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3. Preamble  
To be able to assess and improve the environmental footprint of shipyards, the Shipyard Envi-
ronmental Performance Index (SEPI), Ship Circular Materials Passport (SCMP) and Ship Lifecy-
cle Passport (SLP) will come into place. 

Funded by the EU under the Horizon Europe research and innova6on programme, the Euro-
pean project CirclesOfLife (CoL) and its partners will develop methodologies and concepts for 
the Shipyard Environmental Performance Index (SEPI) and Ship Lifecycle Passport (SLP) during 
the first phase of the project (Work package 1). 

Enhancing the shipyard’s knowledge and understanding of their processes including the align-
ment with their environmental footprint, is one of the goals of the CirclesOfLife project. In 
order to implement, assess, benchmark and improve the shipyard’s processes in terms of sus-
tainability, a tool needs to be developed which serves at least one of the purposes of the Cir-
clesOfLife projects ambi6ons and is part of the Task T1.2: 

“Development of a generic digital shipyard model encompassing shipyard processes with the 
associated energy use and emissions, enabling to assess and benchmarking the environmental 
performance and cost-efficiency of shipyards and their contribu=on to the environmental im-
pact assessment within the ships’ Life Cycle (LC).” 

Based on the methodology and scope developed in T1.1 and T1.3, requirements for the Ge-
neric Shipyard Model have been analysed and documented in IR 1.2. This D 2.1 will con6nue 
the documenta6on by describing the model specifica6on that will be implemented in the SEPI 
tool as well as the approach to implement the modules that will be implemented based on 
this model. 

Figure 1 shows the direct rela6on of Task T2.1 to other tasks (marked yellow) of the CoL project 
and their Work Packages (WP). 
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Figure 1: Direct rela/on of Task T2.1 to other tasks 
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4. Purpose of the tasks 

4.1. Task descrip6ons  

D2.1 collects informa6on from all tasks ac6ve in WP 2 in the first half of the project. It discusses 
the func6onality of the soZware tool and how it will be implemented during the second half 
of the project. 

T2.1 SoIware model defini=on for assessment 
Based on the collected requirements and the specifica=on of the digital shipyard model in WP 
1, the soIware models for carrying out the assessment as well as the generic shipyard model 
will be defined and implemented. These models will contain all input data needed for the as-
sessment and the output data required to forward or visualise the results. It will be capable of 
storing process as well as product data. 

The purpose of the task is to translate the shipyard model defined in WP 1 into a soZware 
model that will serve as founda6on of the database implementa6on to be performed later in 
WP 2.  

T2.2 Specifica=on and implementa=on of data interfaces 
Data interfaces will be developed for two major ac=vi=es: The retrieval of input data from 
external sources, such as LCA databases and the provision of data to other applica=ons, such 
as the LCPA tool. Therefore, T 2.2 will cover two major areas, Implementa=on of data retrieval 
modules that access soIware applica=ons and therefore have to comply with their Applica=on 
Programming Interfaces (APIs), and 
Implementa=on of an API that enables other applica=ons to retrieve output data from the 
assessment tool for further processing. 

The purpose of the task is to specify the data exchange of the SEPI soZware with the outside 
world, i.e. other soZware tools used by the shipyard. 

T2.3 Specifica=on and implementa=on of the calcula=on kernel 
This task will specify and implement the assessment algorithms to calculate the KPIs defined 
in WP 1. The soIware will use the model specified in T2.1 and take the input data from the 
interfaces specified in T2.2. AIer performing the calcula=ons, the results will be stored in the 
model. Major ac=vi=es in T2.3 are: 
Specifica=on of the KPI implementa=on, especially the calcula=on rou=nes 
Implementa=on of the calcula=ons and the suppor=ng modules, such as retrieval and storage 
of data 

The purpose of the task is to describe the algorithms used for the SEPI calcula6on and the 
envisaged implementa6on in the soZware tool. 

T2.4 Result output and visualisa=on 
T2.4 will ensure that the assessment results will be made available in different ways, suitable 
for presenta=on and further processing. Therefore, the following elements will be specified and 
implemented: 
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Visualisa=on via a customisable user interface (different types of charts and graphs, arrange-
ment of results, postprocessing of results to perform addi=onal analyses) 
Output as a report (e.g., in PDF, XLSX or DOCX format) 
Output of data for postprocessing 
An addi=onal way of forwarding result informa=on will be the informa=on provided by the API 
implemented in T2.2. The purpose of the task is to define the output of the SEPI tool, on screen 
as well as in printable format.  
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5. Overall concept of the SEPI soDware tool 

5.1. Purpose 

Although the main purpose of the SEPI tool is the calcula6on of a Shipyard Environmental Per-
formance Index, the applica6on is more complex. It actually provides three different func6on-
ali6es, in par6cular the collec6on of energy consump6on and addi6onal resource use as well 
as emission according to ISO 50001 (shipyard layout based), SEPI score calcula6on (process 
based) and export to business process modelling tools to support ESG/CSRD. To achieve these 
goals, addi6onal func6onality is available such as data input/output, mapping between the 
different models and visualisa6on of results. The following figure provides an overview of the 
main func6on areas and the rela6ons between them. 

 

Figure 2: Overview of SEPI tool main func/onal areas 

5.2. Functionality 

In the context of shipyard data analysis and environmental performance assessment, several 
key components must be addressed. One essen6al aspect is the prepara6on of a simplified 
model of the shipyard layout, which serves as a basis for organizing and contextualizing data 
collec6on. Complementary to this, a generic shipyard process model will be defined to repre-
sent typical opera6onal workflows, providing a flexible framework for various analy6cal appli-
ca6ons. 

To perform a specific analysis, a customized shipyard model will be derived to support specific 
calcula6ons. A crucial element in this modelling effort is the defini6on of a mapping between 
measured data from the physical shipyard layout and the corresponding elements within the 
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process model. This ensures that data collected in the field can be meaningfully interpreted 
within the analy6cal framework. 

Data collec6on itself includes the measurement of emissions and energy consump6on at the 
yard. These data points are vital for evalua6ng the environmental and opera6onal efficiency 
of shipyard ac6vi6es. To support integra6on and data consistency, interfaces to other soZware 
tools are implemented. Where automa6on is limited, manual input is also supported, enabling 
users to directly enter relevant informa6on. 

Furthermore, it is important to record the maturity level of all input data. This provides insight 
into the reliability and completeness of the available informa6on, which in turn influences the 
confidence in subsequent calcula6ons. One of the central outputs of this system is the calcu-
la6on of SEPI scores, which offer a quan6ta6ve view of environmental performance across 
different shipyard processes. 

The results of these analyses can be visualized in a variety of formats, suppor6ng both high-
level summaries and detailed process-specific views. These visualiza6ons can also be exported 
for repor6ng or further evalua6on. Overall, the system provides both a general overview of 
shipyard performance and the ability to focus on specific opera6onal processes, enabling com-
prehensive and adaptable analysis. 

5.3. User roles  

The soZware system will address different types of users. First of all, a modelling expert will 
be required to perform the ini6al setup of the system at the shipyard. This involves ac6vi6es 
like modelling the shipyard layout and the data measuring points. It also covers the defini6on 
of the shipyard processes. Typically, this will be done by means of a business process modelling 
soZware (commercial tools such as MAVIM [MAVIM] or open source tools such as CAMUNDA 
[CAMUNDA]). The SEPI tool will then read these models and extract the informa6on needed 
for the SEPI calcula6on. This part of the import will have to be supported by the modelling 
expert, e.g. selec6ng relevant processes. Major task of the modelling expert will be performing 
the mapping between the shipyard layout and the process model which has to work in both 
direc6ons.  

The actual SEPI calcula6on will be ini6ated by a SEPI specialist who will create the SEPI project 
as the ini6al step. Here general data will be entered and the purpose of the calcula6on will be 
determined (global SEPI analysis, looking into specific processes, performing an analysis to de-
termine the impact of introducing a specific technology). Based on the data available, the ac-
tual calcula6on will be carried out. AZer this step has been finished, the results will be visual-
ised, reports will be created, data will be exported and the results will be analysed. Although 
all these ac6vi6es will be performed by SEPI specialists, different aspects might be covered by 
different persons. 
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Results interpreta6on will also be carried out by shipyard experts. Their job will also include 
data collec6on and import and the performance of predic6ve analyses. Since all three roles 
require detailed knowledge of the shipyard, there will be an overlap between them. Especially 
on the smaller yards, all three roles might even be performed by the same group of persons. 
Therefore, the role defini6on mainly exists to structure the modules of the SEPI tool. 

5.4. User groups 

The actual user groups for the soZware are currently being determined in the use cases of WP 
3. First defini6ons have been made, but the final list is s6ll under prepara6on and will be doc-
umented in the following deliverable D2.2. 

Despite the shipyards as such, ship design offices, energy suppliers, classifica6on socie6es, 
suppliers, ship owners, standardiza6on/cer6fica6on bodies and waste handlers are among the 
groups that will either provide input data or might be using reports created by the SEPI tool. 
The results might also be used for standardiza6on and policy making ac6vi6es. The precise 
requirements of each user group will be reflected by the ongoing implementa6on of the SEPI 
tool. 
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6. Architecture of the digital generic shipyard – soDware view 
The overall digital Shipyard Model (which is captured in the business process modelling appli-
ca6on) will consist of four different parts.  

• The Generic Yard Business Process Model (BPM, including all yard ac6vity scopes) – 
Library. The generic yard will have the technologies, and the emissions (E1-E5) de-
scripted in it. 

• Process Inventory 

• Shipyard Digital Model (incorporate the as is processes) 

• Improved Digital Model (different environmental footprint solu6ons to evaluate the 
improvement roadmap)  

In terms of soZware implementa6on, two major aspects need to be realised, the model struc-
ture and nodes. The structure will be tree-like with exactly one parent node for each process 
node in the tree. While the parent node will normally be the process node of the next higher 
level, the root node will be connected to a global object that depicts the current calcula6on 
project. As long as the tree is generic, the reference to this “project” object remains empty. 

