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Rapidly Changing Policy Landscape

https://www.offshore-energy.biz/report-surging-shipping-demand-points-to-looming-biofuel-supply-crunch/https://www.lloydslist.com/LL1153160/IMO-approves-historic-carbon-price-agreement

https://www.tradewindsnews.com/regulation/the-800-000-per-voyage-question-will-shipping-face-combined

https://www.ibanet.org/International-Maritime-Organizations-historic-agreement-to-decarbonise-shipping

https://www.tradewindsnews.com/regulation/the-800-000-per-voyage-question-will-shipping-face-combined-imo-and-eu-carbon-costs-/2-1-1826026



DTU Management13 December 2022 Energy systems modelling

 Motivation
• The maritime industry is undergoing significant transformation as it grapples 

with the need for more sustainable shipping practices. 

• This transition involves a shift in fuel preferences, with traditional high-polluting 
fuels being phased out in favour of cleaner, more sustainable alternatives. 

• Regulatory demands, coupled with the already complex techno-economic 
considerations for optimizing shipping operations, presents a set of multifaceted 
challenges that require comprehensive and integrated solutions.
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Conceptual Description
• Advanced optimization tool, designed to tackle the diverse 

challenges associated with maritime fleet management.

• Developed in Python - open-source. There can be different 
variations, depending on the studied problem and scale.

• Simple and comprehensive – Linear Programming.

• Available: https://github.com/Alamanos11/MaritimeGCH 

• MaritimeGCH integrates a range of factors, including techno-
economic, different fuel types, environmental, and operational 
elements, into a single, unified model.

• The current version takes into account the compliance to recent 
European regulations:

- Emissions Trading System (ETS) – emissions threshold for 
penalty or allowance purchase.

- Carbon Intensity Index (CII) – based on the performance of 
the Annual Efficiency Ratio (AER)

https://github.com/Alamanos11/MaritimeGCH
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Mathematical Description

The user needs to define: 

• The time horizon (e.g. period from 2025-2050)

• Ship types: E.g., Container, Tanker, Bulk, Cargo, Other, etc.

• Fuel types: E.g., Marine Fuel Oil or Heavy Fuel Oil (Oil), Liquefied Natural Gas (LNG), Liquefied Petroleum 
Gas (LPG), Methane (MET), Methanol (MeOH), Ammonia (NH3), other alternative fuels except of LNG 
(AllNoLNG), refined petroleum oils (RefPO), Hydrogen (H2), or other fuel blends allowing different mixes, 
which is often the case when ships refuel at different ports.

 

Decision Variables 

• new_shipy: Number of new ships of type s in year y. 

• stock_shipy: Stock of ships of type s in year y. 

• fuel_demandf,y: Fuel demand of fuel type f in year y (tonnes). 

• co2_emissionsy: CO2 emissions in year y (tonnes of CO2).  

• excess_emissionsy: Excess CO2 emissions above the cap in year y (tonnes of CO2). 
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Data
invest_costs: Investment cost of ship type s (in million Euros).

op_costs: Operational cost of ship type s per year (in million Euros).

fuel_costf: Fuel cost of fuel type f (in Euros per tonne). 

emissions_factorf: Emission factor of fuel type f (tonnes of CO2 per tonne of fuel).

co2_capy: CO2 emissions cap (threshold) in year y (tonnes of emitted CO2). If the company exceeds that, then they will have 

to buy CO2 emissions allowance (see next bullet), according to the ETS. 

ETS_pricey: Cost per tonne of CO2 for emissions exceeding the cap in year y (Euros per tonne of CO2).

prod_capacityy,s: Production capacity of ship type s in year y (number of ships that can be produced).

lifetimes: Lifetime of ship type s (in years).

fuel_consumptions,f,eng: Fuel consumption of ship type s using fuel type f (tonnes of fuel per year) per engine type eng.

demand_shippingy,s: Demand for shipping services in year y [Gross Tonnage per Nautical Mile (GtNM)] of ship type s in 

year y.

init_capacity_fleet: Initial capacity of fleet of ship type s in the year 2020 (number of ships).

fleet_age: the initial (average) age of the fleet, per ship type (years).

fuel_availf,y: Available amount of fuel type f that can be used per year y (tonnes).

caps: Capacity, namely the weight of each ship types’ load (GtNM).

𝐂𝐈𝐈𝒅𝒆𝒔𝒊𝒓𝒆𝒅,𝒔: Desired value of Carbon Intensity Indicator of ship type s (or equivalently the AER class).

