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Global CO2 Emission

Global CO2 concentrations set a new record in 2022 of 
417.2(ppm), up 2.5ppm from 2021 levels.



Fossil Fuel CO2 Emission by Sector

Source: International Energy Association



Ship-Related GHG Emission Sources



Contribution of Maritime transport to GHG emission and Climate change

https://cleantechnica.com/2017/10/24/icct-shipping-industrys-greenhouse-gas-
emissions-rise/



Port-Related GHG Emission Sources

Source: Port Emissions Toolkit



Contribution of Port operations to GHG emission and Climate change

Source: OEBS



Climate Change and its Potential Impacts on Transportation

National Research Council (2008) Potential impacts of climate change on U.S. Transportation



Climate change indicators: Global sea level rise



Climate change indicators: Natural disasters



Maritime transport and Ports - Impacts from Sea Level Rise and Tropical Storms

• Losses from Damages to Port Infrastructure (examples):

 Damage estimates to US ports from previous
hurricanes range from 46 million US$ for Hurricane
Florence in 2018 to about 2.2 billion US$ for
Hurricane Katrina in 2005.

 If sea level and storm surge had been as high as
some 2100 projections, the study estimates that
the damage would have been 5.5 times larger.

• Losses from Disruptions to Port Operations (examples):

 Economic loss estimates due to previous storm-
related disruptions range from 10 million US$ at
the Port of Shanghai, caused by a 2-day disruption
due to Typhoon Haikui in 2012, to 65 million US$
at the Port of Dalian, caused by a 5-day disruption
due to Typhoon Lekima in 2019. Increased exposure to coastal flooding will test the integrity 

of port infrastructure and operations. (Getty Images)



Maritime transport and Ports - Impacts from Sea Level Rise and Tropical Storms

• Around 1/3 of the
world's ports are located
in areas prone to
tropical storms and,
between 1960 and 2010,
at least one tropical
storm passed within a
radius of 50 km from
32% of the world's
seaports.



Maritime transport and Ports - Impacts from Sea Level Rise and Tropical Storms

• Losses from Vessel Incidents at Sea

 Weather-related conditions were responsible for at
least 20% of the roughly 400 total vessel losses that
occurred worldwide from 2015-2019.

 Total vessel loss incidents over these 5 years have
resulted in the death at sea of 142 crew members,
many due to extreme weather events.

• Adapting to Avoid Losses

 For ships at sea, stronger storms will require
adaptation through re-routing, which increases
delays and operating costs. For a containership
consuming 150 tons of fuel per day, each additional
day at sea can cost roughly 75,000 US$ .

 Most research on port adaptation costs has
focused on elevation approaches, with unit costs
ranging from 30 million US$ to over 200 million
US$ per km2 of port area.

(Getty Images)

George Van Houtven et al.



Maritime transport and Ports - Impacts from Inland Flooding and Droughts

• Changing inland precipitation patterns,
including increased risks of flooding and
drought, can have indirect impacts on the
maritime sector through supply chain
effects.

 Record water levels on the
Mississippi River in 2019 disrupted
this key transport network for
exporting US agricultural goods,
causing losses valued at almost 1
billion US$.

 In the same year, severe drought in
the Panama Canal region required
limits on through traffic that have
been estimated to cost global
shipping between 230 million US$
and 370 million US$.

Lower water levels made old tree stumps visible.
Associated Press



Maritime transport and Ports - Impacts from Rising Temperatures and Extreme Heat Events

• Extreme heat can cause substantial damage to
shipping vessels and port infrastructure, as well
as disrupts port operations.

 Impacts on port infrastructure include
stress on cooling systems and metal port
structures, such as container handling
cranes and warehouses.

 In 2009, heatwaves in Australia shut
down sections of the Port of Melbourne
for 3 days, resulting in productivity losses
due to work stoppages.

https://www.politico.eu/article/heat-wave-europe-
temperature-frontline-workers-at-risk/



• In 2015, the Paris Agreement on climate change was agreed by parties to the United Nations Framework 
Convention on Climate Change (UNFCCC). It entered into force on 4 November 2016. Its goal is to keep 
global temperature rise below 2°C above pre-industrial levels, and preferably limited to 1.5°C.

• EU Green Deal – EU to be carbon neutral until 2050.

• Decarbonization of maritime transport and ports is essential to achieve the goals of the Paris Agreement. 
It requires a combination of strategies, including:
 transitioning to low-carbon or zero carbon fuels, 
 improving energy efficiency, 
 electrification and shore power, 
 integrating renewable energy, 
 fostering technological innovation, 
 implementing policy measures, and 
 fostering collaborative approaches among stakeholders. 

• By implementing these strategies in a holistic and coordinated manner, shipping and ports can 
significantly reduce their GHG emissions and contribute to global efforts to combat climate change.

Decarbonisation of Maritime transport and Ports



IMO and EU regulatory framework for GHG emission reduction 



Estimates of the # of workforce requiring specific trainings in future

Key finding: In the ‘Zero Carbon by 2050 
scenario’, the number of seafarers requiring 
additional training rises steeply from the 2020s 
until 2050. By 2030 some 450,000 seafarers 
would require some additional training, while 
800,000 seafarers by the mid-2030s. 

