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1.  Executive Summary 

The deliverable D1.3A, titled "Report on Multi-Fuel Supply Chain Modelling," is a critical component of 
the FuelSOME project, which aims to develop and validate, up to TRL 4, a novel multifuel energy 

generation system based on solid oxide fuel cell (SOFC) technology capable of operating on a variety 
of fuels including ammonia, methanol, and hydrogen. This deliverable specifically focuses on the design, 

development, and implementation of a flexible and open-source Python library that models fuel supply 

chains, referred to as fuel pathways, encompassing both conventional and alternative fuels. 

The work carried out under D1.3A involved the detailed design and setup of a simulation tool that 

captures the entire fuel supply process—from generation, transport, to storage—integrating the fuels 
ammonia, methanol, and hydrogen. The tool uses advanced modelling techniques to simulate time-

dependent fuel flows, optimize supply chain configurations, and assess their performance based on key 

performance indicators (KPIs) such as levelized cost of fuel (LCOF) and well-to-wake efficiency. This 
comprehensive approach ensures that the fuel supply chains can be evaluated and optimized to meet 

the stringent operational requirements of ships and marine ports, promoting cleaner and more efficient 

maritime operations. 

The primary conclusion of this deliverable is that the developed tool provides a robust framework for 
modelling and optimizing multi-fuel supply chains, offering significant potential for improving the 

sustainability and efficiency of maritime fuel logistics. The tool’s flexibility in accommodating various 

fuel types and supply chain configurations makes it a valuable asset for stakeholders aiming to reduce 

emissions and enhance the reliability of fuel delivery to maritime operations. 

The purpose of this deliverable is to lay the groundwork for subsequent phases of the FuelSOME project 
by establishing the foundational simulation models and software infrastructure. This work sets the stage 

for further development, including the mathematical optimization of fuel pathways, as well as testing 

and validation through case studies, which will be addressed in the upcoming deliverable D1.4B. 

 

2.  Introduction 

The deliverable D1.3A, "Report on Multi-Fuel Supply Chain Modelling" is a pivotal part of the FuelSOME 
project aimed at optimizing and enhancing the sustainability of fuel supply chains for maritime 

applications. This report focuses on the modelling of supply chains for various fuels, called fuel 

pathways, and the implementation of those models within a flexible and open-source Python library. 
The fuel pathways are modelled, encompassing both conventional and alternative options, to evaluate 

the efficiency and environmental impact of these supply chains, for identifying opportunities for 
optimization and ensuring these supply chains align with the operational requirements of ships and 

marine ports for seamless integration. 

This deliverable supports the overall project goals by enhancing sustainability through exploring cleaner 

fuel options and optimizing supply chains to reduce emissions, improving operational efficiency by 

ensuring reliable and efficient fuel delivery to maritime operations, and fostering innovation by using 

advanced modelling techniques to improve conventional fuel supply methods. 

To meet this objective, the approach includes data collection on various fuels and the respective 
pathway component technologies. More concretely, the model development includes all logistical steps 

in the fuel supply to ships: fuel generation, transport and storage. Thus functionality to efficiently 

evaluate different supply chain configurations and their impacts using key performance indicators (KPIs) 
is built. The report D1.3A specifically addresses the system simulation design, modelling approaches, 

and framework conditions, as well as the software design of the open-source Python library. 

Future work, including the mathematical optimization of fuel pathways, testing and validation, and case 

study calculations, will be detailed in the subsequent deliverable D1.4B, as these aspects are currently 

under active development.  
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2.1 Mapping Projects’ Outputs 

 

Table 1: 'Adherence to FuelSOME GA deliverable and task description' 

FuelSOME Task 

Respective 
Document 

Chapter(s) 
Justification 

T1.3.1: 

Modelling and 
simulation 

setup of the 

FuelSOME 

concept 

Based on the selection matrix and the 

database of T1.2, available models in 
simulation libraries (e.g Dymola) are 

assessed on their applicability for the 

defined process parameters and a 
design of the system simulation. 

Models are calibrated to the needs 
and selected process parameters. 