The BPM as well as the project inventory will be realised inside a rela6onal database which 
will be connected to the applica6on code via a mapper that translated the object oriented 
queries into SQL code and vice versa. The actual model instances will be set up by the user, 
interac6ng with the applica6on. There will be no hard-coded model built into the soZware 
tool. 
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Figure 3: Digital Shipyard Model - components 

 

6.1. Yard scopes and responsibili6es of the Digital shipyard model 

Yard scopes and responsibili6es for the digital twin/generic model need to be defined, related 
to make or buy material inflow. So based on the environmental footprint of a shipyard, only 
processes on the actual site need to be assessed. This means, any other processes carried out 
for the yard but not conducted on site, need to be taken into account as Scope 3 upstream 
(detailed descrip6on in chapter 11). This scope 3 emission will put in the main func6on to 
assess the yard with the SEPI. Since the model implementa6on is generic, this concept will not 
have an impact on the actual implementa6on but needs to be taken care of by the BPM crea-
tor. Although this approach requires addi6onal effort when selng up the model, it gives the 
shipyard more flexibility to handle individual process distribu6on that may change depending 
on the current order as well as overall in case of site reorganiza6on. 

For example, if the hull is manufactured by a subcontractor and shipped to the yard, this would 
be the Scope 3 upstream informa6on for the main func6on “hull produc6on” at the assessed 
yard, including all the environmental emissions. Therefore, the whole life cycle of a ship is 
included as an environmental footprint on the yard. This s6ll seem a challenging topic, since 
Scope 3 informa6on is usually not easy to get from subcontractors and due to intellectual right 
proper6es. Within the EU, this could change due to transparent CSRD repor6ng requirements 
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which are mandatory for the majority of companies from 2026[EC 2022]. However, the soZ-
ware implementa6on will consider this challenge by allowing to capture such data manually 
(even though with a lower maturity level, depending on the quality of the data source). 

Any purchased main func6ons need to be defined against in the generic yard model by the 
yard. Therefore, if a main func6on is not conducted by the yard, the baseline emissions will be 
allocated using either pre-defined values (defined according to maturity level 1) or emission 
informa6on from the supplier. Again, implementa6on-wise this fact does not have an impact 
on the soZware implementa6on as the approach will be able to cover both internal and exter-
nal processes. 

6.2. Generic Yard (Library)  

Shipyards of the CoL project shall find out which process modelling tool suits best to model 
processes and define interfaces for WP2. At the moment, the processes of different CoL ship-
yards are assessed and modelled with MAVIM and CAMUNDA which have the func6onality of 
aggrega6ng all business processes and calcula6ng based on func6onal units. An interface shall 
possibly be developed to other modelling tools which is documented in IR 2.3.  

The soZware implementa6on in WP 2 considers the fact that different shipyards and different 
purposes of SEPI calcula6on will require different types of BPM. Therefore, the ini6al step of 
selng up a calcula6on project will be the selec6on of the model to start with. This could either 
be the generic model which will then be customised according to the requirements of the 
envisaged calcula6on, or it could be a previous model (e.g. from an earlier SEPI calcula6on) 
that will be copied and adapted to the current needs. The user (except for dedicated modelling 
experts) will not be able to create new models from scratch. They can only load a pre-defined 
model and alter the ac6vity level before star6ng to collect the data. The shipyard layout model 
is even more restricted. It cannot be changed at all, except by specific experts in case of phys-
ical changes to the yard (who will create this model manually when selng up the soZware 
system and adapt it later in case of changes to the yard layout. An important from external 
systems will be considered but not implemented in the context of CirclesOfLife). The same 
applies to the mapping between layout model and process model. These restric6ons are nec-
essary in order to avoid mistakes in the modelling process and to retain the comparability be-
tween models.  

Data provided within the generic yard:  

• Generic distribu6on of energy and emission (throughout the main func6ons sub pro-
cesses and ac6vi6es) 

• The distribu6on of the emission is based on purchased data at the yard such as energy 
bills, water consump6on, purchased scope 3 emissions, etc. 
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Possible future developments of the tool could be a defini6on of generic emissions per hour 
of consumer usage and a generic value for the usage of the technology for a specific process 
to align the data input with the input values for the digital twin and the improved digital twin. 

6.3. Process Inventory  

Interface to the process inventory database will be specified. Depending on the shipyard, this 
database will be integrated into the SEPI tool or remain a separate en6ty already run by the 
yard. 

To describe the used technology on process level 4, a process inventory will be used. Each 
technology will be described as a generic input to be able to calculate the SEPI with hardly any 
yard informa6on (maturity level 1). The data captured will be the same as on higher process 
levels to allow an easy accumula6on of the data up to shipyard level. 

The informa6on which is defined in the process inventory (technology library) can be trans-
ferred to different process levels, such as ac6vi6es, sites e.g. buildings, subprocesses, main 
func6ons and the yard. This informa6on will contain e.g. material inflow and oumlow (including 
re-use/recyclability), “technology label” informa6on like energy use, etc. A detailed descrip-
6on can be found in D1.1. 

The process inventory will contain different kind of filters to find appropriate technologies and 
processes/ac6vi6es according to specific requirements. In a later development stage, it will be 
connected with the best prac6ce guide which would work like an assistant. Therefore, further 
anributes in respect of e.g. economic and social might be stored for the ac6vi6es and pro-
cesses. 

 

Table 1: Process inventory template 
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6.4. Shipyard Digital Model and Digital Twin 

As defined in D1.1, the Shipyard Digital Twin (SDT) is a model of a shipyard’s site, which consists 
of at least all relevant main func6ons which are necessary to produce the product (ship) or 
execute the relevant service tasks for maintenance, repair, conversion and or end of life (EOL) 
of the assessed site.  

A digital twin can be created from the generic shipyard processes (from Level 1 to 4) and can 
be adjusted to suit the shipyard’s ac6vi6es. The generic data can be replaced with measured, 
calculated or es6mated (emissions) input data. The SEPI digital shipyard model consists of ge-
neric processes (BPM), a process inventory (which contains all technologies, including their 
assumed emissions based on generic data).  

Addi6onally, the SEPI tool will be able to create a digital twin based on the shipyard layout, 
capturing the data at the place where the resource use and the emissions take place. While 
the process model is dedicated to the SEPI calcula6on and the op6misa6on of company pro-
cesses, the layout model is mainly meant to support the data collec6on. It is s6ll possible to 
map the process data back to the layout model, especially when trying to inves6gate the im-
pact of introducing a new technology for a given ac6vity.  

The digital representa6on will be established by the combina6on of process model, layout 
model and the intermediate data mapping. 

 

Figure 4: Possible development of the yard model (layout view on the leJ, process view on the right) 
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7. Specifica6on of the process model 
Since it has been decided that the SEPI scoring will be based on the environmental perfor-
mance of different tasks a specific shipyard (main func6ons) can perform, it is necessary to 
model at least the main func6on with the interrelated subprocesses for the shipyard which is 
to assess. The processes will be modelled only to assess the environmental performance of a 
shipyard. Therefore, the shipyard model in the CirclesOfLife project will not aim at providing a 
model that can be used for anything else than the SEPI calcula6on.  

The implementa6on ensures, that each calcula6on will always be based upon a full model tree. 
In case only subtree or single processes will be inves6gated, they can be selected in the soZ-
ware and any other process will be hidden. This ensures the consistency of the model for par-
6al inves6ga6ons. 

7.1. Overall model structure 

Two dis6nct but interconnected model trees will be developed: one represen6ng the ship-
yard’s process model and the other reflec6ng the shipyard layout model. These two trees serve 
different but complementary purposes within the overall framework. The process model is 
intended to provide the representa6on of all processes within the shipyard, as required by the 
SEPI concept. In parallel, the shipyard layout model is designed to facilitate the systema6c col-
lec6on of energy-related and opera6onal data, aligning with the requirements of ISO 50001, 
which focuses on energy management systems and con6nuous improvement of energy per-
formance. The laner model reflects the actual method of collec6on data at the yards which 
will support this process and consequently lead to higher acceptance of the soZware system. 

Although both models are structured independently, they are aligned in terms of the data they 
represent. Specifically, the nodes in both the process tree and the layout tree contain the same 
set of variables. These variables include energy consump6on, resource usage, pollu6on, or 
other relevant SEPI parameters. Despite this structural symmetry, the actual data collec6on 
will take place exclusively within the layout model. This means that the layout tree serves as 
the central point for capturing real-world data from the shipyard, while the process tree will 
serve the purpose of determining the SEPI and iden6fying op6misa6on poten6als. 

To establish the connec6on between the collected data and the underlying shipyard processes, 
a manual mapping procedure will be implemented between the two trees. This mapping in-
volves assigning specific percentages or weights to different processes, linking the data of the 
layout model to corresponding elements in the process model. For example, if a par6cular 
workshop in the layout model is responsible for several subprocesses, its energy consump6on 
might be distributed propor6onally across those subprocesses based on expert judgment and 
empirical or actual measurements. This manual mapping enables a more accurate anribu6on 
of energy and resource usage to individual processes, enhancing the quality of the analysis. 
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Furthermore, both the process model and the layout model will include the concept of a ma-
turity level, which will be assessed and recorded on both sides. The maturity level reflects the 
accuracy of the collected data.  

The established mappings between layout and process trees will be op6onally stored, allowing 
them to be reused in future analyses or benchmark studies. This reusability ensures that once 
a reliable mapping is created, it does not need to be redone for every new evalua6on, saving 
6me and ensuring consistency over 6me. Addi6onally, at a global project level, func6onal units 
will be collected and used to contextualize the data. These units—such as Compensated Gross 
Tonnage (CGT), tons of steel processed, or total working hours—provide a standardized basis 
for performance comparison across different projects or shipyards. 

Importantly, func6onal units will differ depending on the type and specializa6on of the ship-
yard. For instance, a newbuilding shipyard will emphasize different metrics than repair or re-
cycling yards. Difference might also be determined by the product pormolio. This flexibility in 
func6onal unit selec6on ensures that performance indicators remain relevant and meaningful 
across a diverse range of shipyard types and produc6on contexts. However, in order to be able 
to compare different shipyards, use of an iden6cal set of func6onal units is required. It will 
therefore be necessary to determine standard func6onal units (in WP 1 or 3) for this purpose 
without giving up the possibility to customise this list for specific applica6ons. 

