
 This project has received funding from the European Union’s Horizon 2020 research and innovation 
programme under the Grant Agreement No 690588. 

 

 
 

 

Towards a Shared European Logistics Intelligent 
Information Space  

 

 

 

 

D2.3 Simulation environment and investigation 

of new models for LLs 
 

public 
 

 

  

Ref. Ares(2018)1077910 - 26/02/2018



D2.3. Simulation environment and investigation of new models for LLs 

© SELIS, 2018  Page | 2  

Document Summary Information 
 

Grant Agreement No   690558  Acronym  SELIS 

Full Title  Towards a Shared European Logistics Intelligent Information Space 

Start Date  01/09/ 2016  Duration  36 months  

Project URL  www.selisproject.eu 

Deliverable  2.3 Simulation environment and investigation of new models for LLs 

Work Package  2 – SELIS Business Innovation Models 

Contractual due date 28/02/2018 Actual submission date 28/02/2018 

Nature  Report Dissemination Level  Public 

Lead Beneficiary  ISL 

Responsible Author  Oliver Klein (ISL) 

Contributions from  Axel Wunsch, Arne Gehlhaar (ISL), Chistos Skoufis (EBOS), Rob Zuidwijk (EUR), Tiago 
Oliveira (SONAE), Nikolaos Chalvantzis (ICCS) 

 

 

Revision history (including peer reviewing & quality control) 

Version Issue Date Stage Changes Contributor(s) Comments 

0.1 31/10/2016 Outline Template update and first outline Oliver 
Klein(ISL) 

 

0.2 30/06/2017 Draft Content structure 

Included Relevance to LLs 

ISL  

0.3 16/08/2017 Draft Relevance to SCN Chapter 2.3 EBOS, SONAE  

0.4 06/09/2017 Draft Draft update ISL  

0.5 04/10/2017 Draft Relevance to EGLS  ISL, EUR  

0.6 30/11/2017 Draft High level conceptual simulation 
models Chapter 2 & 5 

ISL, EBOS  

0.7 20/12/2017 Draft Chapter 6 ISL  

0.8 01/02/2018 Draft Updated Simulation prototype 
implementations 

Refine structure 

ISL, EBOS, ICCS Submission for 
Peer Review 

1.0 23/02/2018 Final Final editing ISL Ready for 
Submission 

1.1 26/02/2018 Final Final editing after review by EUR ISL, EUR Ready for 
Submission 



D2.3. Simulation environment and investigation of new models for LLs 

© SELIS, 2018  Page | 3  

Executive Summary 
SELIS WP2 aims at the research and development of new business innovation models for Living Labs, which at 
the same time are driving and enabled by the SELIS infrastructure, i.e. the community nodes and networks. This 
document describes the intermediate results of in depth model investigations via simulation as carried out in 
task T2.3 of the SELIS project.  

Computer based simulation has traditionally played an important role in research and development of many 
natural systems. As simulation uses an abstract, often mathematical, model to describe a system, it allows a 
degree of control over experimental conditions and allows reproducing the system’s behaviour regarding 
simulation results in a way that is difficult or impossible with a prototype or fielded system. Supply chain 
simulation has various benefits, such as helping to understand the overall supply chain processes and 
characteristics by providing graphical output and animations. Simulation models can capture system dynamics 
including probability distributions on input data and unexpected events. By ‘what-if’ simulation, users can test 
various alternatives before changing a plan and understand the impact of certain events and conditions and so 
the risk of changes in planning or in a control process can be minimized. The main goal of the here presented 
activities is the development and implementation of simulation environments in the context of SELIS European 
Green Logistics Strategies (EGLS). The term Simulation Environment was coined to describe an individual set of 
tools, data sources and workflows that is suitable to implement a particular simulation study and is assembled 
in order to execute possibly many recurrent simulation runs over an arbitrary period of time. Accordingly, there 
will be a number of such environments within SELIS.  

Each simulation environment is closely linked to the individual objectives of SELIS Living Labs. Simulation 
environments are composed to support the visualisation of scenario based experiments, impact assessment 
and future dissemination of SELIS innovations. More specifically, simulation can help to verify and investigate 
the impacts of these EGLSs in an either abstract or simplified environment or in a more practical setup if 
applied directly by a Living Lab. In the Living Lab context, simulation can be useful to validate and configure 
new SELIS solutions before they will be deployed in a real operational environment. 

The relevance of simulation to the various EGLSs can be best described in terms of possible benefits for the 
users of these strategies. Simulation could help to convince stakeholders to engage in sustainable collaboration 
(EGLS 1), or a serious game based simulation may be beneficial to test how decision makers are incentivized by 
presented costs and risks of collaborations (EGLS 2). In a simulation environment, different levels of 
information sharing could be emulated by corresponding decision rules that make use of the shared data 
(EGLS 3) and new business models based on information sharing can be provided in order to overcome 
information sharing barriers by using the concept of information as a service and analytics as a service. 
Simulation models should also incorporate environmental performance indicators as set out in the 
collaborative environmental reporting dashboard (EGLS 5). Supply chain optimisation is a typical domain for 
simulation, especially to demonstrate and promote the benefits of forecasting strategies and collaboration 
policies, e.g. for inventory management (EGLS 6). 

The SELIS Living Labs will demonstrate the benefits and impacts of various SELIS solutions that are influenced 
by the EGLS’ and designed to establish the shared logistics information space. The Living Labs consist of various 
use cases which address particular challenges within the context of their business models, e.g. the deployment 
of synchromodal services (LL2) or the efficient utilisation and scheduling of rail cars (LL5) and barges (LL4) in 
the hinterland as well as the inventory optimisation for fresh products in a collaborative inventory 
management environment for suppliers and retailers (LL8). In addition to pre-development simulation studies, 
an ex post evaluation of the developed solutions can be supported by a simulation environment, which could 
become an integrated part of the Living Lab. 