Validation is carried out based on real 
data from partners (AVL, ELCO, VTT, 

WUT) and supplemented by literature 

data in case of lack of real data. These 
models will be simplified and are by 

this applicable for implementation in 
the system simulation. For system 

modelling/simulation, the models are 

now implemented in a system 
simulation setup, enabling a 

computationally friendly simulation 

based on the I/O definition and 

eventually an FMI/FMU export of the 

models. Following defined 
assessment criteria, the simulation 

will be calibrated, validated, and 

finalized 

3.1, 3.2, 3.4 

and 4  

The system simulation 
setup as well as the 

existing libraries used 

are discussed in detail in 
3.2 System Simulation 

Design and Model 
Description and 3.4 

Software Design. The 

incorporation of the 
database from T1.2 is 

discussed in Fehler! 
Verweisquelle konnte 

nicht gefunden 
werden. Fehler! 

Verweisquelle konnte 

nicht gefunden 
werden.. The 

assessment criteria and 
objectives for the 

software are discussed in 

3.1 Overview and 
Framework Conditions. 

Finally the planned 
validation process is very 

briefly outlined in 4 
Testing and Validation 

and will be discussed in 

D1.4B. 

T1.3.2: 

Definition of 
the KPIs for 

the evaluation 

of the system 

simulation 

KPIs (Costs KPIs, Efficiency indicators, 

Environmental indicator) are defined 

to assess how an optimal multi-fuel 
supply backbone should be designed 

for a particular port. Based on 
parameters such as type of port, ship 

types/ship classes, geographical 

location, existing infrastructure, 
potential fuel production resources at 

the port and in the hinterland of the 
port, existing industries in the vicinity 

and hinterland of the port, distance 
over which the respective fuel has to 

be transported etc., an identification 

of relevant KPIs is carried out. The KPI 
definition is made in coordination with 

WP4. A system simulation will carry 
out to generate data for different 

scenarios/systems. The KPIs form the 

3.2.3 In 3.2.3 Key 

Performance Indicators, 

all KPIs are defined and 
the scope of calculation 

as well as the method of 
calculation are 

discussed.  
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basis for a KPI based assessment of 

these scenarios/systems. 

T1.3.3: Multi 

Fuel Supply 
Chain 

Optimization 

Based on the in T 1.1 developed multi 

fuel supply backbone concepts, a 

software-based optimization of the 

supply backbone concepts is carried 

out in order to be able to design an 

application 

and location-related optimized multi 
fuel supply backbone concept for a 

respective port. Carrying out a use 

case-related 

simulation and AI-based optimization 

(evaluation and ranking according to 
the KPIs defined above) of a multi-

fuel 

supply backbone for two ports. The 

ports are selected in consultation with 

the Advisory Board. 

3.3 3.3 very briefly outlines 

the planned supply 
chain optimization and 

the factors contribution 

to the decision which 
methodology will be 

chosen, and which 
parameters will be 

targeted for 
optimization. Details on 

the optimization will be 

discussed in D1.4B. 

FuelSOME Deliverable 

D1.3A: Report on Multi fuel supply chain modelling 

This deliverable will focus on supply chain modelling of how the different fuels will be supplied to the 

ship or the marine port 

 

 

2.2 Deliverable Overview and Structure 

This deliverable is structured to comprehensively cover the design and setup of the FuelSOME Pathway 

Tool, addressing key aspects of the system simulation and software design. 

Chapter 3: Design and Setup of the FuelSOME Pathway Tool begins with an overview of the framework 

conditions and objective targets for the simulation setup. It outlines the software requirements 
necessary to meet those objective targets. The chapter proceeds to describe the system simulation 

design and modelling, detailing the time-dependent fuel flow simulation, the graph data structure for 
pathway design and flexibility, and the component models. Key performance indicators (KPIs) are also 

discussed to measure the efficiency and reliability of the models. This chapter concludes with an 

explanation of the software design, including the class structure, parameter database, and software 

documentation. Details for supply chain optimization process will be added to chapter 3 in D1.4B. 

Chapter 4 and chapter 5, which will be included in deliverable D1.4B, focus on the testing and validation 
of the models, and detailed case studies respectively. These chapters are currently under active 

development and will build on the foundation laid in D1.3A by providing practical insights and real-
world applications of the modelled fuel pathways. Finally, chapter 6: Conclusions and Next Actions 

summarizes the findings and outlines the next steps in the project. 

