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1. INTRODUCTION 

The main objective of the Impact Monitor project is to deliver a coherent and holistic framework and 

toolbox that aim to become the reference choice for technology and policy assessment of the 

environmental, economic and societal impact of European aviation R&I. The comprehensive Impact 

Monitor framework is composed of two tightly connected elements: 

• A scalable, open source, distributed and multidisciplinary Model Based System Engineering 

(MBSE) framework dedicated to collaborative assessment; 

• A web-based environment employed at the post-processing stage for design space 

exploration and studies analysis; 

Three example Use Cases (UCs) aim to demonstrate the capability of the Impact Monitor framework.  

Figure 1 provides an overview of the work-breakdown structure of the Impact Monitor project with a 

focus on the interaction between the WPs 3 to 5, which focus on the technical development and 

implementation. 

 

Figure 1: Impact Monitor Work-breakdown Structure for Technical Development and Implementation. 

More specifically, every UC targets an environmental-, economic- and/or societal-impact assessment 

of an exemplary (although hypothetical) R&I innovation in aviation; and covers one or more 

assessment levels (i.e., aircraft, airport and/or air-transport system level).  Every UC has been 

implemented in the Impact Monitor framework developed in WP3 and its results can be accessed 

through the Impact Monitor Dashboard Application from WP4.  

The implementation of the three demonstration UCs follows four steps from the definition of the 

scenario definition to the selection of the models, which are then integrated into collaborative 

workflows in order to compute and provide the desired metrics for the quantitative assessment of the 

defined scenario. Figure 2 illustrates the sequence of these implementation steps, which have been 

carried out by all three demonstration UCs. 
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Figure 2: Implementation Steps for the Demonstration Use Cases 

Jointly, the three UCs address all three assessment levels. Furthermore, these UCs intend to consider 

expected needs coming from selected stakeholders identified in WP2 and to produce key performance 

indicators (KPIs) identified in WP1.  

The three UCs together with their respective assessment levels are shown in Figure 3 and are titled as 

follows: 

• UC1: Advanced Propulsion System; 

• UC2: Continuous Descent Operations; 

• UC3: Sustainable Aviation Fuels. 

Next to the general demonstration of the Impact Monitor framework in the three Use Cases, each Use 

Case also focussed on specific aspects. 

• Use Case 1: demonstration of the framework’s capabilities with the MDA loop and DOE loop, as 

well as the data conversion and exchange between different standards (CPACS and BADA) 

• Use Case 2: demonstration of the framework’s capabilities with a large number of tools, as well as 

the collaborative versatility with the use of both BRICS and Uplink. 

• Use Case 3: demonstration of the framework’s capabilities to include complex / costly models not 

natively exchanging data, and scalability assessment for larger data sets containing global 

passenger flights in future years. 
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Figure 3: Schematic Representation of the Demonstration Use Cases and Assessment Levels 

The first WP5 deliverable (D5.1 [1]) introduced and described the pre-existing models and capabilities 

available in the consortium at the beginning of the project. The second one (D5.2 [2]) described the 

scope of the three demonstration use cases of the Impact Monitor project, as well as the plan for their 

implementation in the Impact Monitor collaborative assessment framework. The third one (D5.3 [3]) 

refined the operating scenarios of three demonstration use cases, as well as the status of their 

implementation with a preliminary example of partial execution for each one. 

The present deliverable (D5.4) concludes the WP5 activities and provides the final results of the 

operating scenarios of three demonstration use cases of the Impact Monitor project, as well as the 

lessons learnt regarding their implementation and execution in the Impact Monitor collaborative 

assessment framework.  

It is organised as follows: 

• Section 2 highlights the main results obtained by each UC, in terms of workflow execution and 

studies at the end of the Impact Monitor project 

• Section 3 collects all the lessons learnt through all the four phases of the UC development, from 

scenario definition until results post processing 

• Section 4 provides the roadmap of collaborative framework development for improvement and 

extension of scope 

• Section 5 concludes the document, summarising the information provided herein. 
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2. USE CASE RESULTS 

This chapter summarises for each Use Case the general set-up of the use case and gives an overview 

of the finalisation of the technical activities in the last months of the project, as well as the Use Case 

results.  

In November 2024 each of the Use Cases was presented at the 14th EASN Conference in Thessaloniki, 

Greece. In addition to the overview in this chapter, Annexes A to C include for each Use Case a paper 

published in the proceedings of the EASN Conference, with more detailed information on the technical 

implementation and results. 