From the perspective of the SELIS Community Nodes and networks (SCN), the simulation process helps to 
validate the quality and performance of the services provided by the SCN under more realistic conditions 
compared to the ad hoc testing with just a small fraction of potential users during a short period of time. 
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In order to achieve the above mentioned goals, guidelines on how simulation models may be composed and 
used to solve certain EGLS-centric problems can be given to responsible simulation developers. These 
guidelines comprise the following steps: 

1. Problem formulation and target objectives 
2. Data collection and model definition 
3. Model verification 
4. Construction of the simulation environment and verification 
5. Pilot runs 
6. Validation of the programmed model 
7. Experiment design 
8. Simulation runs 
9. Output analysis 
10. Documentation and making use of findings 

Further guidance for simulation developments can be given in terms of tools and model definitions that are 
highly relevant within the context of the SELIS project. In addition to the general categorization in discrete and 
continuous event systems, the availability of general purpose simulation tools versus domain specific 
counterparts should be considered individually for each simulation environment. In case of an individual 
implementation of tools, the functional modules should include a central simulation execution platform to 
configure and control the simulation runs and a real-time and spatial visualisation component, because the 
integration of simulation models and visualization can represent the dynamics within a realistic visual 
environment. Moreover, if substantial efforts for modelling of a new SELIS artefact have been made, e.g. a data 
model, dashboard component, optimisation algorithm, decision support rules, etc., these results should be 
reused in the respective simulation environment. Another important facet concerns tools for data gathering, 
sourcing and cleansing. Common data sets and standardized data models should allow users to efficiently 
model, visualize and simulate logistics operations. However, due to the practically unlimited range of individual 
requirements, a general purpose solution or data library doesn’t exist. SELIS simulation environments are 
inspired and enabled by a range of best practices, data and tools, which include geographic information 
systems (GIS) to cope with visualisation requirements but also as a foundation of transport networks, 
infrastructure and routes. Traffic information is particularly useful to detect locations and times when specific 
conditions like congestion occurred. Information about current or historic traffic situations can be used to 
design more realistic model scenarios, or to investigate the impact of actual traffic conditions on the system of 
interest. The simulation input data collection for various simulation scenarios especially benefits from AIS 
position data that is used for port call and (inland) vessel movement analysis. However, the existing internal 
data sources of involved companies (LL stakeholders) continue to play the most important role in data 
collection. 

Three Living Labs have been selected for the initial developments of conceptual simulation models and the 
further implementation of simulation environment prototypes and business scenarios that are linked to the 
respective EGLS: 

 LL2 – Port of Rotterdam centered synchromodal logistics (PoR) 

 LL5 – SELIS Node for rail, truck, and terminal collaboration (Adria Kombi) 

 LL8 – Shipper driven continuous investment in green logistics (SONAE) 

The simulation environment that has been prepared for LL2 can be used for both LL uses cases. The first use 
case scenario will be used to investigate the inland reliability toolbox ,which is linked to EGLS 1, and the second 
use case mainly focuses on the matching of import and export container flows, which is on the other hand 
linked to collaborative synchromodal planning (EGLS 1) and visibility (EGLS 3). LL5 is focused on Supply Chain 
Visibility & ETA Prediction (EGLS 3). A high level conceptual simulation model has been developed for LL8 and 
the implementation of the simulation environment will start in the next month. The validation of the 
simulation models at this stage of the project is important to increase the credibility and overall acceptance of 
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the observed and analyzed process flows as well as any assumptions made, concerning the organizational 
workflow and operating philosophy. During this first validation phase a common understanding of the 
necessary and sufficient level of abstraction has been established. The most important planned next steps for 
all existing simulation prototypes are the collection and integration of additional and realistic input data for a 
scenario that is fully aligned with the Living Lab scope and target range in terms of geography and users. In 
addition to advancing the existing development, the conceptual simulation models for other Living Labs will be 
further transformed into programmed models in order to facilitate experiments and impact assessment 
through individual “what-if” simulation scenarios. 

After another year of the SELIS project, the follow-up version of this deliverable (D2.4) will provide a summary 
of the result from various simulation experiments as well as refinements of models and strategies. 

 

 

 

 

Disclaimer 

The content of the publication herein is the sole responsibility of the publishers and it does not necessarily 
represent the views expressed by the European Commission or its services. 

While the information contained in the documents is believed to be accurate, the authors(s) or any other 
participant in the SELIS consortium make no warranty of any kind with regard to this material including, but not 
limited to the implied warranties of merchantability and fitness for a particular purpose. 

Neither the SELIS Consortium nor any of its members, their officers, employees or agents shall be responsible 
or liable in negligence or otherwise howsoever in respect of any inaccuracy or omission herein. 

Without derogating from the generality of the foregoing neither the SELIS Consortium nor any of its members, 
their officers, employees or agents shall be liable for any direct or indirect or consequential loss or damage 
caused by or arising from any information advice or inaccuracy or omission herein. 

 

Copyright message 

© SELIS Consortium, 2016-2019. This deliverable contains original unpublished work except where clearly 
indicated otherwise. Acknowledgement of previously published material and of the work of others has been 
made through appropriate citation, quotation or both. Reproduction is authorised provided the source is 
acknowledged. 

 

  



D2.3. Simulation environment and investigation of new models for LLs 

© SELIS, 2018  Page | 6  

Table of Contents 

1 Introduction ............................................................................................................................................... 9 
1.1 Addressing the SELIS Description of Action ......................................................................................... 9 
1.2 Document Structure ......................................................................................................................... 10 

2 Simulation in Logistics and Supply Chain Management ............................................................................. 11 
2.1 Relevance to the EGLSs ..................................................................................................................... 12 
2.2 Relevance to Living Labs ................................................................................................................... 15 

2.2.1 Work Plan ................................................................................................................................. 15 
2.2.2 Pre-development simulation ..................................................................................................... 16 
2.2.3 After development simulation .................................................................................................. 17 

2.3 Relevance to SELIS Community Nodes and Networks ........................................................................ 18 
3 Toolset for Modelling and Simulation ....................................................................................................... 19 

3.1 Simulation methodology and guidelines ........................................................................................... 19 
3.2 Definition of Tools and Models ......................................................................................................... 21 

3.2.1 Living Lab-Oriented Simulation Tools ........................................................................................ 21 
3.2.2 Simulation Execution Platform .................................................................................................. 22 
3.2.3 Real-Time and Spatial Visualisation ........................................................................................... 22 
3.2.4 Modelling of Reusable Components .......................................................................................... 22 

3.3 Modelling Templates ........................................................................................................................ 23 
4 Tools for Data Gathering, Data Sourcing and Cleansing ............................................................................ 26 