The parameter database utilized in simulation was created in T1.2 and the KPI definitions were created 

in close collaboration with WP4. 
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3.  Design and Setup of the FuelSOME Pathway 
Tool 

3.1 Overview and Framework Conditions 

3.1.1 Objective Targets for the Simulation Setup 

The simulation setup of the FuelSOME Pathway Tool aims to achieve several critical objective targets 
to ensure the effective and efficient analysis and optimization of fuel supply pathways. These key 

targets are divided into targets related to scientific content and targets related to technical performance 

and usability.  

 

Scientific content targets: 

1. Scenario Analysis for Different Ports: The tool can calculate and compare different 

scenarios for various ports, enabling stakeholders to assess the viability and impact of different 
fuel pathways in diverse geographical and operational contexts. 

2. Quantitative Evaluation and Comparison: The setup provides robust mechanisms for the 

quantitative evaluation and comparison of multiple fuel pathways, ensuring that data-driven 
decisions can be made based on clear and measurable criteria (KPIs). 

3. KPI-Based Optimization: The tool employs KPIs to optimize a multi-fuel supply pathway. 
This ensures that the supply pathways meet specific performance criteria essential for the 

sustainability of the FuelSOME concept. 
4. Parameter Database Utilization: Operating on a comprehensive parameter database 

provided by task 1.2, the tool ensures that simulations are based on accurate, up-to-date, and 

relevant data, enhancing the reliability of the results. 

 

Technical performance and usability targets: 

1. Reusability: The tool is designed for high reusability, allowing the simulation framework and 

models to be easily adapted and applied to different case studies without extensive 

modifications. This ensures long-term utility and cost-effectiveness. 
2. Expandability: The simulation setup is built to be highly expandable, facilitating the inclusion 

of new modules, scenarios, and parameters as the scope of the FuelSOME concept grows. This 
allows for continuous improvement and incorporation of the latest technological and market 

developments. This also allows for possible further expansion within the scope of the 

transferability studies (Task 3.5). 
3. Computational Efficiency: The simulation setup is engineered to be computationally 

efficient, enabling the processing of complex simulations and large datasets in a timely manner, 
thus facilitating quick decision-making and iterative analysis. 

 

These targets collectively ensure that the FuelSOME Pathway Tool remains a powerful and flexible 

instrument for developing and optimizing sustainable fuel supply pathways. 

 

3.1.2 Software Requirements 

The FuelSOME Pathway Tool's software requirements are designed to meet key technical performance 
and usability targets discussed in 3.1.1, ensuring it is a robust, flexible, and efficient solution for fuel 

pathway simulation and optimization. The primary requirements include: 

 

1. Reusability: The software must support high reusability, enabling the simulation framework 

and models to be easily adapted to various case studies. This involves an object-oriented 
programming approach to facilitate a modular design. Standardized interfaces and modular 

components enable different parts of the software to be reused without significant 

modifications. The open-source nature of the tool ensures that the community can contribute 
to and benefit from its ongoing development. 
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2. Expandability: The tool should be highly expandable, allowing for the seamless integration 
of new modules, scenarios, and parameters. object-oriented programming approach facilitates 

this by allowing new classes and methods to be added without disrupting existing code. 
Developed with Python and leveraging other open-source Python libraries, the software will be 

designed to accommodate future technological advancements and market changes, ensuring 

continuous improvement and relevance of the FuelSOME concept. Open-source libraries such 
as NumPy, Pandas, and SciPy are utilized to enhance the tool's capabilities. 

3. Computational Efficiency: To handle complex simulations and optimization runs efficiently, 
the software must be optimized for high computational performance. This includes 

implementing efficient algorithms, parallel processing capabilities, and effective memory 
management. The tool should provide timely results, enabling quick decision-making and 

iterative analysis, which is crucial for evaluating and optimizing fuel pathways. Python's robust 

ecosystem is leveraged to achieve these goals. 