7.2. Process Hierarchy (Main Func6ons and Sub Processes)  

The process hierarchy has been defined in WP 1 and is referenced here for bener understand-
ing. 

A clear and agreed process hierarchy is required to have a uniform way of tracking and op6-
mising the emissions of various shipyards (for each life cycle). Furthermore, this hierarchy must 
contain the right levels to match and serve the actual processes and process structure of each 
three shipyards types (yard scopes). The process hierarchy below is designed to be generic for 
all shipyards and to cover all available process informa6on related to emissions and consum-
ers. This hierarchy consists of five hierarchical levels, which are shown below. Four are relevant 
for the CirclesOfLife project and will be described in the following.    
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Figure 5: Business process levels hierarchy - level 0 to level 4 (DAMEN) 

7.2.1. Level 0 - Company Landscape  

This level indicates the connec6on between the various process landscapes (level 1) and can 
be used if a company has different divisions e.g. DAMEN. This level is not considered further 
in the analysis of the Generic Yard, since the hotspot and SEPI is analysed at a shipyard’s phys-
ical site and all incoming external data is integrated as scope 3 (CSRD, further informa6on see 
D1.1). Since gelng the required informa6on for Scope 3 can be difficult, this topic s6ll needs 
further development.  

7.2.2. Level 1 - Process Landscape 

The process landscape is a visual representa6on of all the process groups of a generic yard (see 
chapter 5).  

The level 1 layer will show all level 2 process main func6ons (represented in dark blue) that 
are currently iden6fied, or as a structured overview. Beneath the main func6ons you can find 
the level 3 Sub Processes (represented in light blue).  

 

Figure 6: Process level 1 - process landscape overview 
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7.2.3. Level 2 - Main FuncHon 

Main func6ons (dark blue) gather and represent a group of sub processes (light blue). For ex-
ample: The main func6on “Pain=ng” consists of the sub processes “Surface Prepara=on” and 
“Pain=ng” as shown in the picture below.  

 

Figure 7: Process level 2 – Main func/on (dark blue), sub process level 3 (light blue) 

7.2.4. Level 3 - Sub Process  

A sub process is a set of ac6vi6es to accomplish a specific organiza6onal goal. A business pro-
cess is mostly part of an end-to-end flow. A sub process may consist of mul6ple ac6vi6es (pro-
cess level 4).   

 

Figure 8: Process level 3 – sub process 

7.2.5. Level 4 - acHviHes / technologies (Work Process)  

A work process is a series of interrelated ac6vi6es (with their associated technologies) that 
lead to a defined outcome.  
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For example, the surface prepara6on had the ac6ves shotblas6ng/grinding and cleaning with 
their associated technologies. This informa6on will be gathered as described in the process 
inventory (see chapter 6.3 “process inventory”). 

 

Figure 9: Process level 4 – ac/vi/es 

With respect to soZware development, all levels will be treated equally, by defining a single 
node object that contains informa6on about the connec6on to the neighbour levels and addi-
6onally about all values collected for the given object. This informa6on could either be filled 
with values (collected on this level) or empty (meaning that no informa6on has been collected 
on this level and the SEPI tool there needs to generate the informa6on by adding the infor-
ma6on from the inherited level). Furthermore, the same model structure will be used by the 
layout based model which means that the top level object should contain the same value for 
both trees if all data has been collected and mapped correctly. 

 

Figure 10: Process based vs. layout based shipyard model 

7.2.6. Model architecture 

The current data model is able to capture the two trees (process and layout model), the vari-
ables and the maturity level. Addi6onally, the user, organisa6on and project informa6on can 
be handled. The only aspect missing is the mapping between the two trees. This func6onality 
will be added once the defini6on has been finished. 
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Figure 11: Overview of data model 

 

7.2.7. Model components 

Overview of main Entities & Attributes 

The following list provides an overview oft he main objects in the data model which will be 
refined during the implementation phase. The actual implementation specification will con-
tain additional attributes such as timestamps, versioning information, technologiy alterna-
tives, etc. In a later implementation step, the best practise guide defined will also be inte-
grated. 

1. Project 

Represents an analysis (e.g. SEPI for 2024) for an organization. 

Main attributes: 

• Description 
• Creation date 
• SEPI period 
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• Evaluation scope 

2. Person 

Represents an individual responsible for managing or creating a project. 

Main attributes: 

• User name, password 
• Person name 
• Organisation 
• Role 

3. Organization 

Represents a business, institution, or group managing multiple projects. This object is typi-
cally only used when more than one shipyard will be served by a specific instance of the SEPI 
tool.  

Main attributes: 

• Organisation name 
• Meta data 

4. Action 

Defines a structured workflow or activity within a project. The same object is also used for 
modeling the layout structure at the yard. The aim of modeling these elements is to build 
the structure of the process and layout trees for collecting data and SEPI calculation. It is not 
determined to duplicate a full-featured process model but represents a static subset dedi-
cated to a specific calculation project. 

Main attributes: 

• Name 
• Action type 

5. Attribute 

Defines a specific characteristic that can be associated with a process or a layout object. 
While the attributes will typically be identical for each element in the trees, software-wise 
they can still be set individually to get an as great amount of flexibility, especially during the 
implementation period when not all data areas will be covered. 

Main attributes: 
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• name of the attribute 
• unit 
• value 

6. Attribute_Type 

Defines the type of an attribute. Used to determine the section of the SEPI calculation (cli-
mate change, water use, …). 

Main attributes: 

• Type 

7. Maturity_Level 

Represents a maturity assessment level. 

Main attributes: 

• Level 

8. Relationship 

Links projects, processes, and attributes with maturity levels and values. 

9. Process_Attribute 

Defines which attributes are linked to a specific process. 

10. Key Relationships 

1. Process can be hierarchical (linked to a parent process). 

2. Attributes are linked to Processes through Process_Attribute. 

3. Relationships define the link between Projects, Processes, and Attributes, including Ma-
turity Levels. 

4. Maturity Levels and Attribute Types are predefined classifications. 
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8. Defini6on of data maturity and alloca6on to processes 

8.1. Data maturity 

According to the results of WP 1, the data maturity to be referenced to each consumer uses 
the following levels: 

- Measured (e.g. by meters in the hall) 

- Calculated (by distribu6on of measurements at a higher level according to suppor6ng 
informa6on such as technical specifica6ons) 

- Es6mated (by using suppor6ng documents or other non-measured data) 

- Generic (by es6ma6ng without any specific evidence) 

- Not applicable (no data produced) 

The table below shows the level in greater detail. The maturity level is not only determined by 
the method of collec6ng data but also by the quality of the data source. 

Ma-
turity 

DescripRon 

Level 5 Standards + R&L Future + Traceable CSRD = Digital Yard model + real 6me L4 
process ac6vi6es measured  (IOT) , Specific Supplier data (LCA/CMP)  E1-5 Ob-
jec6ve - measured, energy & material Scope1,2,3 inflow, Best Available Tech-
niques (BAT) with the lowest current environmental impact is implemented. 

Level 4 Standards + R&L Future + Traceable CSRD = Digital Yard model + Iden6fy 
hotspots (based on consump6on E1 and E3 and es6mated/calculated E2, E4 
and E5 emissions) and measure data at yard ac6vity level 4, including technol-
ogy varia6ons, with supplier specific Scope 3 data, allows top down and bonom 
up comparison, to plan hotspot improvement at process level 4….and LCA im-
provement planning, where ships that have a lower impact during the use 
phase (yachts) might benefit from reduced manufacturing footprint.  

Level 3 R&L + Standards + Mature CSRD = Iden6fy hotspots (based on consump6on E1 
and E3 and es6mated/calculated E2, E4 and E5 emissions) and measure their 
data at yard sub process level 3, which can be directly used for SEPI / CSRD can 
be used for LCA input 

Level 2 R&L + Basic CSRD = Yard sub process L2 measured / calculated, L3 es6mated % 
improvements, es6mated annual purchased energy & material Scope1,2,3 LCA 
+ Narra6ve improvement areas = GME level 4 + E1-5 es6mated, target is related 
to baseline 1   

Level 1 R&L + Basic CSRD = Yard impact annual yard purchased energy (Scope 1,2,3 an-
nual input for product LCA) + main func6on at L2 Narra6ve improvement areas 
= GME level 3 + E1-5 es6mated, target is related to baseline 1 

Table 2: Overview of maturity levels 
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8.2. Integra6on of maturity data in the soZware model 

The data maturity according to this defini6on can only be captured on layout level. Since the 
SEPI calcula6on on process level also requires the defini6on of the maturity level, extension of 
the mapping will be needed to cover the maturity in addi6on to the distribu6on of the data. 
Since the exact method of this maturity mapping has not been defined yet, the soZware will 
implement the possibility to perform this task without actually ac6va6ng it for the first proto-
type. Instead, the user will manually set the maturity levels in the process tree un6l a concept 
has been defined. 
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9. Supplementary data  

9.1. Administrative data 

In addi6on to the core func6onality related to SEPI, the tool will also include administra6ve 
data to handle user access and organisa6onal data. This includes the collec6on and handling 
of supplementary informa6on that, while not directly 6ed to SEPI processes, is essen6al for 
managing the tool’s usage across different contexts. Specifically, data about the organisa6on 
will be stored, which is par6cularly relevant for companies opera6ng mul6ple shipyards. This 
allows for a structured and scalable approach to user and data management. 

Each user will be associated with specific iden6fying details such as their name and affiliated 
organisa6on. Access to the system will be secured through password protec6on, and user roles 
will be defined to dis6nguish between different levels of responsibility and access: modeller 
(crea6ng, edi6ng and popula6on of models), data collector (only entering data into exis6ng 
projects), calculator (running SEPI calcula6ons and selec6ng suitable visualisa6ons and re-
ports) and administrator (running and configuring the system). These roles help ensure that 
users only access the func6onali6es and data relevant to their tasks, thereby guaranteeing 
data integrity and security. 