4.1 Transport Networks and Routes ....................................................................................................... 26 
4.2 Traffic Information Services .............................................................................................................. 27 
4.3 Weather Data Providers ................................................................................................................... 27 
4.4 Enterprise Data Sources, WMS, TMS, TOS, etc. ................................................................................. 28 

5 Prototypes and Business Scenarios for Stakeholders ................................................................................ 29 
6 Conclusions and next Steps ...................................................................................................................... 30 
7 References ............................................................................................................................................... 31 
 

 

List of Figures 

Figure 1: Simulation relevance to EGLSs and Living Labs ................................................................................... 12 

Figure 2: Steps in a simulation study (based on [Law 2015]) ............................................................................. 19 

Figure 3: Conceptual Validation, Verification, and Operational Validation in Simulation (based on [Ülgen 2006])
 ........................................................................................................................................................................ 20 

 

 

List of Tables 

Table 1: Deliverable’s adherence to SELIS objectives and Work Plan .................................................................. 9 

Table 2: Living Labs and Simulation Technology Partners ................................................................................. 16 

Table 3: Conceptual Simulation Model Template ............................................................................................. 24 

Table 4: Tabular role description of an actor .................................................................................................... 25 

 



D2.3. Simulation environment and investigation of new models for LLs 

© SELIS, 2018  Page | 7  

 

  



D2.3. Simulation environment and investigation of new models for LLs 

© SELIS, 2018  Page | 8  

Glossary of terms and abbreviations used 

Abbreviation / Term Description 

3PL Third Party Logistics 

ABS Agent-Based Simulation 

AIS Automatic Identification System 

ATA Actual Time of Arrival 

CAPA Corrective and Preventive Actions 

DES Discrete-Event Simulation 

EGLS European Green Logistics Strategy 

ELT Expected Lead Time 

ETA Estimated Time of Arrival 

GHG Green House Gases 

GIS Geographic Information System 

IWW Inland Waterway 

KPI Key Performance Indicator 

LSP Logistic Service Provider 

OR Operations Research 

SCM Supply Chain Management 

SCN SELIS Community Node 

SCOR Supply Chain Operations Reference 

SKU Stock Keeping Unit 

TEU Twenty-foot Equivalent Unit 

TID 
Target Inventory Days. Inventory days are the days the current stock level of one 

product is predicted to support the forecasted demand for this product 

TMS Transport Management System 

TOS Terminal Operating System 

TRL Technology Readiness Level 

UML Unified Modeling Language 

WMS Web Map Service 

3PL Third Party Logistics 

ABS Agent-Based Simulation 
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1 Introduction 

This deliverable reports on the development and implementation of simulation environments in the context of 
SELIS European Green Logistics Strategies (EGLS) linked to the individual objectives of SELIS Living Labs. The 
EGLS are used to drive the simulation models and scenarios that are presented in this report in order to 
determine the particular benefits for the Living Labs. Therefore, simulation environments are composed to 
support the visualisation of scenario based experiments, impact assessment and future dissemination of SELIS 
innovations. In order to achieve these goals, guidelines on how simulation models may be used to solve certain 
EGLS-centric problems are presented with respect to their relevance and impact on the different Living Labs. As 
a result of the work with stakeholders from these Living Labs, particular aspects of data gathering and analysis 
are mentioned and first results from the implementation and initial tests of the envisioned simulation scenarios 
are presented. 

1.1 Addressing the SELIS Description of Action 

The following table provides a definition of this deliverable and list of tasks to be accomplished by it. 

Table 1: Deliverable’s adherence to SELIS objectives and Work Plan 

SELIS GA 
requirements 

Section(s) of present deliverable 
addressing SELIS GA 

Description 

T2.3 - Simulation 
environment and 
investigation of 
new models for LLs 

2 Simulation in Logistics and 
Supply Chain Management 

Chapter 2 briefly introduces the role of 
simulation, available simulation techniques and 
possible advantages for systems concerned with 
logistics and supply chain management. The 
subsections discuss the relevance of modelling 
and simulation to the individual EGLSs, LLs and 
SCN. 

ST2.3.1 – Compose 
modeling 
environment 
toolset 

3 Toolset for Modelling and 
Simulation 

Chapter 3 introduces a common methodology 
and guidelines for creating LL and EGLS driven 
simulation models and discusses high-level 
architectural requirements for the simulation 
environments. 

ST2.3.2 – Gather 
required data and 
link system to data 
sources 

3.3 Modelling Templates 

4 Tools for Data Gathering, Data 
Sourcing and Cleansing 

Section 3.3 provides a common modelling 
template that aims at supporting LL and ELGS 
owners in the simulation design process.  

Chapter 4 documents potential data sources to 
gather various types of required data, to initially 
fill static sets of master data as well as examples 
of information services that have been used to 
complete model data. 

ST2.3.31 Run 
strategy driven 
model simulations 

5 Prototypes and Business 
Scenarios for Stakeholders 

Chapter 5 utilizes prototype simulation models 
as examples from three LL use cases to provide 
an overview of the existing model specifications, 

                                                             
1 GA Annex 1 (Part A) uses an inconsistent number scheme for subtasks 2.3.x. Despite 2.3.3 is omitted therein, it has been 
decided to use a continuous numbering in all deliverables and communications. 
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developments and use of the simulation 
environments.  

ST2.3.4 Package 
and promote 
models 

To be addressed in D2.4 

 

 

1.2 Document Structure 

This document consists of the following chapters: 

 Chapter 1, Introduction: This chapter provides a short introduction to this deliverable, followed by an 
overview, which shows the addressed SELIS GA tasks and subtasks with their related sections in this 
document. The description of the document’s structure concludes this chapter. 

 Chapter 2, Simulation in Logistics and Supply Chain Management: The general approach on how to 
apply computer based simulation on logistical problems covers the first part of this chapter. Followed 
by a more in-depth analysis on how simulation models may be used to solve certain EGLS-centric 
problems. The relevance of these EGLSs, concerning their impact on the different Living Labs, 
comprises the final part of this chapter, wherein concrete use cases consisting of problem descriptions 
and simulation scenarios are described. 