 

These requirements ensure that the FuelSOME Pathway Tool remains a powerful and versatile tool for 
developing and optimizing sustainable fuel supply pathways. Its open-source nature, combined with 

the use of Python, other open-source libraries, and an object-oriented programming approach, 

guarantees adaptability, community engagement, and high performance in diverse operational 

contexts. 

 

3.2  System Simulation Design and Model Description 

The FuelSOME tool approaches the modelling of fuel pathways in a twofold manner: 

1. On the one hand the tool features a time-dependent simulation of fuel flow, accounting 
for storage sizes, flow rates, and other dynamic variables.  

2. On the other hand, the tool performs KPI calculations, providing metrics to evaluate and 

optimize the performance of fuel supply pathways. 

By integrating both dynamic simulation and KPI assessments, the FuelSOME tool delivers a powerful 

framework for simulation and evaluation of individualized fuel supply chains, which are built from 

individual component models. 

 

3.2.1 Graph Data Structure for Pathway Design and Flexibility 

The use of graph data structures offers a powerful means to represent and analyse fuel production 

pathways while providing flexibility in pathway design.  In the present work these graphs describe 

fuel supply pathways and are set up, such that: 

1. The nodes represent the pathway components (energy supply, fuel generation, transport 
and storage). 

2. The edges between these nodes carry information about the current properties of fuel 
or energy being transferred (e.g. pressure level, mass flow rate, energy flow rate) 

 

More specifically so-called directed acyclic graphs are used due to their ability to store the direction of 
fuel movement within their edges and their acyclic nature, which enables automatic determination of 

the computation sequence (topological ordering), see Figure 3-1. This ordering respects the direction of 

the edges, ensuring that for any directed edge 𝑢 → 𝑣, node 𝑢 comes before node 𝑣 in the ordering 

ensuring intact causality. This representation using directed acyclic graphs and topological ordering 

allows users to generate fuel pathways in a plug-and-play fashion from fuel generation to consumption 

and provides an unambiguous definition of the pathway. For creating, handling and visualizing graph 

structures the python library networkx1 is employed. 
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Figure 3-1: Topologic ordering of a directed acyclic graph. 

This approach separates the pathway configuration, the determination of computation sequence as well 

as the optimization of the pathway structure from the component models and therefore enables easy 

adjustments and reconfiguration of the pathway design supporting the reusability target. Moreover, 
addition of new components is possible in a minimally inversive manner without affecting the underlying 

functionality of the code base supporting the expandability target. 

 

3.2.2 Time-Dependent Fuel Flow Simulation 

The simulation iteratively processes the entire graph at each timestep, with each step representing a 
discrete moment in time. This iterative approach allows the tool to capture the transient behaviours 

and dynamic interactions within the fuel flow pathway. During each timestep, the tool calculates the 
flow of fuel by analysing each node individually and in context with its neighbouring nodes. Additionally, 

nodes need to communicate with each other during each timestep, to accurately simulate the dynamic 
behaviour of the fuel flow. The following actions are performed at each timestep for each node in the 

graph.  

 

1. Receive input streams and flow requests: Each node receives input streams from its 

upstream neighbours, as well as flow requests from the downstream neighbours. For both 
inflow streams and flow requests the type as well as the quantity in respective units are 

specified. 

2. Evaluation of node: Each component has unique characteristics and behaviours, which are 
taken into account during the simulation. These may include factors such as storage sizes, 

maximum flow rates, efficiencies and more. The tool uses these characteristics to perform 
calculations that define how the node representing a specific component in the pathway 

processes its input streams into output streams. Additionally, flow requests are generated 

based on the current state of the node and the flow requests received from downstream nodes.  
3. Send output streams and flow requests: Each node communicates its output streams to 

the neighbouring downstream nodes. Thiss ensures that the downstream nodes receive the 
necessary information to perform their own calculations in the next timestep. Additionally, each 

node also communicates its requests for input streams to the neighbouring upstream nodes. 
These requests specify the type (e.g. ammonia, electric energy, pure water, hydrogen, …) and 

quantity of input streams needed by the component to maintain its performance and ensure 

the continuity of the flow. 
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Figure 3-2: The schematic shows the three steps carried out for every node in the graph in every time step 
exemplary for the yellow node. 