To further strengthen access control and align with industry standards, the system will support 
mul6-factor authen6ca6on (MFA) and single sign-on (SSO). This allows seamless integra6on 
with exis6ng shipyard authorisa6on and iden6ty management systems, facilita6ng a user-
friendly yet secure login experience. Overall, these administra6ve capabili6es provide a robust 
founda6on for the tool’s opera6on within complex organisa6onal environments. 

9.2. Additional project data 

The tool also captures informa6on describing the respec6ve calcula6on project. This includes 
the 6me frame for which the calcula6on is conducted, as well as the specific purpose of the 
calcula6on—whether it is to determine the overall SEPI score, to analyze SEPI in rela6on to 
specific processes or departments, or to evaluate poten6al improvement measures. Addi6on-
ally, versioning is applied to ensure that changes and developments in the calcula6ons can be 
tracked over 6me. The individuals responsible for the project are also clearly iden6fied to en-
sure transparency and traceability throughout the process. 
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10. Interfacing with external applica6ons  

10.1. Purpose of data retrieval 

The system supports the import of different data elements, including the layout model, the 
process model, and the mapping between them. It also enables the collec6on of data related 
to energy consump6on and environmental pollu6on, with input sourced directly from meas-
uring facili6es installed throughout the shipyard. 

One of the main challenges in this context lies in the way data is typically collected. In most 
cases, data collec6on is organized according to the physical shipyard layout—oZen in line with 
standards such as ISO 50001—rather than being structured around opera6onal processes. 
While this approach aligns with exis6ng infrastructure, it creates a disconnect between the 
data and the process-oriented models required for advanced analysis. 

An addi6onal difficulty is that introducing extra steps to reorganize or reformat the data, alt-
hough necessary, tends to reduce user acceptance and increases the likelihood of errors. 
Moreover, the individuals or systems responsible for collec6ng the data are oZen unaware of 
the rela6onship between the measurements and the underlying processes, which further 
complicates integra6on. 

To address these issues, the proposed solu6on is pragma6c and builds on exis6ng prac6ces. 
Data should con6nue to be collected directly from the points where it is measured, maintain-
ing compa6bility with current procedures. Separately, the process model can be developed 
independently to reflect the opera6onal structure of the shipyard. The final step involves man-
ually mapping the collected data to the relevant processes, thereby establishing the necessary 
link between measurement and analysis without disrup6ng the data acquisi6on workflow. 

10.1. Allocation of input data 

Input data will be needed according to the process structure. As shown in the following pic-
ture. However, in most cases the shipyard layout is not a 1:1-representa6on of the process 
model. Instead they will be collected compa6ble with ISO50001 which is orientated towards 
the actual consumers. Therefore, the interfaces need to be flexible enough to capture the data 
even if it is organised differently. Therefore, the interfaces will be design in a way the system 
that provides the data will have to declare the node in the layout or process tree to which the 
data should be assigned. It is up to the applica6on itself to map the data between the different 
data models. 
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Figure 12: Alloca/on of consumers to process levels and sites 

10.2. Data mapping 

 

Figure 13: Example of a graphic shipyard layout view 

 

In the SEPI system, data collection will continue as it is done today, focusing on information 
about consumed resources and emissions. This data can be transferred into the SEPI tool ei-
ther manually or through interfaces established with existing systems and tools at the ship-
yard. Importantly, all data input with respect to measurements will take place within the lay-
out view, which aligns with how data is typically collected at the operational level. In order to 
also cover data about innovative technologies that are not yet in use or for corrections, data 
editing is also possible on the process side. The mapping of such changes back into the layout 
view will be implemented at a later point in time. 
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Once the data is entered, a mapping process is required to link specific loca6ons in the layout 
to the corresponding processes. This mapping can either be done once—if the distribu6on of 
processes and measurements remains stable—or tailored individually for each SEPI project. 
The responsibility for this task lies with experts in process modeling, as a thorough understand-
ing of both the physical layout and the opera6onal processes is essen6al. Technologies imple-
mented at various loca6ons will also be mapped within this framework. Moreover, the map-
ping is bidirec6onal, meaning it also allows for connec6ons from the process view back to the 
layout. This is par6cularly useful for assessing the poten6al impacts of introducing innova6ve 
technologies, as their effects can be evaluated across both dimensions. 

Once the mapping is complete, the SEPI tool automa6cally populates the process model by 
transferring the relevant data from the layout view into the process view. This enables the 
calcula6on of key performance indicators (KPIs) and the visualiza6on of results within the pro-
cess-oriented structure of the tool. 

From a technical perspec6ve, the implementa6on involves realizing both the layout and pro-
cess “trees.” In soZware terms, the layout tree is treated as another form of process tree, 
meaning the structure and variables are consistent across both. Each node within these trees 
contains the same types of variables, and at the top level—represen6ng the en6re shipyard—
the data is theore6cally iden6cal in both trees. The soZware stores the layout tree, the process 
tree, and the mapping between them in the database. 

Depending on how a shipyard is organized, a SEPI project can be configured by selec6ng a 
specific process tree, layout tree, and the appropriate mapping. The maturity level of the input 
data must also be taken into account. While assigning maturity levels is rela6vely straighmor-
ward in the layout view, transferring and interpre6ng those levels in the process view during 
mapping can present certain challenges. Nonetheless, this structured approach ensures that 
data is accurately linked and effec6vely visualized, suppor6ng robust environmental perfor-
mance analysis. 

10.3. Informa6on Flow 

In this analysis we will observe the digital shipyard model In the SEPI environment and describe 
the interac6on with other tools (e.g. repor6ng, SEPI, LCA Tools, Ship and Product Passports) 
respec6vely the demand and required informa6on which flows between these tools.   

The data which is used to feed the Generic Shipyard Model / Digital Twin / Improved Digital 
Twin will be re-used to serve the repor6ng tool, Ship Circular Materials Passport, Ship Lifecycle 
Passport as well as other possible interfaces. This reduces the amount of work for the user. 
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The Generic Shipyard Model enables the yard to understand its yard processes and to be able 
to compare its emissions with the benchmark values within the SEPI environment. It also en-
ables the yard to establish an improvement plan and to decide on possible technologies to 
reduce its environmental footprint. 

With the Digital Twin a hot spot analysis will be possible to be able to iden6fy high emissions 
within the yard scope. Improvement measures can be iden6fied and compared to the bench-
mark values within the SEPI environment. The Improved Digital Twin will show possible emis-
sion reduc6ons but also the improved yard.  

Based on the distribu6on of the projects run throughout the dedicated year, the already used 
informa6on for calcula6ng the environmental footprint of the yard can also be used for the 
Ship Lifecycle Passport. This means that the emissions of the yard can be iden6fied to be able 
to relate them to the product ship (LCA calcula6on). Therefore, a calcula6on method needs to 
be in place to be able to break down the yard’s emissions to a specific ship. 

The emissions will be saved to a database and can be compared to other years, projects (pos-
sibly through LCA-tool), etc. 

10.4. Data input/output and tools to be accessed 

Data input into the SEPI tool will primarily come from Business Process Management (BPM) 
tools and applica6ons that measure resource consump6on and emissions. To enable this, in-
dividual development work is required for each external system that offers either an API or 
file-based data transfer capabili6es. 

In the ini6al implementa6on phase, the focus will be on establishing interfaces specifically for 
exchanging data with BPM tools, as these are central to process modeling and already widely 
used in shipyards. A sample interface for measurement tools will only be developed within the 
CirclesOfLife project if par6cipa6ng shipyards are able to provide access to suitable applica-
6ons that support such integra6on. 

Un6l these interfaces are fully developed and opera6onal, the popula6on of the SEPI tool will 
be carried out manually. This ensures that data can s6ll be entered and the tool can func6on 
effec6vely during the early stages of implementa6on, even in the absence of automated data 
exchange. 

10.4.1. Input data from shipyard layout view 

Impor6ng data into the shipyard layout view will require a soZware tool that can generate a 
data collec6on sheet on its own and populate the required minimum dataset (measurement 
loca6on, data group, amount, unit, source) together with informa6on describing the loca6on 
in the layout tree. The alterna6ve would be the op6on to fill in a prepopulated data collec6on 
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sheet provided by the SEPI tool. Both approaches require support from the shipyard tool side 
and will therefore not be implemented for the first prototype. 

10.4.2. BPM interfaces 

Interfaces with BPM tools will be needed to retrieve process models from the shipyard and to 
return SEPI results for further processing.  For the import, the BPM tool will have to create an 
XML file preferably in BPMN 2.0 format. The processes to be considered by the SEPI tool should 
be marked with a specific anribute, indica6ng the use for the SEPI calcula6on. The import 
could consider the en6re model or only the processes on level 4 which especially can be used 
when the modelling is being done base upon the CirclesOfLife generic shipyard model. The 
SEPI tool will convert the input file into a sta6c tree and retain the imported model unchanged. 
This allows for expor6ng results at a later point in 6me. While it is possible to edit a manually 
created model, this will not be possible for an imported model unless the user disconnects the 
SEPI model from the original BPM (making it impossible to export the data back into the BPM 
tool). The reason for this is the inability of the SEPI tool to create a full BPM and consequently 
the loss of the 1:1 rela6onship between the imported model and the copy in the tool. 

MAVIM (a commercial tool used by DAMEN) and CAMUNDA (an open source tool) will be the 
BPM tools the SEPI applica6on will be able to connect with ini6ally. However, it is expected 
that the implementa6on of the interface will allow for a smooth connec6on with other BPM 
tool, especially when they are also capable of genera6ng XML files. It should be noted that the 
SEPI tool will also support the fully manual crea6on of a process tree which will be needed if 
the shipyard is not yet using a BPM tool. This func6onality will also be used for the crea6on of 
the layout tree as it is not expected that the shipyard layout will be modelled by a BPM-like 
approach. 