 Chapter 3, Toolset for Modelling and Simulation: This chapter outlines the methodology of creating and 
validating a feasible simulation model, followed by a living lab-based aggregation of tools and 
platforms, on which the formerly created models may be executed and their results displayed and 
analysed. The chapter closes with the introduction of templates for the convenient compilation of 
simulation model related data like problem description, relevant KPIs and strategies to use. 

 Chapter 4, Tools for Data Gathering Data Sourcing and Cleansing: A brief overview of tools and 
potential sources of data that are relevant for transport and supply chain related simulations scenarios 
like OpenStreetMap or data from weather data providers comprises this chapter. 

 Chapter 5, Prototypes and Business Scenarios for Stakeholders: This section provides an overview of 
the current status of model specifications, development and use of simulation environments. The 
models, which have been chosen as examples, focus on planning policies and performance 
characteristics. 

 Chapter 6, Conclusion: The current preliminary results concerning the specification and validation of 
simulation models and the feedback from the stakeholders are handled in this final chapter. Finally a 
preview regarding the next steps is provided. 

 Chapter 7, References: This part contains a list of the references used in this document. 
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2 Simulation in Logistics and Supply Chain Management 

Computer based simulation has traditionally played an important role in research and development of many 
natural systems. As simulation uses an abstract, often mathematical, model to describe a system, it allows a 
degree of control over experimental conditions and allows reproducing the system’s behaviour regarding 
simulation results in a way that is difficult or impossible with a prototype or fielded system.  

Complex socio-technical systems, such as (global) supply chains, can hardly be captured in all their details by 
formal models. Optimisation models typically assume that all facts are known. According to Thiers and 
McGinnis (2011), the research literature on global supply chains is dominated by OR models, particularly 
optimisation and simulation models. Optimisation aims at producing a best answer and most efficient solution 
to a problem given those facts. Simulation models, in contrast, are aware of uncertainties associated with some 
of the facts and attempt to produce a more realistic picture of what the performance will really be in terms of 
measures such as customer service and cost (Thiers and McGinnis, 2011). Supply chain simulation has various 
benefits, such as helping to understand the overall supply chain processes and characteristics by providing 
graphical output and animations. Simulation models can capture system dynamics including probability 
distributions on input data and unexpected events. By ‘what-if’ simulation, users can test various alternatives 
before changing a plan and understand the impact of certain events and conditions and so the risk of changes 
in planning or in a control process could be minimized (Chang and Makatsoris, 2001). 

There are various areas in the logistics domain where simulation can aid decision making for many kinds of 
problems: 

 Transportation planning and optimisation 

 Logistics network analysis and optimisation 

 Supply chain design and risk analysis 

 Warehouse operation, design and optimisation 

 Inventory management and production modelling 

Different simulation approaches exist, which can be used to study logistics and SCM practices or characteristics 
in all aforementioned fields. Simulation techniques can be categorized into two different types, continuous and 
discrete. In a continuous system all state variables change continuously with respect to time. System dynamics, 
created by Jay W. Forrester in the 1950s at MIT, is a widely used paradigm to describe continuous simulation 
models with three key components stocks (levels), flows (rates) and feedback loops. In contrast, in a discrete 
dynamic system, the state variables change instantaneously at separate points in time. At these points in time 
events occur that usually represent the particular changes of the system state in a model, e.g. an arrival of a 
transport mean, or a cargo drop off. In addition to this traditional discrete-event simulation (DES) approach, 
[multi]agent-based simulation ([M]ABS2) can be seen as a variation of DES. The main difference to DES lies in 
the modelling approach that emphasizes the roles and interactions between independent agents. The 
preferred programming paradigm for implementing an ABS is usually an object-oriented design.  

A new type of simulation is business or so called serious games. A simulation game allows simulating real 
conditions offline and exploring new strategies and ideas in an interactive and safe environment, possibly 
together with other players in an either competitive or collaborative setting.  

In principle, all simulation approaches mentioned above are relevant to SELIS. The individual choice depends 
on the problem of interest, the required or sufficient level of abstraction of the models as well as many other 
aspects, like qualification of available simulation experts, available software tools to conduct the study, etc. 

The purpose of simulation within the SELIS project is to facilitate the investigation of new models, strategies 
and objectives for the various SELIS Living Labs. A set of strategies that are meant to be implemented in the 

                                                             
2 Different abbreviations are use in the literature. "ABS" is used throughout the remainder of this document, which means 
any kind of agent-based simulation, including the commonly used multi-agent-based models.  
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Living Labs are jointly developed in close cooperation between different organisations focusing on both recent 
academic findings and requirements that have been expressed by practitioners from the Living Labs. By 
definition a strategy is a set of actions that are meant to be pursued to achieve goals established by a company 
or organization. Therefore, the main scope of the strategies - structured as EGLS3 - is to act as a guidance to 
follow in order to achieve the main targets defined in SELIS Living Labs. A detailed description of these 
strategies can be found in SELIS deliverable D2.1 (2017). Simulation can help to verify and investigate the 
impacts of these EGLSs in an either abstract or simplified environment or in a more practical setup if applied 
directly by a Living Lab. In the Living Lab context, simulation can be useful to validate and configure new SELIS 
solutions before they will be deployed in a real operational environment (see Figure 1). The term Simulation 
Environment was coined to describe an individual set of tools, data sources and workflows that is suitable to 
implement a particular simulation study and is assembled in order to execute possibly many recurrent 
simulation runs over an arbitrary period of time. Accordingly, there will be a number of such environments 
within SELIS. 

 

Figure 1: Simulation relevance to EGLSs and Living Labs 

 

2.1 Relevance to the EGLSs 

This write-up summarizes relevant content 
of D2.1 (SELIS, 2017) regarding EGLS and 
its functionality (toolbox or dashboard) on 
digital platform and seeks potential 
applications of simulation environments 
(both computer simulation and serious 
game).  

EGLS 1: Collaborative Planning and 
Synchromodality aims to synchronize 
logistics resources in order to optimize 
costs, emissions, and reliability. These 
resources are deployed by multiple 
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organizations and the demand is originated by multiple customers. By ensuring visibility and information 
sharing it is possible to synchronize logistics services with demand while improving the planning and 
execution of transport services. In particular, the research investigates the impact of collaborative 
arrangements at different levels in synchromodal transport.  