 

3.2.3 Key Performance Indicators 

KPIs (Key Performance Indicators) are key figures that refer to the success, performance, or utilization 

of a technology. They are necessary to evaluate processes 2. In the following we define a set of KPIs 
to evaluate and compare the fuel pathways on the one hand and to be used in the cost function for 

optimization on the other hand. All KPIs are calculated in a designated scope, namely Well-to-Wake 
(WtW): Including all steps from the initial generation of the fuel with primary energy sources like 

electricity or biomass (well) through its transportation, storage, and final consumption by the vessel for 

propulsion (wake). In order to achieve those WtW KPIs, single component KPIs are calculated to assess 
performance metrics that provide insights into the component's contribution to the overall system KPIs. 

The KPIs from individual components are aggregated within the pathway graph to provide a holistic 
view of the entire system's performance. This aggregation helps in identifying bottlenecks, 

inefficiencies, and areas for optimization, enabling informed decision-making for pathway 

improvements. In order to consider objectively comparable quantities, all KPIs are normed and hence 
given in units of the respective KPI per unit of propulsion energy. The KPIs used for the fuel pathway 

simulation are the following: 

Levelized Cost of Fuel (LCOF):  

The LCOF is a metric that encapsulates the total lifetime cost including investment and operation costs 
associated with fuel generation, transportation, storage, and consumption, normalized over the energy 

produced. By analysing LCOF, stakeholders can identify cost-saving opportunities and efficiency 

improvements within the fuel supply chain, from procurement to end-use. In the context of SOFCs for 
maritime use, LCOF provides a comprehensive measure of economic performance, considering factors 

such as fuel type, delivery logistics, and operational efficiency. This holistic view is essential for making 
informed decisions on fuel sourcing, infrastructure investments, and operational strategies. Lowering 

LCOF enhances the economic viability of renewable fuels, making them a more competitive and 

sustainable alternative to traditional maritime fuels. In the present work the following definition of the 

LCOF is utilized: 

𝐿𝐶𝑂𝐹𝑘 =
𝐶𝐴𝑃𝐸𝑋 − 𝑆𝑢𝑏𝑠𝑖𝑑𝑖𝑒𝑠 + ∑

𝑂𝑃𝐸𝑋
(1 + 𝑟)𝑡

𝑇
𝑡=0 − ∑

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑠
(1 + 𝑟)𝑡

𝑇
𝑡=0

∑
𝑃𝑟𝑜𝑝𝑢𝑙𝑠𝑖𝑜𝑛 𝐸𝑛𝑒𝑟𝑔𝑦

(1 + 𝑟)𝑡
𝑇
𝑡=0

 

Here 𝑟 ist the rate of return and 𝑇 is the respective lifetime of the component 𝑘 under consideration. 

The revenues included in the LCOF calculation are all relevant revenues excluding the fuel itself. The 
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LCOF for the total pathway is then calculated using the sum over all 𝑁 components present in the 

pathway: 

𝐿𝐶𝑂𝐹 =  ∑ 𝐿𝐶𝑂𝐹𝑘

𝑁

𝑘=1

 

Greenhouse Gas (GHG) Emissions:  

The GHG emissions KPI considers the total carbon dioxide output associated with fuel generation, 

transportation, and consumption throughout the entire supply chain. By focusing on GHG emissions, 
areas where carbon footprint reductions are possible, can be detected. In the maritime industry, 

reducing GHG emissions is increasingly critical due to stringent environmental regulations and the global 

push towards decarbonization. Monitoring GHG emissions helps in assessing the environmental impact 
of different fuel sources and their respective supply pathways. Reducing GHG emissions not only aligns 

with global sustainability goals but also improves the market competitiveness of maritime operations 
using SOFCs. The emissions are calculated into carbon dioxide equivalents, to summarize all emissions 

in one KPI 3. The following definition of GHG emissions is used, where the `other GHG emissions´ 

depend on the respective pathway component.  