2.1 Use Case 1: Advanced Propulsion Systems  

2.1.1 General 

Use Case 1 (UC1), aimed at aircraft level for the advanced propulsion systems has been implemented 

using the Impact Monitor framework and the results are presented through the Dashboard (see D4.3 

[4]). UC1 involves the collaborative design and analysis of a single-aisle, tube-and-wing, low-wing 

configuration, with two wing-mounted turbofan engines, and conventional empennage. For airframe 

sizing, top-level aircraft requirements and design variables (e.g., wing area and aspect ratio) are 

utilized to calculate the engine thrust requirements, which are then transferred in a CPACS file to the 

engine sizing model using the Uplink protocol. These thrust requirements are then used to generate 

engine performance deck which is transferred again through CPACS file. This process is repeated 

iteratively until the thrust requirements stabilize (i.e., convergence is reached).  

The two tools employed for sizing airframe and engine cycle analysis are SUAVE (Aircraft Modelling 

Tool) and TURBOMATCH (Engine Modelling Tool), respectively. Once the convergence between 

airframe and engine design teams is achieved, the optimized aircraft can be utilized for emissions 

assessment, where 4D trajectory analysis is performed by utilizing the tools DYNAMO (Trajectory 

Amendment for contrail avoidance) and AECCI (Aircraft Emissions and Contrails for Climate Impact). 

These tools require BADA model (.opf and .apf) as input to conduct 4D trajectory analysis. A tool for 

automated generation of BADA model (called CPACS2BADA Convertor) was developed which takes 

the CPACS files and produce the corresponding BADA .opf and .apf files. 

All the four tools (SUAVE, TURBOMATCH, DYNAMO, and AECCI), along with CPACS2BADA convertor 

tool, were integrated through the Impact Monitor Multidisciplinary design optimization (MDO) 

framework using Remote Connection Environment (RCE) to conduct design studies. 
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2.1.2 Progress in technical implementation since Deliverable 5.3 

The table below provides an overview of the status of UC1, as documented in Deliverable 5.3 

(indicated in black), along with the additional steps implemented since then (highlighted in green). 

Table 1: UC1 tool integration status – in green: additional steps since Deliverable 5.3 

Tool CPACS connection RCE integration 

 

Read & write XML 
Data integrated 

into CPACS 

Tool integrated 

locally 

Connection to 

Uplink server 

established 

Complete remote 

workflow tested 

and verified 

TURBOMATCH 🗹 🗹 🗹 🗹 🗹 

SUAVE 🗹 🗹 🗹 🗹 🗹 

DYNAMO 🗹 🗹 🗹 🗹 🗹 

AECCI 🗹 🗹 🗹 🗹 🗹 

 

In addition to the general demonstration of the Impact Monitor framework, the implementation of 

UC1 also demonstrates the RCE capabilities with the MDA loop and DOE loop, as well as the data 

conversion and exchange between different standards (CPACS and BADA). 

For UC1 the paper submitted to the conference proceedings is included in Annex A, which also 

contains a description of the technical implementation of UC1. The following graphs illustrate the two 

main components of studies which combine the full remote workflow conducted for UC1. 
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Figure 4: Remote workflow for UC1 

2.1.3 Selection of Use Case 1 results 

To demonstrate the Impact Monitor Framework and Dashboard Application features and capabilities 

at Airport Level, the Use Case 1 study was conducted as explained in previous sections. The study 

began with the parameters provided below and involved tweaking the parameters to achieve an 

engine and aircraft convergence to create a concept aircraft.  

Table 2: Problem formulation for airframe and engine design 
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As the study focused on two different setups of engines, one being High Bypass Ratio and the other 

being Ultra High Bypass Ratio, once the concept aircrafts have been achieved, we can see a designs 

of both the engines in the plots illustrated in Figure 5. 

 

Figure 5: Engine Design Results for UC1 

The aerodynamic performance (i.e., the low speed and high speed drag polars) of the aircraft are 

presented in Figure 6. 

 

Figure 6: Airframe Design Result for UC1 

Similarly generated concept aircrafts are then passed into the trajectory analysis and emission 

assessment tools which in turn provide results illustrated in Figure 7 and Figure 8.  
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Figure 7: 4D Trajectory Analysis 

 

 

Figure 8: Emissions Assessment 

For Use Case 1 the paper that was presented at the 14th EASN Conference is included in Annex A. This 

annex provides a description of the implementation of the use case, as well as the preliminary results 

obtained.  
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2.2 Use Case 2: Continuous Descent Operations 

2.2.1 General 

Use Case 2 (UC2) is aimed to the analysis of the airport level assessment. The focus of the UC2 is on 

the arrival operations, and more specifically the implementation of Continuous Descent Operations 

(CDO), or what is the same the Continuous Descent Arrival (CDA). As described in D5.3 [3], CDO is 

expected to reduce emissions and noise annoyance in the daily operations. In order to enable an 

accurate analysis of the real impact of the implementation of this strategy the tools involved in the 

use case are: 

• AirScheduler (DLR): provides a flight schedule from a list of origin and destinations 

• AirTOp (NLR): provides the flight trajectories around an airport given the schedule of flights 

• Dynamo – Farm (UPC): provides accurate analysis of the flight trajectories, adding additional 

parameters to the ones calculated by AirTOp. (*) 

• TUNA (NLR): provides analysis of the noise annoyance given a flight trajectory and an area of 

interest. 