The data and the parameters were collected from Clarksons Research, UNCTAD, MarineTraffic and information from legal 
frameworks such as FuelEU as well as the ETS and information from legal frameworks like FuelEU.
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Objective Function

Objective Function = Minimize the total cost over the planning horizon 

(e.g., 2020-2050):

𝑚𝑖𝑛 
𝑦=2020

2050

𝑡𝑜𝑡𝑎𝑙_𝑐𝑜𝑠𝑡𝑦    Total cost in year y (in million Euros) 

Where:
𝑡𝑜𝑡𝑎𝑙_𝑐𝑜𝑠𝑡𝑦

=  

𝑠

new_ship𝑦,𝑠 × invest_cost𝑠 + 

𝑠

 

൫

൯

stock_ship𝑦,𝑠

× op_cost𝑠 + 

𝑠

fuel_demand𝑦,𝑓 ×  fuel_cost𝑓 + (excess_emissions𝑦× ETS_price𝑦) 
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Fleet Capacity Constraint: The total stock of ships each year must be sufficient to meet the demand for shipping services:


𝑠

stock_ship𝑦,𝑠  × cap𝑠 ≥  demand_shipping𝑦 ∀y 

Ship Production Constraint: The number of new ships built each year is limited by production capacity:

new_ship𝑦,𝑠 ≤  prod_capacity𝑦,𝑠 ∀y, s   

Fleet Stock Update Constraint: The stock of ships of each type in a given year is the sum of new ships built and surviving ships from previous years, 

based on their lifetime and age:

  If y=2020, stock_ship𝑦,𝑠 = init_capacity_fleet𝑠

  Else: stockship𝑦,𝑠
= newship𝑦,𝑠

+ stockship𝑦−1,𝑠
− retiredships𝑦,𝑠

 ∀ y, s > 2020  

Where: retiredships𝑦,𝑠
= 

𝑦,

 

new_ship𝑦′,𝑠  

for y’ ∈ [max (2020, y - lifetime[s] + 1 - fleet_age[s]), y-1]  

Fuel Demand and Availability Constraints: The fuel demand is derived from the operational needs of the ships, which however, cannot exceed the 

available amount of each fuel type this year:

fuel_demand𝑦,𝑓 =  
𝑠,𝑒𝑛𝑔

 

stock_ship𝑦,𝑠  × fuel_consumption𝑠,𝑓,𝑒𝑛𝑔 ∀ y, f, s, 𝑒𝑛𝑔  

And fuel_demand𝑦,𝑓 ≤  𝑓𝑢𝑒𝑙_𝑎𝑣𝑎𝑖𝑙𝑓,𝑦 ∀ y, f   

Constraints
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Constraints
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Results

Case study example:
Greek fleet with moderate fuel transition and energy 
efficiency technologies employed

- Stock of ships rises from 1,000 ships to just under 
1,500

- New ship investment also rises steadily, spiking 
towards 2050 as more ships retire

- Fuel costs rise nearly 5x as lower carbon fuels 
(ammonia, H2, methanol) come online in the mid-
2030s

- Based on the FuelEU target of 80% emissions 
reduction below the baseline, under a relatively 
optimistic scenario the cap still cannot be reached

- Further combined efforts to implement new 
technologies that can be cost effective is required
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Results – Sensitivity Analysis

- Extreme ETS price scenarios effect costs 
disproportionately

- Shipping demand has the largest effect on 
total cost of the entire fleet

- High and low fuel consumption and cost 
scenarios do not affect total fleet costs 
significantly
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Results – Emissions Reduction

- CCS offers the largest carbon abatement 
potential, but at large cost

- The combined technology scenario achieves 
30% carbon abatement

- Digital technologies (port call, route 
optimization) can be easy wins



Thank you for your attention

Further reading:

• Alamanos, A., Nisiforou, O., Deranian, C., Garcia, J.A., Papadaki, L. & Koundouri, P. (2024). 
Integrated fleet optimization under techno-economic shipping and environmental constraints: the 
MaritimeGCH model. DOI: 10.13140/RG.2.2.35892.87680. Available at: 
https://github.com/Alamanos11/MaritimeGCH 

• Alamanos, A. (2025). MaritimeGCH model: The WebApp. Available at: https://maritimegch-
webapp-ihivvudpv9bo6lgzwqmuqc.streamlit.app/ 

https://github.com/Alamanos11/MaritimeGCH
https://maritimegch-webapp-ihivvudpv9bo6lgzwqmuqc.streamlit.app/
https://maritimegch-webapp-ihivvudpv9bo6lgzwqmuqc.streamlit.app/
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