 

𝐺𝐻𝐺𝑘  = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝑓 + 𝑜𝑡ℎ𝑒𝑟 𝐺𝐻𝐺 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠  

The GHG emissions for the total pathway are then calculated using the sum over all 𝑁 components 

present in the pathway: 

𝐺𝐻𝐺 =  ∑ 𝐺𝐻𝐺𝑘

𝑁

𝑘=1

 

 

Well-to-Wake (WtW) Efficiency:  

The WtW efficiency assesses the total energy efficiency of the production chain. By evaluating WtW 
efficiency, stakeholders can gain a comprehensive understanding of the overall energy performance 

and identify opportunities to reduce energy losses throughout the supply pathway. In the context of 
maritime SOFCs, the WtW efficiency encompasses all stages of the fuel lifecycle, providing a holistic 

measure of energy use and sustainability. A higher WtW efficiency equals a more effective use of energy 
resources and hence entails lower operational costs and reduced environmental impact. The WtW 

efficiency reads: 

𝜂𝑊𝑡𝑊 =
𝐸𝑖𝑛

𝐸𝑝𝑟𝑜𝑝
⁄  

where 𝐸𝑖𝑛 and 𝐸𝑝𝑟𝑜𝑝 are the total energy input to the pathway and the yielded propulsion energy 

respectively. 

𝐸𝑖𝑛 =  ∑ 𝐸𝑖𝑛,𝑘

𝑁

𝑘=1

 

The energy input 𝐸𝑖𝑛,𝑘 considering a component 𝑘 is dependent on the respective technical details. 

Pathway Technology Readiness Level (TRL): 

The Technology Readiness Level (TRL) assesses the maturity of a technology, ranging from initial 

concept (TRL 1) to full commercial deployment (TRL 9). By evaluating the TRL of a fuel supply pathway, 

stakeholders can make informed decisions on investment, development, and implementation strategies. 
In the context of maritime SOFCs, the TRL provides a clear framework for understanding the 

development stage of the technology and its readiness for integration. This helps in identifying potential 
risks, development needs, and timelines for scaling up the technology. Higher TRLs indicate that the 

technology has been validated in relevant environments and is closer to widespread commercial use, 
reducing uncertainty and facilitating smoother supply pathway integration. Monitoring TRL as a KPI 

helps in prioritizing R&D efforts, optimizing resource allocation, and accelerating the transition from 

prototype to commercial product. In order to capture the bottleneck component as well as an overall 

picture regarding technical readiness two versions of the TRL are considered, namely the minimum TRL 

𝑇𝑅𝐿𝑚𝑖𝑛 = min
𝑘

(𝑇𝑅𝐿𝑘) 
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and the CAPEX weighted pathway TRL 

𝑇𝑅𝐿𝑤 = (∑ 𝐶𝐴𝑃𝐸𝑋𝑘

𝑁

𝑘=1
)

−1

∑ 𝐶𝐴𝑃𝐸𝑋𝑘  𝑇𝑅𝐿𝑘

𝑁

𝑘=1

 

 

3.2.4 Component Models 

The component models in the tool are designed to simulate the time-dependent behaviour of fuel flow, 

electricity demand, and losses within the pathway. Each component in the system is modelled to capture 
both its transient characteristics and its interactions with neighbouring components. Each component 

handling fuel has an associated fuel type and a respective pressure level, which are checked for 
compatibility when connected to another component. The KPIs (see 3.2.3) are calculated to assess 

performance metrics such as efficiency and costs on a component level basis and for aggregation to 

pathway level KPIs. 

 

3.3  Supply Chain Optimization 

Based on the outcome of the case studies (see 5) targets and performance criteria for optimization will 

be formulated. Consequently, an optimization methodology fitting the problem posed will be employed. 

The methodology and results will be discussed in D1.4B.  

 

3.4 Software Design  

3.4.1 Class Structure 

The FuelSOME Pathway Tool's simulation setup is designed to achieve several critical scientific and 
technical objectives (3.1.1). The system simulation design is geared towards supporting the software 

requirements (3.1.2) derived from these objectives. The overall class structure is depicted in Figure 3-3 

and comprises three main classes, the `Component´ base class the `Pathway´ class and the 
`Optimizer´ class as well as a bunch of specific component classes which are derived from the 

`Component´ class. 

 

Figure 3-3: Class structure of FuelSOME Pathway Tool. 