• LEAS-iT (NLR): provides analysis of the emissions given a flight trajectory and an area of 

interest. 

• AECCI (ONERA): provides accurate analysis of the emissions of a given trajectory (*) 

• TRIPAC (NLR): provides analysis of the risk associated to the operation and its associated flight 

trajectory 

• SCBA (TML): provides the global assessment of the impact taking the data from the previous 

steps and comparing with a baseline design 

The reader can see that the list of tools is quite large, including 8 tools. Dynamo – Farm and AECCI, 

marked with an (*) can be considered as a secondary branch of the workflow. This is due to the fact 

that data from AirTOp is enough to feed TUNA, LEAS-iT and TRIPAC, while these three tools can 

provide enough data to the SCBA to perform the impact assessment. The reason to define this second 

branch is the complementarity and the more accuracy one can obtain with the two additional tools.  

2.2.2 Progress in technical implementation since Deliverable 5.3 

Deliverable D5.3 [3] provided a description of the status of the implementation at that moment. From 

then, progress has been done. The previous and current status is described in the following table. The 

previous covered steps are highlighted in black, while the new ones are shown in green. 
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Table 3: UC2 tool integration status – in green: additional steps since Deliverable 5.3 

Tool CPACS 

connection 

 RCE 

integration 

  

 

Read & write XML 
Data integrated 

into CPACS 

Tool integrated 

locally 

Connection to 

Uplink/BRICS server 

established 

Complete remote 

workflow tested 

and verified 

AirScheduler 🗹 🗹 🗹 🗹 🗹 

AirTOp 🗹 🗹 🗹 🗹 🗹 

Dynamo-Farm 🗹 🗹 🗹 🗹 🗹 

TUNA 🗹 🗹 🗹 🗹 🗹 

LEAS-iT 🗹 🗹 🗹 🗹 🗹 

TRIPAC 🗹 🗹 🗹 🗹 🗹 

AECCI 🗹 🗹 🗹 🗹 🗹 

SCBA 🗹 🗹 🗹 🗹 🗹 

 

In addition to the general demonstration of the Impact Monitor framework, the implementation of 

UC2 also demonstrates the capabilities of the framework with a large number of tools, as well as the 

collaborative versatility with the use of both BRICS and Uplink.  

For UC2 the paper that was presented at the 14th EASN Conference is included in Annex B. This annex 

provides a description of the implementation of the use case, as well as the preliminary results 

obtained.  

2.2.3 Selection of Use Case 2 results 

The Impact Monitor assessment for Use Case 2, at Airport level, is based on the comparison of two 

scenarios. The first one is the reference baseline. It considers the null application of continuous descent 

operations. The second one already considers CDO. More specifically, the operation of interest is the 

approach, so the scenarios focus on continuous descent approaches (CDA). An example of this 

comparison is shown in Figure 9, which compares the noise contour for a non-CDO and a CDO 

operation.  
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Figure 9: Comparison of the Noise Contour in Use Case 2 

As described in the Annex B, the way each scenario is defined and executed is almost the same. 

Starting from the list of flights, a flight schedule is obtained and simulated to get all the trajectories. 

Then each trajectory is analysed to get the emissions, noise and risk associated to the operation. The 

comparison between to two scenarios, with and without CDO, is providing the final impact assessment. 

As a reminder, it is important to keep in mind that the degree of implementation of the CDO strategy 

depends on the number of operations. With an increase on the number of operations we could reach 

a point where CDO is no longer applicable due to ATC (Air traffic control) restrictions. 

Annex B provides a detailed description of the results obtained so far. The work done from last 

November has been focused on the issues concerning the integration of the tools, so the results 

described in the EASN paper are the last and most updated ones. 

  



   D5.4 – Use Cases Results 

 Version 1.0 

 

 

Funded by the European Union under GA No. 101097011. Views and opinions expressed are 
however those of the author(s) only and not necessarily reflect those of the European Union or 
CINEA. Neither the European Union nor CINEA can be held responsible for them. 

