEN-PRO project
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PROJECT DESCRIPTION/OVERALL OBJECTIVE

The addresses the pressing challenges faced by both river and sea shipping sectors in meeting stringent emission reduction targets set by initiatives like
the European Green Deal and the Energy Taxation Directive (FuelEU Maritime). The focus of this endeavour is on tackling the geographical complexities
within the EUSDR region, with a specific emphasis on the imperative need for decarbonizing these sectors.

In this context, alternative fuels emerge as pivotal solutions for emission reduction. These include zero carbon options such as hydrogen, ammonia, and
electricity, low carbon variants like methanol, LNG, LPG, and carbon-neutral alternatives such as biofuels like Hydrogenated Vegetable Oil (HVO). The
retrofitting of existing vessels or the construction of new ships designed to utilize these alternative fuels can substantially impact decarbonization
efforts. However, a significant obstacle lies in the inadequate development of port infrastructure, particularly storage and handling facilities for a diverse
range of alternative fuels.

Thus, the primary objective of the GREEN-PRO project is to provide inputs for the main project in order to facilitate the transition of the river and sea
shipping sectors towards adopting alternative fuels, ensuring a seamless supply chain from ports with adequate infrastructure within the Danube river
and East Adriatic coastline regions.

SPECIFIC OBJECTIVES

 Report on the current state of alternative fuels for ships. This activity aims to assess the current state of alternative fuels for ship propulsion in the
EUSDR countries and analyze target groups for engagement.

 Main project work plan for establishing Green Propulsion Shipping Routes on Rivers and Seas. The main project will contribute to the transition
towards cleaner, more efficient, and sustainable propulsion systems in rivers and seas of the EUSDR countries.

 Report on funding possibilities for Establishing Green Propulsion Shipping Routes on Rivers and Seas. For each potential source of funding, on the
first place EU regional programs, as Interreges and HORIZON, following roadmap with related data will be identified.

 Additional preparatory activities needed for feasible main project planning. A wider consultation with relevant stakeholders of the region, as an
additional preparatory activity needed for feasible planning of the main project will be implemented.



SMART BAY LAB



SMART BAY LAB – KUNAK PM, O3, CO, NOx, SO2 sensors
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SMART BAY LAB – Mobile PM sizer

TSI Optical particle sizer (OPS) 3330 



SMART BAY LAB – Air Drone with sensors



SMART BAY LAB - PM Concentration in Kotor bay related to cruise ships



Nikolic et al, DOI 10.1007/698_2016_34,

SMART BAY LAB – Prediction of pollutant and GHG emission from ships in Kotor bay



TESTO 350 MARITIME

SMART BAY LAB – Exhaust emission analyser & smoke tester 



Research on three types of
second-generation biodiesel
made from:
• Olive husk oil;
• Waste sunflower, and
• Waste palm oil from frying.

Biodiesel blends (7%, 20% and
25%) show better emission
performance in regard to NOx,
SO2, CO, and CO2 than pure low
sulfur diesel.

SMART BAY LAB – Renewable fuels



Wärtsilä Oil Spill Response Simulator

SMART BAY LAB – Simulations of oil spills



SMART BAY LAB – Equipment for underwater research

BlueROV2



SMART BAY LAB – Equipment for underwater research

Multi-parameter Water 
Quality Checker

Horiba U-50 series Multi-
parameter water quality checker 

Underwater acoustic recorder & Hydrophone



SMART BAY LAB – Equipment for fuel and oil quality testing



Thank you for your attention!

Prof. dr Danilo Nikolić
danilo.nikolic@ucg.ac.me

University of Montenegro

Faculty of maritime studies

www.ucg.ac.me/pfkotor
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