‘Pathway’ Class: 

At the heart of the FuelSOME Pathway Tool is the ‘Pathway’ class, which orchestrates the interaction 

between different components and aggregates the KPIs from all connected components. The 
interconnected structure of the components is represented as a graph, enabling the tool to model 

complex networks and flows. Within the Pathway class, several methods facilitate the construction and 
analysis of the pathway. The add component method allows users to introduce new components into 

the pathway, while the connect components method establishes connections between them, specifying 

the flow of fuel or other quantities like electric energy. Once the structure is finalized, the compile graph 
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method prepares the pathway for simulation, ensuring all components and connections are properly 
configured. The traverse graph method utilized topological sorting to determine the correct evaluation 

sequence and consequently calls the evaluate method of every component.  

`Component’ Class: 

The `Component’ class serves as the foundational building block for the fuel pathway. Each component 

represents a distinct element within the fuel supply chain, such as photovoltaic (PV) systems, wind 
turbines, pipelines, trucks or ships, storage facilities, PEM electrolysers, Haber-Bosch processes, ports, 

and compressors. These components inherit from the `Component` superclass, encapsulating shared 
attributes and methods. Each component is characterized by its input streams, output streams, and 

component type. The input streams define the resources or data required for the component's 
operation, while the output streams specify the products or information generated by the component. 

The component type attribute identifies the specific nature of the component, distinguishing between 

different technologies and processes. A crucial functionality of each component is the ability to compute 
KPIs, which are defined and discussed in 3.2.3. These KPIs are essential for evaluating the component's 

performance, providing quantifiable metrics that reflect efficiency, sustainability, and other critical 
aspects. Additionally, each component includes an evaluate method, which evaluates based the current 

state of the respective component based on input and output streams.  

`Optimizer’ Class: 

The ̀ Optimizer’ class is designed to refine and enhance the fuel supply pathways based on optimization 

criteria. Although the specifics of this class are to be determined in D1.4B, it is expected to include 
methods for assembling objective functions for optimization based on predefined KPIs and constraints 

as well as the functionality to deliver the pathway, defined variable parameters and the objective 

function to a performant third-party solver, which will be called by the Pathway Tool.   

`Parameter Database’ Class: 

The parameter database forms the backbone of the fuel pathway calculation tool, storing all values and 
parameters necessary for simulation and KPI calculation. It builds on the preliminary tool introduced in 

D1.1A, where initial parameters have been gathered. Utilizing an SQLite database, this system ensures 
efficient and reliable data management. The database holds a wide range of data essential for both KPI 

calculation and time-dependent flow calculations. This includes physical properties, operational 

parameters, and performance metrics for various components and processes within the fuel pathway. 
Users can add custom parameters to the database, allowing for flexible and tailored simulations that 

meet specific requirements. The parameter database serves as a structured repository for organizing 

this extensive data. 

The class structure of the FuelSOME Pathway Tool is meticulously crafted to meet both scientific and 

technical performance targets.  

The modular design allows for the simulation of different scenarios for various ports. By adding and 

connecting different components, stakeholders can assess the viability and impact of diverse fuel 
pathways in different geographical and operational contexts. Quantitative evaluation and comparison 

are achieved through the compute KPIs method in each component and the aggregated KPIs in the 
Pathway class. These mechanisms ensure that multiple fuel pathways can be evaluated and compared 

based on clear and measurable criteria, enabling data-driven decisions. The optimization of multi-fuel 

supply pathways is facilitated by the Optimizer class, which will use KPIs to refine pathways. In terms 
of technical performance and usability, the class structure ensures high reusability. The modular design 

allows components and pathways to be easily adapted and reused for different case studies without 
extensive modifications. This ensures long-term utility and cost-effectiveness, making the tool a 

valuable resource for ongoing research and development. The expandability of the simulation setup is 

another key advantage. The flexible structure facilitates the inclusion of new modules, scenarios, and 
parameters, allowing the tool to grow and adapt as the scope of the FuelSOME concept expands. This 

ensures continuous improvement and the incorporation of the latest technological and market 

developments. 