-21- 

 

2.3 Use Case 3: Sustainable Aviation Fuels 

2.3.1 General 

Use Case 3 demonstrates the Impact Monitor framework at the ATS level, focusing on policies for the 

uptake of sustainable aviation fuels (SAF). The following table gives an overview of the tools involved. 

Three of the tools involved have already been combined in the past for analyses though not yet using 

the framework (Scheduler, Emissions tool and ECOIO), and other hand for a new combination of tools 

(TRAFUMA with the other tools). Scheduler, ECOIO and TRAFUMA analyze different dimensions of the 

economic impacts of policies, while the environmental impacts are covered in the Emissions tool and 

TRAFUMA. For the purpose of the project, Scheduler and the Emissions tool have been optimized to 

integrate them smoothly in the workflow. 

 

Figure 10: Tools used in the ATS Use Case 

2.3.2 Progress in technical implementation since Deliverable 5.3 

The following table gives an overview of the status of UC3 as reported in Deliverable 5.3 (in black), 

and of the additional steps that have been undertaken since then (in green).  

Table 4: UC3 tool integration status – in green: additional steps since Deliverable 5.3 

Tool CPACS connection RCE integration 

 

Read & write XML 
Data integrated 

into CPACS 

Tool integrated 

locally 

Connection to 

Uplink server 

established 

Complete remote 

workflow tested 

and verified 

AirScheduler 🗹 🗹 🗹 🗹 🗹 

Emissions Tool 🗹 🗹 🗹 🗹 🗹 

ECOIO 🗹 🗹 🗹 🗹 🗹 

TRAFUMA 🗹 🗹 🗹 🗹 🗹 

 

In addition to the general demonstration of the Impact Monitor framework, the implementation of 

UC3 also demonstrates the framework’s capabilities to include complex / costly models not natively 

exchanging data, and scalability assessment for larger data sets containing global passenger flights in 

future years. 
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For UC3 the paper that was presented at the 14th EASN conference is included in Annex C. The paper 

gives a description of the technical implementation for UC3. The following graph reports the remote 

workflow that was carried out for UC3. TRAFUMA and Scheduler compute the results immediately for 

all scenarios and years, while the other tools do so per year. The figure at the left shows the workflow 

when ECOIO and the Emissions Tool work for one year, while the figure at the right gives the full 

workflow for all scenarios and years.  

 

Figure 11: Remote workflow for Use Case 3 

2.3.3 Selection of Use Case 3 results 

In order to demonstrate the Impact Monitor framework at ATS level, the UC3 tools were used to 

analyze the impacts of two policy scenarios for 2035 and 2050: the introduction of a global carbon tax 

in aviation (ENVTAX scenario), and the implementation of a global blending mandate for sustainable 

aviation fuels (BLENDING scenario).  

In this section a selection of results are shown. The definition of the reference scenario and the two 

policy scenarios is detailed in Annex C. As the main focus of the exercise is on the demonstration of 

the Impact Monitor framework, rather than the exact finetuning of the scenario components, the 

scenario results should be considered as exploratory.  

In the UC3 workflow TRAFUMA first calculates the impact of the policy scenarios on the fuel costs 

(Figure 12). In 2035 the impact of the blending mandate on the fuel costs for fuel bought in the EU is 

relatively small. As the SAF count for the broader REDIII transport target, they are cross-subsidized by 

higher fossil fuel costs not only in aviation but also in the other transport sectors. Moreover, no ETS 

allowances need to be surrendered for SAF. Outside of Europe in 2035 and for all flights in 2050, when 

the blending mandate is much stricter, it leads to a substantial increase in the fuel costs. The ENVTAX-

scenario, which imposes a tax of 200 euro/tonne of CO2 emissions globally (on a WTW with ILUC basis) 

leads to similar prices in all aviation market segments. The ETS no longer applies for aviation in this 

scenario, leading to only a small change in this segment, that is related to the fact that the tax is now 

based on the WTW with ILUC emissions of the fuels that are used. In the other market segments the 

price increases are substantial. 
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Figure 12: Fuel cost in the reference scenario and the two policy scenarios (euro2016/tonne of oil equivalent). 

Source: TRAFUMA 

The scenarios lead to the following impact on the number of revenue passenger kilometres (RPK) and 

flights for the whole fleet (as calculated by Scheduler): in 2035 the ENVTAX scenario leads to the lowest 

level of RPK and flights, whereas in 2050 the lowest demand comes through the scenario with a 

blending mandate. 