A simple BPM modelled by CAMUNDA is shown in Figure 14. Below an excerpt of the XML 
representa6on is given. By edi6ng the XML file, data can be transferred back into the BPM tool 
as long as the integrity of the model structure is maintained. 
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Figure 14: CAMUNDA model (graphic representa/on) 

<?xml version="1.0" encoding="UTF-8"?> 
<bpmn:definiHons xmlns:bpmn="hqp://www.omg.org/spec/BPMN/20100524/MODEL" 
xmlns:bpmndi="hqp://www.omg.org/spec/BPMN/20100524/DI" 
xmlns:dc="hqp://www.omg.org/spec/DD/20100524/DC" xmlns:zeebe="hqp://camunda.org/schema/ze-
ebe/1.0" xmlns:xsi="hqp://www.w3.org/2001/XMLSchema-instance" 
xmlns:di="hqp://www.omg.org/spec/DD/20100524/DI" xmlns:modeler="hqp://camunda.org/schema/mode-
ler/1.0" id="DefiniHons_1pmkwtb" targetNamespace="hqp://bpmn.io/schema/bpmn" exporter="Camunda 
Modeler" exporterVersion="5.35.0" modeler:execuHonPlagorm="Camunda Cloud" modeler:execuHonPlagorm-
Version="8.6.0"> 
  <bpmn:process id="Process_0szvsu0" isExecutable="true"> 
    <bpmn:startEvent id="StartEvent_1"> 
      <bpmn:outgoing>Flow_0noua1j</bpmn:outgoing> 
    </bpmn:startEvent> 
    <bpmn:dataObjectReference id="DataObjectReference_0a1kmo5" name="ISO 8503&#10;ASTM D 4417" 
dataObjectRef="DataObject_0ojwz55" /> 
    <bpmn:dataObject id="DataObject_0ojwz55" /> 
    <bpmn:dataObjectReference id="DataObjectReference_0hy9skj" name="ESRS datapoints" dataObjec-
tRef="DataObject_0vzui2j" /> 
    <bpmn:dataObject id="DataObject_0vzui2j" /> 
    <bpmn:dataObjectReference id="DataObjectReference_0qhl1uv" name="Abrasive &#10;blasHng: &#10;ISO 
8501-1" dataObjectRef="DataObject_1v4cbq" /> 
    <bpmn:dataObject id="DataObject_1v4cbq" /> 
    <bpmn:dataObjectReference id="DataObjectReference_1rd2t75" name="Power &#10;tooling:&#10;ISO 8501-
1" dataObjectRef="DataObject_1smntly" /> 
    <bpmn:dataObject id="DataObject_1smntly" /> 
    <bpmn:dataObjectReference id="DataObjectReference_0qt6104" name="Paint ApplicaHon Report" dataOb-
jectRef="DataObject_08v4y6f" /> 
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    <bpmn:dataObject id="DataObject_08v4y6f" /> 
    <bpmn:endEvent id="Event_1csaymw" name="Finish"> 
      <bpmn:incoming>Flow_0fq87n8</bpmn:incoming> 
    </bpmn:endEvent> 
    <bpmn:task id="AcHvity_0qwtkha" name="Manual wet abrasive blasHng"> 
      <bpmn:incoming>Flow_1q5rg9y</bpmn:incoming> 
      <bpmn:outgoing>Flow_030sfn4</bpmn:outgoing> 
      <bpmn:property id="Property_0elc0f5" name="__targetRef_placeholder" /> 
      <bpmn:dataInputAssociaHon id="DataInputAssociaHon_0vf97vl"> 
        <bpmn:sourceRef>DataObjectReference_0qhl1uv</bpmn:sourceRef> 
        <bpmn:targetRef>Property_0elc0f5</bpmn:targetRef> 
      </bpmn:dataInputAssociaHon> 
      <bpmn:dataOutputAssociaHon id="DataOutputAssociaHon_0fm3efd"> 
        <bpmn:targetRef>DataObjectReference_0hy9skj</bpmn:targetRef> 
      </bpmn:dataOutputAssociaHon> 
    </bpmn:task> 

The following two figures show the envisaged architecture once the SEPI tool has been integrated into 
the shipyard environment. In step 1, communication runs via the interfaces as described above. In step 
2, a further integration into the software architecture could be possible by integrating the SEPI tool 
directly with the shipyard data platform. However, this complex step lies beyond the scope of CirclesOf-
Life. The SEPI tool will nevertheless be capable of using external databases instead of the builtin one.  

 

Figure 15: Shipyard dataflow using data import from yard tools and expor/ng results into postprocessing tools 
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Figure 16: Advanced communica/on between SEPI tool and shipyard data pla[orm 

 

When retrieving data from applica6ons or databases, two different approaches are possible: 

• Exchange with files (e.g. Excel, JSON, XML), either structured or in arbitrary format 

• API (Applica6on Programming Interface) to directly communicate with the applica6on 
via a network or on the same computer 

While the API solu6on is most likely the quickest op6on and also has a high reliability, there 
are also some drawbacks. First of all, such an API must exist and needs to be available to the 
SEPI tool. This includes provision of appropriate access rights, a technology that can be ac-
cessed by the tool and also a proper documenta6on. Such an API might be complex, can un-
dergo incompa6ble changes over 6me and might also be subject to restric6ons with respect 
to data exchange, volume, etc. Therefore, it is recommended to use this approach only for 
wide-spread standard applica6ons, in-house applica6ons (especially with access to interfaces 
and source codes) or applica6ons that officially offer the API to the customers. In any case, the 
API approach would require implementa6on effort for each new soZware the SEPI tool should 
be connected to. Therefore, this approach will not be followed when performing the imple-
menta6on in CirclesOfLife. 

On the other hand, data exchange using files works without such an API and can be used as 
long as the soZware to be connected is able to create output file containing the required data 
(as a fallback, it is always possible to populate an exchange file manually but this should be 
restricted to error correc6ons as it is most likely easier to enter larger amounts of data directly 
into the SEPI tool).  
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When exchanging data via files they can be organised in a structured way or analysed in the 
format the expor6ng applica6ons can provide without addi6onal implementa6on work. Since 
the unstructured approach requires more effort on the SEPI tool side and s6ll does not guar-
antee correct results, CircleOfLife will only be able to handle structured files. For pragma6c 
reasons implementa6on will start with MS Excel files that are wide-spread and for which li-
braries are already available. Although impor6ng Excel files also might be affected by different 
challenges (data types, reordered cells, etc.) they are well-understood. Therefore, the SEPI tool 
will predefine an import format that enables other applica6ons to transfer data into the nodes 
of the layout and/or process tree. The defini6on is straighmorward and mainly contains varia-
ble names, units and values, together with informa6on that describes the data set and fields 
in more detail. The cells are protected to make it more difficult for users to accidentally corrupt 
the file. However, since the expor6ng applica6on might not necessarily fill in a template but 
may also generate the en6re Excel file automa6cally, it is s6ll necessary to implement compre-
hensive error handling mechanisms. 

The Excel file looks as follows and will be extended as more KPIs will be covered: 

The template has been developed in Task 1.5 and provides a structured approach for gather-
ing essential process and technology-level information. The sheet can be tailored to suit the 
specific requirements of each case study. Therefore, further development and refinement of 
data collection sheet will continue under WP3. The following data collection sheet is proposed 
as a starting point.  
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Figure 17: Data collec/on sheet - ini/al concept 

 
 
While this table shows the conceptual view, the actual realisation muss be more comprehen-
sive to cover all data required for the SEPI calculation. This especially includes information 
about data maturity, detailed information of the time the data was captured and, especially 
for E1 related data items, the source of the consumed substance or the emitted material. This 
could be the energy mix for electricity, the location the freshwater came from, etc. Therefore, 
the table to be implemented counts additional columns as shown in the following table. In 
addition to that, the table will be preconfigured to support the user in collecting the requested 
data. The resource fields will provide a list of possible items relevant for the respective data 
group. Unit, source and maturity level will also be lists instead of free text fields. This approach 
ensures that the data can be correctly processed by the SEPI calculation. In case of additional 
resources, varying units or unknown sources the underlying databases will have to be 
adapted.  Especially for the resources and the sources accompanying information from sup-
porting database will be required for correct data processing. Therefore, the data collection 
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sheet will contain data fields for identifying them as generated by the SEPI tool to identify files 
generated by external applications that have a higher likelihood of containing invalid data. 
 
 
 

Completed by: Company X Date of completion: 1.2.2025 
Process identification:  
Process 1 (70%) 

Process Functional 
Unit: CGT/year 

Reporting location: Hall 1 

Process 2 (30%) 
Description of processes: xxx xxx xxx xxxxx xxx xx xx 
x 

Technology ID & Description: xx xx xxxx xxxx xxxx 

Climate 
Change (E1) 

Unit Quantity Time Source Maturity 
level 

Description of 
sampling pro-
cedures 

Electricity kWh 5.000 August 
2025 

EU mix 
2024 

3 Meter in Hall 1 

Diesel Oil t 300 August 
2025 

MDO 3 Refill of tank 
25 

Hydrogen t 200 August 
2025 

Wind en-
ergy driven 
hydrolyse 

3 Device 234 

Water & 
Marine Re-
source (E2) 

Unit Quantity Time Source  Fresh water 
supply, in-
voice 4711 

Fresh water m3 2.000 August 
2025 

Fresh  2  

 
 
Figure 7: Data Collection Sheet  

10.5. Implementation priorities and schedule 

The development process follows a structured, step-by-step approach to integrate data and 
models into the SEPI system. The first step involves impor6ng data into the model tree using a 
predefined Excel template. This enables a standardized and efficient way to bring relevant in-
forma6on into the system. Following this, the second step establishes a connec6on between 
exis6ng BPM (Business Process Management) tools and the business process tree within the 
SEPI framework, ensuring that opera6onal workflows are accurately represented. 

The third step focuses on mapping the layout and process trees to one another, crea6ng the 
founda6on for transferring data between the physical and process-based views. In the fourth 
step, data from the layout tree is transferred into the process tree, allowing for the calcula6on 
of key performance indicators in a process-oriented context. Eventually, a fiZh step will also 
enable data transfer in the opposite direc6on—from the process tree back to the layout tree—
to support comprehensive analysis and advanced use cases, such as evalua6ng the effects of 
changes in process design. 