Key finding: The number of seafarers working 
on alternative fuel technologies ships 
increases slightly until the late 2030s. After, 
the number increases dramatically, so in 
2050, it is estimated that 310,000 seafarers 
would be working aboard those ships. 

Key finding: Similar trend to previous 
scenario. By 2050, 750,000 seafarers 
would require additional training to 
handle alternative fuels and 
technologies.



UPSKILLING/RESKILLING OF 
WORKFORCE FOR ACHIEVING 
DECARBONISATION GOALS @ 

UoM/Faculty of maritime studies



University of Montenegro - Faculty of Maritime studies Kotor
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LLL programs for professionals and students
• STCW programs for seafarers (Certified by Croatian Register of Shipping a member of International Association

of Classification Societies (IACS)
• Summer school for students and professionals (2 ECTS)

Undergraduate programs, BSc (3y)
• Navigation and sea transportation (STCW program certified by CRS)
• Marine engineering (STCW program certified by CRS)
• Marine electrotechnics (STCW program certified by CRS)
• Maritime management and logistics

Postgraduate programs MSc (2y)
• Maritime sciences

 modul Navigation and transportation
 modul Marine engineering

• Maritime management and logisticss

Doctoral programs (3y)
• Maritime sciences

 modul Navigation and transportation

 modul Marine engineering

• Maritime management and logistics
http://www.pfkotor.ucg.ac.me/



Joint MSc in Maritime Environmental Protection and Management



Joint MSc in Maritime Environmental Protection and Management



Lifelong learning/Summer school @UoM/Faculty of maritime studies Kotor 



RESEARCH ON DECARBONISATION @ 
UoM/Faculty of Maritime Studies



Center for Research, Innovation and Entrepreneurship @UoM/FMS 

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

Permanent personnel:

• Prof. dr Danilo Nikolić, coordinator

• MSc Radmila Gagić

• PhD Maja Škurić

• MSc Darko Kovačević
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Managing International Projects
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PROGRAM PROJECT TITLE ROLE YEAR TOTAL BUDGET PFK BUDGET 

Erasmus + CBHE Development of Regional Joint Master Program in Maritime Environmental 
Protection and Management (MEP&M) 

C 2021 -2024 845,188.00 € 216,000.00 € 

Interreg IPA  Protecting underwater heritage through its digitalization and valorisation as a novel 
touristic offer (WRECKS4ALL) 

C 2020 - 2022 1,016,778.32 € 334,737.17 € 

Tempus Modernizing and Harmonizing Maritime Education in Montenegro and Albania 
(MArED) 

C 2013 - 2017 1,154,776.80 € 316,181.47 € 

Erasmus + CBHE Sustainable development of BLUE economies through higher education and 
innovation in Western Balkan Countries (BLUEWBC) 

P 2020 - 2023 985,755.00 € 207,766.00 € 

Interreg IPA Innovative Systems to enhance Antifraud Customs Controls (ISACC) P 2020 - 2022 996,997.04 € 148,356.00 € 

Interreg IPA Partnership for the Observation and study of new Routes and Transnational Sea-
highways (PORTS) 

P 2018 - 2020 109,1053.08 136,755.00 € 

Interreg IPA Partnership for the prOmotion of a maRiTime cross-border Strategy (PORTS 4.0) P 2020 – 2021 94,000.00 € 24,000.00 € 

Interreg IPA PrOmoting Resilient, Sustainable, and Smart Transport and logistic activities in the 
South Adriatic Area (PORTS PLUS) 

P 2022 - 2023 94,000.00 €  11,000.00 € 

Tempus Development of Sustainable Interrelations between Education, Research and 
Innovation at WBC Universities in Nanotechnologies and Advanced Materials where 
Innovation Means Business (WIMB) 

P 2013 - 2017 1,200,000.00 € 152,000.00 € 

HERD Montenegro Sustainable Maritime Competence Initiative  P 2013 – 2016   1,400,000.00€ 900,000.00 € 

HERIC Knowledge transfer for increased maritime competences in Montenegro (EDUMAR) P 2016 – 2017  55,000.00 €  55,000.00 € 

TOTAL: 8,933,548.24 € 2,501,795.64 € 

 



SMART BAY LAB

SMART BAY LAB
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FOCUS ON AIR POLLUTION FROM CRUISE SHIPS IN KOTOR BAY



SMART BAY LAB – KUNAK PM, O3, CO, NOx, SO2 sensors
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SMART BAY LAB – Mobile PM sizer
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TSI Optical particle sizer (OPS) 3330 



TESTO 350 MARITIME

SMART BAY LAB – Exhaust emission analyser & smoke tester 
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Equipment for fuel and oil quality testing - Accredited
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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



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



SMART BAY LAB – Equipment for underwater research

36

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
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Wärtsilä Oil Spill Response Simulator

SMART BAY LAB – Simulations of oil spills



International Conference & Journal of maritime sciences



THANK YOU FOR YOUR ATTENTION!

Prof. Danilo Nikolić

danilo.nikolic@ucg.ac.me

University of Montenegro

Faculty of Maritime Studies Kotor

www.ucg.ac.me/pfkotor