 

Figure 13: Revenue passenger kilometres (left; in billions) and number of flights (right; in millions) in the 

reference scenario and the two policy scenarios. Source: Scheduler 

Regarding the impact on the fuels used, which is calculated with TRAFUMA, with the blending 

mandate, the shares of the different types of fuels are in line with the blending mandate. In the 

ENVTAX-scenario the level of the tax that is assumed does not lead to an uptake of SAF.  

Concerning the CO2 emissions to in-flight fuel burn for the whole fleet, the following impacts are 

simulated by the Emissions Tool: in 2035 the best result is achieved through the environmental tax 

scenario, whereas in 2050 the blending mandates yield the lowest emissions.  
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Figure 14: CO2 emissions from in-flight fuel burn (Million tonnes CO2). Source: Emissions tool 

As there is no uptake of SAF in the environmental tax scenario, all CO2 emission reductions are related 

to the reduction in fuel demand. In the scenario with the blending mandate emissions are reduced via 

two mechanisms: via a reduction in fuel demand (see Figure 14), and via the reduction in the emissions 

from the WTW with ILUC perspective. Figure 15 gives the percentage change in the average WTW 

with ILUC emissions per tonne of oil equivalent of fuel that is consumed, for the scenario with the 

blending mandate. For the environmental tax scenario there is no change in the emission intensity of 

the fuels used.  

 

Figure 15: Average CO2 emissions per tonne of oil equivalent – percentage change compared to the baseline 

scenario. Source: TRAFUMA 

To investigate the cost-effectiveness of the policies in the two scenarios, TRAFUMA calculates the 

social cost per tonne of CO2 abated (Figure 16). This is calculated by taking the sum of the change in 

consumer surplus, producer surplus and government revenue, and by dividing this sum by the change 

in emissions (WTW with ILUC perspective). As can be expected based on previous literature, the social 

welfare cost per tonne abated is high for the blending mandates, which impose a costly technology 

(SAF) to reduce emissions. Under the environmental tax scenario emissions will be reduced up to the 

point where the marginal cost of an additional unit of emission reduction equals the level of the 

environmental tax (200 euro/tonne CO2). The resulting average social welfare cost is about 100 

euro/tonne CO2. These social welfare costs can be compared with those in other sectors, for other 

policies or for other levels of the two policies considered here. By comparing them with the benefits 

of emission reductions, they can also be used in social cost-benefit analyses to evaluate the policies 

and compare them with other policies. 

Finally, the ECOIO tool presents information on the economic impacts of the policy scenarios. Since 

both the blending mandates and the environmental taxes lead to a lower demand for air travel, the 

gross value added and employment created by the aviation industry decrease in both scenarios 
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compared to the business-as-usual scenario. Figure 17 shows these results in detail for the European 

Union, broken down by each sub-sector of the aviation industry (e.g., air transport = AT), scenario, 

and year. The value added and employment effects are an aggregate of direct, indirect, and induced 

effects. Direct effects result from activities within the aviation industry itself, while indirect effects arise 

from the activities of suppliers to the aviation industry (e.g., fuel providers). Induced effects, on the 

other hand, are generated by the consumer spending of employees in both the direct and indirect 

sectors, which in turn stimulates further economic activity. 

 

Figure 16: Social welfare cost per tonne of CO2 emission abated (WTW with ILUC perspective) – 

euro2016/tonne CO2 abated. Source: TRAFUMA 

 

Notes: AT = Air transport, AT SRV = Air transport related services (e.g., airport services, air traffic management), 

MRO = Maintenance, repair and overhaul, MANU = Manufacture of aircraft and aircraft components; BAU: reference 

scenario; Blend: scenario with blending mandate; Tax: environmental tax scenario 

Figure 17: The economic impacts of the policy scenarios in the European Union. Source: ECOIO 

As indicated before, the results should be seen as exploratory, as the focus lied on the demonstration 

of the framework. A full evaluation of SAF policies would require also the consideration of a wider 

range of policy assumptions: different definitions of the policies than the ones considered here (e.g. 
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different tax levels, different modalities for the blending mandates, etc.) as well as the consideration 

of other policy instruments (e.g. subsidies). The advantage of the Impact Monitor framework is that it 

greatly facilitates such additional work once the workflow with the different tools has been set up. 

Moreover, it allows to bring in additional tools that can shed light on additional policy impacts, such 

as, for example, tools that inform on the reduction of the non-CO2 climate impacts of SAF policies. 
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3. LESSONS LEARNT AND ROADMAP 

3.1 Introduction 

The objective of this final section of the deliverable is twofold: 

• First, to gather and analyse the feedback from all relevant partners at the conclusion of the 

WP5 activities. This aims to identify what worked well, what did not, and areas for 

improvement. These insights are covered in the Lessons Learnt section (Section 3.2). 