In terms of 6meline, steps one and two are scheduled for comple6on by the end of 2025. Steps 
three and four will follow and are expected to be finalized by mid-2026. The final step—bidi-
rec6onal data transfer—will be implemented by the end of the overall project. 
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Ini6ally, SEPI score calcula6ons will be limited to emission category E1, with categories E2 and 
E3 to be integrated in later phases of the project. This phased rollout ensures a stable and 
manageable implementa6on while progressively expanding the system’s analy6cal capabili-
6es. 

10.6. SEPI tool interface for other applications 

Towards the later stages of development, the SEPI tool will provide an API that allows external 
access to its database. This interface is intended to enable the inser6on of process models and 
measurement data directly into the system. However, the implementa6on of this API is not 
considered a high priority, as it would require external applica6ons to undergo addi6onal soZ-
ware development—an effort that is unlikely to be undertaken during the CirclesOfLife project 
6meframe. 

Nonetheless, since both the visualiza6on module and the internal data transfer mechanisms 
between data collec6on and SEPI calcula6on will rely on the same underlying technology, 
much of the required interface infrastructure will already be created during the prototype 
phase. At a later stage, the interface will be adapted to ensure it is usable by external devel-
opers. 

The chosen technology for this interface is a web service, which will include appropriate au-
thoriza6on mechanisms to control the inser6on and retrieval of data, ensuring secure and re-
liable integra6on with external systems. 
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11. Overview of KPIs 
The final status of the SEPI tool should be the coverage of the ESRS topics according to the 
following figure. Within CirclesOfLife, implementa6on will concentrate on the environment 
aspects (E1 to E5) as this data is already being collected today and is quan6fiable. To create a 
proof-of-concept, implementa6on will start with Climate Change (ESRS E1) and then con6nue 
with E2 – E5, depending on the data already available at the shipyards. The data will be col-
lected via the layout tree into the node most suitable for the yard and then aggregated to the 
higher level nodes. Addi6onally, it will be transferred into the process model via the mapping 
module. Most data will be collected as is. However, to store some of the informa6on required 
for the SEPI calcula6on, conversions might needed (e.g. from energy consump6on to CO2 emis-
sion. The respec6ve algorithms will be covered in the following chapters if already known. 

 

Figure 18: ESRS topics 

11.1. Climate change (E1) 

The objec6ve of collec6on climate change related data is to provide an understanding of the 
shipyard’s total energy consump6on and the share of fossile as well as renewable energy in 
its overall energy mix. To collect this informa6on, the energy consump6on will be collected, 
in par6cular:  

• total energy consump6on of the yard in a defined 6me frame from fossil sources 

o fuel consump6on from coal and coal products;  
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o fuel consump6on from crude oil and petroleum products;  

o fuel consump6on from natural gas;  

o fuel consump6on from other fossil sources;  

• total energy consump6on from nuclear sources 

• total energy consump6on from renewable, subdivided into 

o fuel consump6on for renewable sources including biomass 

o biofuels 

o biogas 

o hydrogen from renewable sources  

• consump6on of purchased or acquired electricity, heat, steam, and cooling from re-
newable sources 

• consump6on of self-generated non-fuel renewable energy.  

• consump6on of purchased or acquired electricity, heat, steam, or cooling from fossil 
sources 

• where applicable, non-renewable energy produc6on and renewable energy produc6on 

For the SEPI calcula6on, the energy will be converted into GHG emission (as CO2 equivalent). 

To determine the emission, the SEPI tool will make use of the fuel table that has originally 

been developed by the JOULES project [JOULES 2017] for the LCPA soZware tool. 

All emissions should be subdivided into Scope 1, 2 and 3. While the Scope 1 and 2 emissions 
can be calculated directly from the shipyard consump6on, the Scope 3 emissions need to be 
collected from the responsible suppliers. 

In case the shipyard performs measures for GHG removal or mi6ga6on, this will also be doc-
umented in metric tonnes of CO2eq resul6ng from projects it may have developed or contrib-
uted to in its upstream and downstream value chain; and the amount of GHG emission reduc-
6ons or removals from climate change mi6ga6on projects outside its value chain it has fi-
nanced or intends to finance through any purchase of carbon credits.  

11.2. Pollution (E2) 

The objec6ve of collec6ng pollu6on data is to provide an understanding of the emissions that 
the shipyard generates in the air, water and soil in its own opera6ons. The following data will 
be collected: 

• emissions of air pollutants 

• emissions to water  
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• emissions of inorganic pollutants  

• emissions of ozone-deple6ng substances  

• microplas6cs 
 
The soZware will use a generic approach to collect this data of data, i.e. a generic data model 
that enables the user to individually define the pollutant and the unit it will be represented in. 
In order to ensure that a pollutant is covered iden6cal in all loca6ons it occurs, the entries will 
be defined in an independent list that will become available to each node in the layout and 
process trees.  
In addi6on to the pollu6on, the produc6on, use, distribu6on, commercialisa6on and im-
port/export of substances of concern and substances of very high concern on their own, in 
mixtures or in ar6cles will be documented. The objec6ve is to enable an understanding of the 
impact of the yard on health and the environment through substances of concern and sub-
stances of very high concern on their own. Furthermore, an understanding of the material 
risks and opportuni6es, including exposure towards those substances and risks arising from 
changes in regula6ons shall be created.  

To fully cover the E2 specifica6on, not only the actual generated pollu6on should be meas-
ured, but also the financial effects from pollu6on-related impacts, risks and opportuni6es. 

11.3. Water and marine resources (E3) 

The principle is to provide an understanding of how the shipyard is managing the use of wa-
ter and other marine resources. The data items to be collected are:  

• total water withdrawals in thousands of m3  

• total water consump6on in thousands m3  

• total water discharges in thousands m3  
Addi6onally, if a cer6fied water management system is available, addi6onal data will be col-
lected: 

• total water recycled or reused in thousands m3 
• total water stored in thousands m3 

11.4. Biodiversity and ecosystems (E4) 

Although important, topic E4 will not be considered for the development of the first soZware 
version. Major reason is the concentra6on of measurable values (E1 – E3) while E4 is mainly 
dedicated to non-quan6fiable parameters. 

11.5. Resource Use and circular economy (E5) 

Like E4, the E5 values will not be covered in the first stage of soZware development. However, 
since the variables considered in this area are quan6fiable and measurable, implementa6on 
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will be feasible in a similar way as for E1 – E3. Therefore, E5 will have precedence over E4 when 
it comes to further implementa6on steps. 

The principle to be followed under E5 is to provide an understanding of the resource use in 
the course of the shipyard’s own opera6ons, considering separately renewable and non-re-
newable resources and including transparency on virgin versus non virgin materials and on 
sustainable versus regenera6ve source.  

The following data will be gathered: 

• the overall total weight of materials used during the repor6ng period;  

• the weight in both absolute value (tons) and percentage of renewable input materials 
used to manufacture the yard’s products and services (including packaging); and  

• the weight in both absolute value (tons) and percentage, of reused or recycled input 
materials used to package the yard’s products.  

 

With respect to resource oumlows, it is envisaged is to provide an understanding of how the 
shipyard is contribu6ng to circular economy by increasing the durability, reparability, upgrada-
bility, reusability or recyclability of the products and materials. The resource oumlows repre-
sent the circularity of materials or products that are inten6onally designed to contribute to 
circular economy.  

The collected data will include the amount in both absolute and percentage terms of material 
and products that are designed along circular principles: durability, reusability, repairability, 
disassembly, remanufacturing/refurbishment, recycling or other op6misa6on of the use of the 
resource.  

Waste data will be collected as follows: 
• the total amount of waste generated 

• for each of hazardous and non-hazardous waste, the amount by weight diverted from 
disposal by recovery opera6on type and the total amount summing all three types. The 
recovery opera6on types to be reported on are:  

一 prepara6on for reuse 

一 recycling 

一 other recovery opera6ons;  

• for each of hazardous and non-hazardous waste, the amount by weight averted to dis-
posal by recovery opera6on type and the total amount summing all three types. The 
recovery opera6on types to be reported are:  

一 incinera6on  

一 landfilling  
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一 other disposal opera6ons 

一 the total amount and percentage of non-recycled waste. 

• If applicable, the system will also collect the total amount of hazardous waste and ra-
dioac6ve waste generated by the shipyard. 

11.6. Social and governance KPIs (S1 – S4 and G1) 

Sec6ons S and G are leZ out for the moment. In order to implement them in the SEPI tool, KPIs 
must be defined and the rela6onship to E1-E5 is to be determined in terms of SEPI calcula6on. 
This effort would go beyond the possibili6es of the CirclesOfLife project. However, the system 
architecture will be generic enough to consider these KPIs at a late point in 6me without major 
changes in the architecture. 

11.7. SEPI calculation kernel 

The primary purpose of the SEPI kernel is to calculate the Shipyard Environmental Performance 
Indicator based on input data collected directly at the yard. This calcula6on is not automa6c 
but is explicitly triggered by the user, allowing control over when and how the results are gen-
erated. 

A key component of the calcula6on involves the conversion of energy consump6on data into 
greenhouse gas (GHG) emissions. To perform this conversion accurately, the system requires 
informa6on about the amount of energy consumed, the specific energy sources used, and the 
relevant conversion factors. All other measured values—such as emissions or material con-
sump6on—can be directly incorporated into the SEPI calcula6on without the need for conver-
sion. 

The SEPI is calculated for each node in the process tree, conver6ng environmental impacts 
from each ESRS (European Sustainability Repor6ng Standards) category into corresponding 
SEPI values. A total SEPI score is then derived for each process, aggrega6ng the results across 
the en6re tree structure. The final SEPI value depends on a set of weigh6ng factors applied to 
the different categories; however, these weigh6ng methods are s6ll being developed. Addi-
6onally, a total SEPI score is calculated for the top level of the process tree, providing an overall 
performance indicator. 