The simulation environment could help convince stakeholders to engage in sustainable collaboration. It 
could represent a Collaborative Synchromodal Planning Toolbox And focus on particular aspects for the 
demonstrators for LL2 (APMT & PoR) and LL5 (Adria Kombi). Moreover, the collaborative planning tool 
should provide a dashboard that displays performance improvements in terms of costs, emissions, and 
reliability. The dashboard should not only display operational performance, but should also display the 
results of analyses of historical data. Furthermore it should capitalize on the research outcomes regarding 
network reliability and feature a synchromodal Network Reliability Dashboard. This dashboard would be 
fed by planning and execution data. Here also the idea of serious games could come in. 

The dashboard should be able to help evaluate the entry of new stakeholders to the collaborative platform 
by identifying their contribution to the system performance. This supports the digital platform strategy that 
determines the appropriate level of collaboration and information sharing among the incumbents and the 
potential value of new entrants to the platform. However, the latter is perhaps out of scope of simulation 
modeling. 

EGLS 2: Collaboration Risks and Value Sharing specifies the incentives alignment to achieve organizational 
collaboration. This collaboration is established with a determined mechanism based on risks and value 
sharing. As in the previous case, the resources are deployed by multiple organizations and the demand is 
originated by multiple customers. Ensuring mutually synchronized collaboration patterns is possible to 
design practical models of collaboration. 

A Benefits and Risks Dashboard increases the visibility on the costs, benefits and risks of the existing 
collaborations, and it helps to monitor and adjust the design of different collaborations in order to 
maximize their profitability and minimize the associated risks. It assesses the costs, benefits and risks of the 
potential collaborations in order to select those that bring the most value. Here a serious game would be 
very beneficial to test how decision makers are incentivized by presented costs and risks of collaborations. 

A Collaboration Value and Risk Sharing Toolbox allows the dynamic use of the gain and risk sharing rules. 
It reduces the time and effort necessary for setting-up new collaborations through a trusted and seamless 
process, ultimately leading towards higher levels of logistics optimisation and decreased costs. It even 
enables ad-hoc collaboration through a trusted and seamless process which takes into account the 
associated risks and benefits. This may be beyond scope of simulation environment. 

EGLS 3: Supply Chain Visibility and CAPA is a strategic capability which considers visibility to improve 
monitoring (and re-planning), to identify anomalies ensuring an early stage detection while creating the 
ability to evaluate corrective and preventive actions. 

The development of a Visibility Toolbox that improves visibility overcoming data-sharing barriers in 
collaborative networks to enable higher data quality dimensions such as accuracy and timeliness.  

In a simulation environment, different levels of information sharing could be emulated by corresponding 
decision rules that make use of the shared data. 

The digital platform will provide an Event-Based Business Analytics Toolbox that support improved 
resilience and agility in transport and logistics. The tool exploits supply chain visibility through event 
detection and anticipation. The tool has dynamic planning capabilities for corrective and preventive 
actions. Event processing strategies and rules can be emulated in a discrete event or agent-based 
simulation. However, event processing and data sharing are universal concepts but simulation models are 
much better applicable to specific applications. Therefore, the simulation of visibility and CAPA effects is 
always done in conjunction with other EGLS or Living Labs. 
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To overcome information sharing barriers, new business models based on information sharing will be 
provided, using the concept of information as a service and analytics as a service.  However, the 
perspective of business models is beyond the scope of the simulation. 

EGLS 4: Supply Chain Finance is a strategic capability which aims to facilitate financial liquidity at low cost 
for different actors within supply chain networks (i.e., suppliers, buyers, 3PLs, transportation providers, 
etc.). For achieving this it is necessary to optimize the managerial process where different partners are 
involved gaining visibility and sharing the information in order to track and control financial events such as 
payments. 

A platform functionality that brings together financing providers and supply chain partners seeking for 
financing at fair terms, while providing visibility to the operational excellence of the latter, is an innovative 
concept that has not been tested in any of the existing solutions in the market. The business relevance of 
supply chain financing is obvious; such instruments can play a vital role in a company’s capability to finance 
its working capital at good terms and support its operational plans. This would constitute a Supply Chain 
Finance Toolbox. There is no need for computerized simulation environment here, perhaps serious game in 
case human behavior is relevant. 

EGLS 5: Environmental Performance and KPIs is a strategic capability which aims to provide a neutral 
mechanism to calculate more reliable and accurate GHG emissions based on the most extended 
methodologies and standards in order to ensure regulations and customer awareness. For achieving this, 
hierarchical information collaboration is needed, where the producers of emissions (carriers) share data 
with the stakeholders who require their services. This calculation is considered as a KPI that alongside 
other KPIs such as carrier’s efficiency aims to assess the environmental performance of the business 
strategy. 

A reliable and collaborative Environmental Reporting Dashboard provides a reliable and accurate carbon 
footprint accounting and reporting system based on gaining visibility and sharing information flows. It 
helps anticipate future regulations regarding carbon footprint, such as voluntary and mandatory corporate 
reports, green barriers and responds to increasing sustainability concerns of customers. This tool offers a 
benchmark as a screening method for assessing the environmental performance to target goals, find 
investors, increase firms’ environmental knowledge and search for new operational collaboration in 
logistics and transport systems. These new collaborative schemes could require new organizational 
agreements for sharing resources or joint acquisitions of green assets such as transport fleets or 
warehouses. The simulation environment could make use of environmental calculator to expose GHG 
figures in the context of any simulation experiment that needs GHG emission calculations. Also a serious 
gaming environment for EGLS1 could feature a dashboard with environmental performance. 

EGLS 6: Supply Chain Optimisation. Despite of the wide range of problems under the optimisation 
definition, this EGLS is focused only in improving inventory management in order to respond better to 
demand fluctuations, enhancing demand forecast and promotion even planning. These goals require a 
further collaboration between suppliers and retailers which the first step is to ensure information sharing 
and mechanism to foster cooperation. 

An Inventory Management Toolbox incorporates business analytics and dynamic planning (using 
simulation) and execution. It requires the rearrangement of supply chain management strategies by 
considering optimisation models and the adjustment of collaborative arrangements and incentive 
alignment to inventory management and collaborative forecasting and promotion planning. 