• Second, to outline future projections for extending the Impact Monitor. This includes 

addressing more complex workflows, conducting more advanced studies, and enhancing its 

overall capabilities. This is detailed in the Roadmap section (Section 3.3). 

The inputs for these two sections were collected through a targeted survey conducted during month 

23 of the project, which was distributed to a selection of partners involved in WP3, WP4, and WP5, 

encompassing all Use Cases (UCs). The activities related to the UCs were divided into four distinct 

phases (see Table 5) to ensure the collection of detailed information. For each phase, three consecutive 

sections were presented to the partners: 

• The first section focused on gathering their feedback regarding the complexity of activities in 

each phase. 

• The second section addressed lessons learnt, including a list of proposed improvements for 

validation and placeholders for additional input on lessons learnt and roadmap actions. 

• The third section was dedicated to roadmap proposals, offering a similar structure to capture 

detailed suggestions for future developments. 

 

Table 5: Overview of Use Case implementation phases 

Phase 1 Creation of assessment scenarios and selection of models 

This step consists of defining the UC scenario in terms of objectives, focus 

(depending on the UC), assessment levels and boundaries. Required metrics are also 

defined at this stage. The scenario drives the requirements of competences needed 

to be included in the workflow.  The models are then selected among the partners 

capabilities. The choice is made, for instance, depending on the assessment levels 

covered and the required metrics. In addition, the models should provide the right 

level of accuracy. From collaborative workflow considerations, the selected models 

should be easily made executable and allowed to be remotely accessible 

Phase 2 Workflow definition and visualisation 

In this phase, once the models have been selected, the partners agree on the way 

they are connected to one another. First, a mock-up of the workflow is created using 

MDAx, in order to highlight the expected coupling between the models. Then, all 

models are progressively wrapped in CPACS while, in parallel, CPACS is extended to 
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cover the specificity of Impact Monitor focus. At the end of this step, all models are 

wrapped in the latest version of CPACS_IM and the latest MDAx version reflects the 

target status of the workflow. 

Phase 3 Execution of collaborative workflow 

In this step, the workflow defined in MDAx in the preceding step is executed in RCE 

in a collaborative way. First, each model is integrated in RCE as local tool able to 

read/write CPACS_IM file. Then, they are made remotely accessible through Uplink 

or BRICS. Once every tool is integrated and accessible, the workflow is created (ideally 

from MDAx workflow output in RCE format) and full workflow connection and 

execution is checked.  

Phase 4 Running assessment studies and postprocessing results 

In this phase, the scenarios defined initially are operated using the executable 

collaborative workflow adapting the studies parameters. Assessment results are 

produced and stored (at least in CPACS files).  The results of the studies are post 

processed through the Dashboard. Results can be visualized, tables generated and 

studies results can be compared. 

3.2 Lessons learnt 

3.2.1 Overall feedback 

The overall feedback on the framework was collected to assess the extent to which it achieved its goal 

of enabling partners to efficiently set up and operate collaborative workflows for impact assessment. 

According to the survey results, the framework was found to be useful for integrating models, creating, 

and running workflows collaboratively. Some partners also highlighted that it improved 

communication beyond the models, fostering exchanges between researchers working on different 

topics. Additionally, partners gained knowledge of the framework's various components and are now 

better equipped to use it in future projects. However, some respondents noted that newcomers would 

still require support. These aspects will be further addressed in the detailed Lessons Learnt and 

Roadmap sections. 
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Figure 18: Overall feedback (main outcomes) 

3.2.2 Creation of assessment scenarios and selection of models 

This step has been divided in three sub-steps to collect finer feedback:  

- 'Define scenario', 

- 'Define boundaries', 

- 'Select models'. 

The first type of feedback focused on how easy it was for partners to perform this task. As shown in 

Figure 19, partners generally considered this step to be of medium difficulty. Several factors explain 

this: first, it took place at the beginning of the project, when most participants were new to this type 

of activity. Additionally, the specificities and capabilities of the models, particularly in terms of data 

exchange, were not fully defined at that stage. Nevertheless, no major bottlenecks were identified, 

and the step was successfully completed across all use cases. 
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Figure 19: Ease of use – Creation of assessment scenarios and selection of models 

The second type of feedback addressed the lessons learnt from this specific step (Figure 20). Partners 

were invited to react to several proposals and had the opportunity to add additional insights. The 

outcomes confirmed previous observations: the lack of initial knowledge about the capabilities of all 

models and the fact that many were not initially compliant with the data model were considered 

valuable feedback. Another key point was that many tools were initially rigid, with limited flexibility in 

handling inputs and outputs. 
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Figure 20: Lessons learnt - Creation of assessment scenarios and selection of models 

Regarding scenario definition, partners emphasized the importance of ensuring that model metrics 

align with scenario objectives and improving the ease of running multiple scenarios. Beyond 

framework-related issues, it is also crucial to establish a common understanding of the concepts used 

across different models. People from different backgrounds may interpret the same metric differently, 

highlighting the need for clear and explicit definitions of key metrics and concepts. This will help 

ensure proper alignment between model metrics and scenario objectives while allowing for some 

flexibility in scenario definition. 