The same calcula6on method is also supported for the layout tree, ensuring consistency across 
both structural views. When all data has been accurately captured and correctly mapped, the 
SEPI score at the top level should be iden6cal in both the layout and process trees, confirming 
the integrity and coherence of the data throughout the system. 
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12. Target groups and appropriate visualisa6on concepts 

12.1. Visualisation and reporting goals 

The system is designed to display the SEPI (Shipyard Environmental Performance Indicator) 
score, as defined in Work Package 1, not only at the overall shipyard level but also for more 
detailed, lower-level components. To support communica6on and analysis, the data can be 
exported for use in presenta6ons or for further processing in external tools. 

Different target groups are taken into account, ensuring that the presenta6on and structure of 
the informa6on can be tailored to the needs of various stakeholders, whether they are tech-
nical experts, management, or external evaluators. In addi6on, the system enables the docu-
menta6on of SEPI score development over 6me, allowing users to track progress and iden6fy 
trends in environmental performance. 

Data can also be prepared to enable meaningful comparisons between different shipyards. In 
doing so, the type of shipyard is considered to ensure that comparisons are fair and contextu-
ally appropriate. Beyond environmental performance tracking, the collected and processed 
data can be consolidated for other repor6ng or compliance purposes, such as fulfilling require-
ments under the Corporate Sustainability Repor6ng Direc6ve (CSRD). 

12.2. General user interface design 

The soZware will be realised as web-based applica6on. Therefore, the user interface will run 
in any recent web browser (Chrome, Edge, Safari, Firefox, etc.). The following figures give a 
first impression of the user interface design. 
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Figure 19: SEPI tool login window 

 

 

Figure 20: Project selec/on 
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Figure 21: Project details 

 

Figure 22: Sample view of the SEPI trees (processes and layout) 
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12.3. Advertising and management view 

The system supports the genera6on of informa6on intended for public communica6on, mak-
ing it easier to share environmental performance data in a transparent and accessible way. 
This func6onality can be used to inform policy making by providing clear, high-level insights 
into shipyard opera6ons and sustainability metrics. Addi6onally, it serves purposes in adver-
6sing and sales, where simplified and visually engaging data presenta6ons can help demon-
strate a company’s commitment to environmental responsibility. 

For these audiences, the informa6on is presented in a general format, without going into tech-
nical details. The view is aligned with the GME (Green Marine Europe) method, offering a con-
sistent and recognizable structure for stakeholders familiar with this approach. A matrix format 
is used to display values alongside their corresponding maturity levels, providing a quick and 
comprehensible overview of data quality and completeness. 

To maintain clarity and accessibility, the data is visualized only at the top two hierarchical lev-
els. Rather than presen6ng complex or detailed figures, the system relies on intui6ve visual 
tools such as bar or pie charts. This ensures that the informa6on remains easy to understand 
while s6ll conveying the most important performance indicators. 

12.4. Technical and optimisation view 

The system offers detailed insights into the emissions generated across the en6re shipyard, as 
well as within specific departments. It provides in-depth informa6on for each key performance 
indicator (KPI) and each individual measuring point, allowing users to analyze environmental 
impacts with a high level of precision. The primary objec6ve of this func6onality is to support 
the op6miza6on of processes and the reduc6on of emissions throughout the yard. 

Users can access data at a very granular level, down to specific ac6vi6es, enabling targeted 
analysis and informed decision-making. To support further analysis and integra6on with other 
systems, the plamorm includes comprehensive export func6ons. These allow users to export 
raw data, calcula6on results, and graphical representa6ons, ensuring flexibility in how the in-
forma6on is used. Addi6onally, the data is structured to serve as a reliable input for post-pro-
cessing in external applica6ons or databases, making it suitable for advanced analysis or re-
por6ng beyond the system itself. 
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13. Visualisa6on of results and report genera6on 

13.1. Introduction and visualisation concepts 

The SEPI tool is designed to present results in a way that meets the specific needs of various 
target groups, ensuring that the level of detail, visualiza6on style, and informa6on content are 
appropriate for each audience. To achieve this, users will have the ability to configure the out-
put according to their requirements, including selec6ng the type of diagram and the specific 
elements to be included in the report. Different output views can be chosen, allowing for tai-
lored presenta6ons depending on the use case. 

The implementa6on will support mul6ple visualiza6on approaches, and users will be able to 
determine which of these should be set as the default for their purposes. In total, three main 
types of output will be provided: visual display on screen, such as through a web interface; 
exportable and editable documents, such as PDF or Word files for use in reports or presenta-
6ons; and raw data exports, which can be used for further postprocessing or integra6on with 
external tools. 

Given the complexity and scope of possible repor6ng needs, the implementa6on will focus 
primarily on the presenta6on types most relevant and useful for shipyards. A fully comprehen-
sive solu6on covering all conceivable output formats would exceed available resources and is 
therefore not planned for the ini6al rollout. 

13.2. Scoring system 

The SEPI will be based on objec6ve measurement of the ESG topics, supported by the narra6ve 
maturity steps defined by GME and CSRD. 

The scoring system has 2 axes, one for maturity of accuracy of data, hotspot analysis, improve-
ment planning and simula6on of yard opera6ons towards a fully digital yard model. The other 
axis is related to ESG topics and subtopics, which is reference a baseline performance achieved 
in 2008, up to a lowest possible impact using BAT at the 6me. For the GHG impact the highest 
score for E1 will be net zero, which is currently under discussion with EU member states to 
confirm if this target is feasible by 2050 and will be confirmed within the dura6on of the pro-
ject. 

The SEPI ESG Score has a range of 1 to 100, with 1 being the baseline at 2008, with a small 
margin to ensure all yards can achieve a score. The ESG sub-topics will be weighted and aggre-
gated into one SEPI Score.  
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Figure 23: Preliminary SEPI scoring range 

The E1 to E5 and S3 cover the most important environmental impact topics, so they will be 
given the highest weigh6ng in the scoring algorithm. 

To visualise the performance a colour system will be applied. The colour of the score, for the 
E1 to E5 categories, indicates the bandwidth of the performance.  

All the main func6ons within the generic yard model will be scored accordingly to assist in 
hotspot analysis. If the yard has a high maturity for data measurement, then the same method 
will be applied down to ac6vity level 4, so that the process and technology improvements can 
be iden6fied and described in the yard improvement plan, as is used for CSRD repor6ng, so 
that yards are able to reuse this data for corporate repor6ng. 

 

Figure 24: Every main func/on is scored according to the ESRS categories, which is combined into a score per topic for the 
whole yard. 
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The sub-topics can be averaged to give an overall score for each ESRS main topic. The weigh6ng 
for the main topics may also be weighted. The weigh6ng factor will be further developed in 
WP2, according to EU policy (e.g. Financial weigh6ng).  

13.2.1. Baseline scoring level 

The baseline, will be determined by benchmarking the yards in the consor6um, with the his-
torical data which is available from yards that have conducted CSR repor6ng, with data that 
has been reported reliably, going back to 2008, so that the technology used at that point in 
6me can be used as a lowest level of the ra6ng bandwidth, so we will try to gather data from 
that year onwards, to set the lowest level of performance. 

The reason for selec6ng 2008 derives from the latest EU direc6ve, “Fit for 55 at 2030”, which 
uses 2008 as a reference point to calculate the reduc6on of 55% to 2008. If a yard reduces it’s 
CO2 equivalent emissions by 55%, from the baseline performance ra6ng, by 2030 the yard will 
receive a green label A+. This means that the yard is on target for net zero at 2050.  

The EU have defined a BAT list of technologies1 , which should be applied to the improvement 
plans at the yard. If the yard applies the BAT, it s6ll has to measure and score the main func6on 
within the bandwidth. For the mari6me sector and the lifecycle shipyards in specific, research 
has to be conducted on iden6fying the gaps in BATs. CoL would like to recommend to the EU 
to start on building the BAT database on shipyard specific BATs not yet covered by any other 
BATs. The case studies of CoL will be a star6ng contribu6on to this effort. 

Therefore, the yards must be benchmarked, to gather the baseline data and performance level. 

Where the yard is currently incapable of measuring a topic, the reference baseline perfor-
mance score will be applied by default. To avoid this situa6on, we intend to set the baseline 
performance low, the SEPI score should immediately improve once the yard starts es6ma6ng, 
calcula6ng, or measuring any of the ESG topics.  

The upper limit for the SEPI score is 100 which equals to net-zero for E1. For E2 to E5 topics 
this would mean that the yard does not produce any waste, it does not contribute to climate 
change, all water is recycled and that there is no pollu6on to air, soil or water, and has a well-
established and func6oning social and governance apparatus.  

The baseline and the weigh6ng of the individual ESG topics will be further developed in WP1, 
in coopera6on with GME, to align the measurement maturity and improvement plans for both 
scoring systems.  

  

 
1 EU Industrial Emissions Directive – Best Available Techniques (BAT) reference documents: BAT reference documents | EU-BRITE 
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13.3. Result overview 

The SEPI tool will present results in mul6ple visual formats to support clear and flexible inter-
preta6on. A qualita6ve matrix combines the performance results with the corresponding ma-
turity levels, offering a structured overview of both data quality and environmental outcomes. 
For a more general representa6on, bar charts are used to provide an at-a-glance understand-
ing of overall performance across key categories. Addi6onally, spider web diagrams are avail-
able to visualize the distribu6on and balance of performance indicators, making it easier to 
iden6fy strengths, weaknesses, and areas for improvement in a comprehensive and intui6ve 
manner. 

The founda6on of the report will be based on the analysis of main func6ons within the SEPI 
Generic Yard business process model, so that the ESG performance can be consistently re-
ported and traced back to the baseline repository, or applica6on database. 

The report shall also include the improvement plan for the hotspots that are iden6fied using 
the predic6on, or calcula6on of environmental performance. The report structure will be 
aligned with the GME repor6ng format, so that the 2 reports can be linked and support each 
other. The visualisa6on of the SEPI scoring system will also use a trend graph of performance 
for the main KPIs, which uses the previous 3 years of performance, as a reference. The reason 
for including this is to declare a transi6on towards the main EU milestones, for example the 
55% reduc6on at 2030, onto net zero at 2050. The trend will be described in the report, sup-
ported by the historical data.   