 

3.4.2 Software Documentation 

The documentation for the FuelSOME Pathway Tool is a critical component, ensuring that users and 

developers can effectively understand, utilize, and contribute to the tool. Comprehensive 
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documentation is provided using the Python library pdoc4, which automatically generates clear and 
detailed documentation directly from the source code including description for all classes, methods, 

functions, and modules. This helps users quickly understand the structure and functionality of the code, 

facilitating easier application, modification and extension. 

The final version of the documentation will include clear instructions for installing the tool and its 

dependencies with guidelines for setting up the Python environment and ensuring all necessary libraries 
are correctly installed. Furthermore, a tutorial will be added to help users get started with the tool, 

demonstrating how to set up and run a simulation, how to interpret results, and customize 

configurations. 

By utilizing pdoc4, the FuelSOME Pathway Tool's documentation remains automatically updated and 
synchronized with the codebase, ensuring accuracy and relevance. This comprehensive and user-

friendly documentation supports the tool’s reusability and expandability goals, making it accessible to 

both end-users and developers. 

 

4. Testing and Validation 

Software tests ensuring the errorfree operation of the pathway tool will be carried out in the form of 
unit tests. Based on available data from literature the component models will be validated. D1.4B will 

discuss the results in detail. 

 

5. Case Studies 

The case studies treat two different harbours, likely Rotterdam and Valencia. The use cases defined in 

D1.2B will be applied to those two case studies. Additionally, varied transportation methods and 
different locations for primary energy generation and fuel production will be included yielding a 

multitude of scenarios for both harbours. D1.4B will discuss the results in detail.  

 

6. Conclusions and Next actions 

The deliverable D1.3A, "Report on Multi-Fuel Supply Chain Modelling," has successfully laid the 
groundwork for evaluation and optimization of green fuel pathways. By designing a flexible, open-
source Python library for fuel pathway modelling, this deliverable provides essential tools and insights 
necessary for optimizing the supply chains that will support the innovative FuelSOME system. 

The key outputs of this deliverable include the design of a simulation tool that models the entire fuel 
supply chain—spanning fuel generation, transport, and storage. The tool’s ability to simulate time-
dependent fuel flows and assess supply chain configurations using key performance indicators (KPIs) 
directly supports the overall project goals of enhancing sustainability, reducing emissions, and 
improving operational efficiency in maritime applications.  

This deliverable also supports the strategic alignment with the EU's focus on green hydrogen and the 
broader agenda of sustainable energy solutions. By developing models that accommodate green 
hydrogen and other alternative fuels, the FuelSOME project is positioned at the forefront of energy 
innovation, offering stakeholders a clear pathway to reducing their carbon footprint while maintaining 
operational efficiency. 

Through the work conducted in D1.3A, several best practices have been identified, including the 
importance of flexible, modular software design that allows for the integration of various fuel types 
and the use of advanced modelling techniques to capture the complexities of fuel supply chains. 
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Additionally, the use of open-source tools enhances collaboration and knowledge sharing across the 
industry, ensuring that the FuelSOME system benefits from continuous improvement and adaptation 
to new technologies and fuels. 

Potential future improvements identified include the need for further refinement of the component 
models and implementation optimization algorithms used in the tool. Enhancing the accuracy of fuel 
flow simulations under varying operational conditions will also be a key area for future development, 
as will the expansion of the model to include additional emerging technologies for fuel production. 

Moving forward, the focus will shift to the mathematical optimization of the fuel pathways as well 
testing and validation for various framework conditions. These activities will be documented in the 
forthcoming deliverable D1.4B, which will include detailed case studies to demonstrate the practical 
application of the Pathway Tool. 

The evolutionary roadmap for the FuelSOME project includes not only the continued development 
and validation of the SOFC technology but also the integration of the fuel pathways into real-world 
maritime operations. The ultimate goal is to ensure that the FuelSOME system is not only technically 
viable but also commercially attractive, offering a competitive edge to early adopters in the maritime 
industry. 
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Annex I: Software Documentation 

To view the documentation, which is provided in html format, please unzip the attached archive 

‘PathwayTool_docs.zip’ and open the ‘PathwayTool.html’ or the ‘index.html’ file in a browser of your 

choice.  

 

 