In this toolbox, we expect to use different type of information shared by both manufacturer and retailer in 
order to reduce lost sales in time of promotion by optimizing promotion planning, demand forecasting and 
replenishment ordering policy. In a further step, we will assess the impact of collaboration on reducing the 
inventory management relative costs. This could be supported by simulation environment, especially to 
demonstrate and promote the benefits of forecasting strategies and collaboration policies. This can happen 



D2.3. Simulation environment and investigation of new models for LLs 

© SELIS, 2018  Page | 15  

before companies implement the new strategies in their daily business. Particular aspects will be indicated 
in the following section 2.2.2  and demonstrated for Living Lab 8 (SONAE). 

EGLS7: e-Compliance and customs is a strategic capability using supply chain visibility to reliably report 
performance information of cross-border supply chains in compliance with customs regulations. This EGLS 
aims to respond to the visibility requirements for integrating the different points of view (logistics, 
commercial and regulatory) and identifying high risk consignments and operators and secure trade lanes. 

The foreseen innovations relate to the establishment and evaluation of the logistics and commercial data 
pipeline models and standards, together with an assessment of the benefits thereof. This constitutes a 
Reliable Supply Chain Compliance Dashboard. Relevance for business: Supply chain visibility for more 
efficient and effective compliance management, but also more general benefits based on supply chain 
visibility.  Relevance for authorities: Better assessment of supply chain compliance, based on declarations 
and data obtained from commercial and logistics data pipelines following a system based approach. 
Basically, a simulation environment is not necessarily required here, however, logic (business analytics) for 
advanced features are to be developed. 

 

2.2 Relevance to Living Labs 

The SELIS Living Labs will demonstrate the benefits and impacts of 
various SELIS solutions that are designed to establish the shared 
logistics information space. The Living Labs consist of various use 
cases which address particular challenges within in the context of 
their business models, e.g. the deployment of synchromodal 
services (LL2) or the efficient utilisation and scheduling of rail cars 
(LL5) and barges (LL4) in the hinterland as well as the inventory 
optimisation for fresh products in a collaborative inventory 
management environment for suppliers and retailers (LL8). 

2.2.1 Work Plan 

During the first phase of the simulation activities, the Living Lab 
stakeholders will focus on the specification of simulation scenarios 
and how they are aligned and connected to the respective application prototypes. In contrast to traditional 
software testing, where developers and users focus on the verification and validation of application and its 
individual components against design specifications and user requirements, simulation environments will be 
used to replace the real-life operational environment of such software applications. If the application should 
build the core of the simulation environment, a properly working and hence tested application is a prerequisite 
of each simulation experiment. Consequently, it is very likely that a simulation environment must be composed 
of additional components and software modules in order to produce and feed the required simulation input 
data into the actual application prototype. The input data generation corresponds to the context of the 
application and replaces the actual integration of the application into the intended operational environment. 
Input data can be sampled from historic user data or it can be generated, e.g. with help of random 
distributions. In particular cases, it might be more suitable to create input data with specific patterns or 
attributes, in order to simulate specific, rare or exceptional conditions. If the simulation environment also 
provides all necessary rules to replace human decision makers, at least in the context of the experiment, 
continuous input generation can be used to make long-term experiments much faster than in real-world time. 
This advantage characterizes the strength of the simulation approach compared to traditional test methods. 
The application user interfaces can be used to observe, validate and evaluate the simulation runs and output, 
e.g. be means of preconfigured dashboards and integrated reporting functions. 
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Hence, the first phase of the simulation implementation phase can be considered as part of the applications 
implementation cycle. In order to be applied, this process could require the implementation of a user interface 
along with the integration with the SCN. Based on that, it is obvious that the technology partners of each Living 
Lab needs to be involved in the simulation development cycle. Table 2 below shows selected Living Labs along 
with the responsible technology partner. 

Table 2: Living Labs and Simulation Technology Partners 

Selected Living Lab for Simulation Responsible Technology Partner 

LL2 (Port of Rotterdam) ISL 

LL5 (Adria Kombi) EBOS 

LL8 (SONAE) CLMS 

 

Furthermore, for the first phase of the simulation, “functional” prototype applications for each selected LL are 
currently used. The development and implemented functionalities of these applications along with the 
integration with the SCN are detailed described in SELIS deliverable D5.3 (SELIS, 2017b).  

During the simulation experiments, the prototype applications will be observed and used by the LLs owners 
and the simulation results will be compared with the existing and past data (provided by the legacy system of 
each LL) or evaluated against expected results. The comparison of results will expose any possible core issues 
(in both front-end and back-end) in an early stage of the application implementation. These results will also 
give an indication if the prototype applications comply with the project needs and expectations (e.g. CO2 
reduction). If not, then the appropriate technology partners need to proceed with the appropriate corrections 
and amendments (on user interface, model, processes, etc.) in order to improve the lacking performance. 

 

2.2.2 Pre-development simulation 

Since each Living Lab or use case will develop and apply specific SELIS solutions and tools, simulation can be 
used to test, validate and optimize these solutions and hence their underlying business models. In order to 
investigate the possibly different solution approaches, a simulation environment can be set up for specific 
aspects of a use case so that an ex ante study of the specification (model) can be done, before the actual 
system will be implemented. In order to illustrate this idea, some examples of pre-development simulations for 
LLs are shown below. More detailed descriptions, also with regard to EGLS, are specified in chapter 5. 

2.2.2.1 LL2 – Port of Rotterdam centered synchro-modal logistics (PoR) 

[This section is deemed confidential.] 

 

2.2.2.2 LL5 – SELIS Node for rail, truck, and terminal collaboration (Adria Kombi) 

Example from Use Case 1: In the case possible delays on rail transport services, because of deviations and 
irregularities, a prediction model will be applied to estimate the time of arrival at the next terminal and 
moreover at the final destination (terminal).  

Deviations from planned train schedules can either result in spare times when trains are in queue in a station 
or, in case of serious delays because of a malfunction, cancellations or additional delays of following services in 
case of bad weather conditions. The quality of predictions is limiting the optimisation options.  
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A pre-development simulation could be useful to find the most effective strategy to optimize the prediction of 
the ETA. In this case, a feasible output of a simulation study would be the difference between the ETA and ATA. 
ETA calculation method could make use of visibility and tracking information (EGLS3), e.g. trains or wagons can 
be equipped with position sensors to report their current position, so that the general availability or 
frequencies of position updates could likely impact the ETA accuracy.  