3.2.3 Workflow definition and visualisation 

This step has been divided in four sub-steps :  

- 'Mock up workflow activities (MDAx)', 

- 'Model CPACS wrapping ', 

- 'Contribution to CPACS schema extensions', 

- 'Workflow upgrade using models I/O in CPACS (in MDAx)' 

Regarding the ease of performing this task, partners found it generally easier than the first step (Figure 

21). The mock-up activities with MDAx were relatively straightforward for most partners, while the 

CPACS schema extension activities proved more complex to handle. 
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Figure 21: Ease of use – Workflow definition and visualisation 

A more detailed analysis of the lessons learnt confirms expected challenges (Figure 22). The CPACS 

integration process requires significant initial development effort from tool owners, with the time 

needed varying widely depending on model complexity—ranging from a few days to several months. 

While CPACS is flexible enough to accommodate new models, the absence of a fixed schema at the 

start introduced additional complexity and delays. Moreover, defining CPACS inputs and adding 

outputs for a specific model depends on the prior CPACSization of previous models. This dependency 

led to delays and additional work as the CPACS structure evolved throughout the process. 

Nevertheless, the flexibility of the schema remains an advantage, allowing for the seamless integration 

of new models. Partners also noted that tutorials and technical support played a crucial role in 

facilitating tool integration and ensuring the successful implementation of CPACS.  

Regarding MDAx, once partners became familiar with the tool, they found it highly effective in 

designing workflows and identifying the appropriate inputs and outputs through continuous 

collaboration. 
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Figure 22: Lessons Learnt – Workflow definition and visualisation 

3.2.4 Execution of collaborative workflow 

This step has been divided in three sub-steps: 

- 'Integrate model as RCE tool', 

- 'Allow remote access through Uplink and /or BRICS', 

- 'Check collaborative workflow executions' 

In terms of ease of use, no significant bottlenecks were identified (Figure 23). Integrating models into 

RCE and enabling remote access via Uplink were generally considered straightforward. However, for 

BRICS integration, since only NLR models utilized it, the amount of feedback was insufficient to draw 

a clear conclusion. The collaborative workflow validation—achieving a complete run of all models—

was perceived as slightly more challenging. 
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Figure 23: Ease of use – Execution of collaborative workflow 

Regarding lessons learnt (Figure 24), tool integration in RCE was generally smooth and standardized, 

particularly when using RCE and Uplink, which were simpler compared to the more complex BRICS 

process. However, BRICS provided valuable functionality for users requiring full control over remote 

tool calls. Concerning the overall workflow validation, one key challenge highlighted was that the 

verification of the final tools depended on the completion of previous models, which sometimes led 

to delays and reduced time for modifications. As with previous steps, partners also appreciated the 

tutorials and technical support provided by the framework team. 

 

Figure 24: Lessons Learnt – Execution of collaborative workflow 
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3.2.5 Running assessment studies and postprocessing result 

This last step has been divided in four sub-steps: 

- 'Run baseline reference study', 

- 'Run scenario studie(s)', 

- 'Export results to Dashboard', 

- 'Generate table and figures in Dashboard' 

Partners generally considered this step to be of medium difficulty (Figure 25), particularly when 

running the scenario studies. This was mainly due to the fact that these activities took place in the 

final phase of the project, requiring the simultaneous availability of all partners. Regarding the 

dashboard, many partners selected “no opinion,” primarily because its development had been 

delayed. As a result, they did not use it directly but instead had to transfer their results to the 

dashboard development team, leading to limited feedback. 