The reports shall allow for detailed analysis, from main ESRS topics down to sub-topics. The 
topics that are material to the yard have been es6mated in WP1.1B. The SEPI tool should have 
func6onality that facilitates this analysis, with the appropriate output documents. 

13.3.1. Visualisation of the SEPI Scoring System 

The overall performance score will be derived from adding together the performance for the 
main environmental topics and a lener, which relates to the maturity level, so E1 to E5 and S1, 
S3 added together according to the agreed weigh6ng, so that an overall yard ra6ng will be a 
lener and a number, e.g. A1. 

The maturity scale for measuring accuracy and improvement analysis will be from D to A+. D 
is the lowest maturity and A+ the highest, so 5 levels in total. The two scales are then combined 
so that the overall SEPI score is represented in a linear visualisa6on. The weigh6ng of the en-
vironmental topics, E1 to E5, are visualised by the width of the bar, which combines perfor-
mance, maturity and weigh6ng.  
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For the CoL project a pictorial representa6on has been designed. See Figure 25 and Figure 26. 

 

Figure 25. SEPI scoring visual 001 

 

Figure 26: SEPI scoring visual 002 

An alterna6ve visualisa6on is to have a 2 dimension scoring system. See Figure 27 and Figure 
28 below  
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This depicts the performance axis and the maturity axis, but maintains the lener and number 
format as above. 

 

Figure 27: SEPI scoring visual 003 

 

Figure 28: SEPI scoring visual 004 

Another alterna6ve visualisa6on is to have a circular scoring system. See Figure 29. 
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Figure 29: SEPI scoring visual 005 

Which visualisa6on is best suited will be tested in the sample implementa6on. Different ap-
proaches will be implemented and tested by the users in the project. In order to avoid unnec-
essary implementa6on effort, test implementa6ons might be limited to a subset of the KPIs 
and will not fully show all details. Once the tests have shown which variants will be the most 
appropriate ones, final implementa6on will concentrate on these. For the tests, sample data 
will be used as it seems to be unrealis6c to collect data from three years in the required level 
of detail.  

13.4. Detail view 

The system provides a variety of visualiza6on op6ons to support effec6ve analysis and com-
munica6on of results on a detailed level. Charts and graphs can be generated to represent the 
overall outcome or to break down the informa6on by individual processes or process levels, 
depending on the desired level of detail. Users can choose between displaying qualita6ve re-
sults for a high-level overview or detailed numerical values for in-depth analysis. In addi6on, 
a comprehensive table is available that clearly presents both the input and output data, en-
suring transparency and traceability throughout the evalua6on process. The detail view is in-
tended to support a closer look into single processes that might require op6misa6on. There-
fore, such results are mainly targeted to internal use and less important for publica6ons. It will 
also be closely connected to expor6ng data into external tools such as BPM soZware for post-
processing ac6vi6es. 
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13.5. Report generation 

13.5.1. Concept and supported file formats 

Purposes of the reports generated by the SEPI tool are mainly 

• genera6on of documents with comprehensive on results 

• export of result data for post processing by external soZware tools 

While the first ones will be intended as documents to be read and distributed or will serve as 
basis for SEPI result documenta6on, the export func6onality will serve as data collec6on for 
post-processing by tools that support addi6onal analysis func6onality. This could include cre-
a6on of specific visualisa6on, genera6on of shipyard-specific reports or data storage in exter-
nal databases. During the implementa6on, the founda6ons for the report crea6on will be laid 
out and some sample reports will be prepared as proof-of-concept. It will be up to the ship-
yards to specify addi6onal reports depending on the envisage tasks. 

The reports will be based on the detail view of the SEPI tool, i.e. the data-orientated output 
rather than the visualisa6on. The output mainly contains tables covering input data, output 
data and calcula6on results. Considered File format are XLSX, CSV, PDF, DOCX, XML, JSON, 
BPMN 2.0, single charts also as TIF or JPEG. Which formats will actually be implemented, de-
pends on the envisaged use cases. In a first step, Excel files will be supported for expor6ng raw 
data for postprocessing, PDF files for visualisa6on, and BPMN files to export business process 
models. For the single chart export, one graphic format will be selected, depending on the 
availability in the implementa6on toolbox. Whether other formats will already be available 
within CirclesOfLife, depends on the requirements of the connected applica6ons as well as on 
the support by the toolboxes used. 

13.5.2. Reports to be realised 

The SEPI tool will support different types of reports to meet the needs of the user groups ad-
dressed, from opera6onal staff to execu6ve management, regulators, and external stakehold-
ers. These reports will therefore vary in depth, format, and focus. Not all reports will be imple-
mented immediately.  The CirclesOfLife project will concentrate on some sample reports that 
have the highest relevance for the shipyards. This will include on report as PDF document and 
one report expor6ng raw data. 

Report types the SEPI tool will support directly or via export of data into an external report 
genera6on tool are: 

Overview Reports 

• Target Audience: Management, decision-makers, public stakeholders 
• Content: 
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o Total SEPI score at yard and main function levels 
o Summary of key indicators (e.g., energy use, emissions) 
o High-level insights and trends 

• Format: Dashboard, PDF, PowerPoint, or simple web reports 
• Purpose: Quick understanding of environmental performance 

Detailed Technical Reports 

• Target Audience: Environmental engineers, analysts, auditors 
• Content: 

o SEPI scores per process, per ESRS category 
o Emission breakdowns, energy/resource consumption 
o Maturity levels of input data 

• Format: Excel, interactive dashboards, or detailed PDFs 
• Purpose: In-depth performance analysis and data verification 

Process-Level Reports 

• Target Audience: Operations managers, process owners 
• Content: 

o Environmental performance of specific processes or departments 
o Input-output data per process node 
o Suggestions for optimization 

• Format: Table reports, spider charts, bar graphs 
• Purpose: Operational improvement and process control 

ComparaRve Reports 

• Target Audience: Corporate management, benchmarking teams 
• Content: 

o Comparison between shipyards, projects, or time periods 
o Normalized SEPI scores 
o Yard type consideration and performance context 

• Format: Summary tables, ranking charts, spider webs 
• Purpose: Benchmarking and strategic planning 

Time-Series and Trend Reports 

• Target Audience: Continuous improvement teams, sustainability officers 
• Content: 

o SEPI trends over time 
o Changes in emissions, consumption, and data quality 

• Format: Line graphs, historical tables, annotated graphs 
• Purpose: Tracking progress and identifying long-term improvements 

Public and CSR Reports 
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• Target Audience: General public, media, NGOs, investors 
• Content: 

o Simplified data visualizations (bar/pie charts) 
o General performance summaries without technical detail 
o Highlights of environmental initiatives 

• Format: Infographics, web summaries, brochures 
• Purpose: Communication, transparency, and brand reputation 

Regulatory and Compliance Reports 

• Target Audience: Regulatory bodies, auditors 
• Content: 

o Structured environmental data aligned with ESRS or CSRD 
o Conversion methods, data sources, documentation of assumptions 

• Format: Audit-ready documentation, structured data formats (e.g., XML, JSON) 
• Purpose: Fulfilling legal and reporting obligations 

Raw Data and Export Reports 

• Target Audience: Analysts, IT teams, external tools 
• Content: 

o Input data, SEPI calculations, maturity levels 
o Export of raw and processed data 

• Format: CSV, Excel, API export 
• Purpose: Post-processing, integration with external databases or tools 

 

  



 

63 
 

14. Conclusion 

The SEPI tool to be developed within WP 2 implements data collection, SEPI score calculation, 
and result visualization. It will utilize a generic shipyard model, allowing users to select a pre-
defined model and adjust activities as well as technologies. The software includes a process 
inventory database, which can be integrated or separate, and a simplified digital twin repre-
senting the shipyard’s site and processes. The tool will feature two interconnected model 
trees: one for the shipyard’s process model and another for the shipyard layout model, facili-
tating data collection and SEPI calculation. 

SEPI calculation will be based upon a hierarchical process model with four levels: main func-
tions, sub-processes, activities, and technologies. The SEPI system supports the import of data 
elements, including layout and process models, and energy consumption data. Data will be 
collected from measuring facilities and mapped to processes, ensuring compatibility with ex-
isting practices. The system interfaces with BPM tools for process model retrieval and SEPI 
result export, utilizing XML files in BPMN 2.0 format. 

The SEPI tool will support manual process and layout tree creation, and data exchange will be 
facilitated through structured files, initially focusing on MS Excel. The development process 
involves importing data into the model tree using a predefined Excel template and establish-
ing connections between BPM tools and the business process tree within the SEPI framework. 

Implementation will be performed in phases, with the first focusing on mapping layout and 
process trees and transferring data between them. Initially, SEPI score calculations will be lim-
ited to emission category E1, with categories E2 and E3 to be integrated later. The tool will 
eventually provide an API for external access to its database, enabling the insertion of process 
models and measurement data. 

The SEPI tool calculates the Shipyard Environmental Performance Indicator based on input 
data, including energy consumption and emissions. The SEPI score, ranging from 1 to 100, is 
derived from ESG topics and subtopics, with E1-E5 and S3 receiving the highest weighting. The 
tool supports various visualization options, including on-screen displays, exportable docu-
ments, and raw data exports, tailored to different target groups. Rating will use a baseline 
from 2008 to calculate a yard’s ESG performance, with a goal of achieving a green label A+ by 
2030. The tool will present results in various visual formats, including matrices, bar charts, and 
spider web diagrams, to provide a comprehensive overview of performance and areas for im-
provement.  

Different reports are generated for various audiences, including corporate management, con-
tinuous improvement teams, the general public, regulatory bodies, and analysts. These re-
ports serve purposes such as benchmarking, strategic planning, tracking progress, communi-
cation, and fulfilling legal obligations. 
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Implementation of the tool has already started, with the goal to present a first prototype to 
the end-users by the end of 2025 and the complete software at the end of the project one 
year later.  
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