The suitable simulation model to investigate ETA prediction quality should include schedules of trains, wagons 
and probability and length of delays in order to simulate ATA and ETA predictions that are calculated during the 
various simulation runs. 

The pre-development simulation could also focus on the better prediction of Estimated Time of Arrival (ETA) 
that is applied in case of deviations. In this scenario the output of the simulation could focus on the supply 
chain visibility by the positioning of the train in a map along with an early-stage ETA presentation. In this case 
Supply Chain Visibility and CAPA (EGLS3) will be mainly addressed. In this simulation scenario the model will 
include the transport network, parameters and constraints along with deviations in order to simulate the ETA 
calculation and visibility cycle. 

 

[This section is deemed confidential.] 

 

2.2.2.3 LL8 – Shipper driven continuous investment in green logistics (SONAE) 

Example from Use Case 1: This use case relates to supply chain visibility and aims at sharing information to 
increase collaboration among the key actors improving the decision process and optimizing the joint planning 
of logistics operations in the food retail market. Collaborative inventory management by suppliers and retailers 
is an integral part of this use case. Inventory management is a traditional domain of interest for supply chain 
optimisation. As also described in SELIS EGLS6 (see SELIS, 2017), collaborative inventory management has many 
dimensions raising a variety of research questions that are practically relevant for the implementation of the 
intended SELIS solutions for LL8.  

[This section is deemed confidential.] 

 

2.2.3 After development simulation 

In addition to the pre-development simulation studies, an ex post evaluation of the developed solutions can be 
supported by a simulation environment which could become an integrated part of the Living Lab. Since SELIS 
solutions can evolve on TRL4 scale the solution validation in a lab or a relevant environment can benefit from 
simulation, e.g. a lab environment can be extended to become a more industry or business relevant 
environment, especially when the new solution (system) will be deployed in a complex environment. 

 

  

                                                             
4
 Technology readiness levels (TRL) – Where a topic description refers to a TRL, the definitions from Horizon 2020 work 

programme 2016 – 2017, General Annexes applies. 
http://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2016_2017/annexes/h2020-wp1617-annex-g-
trl_en.pdf 

http://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2016_2017/annexes/h2020-wp1617-annex-g-trl_en.pdf
http://ec.europa.eu/research/participants/data/ref/h2020/other/wp/2016_2017/annexes/h2020-wp1617-annex-g-trl_en.pdf
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2.3 Relevance to SELIS Community Nodes and Networks 

From the perspective of the SELIS Community Nodes and networks (SCN), the 
simulation process helps to validate the quality and performance of the 
services provided by the SCN under more realistic conditions compared to the 
ad hoc testing with just a small fraction of potential users during a short 
period of time. 

The SCN collects historical data and real-time (or near real-time) data from 
legacy systems and different information sources, combines them and, by 
utilising big data analytics, performs calculations (e.g. ETA predictions, CO2 
reductions, KPI forecasts) along with planning and optimisation suggestions. 
Since simulation experiments can be performed with application prototypes, 
the SCN services can be used in the same way. The simulation approach will be 
used to assess the performance of SCN services and algorithms in terms of 
accuracy of results and applicability.  

Simulation 
Environment 

SCN 

LLn 

EGLSx EGLSy 
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3 Toolset for Modelling and Simulation 

In this chapter a methodology of creating and validating a feasible simulation model is outlined, followed by a 
Living Lab-based aggregation of tools and platforms, on which the formerly created models may be executed 
and their results can be displayed and analysed. Finally, templates for the convenient compilation of simulation 
model related data like problem description, relevant KPIs and strategies to use will be introduced. 

3.1 Simulation methodology and guidelines 

In order to achieve a valid and feasible simulation model one should follow a certain set of steps, which start 
with the formulation of the problem. Simulation analysts can choose from various but only slightly different 
methodologies like explained by Law (2015) and Ülgen (2006). The first step is a highly important one, since all 
following actions like system analysis and especially the model design are dependent on a clear and 
comprehensible statement regarding the aims of the simulation. 

Equally important is a continuous validation procedure throughout the modelling process, which should 
minimize the occurrence of misdirected resources and help to perform more efficiently. The following figure 
illustrates these ten steps for a complete simulation study, from which the first seven steps are the most 
relevant regarding the actual design of the simulation model. 

Figure 2: Steps in a simulation study (based on [Law 2015]) 
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1. Formulation of the problem and the derived target objectives 
At first the problem itself and the overall goal of the simulation should be formulated in an informal, 
casual way, which all involved parties (e.g. stakeholders, model developers) should support. This 
should include any objectives which are quantifiable by measurable criteria and values. The questions 
aroused concerning the scenario may also be answered by the simulation result itself. 
In summary this part should describe the expectations of simulating this scenario regarding the result 
and its evaluation with certain sets of input parameters. 

2. Collect data and define a model (system analysis) 
The analysis of the system to be simulated is the next step. After accumulating all data regarding 
relevant parts and processes of the system, the visualization using UML- or activity diagrams supports 
the process of identifying important components of the system. Particularly processes which need to 
be parameterizable should be specially noted. 
System objects like certain kinds of documents or entities and relevant actors should be listed 
separately. In case of describing the actors, following aspects should be taken into consideration: 

 Actors/Roles (e. g. organizational entities, controlling or executive instances) 

 Permissions (e. g. read/update permissions of data) 

 Protocols (e. g. inform, assign, request) 

 Activities (e. g. calculations, verifications) 

 Responsibilities 
o Procedures (e. g. if ... then ... and ... else ...) 
o Invariants (e. g. value > 0) 

 Interactions (purpose, initiator, responder, in-/output, process) 
See the actor template table in 3.3, which may be used to formally describe all relevant parts of one 
certain actor. 

3. Model validation 
The validation of the model at this point is important to increase the credibility and overall acceptance 
of the observed and analyzed processes and any assumptions made concerning the organizational 
workflow. Nonetheless should validating the model be a constant feedback loop between the 
stakeholders and the simulation experts. The relations between the conceptual validation, verification 
and operational validation are depicted in the following figure and emphasize the importance of a 
continuous validation procedure throughout the modelling process. 