 

Figure 25: Ease of use – Running assessment studies and postprocessing results 

The lessons learnt provide a more detailed analysis of this step (Figure 26). One key takeaway 

regarding scenario studies was that fine-tuning the CPACS schema was sometimes necessary to 

facilitate information transfer and post-processing analysis. As for the dashboard, developers noted 

that generating visualizations often required additional data processing of CPACS files, such as 

collating, accumulation, or multiplication. This resulted in extra manual work at the dashboard level. 
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Figure 26: Lessons Learnt – Running assessment studies and postprocessing results 

3.3 Roadmap for Impact Monitor Framework 

This roadmap section is based on survey responses. Similar to the lessons learnt section, partners 

could express their agreement with proposed recommendations and also suggest their own roadmap 

elements. However, unlike the previous section, the roadmap proposals are less specific to each step, 

as they represent the users' perspective on the future evolution rather than concrete development 

solutions. 

The following graphs summarise the survey answers regarding the roadmap.  

 

Figure 27: Roadmap – Creation of assessment scenarios and selection of models 
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Figure 28:  Roadmap – Workflow definition and visualisation 

 

Figure 29: Roadmap – Execution of collaborative workflow 
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Figure 30: Roadmap – Running assessment studies and postprocessing results 

3.3.1 Accelerating the overall impact monitoring process 

As mentioned earlier, the scenario definition step lacked some formalization, and certain sub-steps 

took time to be clearly defined. To address this, it is proposed to leverage MBSE formalization (and 

tools) to implement the Impact Monitor Toolbox in a systematic way, ensuring traceability from initial 

stakeholder needs to the final assessment results. This MBSE approach has already been explored and 

applied in other EU projects, such as AGILE 4.0 and COLOSSUS. While existing solutions are available, 

they need to be adapted to the specificities of Impact Monitor activities. 

Another aspect to consider is improving the ease of workflow development. Proposed improvements 

include creating a model catalogue, clearly specifying model requirements for framework integration, 

anticipating dashboard post-processing needs (e.g., through predefined scripts and UC templates), 

and enabling the reuse of existing workflow components. 

3.3.2 Enhancing the framework with new capabilities 

In Impact Monitor, the framework was developed primarily for demonstration use cases, with 

workflows designed to evaluate a limited set of scenarios. Enabling more comprehensive assessment 

studies will require more complex workflows that incorporate high-fidelity tools, handle a larger 

number of evaluations, and analyse a broader range of quantities of interest to support trade-off 

studies. 

To achieve this, integrating advanced methods such as surrogate models and uncertainty 

quantification & propagation is essential. Surrogate models can replace computationally expensive 

models, significantly reducing evaluation costs while maintaining accuracy. Additionally, surrogate 

models could enhance the dashboard by storing results from multiple studies, allowing stakeholders 

to explore the solution space interactively. Other capabilities, such as optimization methods and trade-

off analysis tools, may also be valuable additions. 
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3.3.3 Reducing the entry barrier for newcomers 

Feedback from partners highlighted that using the framework required familiarity with multiple 

technologies (e.g., CPACS, MDAx, RCE), which many were initially unfamiliar with. While support from 

the development team was highly appreciated, it is recommended to use this feedback to streamline 

the learning process. 

Proposed improvements include enriching the existing tutorials with a one-page cheat sheet and 

more tailored example scripts for CPACS parsing. Additionally, involving developers from the very 

beginning of the process and enabling direct exchanges when necessary, could further accelerate the 

learning curve for new users. 

3.3.4 Improving collaboration efficiency 

While this aspect is less directly related to the framework itself, it plays a crucial role in the success of 

collaborative projects. Many of the proposed improvements align with the MBSE approach. For 

example, clearly defining partner roles within the team—such as an “Integrator” responsible for overall 

workflow setup and execution, and a “Model Expert” responsible for providing a specific model—

could enhance efficiency. These roles could be associated with different access rights within the MBSE 

framework. 

Furthermore, each model should be linked to a designated "owner" to ensure direct involvement 

whenever needed. Additionally, relying on integrated direct messaging capabilities for study execution 

within each use case was found to be beneficial for coordination and real-time collaboration.  
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4. SUMMARY AND CONCLUSIONS 

The Impact Monitor deliverable D5.4 delivers the final results of the operating of the three 

demonstration use cases: 

• UC1: Advanced propulsion system; 

• UC2: Continuous descent operations; 

• UC3: Sustainable aviation fuels. 

These use cases have successfully demonstrated the capabilities of the framework to assess the impact 

of R&I innovation in aviation at the appropriate assessment level(s). Moreover, almost fifteen different 

models from all the partners are now compliant with the Impact Monitor framework covering all 

assessment levels, providing a variety of metrics ready to be integrated into new assessment 

workflows in follow-on projects. 

In addition, this deliverable collects and analyses the lessons learnt of their implementation and 

execution in the Impact Monitor collaborative assessment framework. Furthermore, a roadmap for the 

enhancement of collaborative framework development is also provided. 
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