Figure 3: Conceptual Validation, Verification, and Operational Validation in Simulation (based on [Ülgen 2006]) 
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4. Construct the Simulation Environment & verify 
The model will be implemented either in a specialized simulation tool or framework or programmed in 
a suitable programming language. The data sources must be integrated or connected so that the data 
can be accessed with sufficient speed. Verification is mainly concerning possible programming and 
configuration errors (debugging the software codebase). 

5. Make pilot runs 
The pilot runs are used to validate the programmed model. Data samples can be used as input. 

6. Validate the programmed model within the simulation environment 
Compare the results with expectations from domain experts, existing systems and analyse which 
parameters have more significant impact than others. 

7. Design experiments (Simulation run description) 
Finally, the concrete definition of input and output variables should be conducted, including their data 
types and valid data ranges. In addition to the declaration of these variables, certain sets of values for 
the input parameters should be provided, which can be used to simulate the scenario under 
predetermined circumstances with an expected or even desired range of values regarding the resulting 
output values. 

8. Make simulation runs 
Simulation runs produce the output to be analysed in the next step. Consider starting the collection of 
data after a certain warm-up-phase, since the simulation should be in a steady state to produce 
reliable output. Especially queues or buffers providing access to shared resources should have a decent 
fill rate. Alternatively the simulation may start with a predefined state concerning these queues and 
buffers. 

9. Analyse results 
The output of the simulation runs in conjunction with the sets of input parameters should afterwards 
be put into relation with the formulated target objective and thus may lead to further iterations of 
simulation runs with adjusted goals and/or changed input parameters. 

10. Document and make use of the findings 
After an analysis the results must be put into practice, e.g. selecting or calibrating algorithms that are 
used in specific applications. 

 

3.2 Definition of Tools and Models 

As stated in chapter 2 simulation systems are mainly divided in continuous and discrete event systems. Where 
continuous systems are preferably used for more abstract problems and the evaluation of input data defined 
analytically by  a set of functions for example, the discrete event systems finds their natural application in the 
simulation of specific processes and a detailed analysis regarding the properties of the related entities. Both 
approaches are valid in terms using them for the SELIS project. The choice is merely dependent on the problem 
in question and the level of detail wanted concerning the resulting data. Even a combination of both is 
available for certain tools, if the problem supports such a methodology. 

3.2.1 Living Lab-Oriented Simulation Tools 

Additionally to this general categorization, another separating factor is the difference between general purpose 
simulation tools versus their domain specific counterparts. A general purpose tool offers a maximum 
concerning flexibility and fields of application, whereas a domain specific system may have its advantages in 
easier access and finer granularity regarding the configuration of predefined process modules. 

Some Living Labs in SELIS operate in similar domains and focus on the same EGLS whereas others are 
concerned with rather unique or novel application areas, like supply chain financing. But even if the business 
domain or EGLS are similar, almost all use cases are quite different with respect to processes, objectives, 
information flows and characteristic events. However, in order to facilitate the implementation and study of 
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Living Lab- and EGLS-oriented simulation scenarios, common requirements and functional components for the 
simulation environments are described in the following sections, such as a simulation execution tool, real-time 
and spatial visualisation or animation as well as tools to manage and implement data models and processes. 

3.2.2 Simulation Execution Platform 

A Simulation Execution Platform typically consists of a client application with a graphical user interface with 
editors to configure scenario specific inputs and outputs and controls to execute, pause and stop a simulation 
run. The execution platform is responsible for advancing the simulated time and has control over data input, 
(event) processing and visualization as well as output components. Since each source of randomness in the 
system of interest should be represented by a probability distribution, statistical capabilities, random data 
generation and statistical analysis, are essential functions for simulation execution. Due to the vast amount of 
available literature on statistics, an extensive description is omitted here. 

3.2.3 Real-Time and Spatial Visualisation 

Geographic Information systems (GIS) have been used widely to visualize location-related data and GIS-based 
visualisation is an essential requirement in many logistics applications. The integration of GIS and visualization 
provides a realistic presentation of spatial data. The ability of combined analysis of temporal and spatial 
attributes of a simulation model is a one of the reasons to promote the integration of GIS and simulation 
models. The integration of simulation models and visualization can represent the dynamics within a realistic 
visual environment (Wang, 2005). Animation is used to present key elements of the model, typically moving 
entities, on the screen e.g. by icons. Animation is an important tool in the simulation process and is utilized 
during model verification and validation. It often facilitates the design process as new ideas may emerge when 
viewing and operating a system in a simulation. The visualisation of a running simulation as well as graphical 
output in terms of charts or dashboards is also important in promoting communication of the simulation 
results among project team and management as well as for training of operational staff. However, high levels 
of detail of an animation are not always appropriate and only suitable for specific purposes. 3-D detailed 
animation may be less important in transport logistics but could become required in a simulation of automated 
storage processes in a high-bay warehouse. 

Since most SELIS applications use dashboards to support logistics systems in local or wider areas, a scenario-
based simulation environment can come up with its own real-time visualisation component including output 
charts and a GIS-based map, which then could be aligned with the functional design of the application. 
Alternatively, the simulation environment may be connected to an application dashboard or visualisation 
modules and exports (publishes) simulation data to the application itself. In the latter case the SCN becomes an 
integral part of the simulation as simulation data can be managed and further processed by various SCN 
components, e.g. by (big) data-analytics functions. 

3.2.4 Modelling of Reusable Components 

If substantial efforts for modelling of a new SELIS artefact have been made, e.g. data models, dashboard 
component, optimisation algorithm, decision support rules, etc., these results should be reused in the 
respective simulation environment as far as possible. Hence, the simulation execution platform must support 
and facilitate the integration of external components, either by using the code libraries directly or possibly via 
remote APIs. In order to connect to the SCN and exchange data the SELIS platform architecture provides tools 
and components to facilitate establishing of new data flows originating from various groups of participants (see 
SELIS D4.1, 2017a). Data or messages can be translated and transferred through so called adapters, stored in a 
knowledge graph, analysed in real-time by data-stream analytics functions, e.g. to calculate KPIs and received 
or forwarded to other applications via a content-based pub-sub system. Besides data or domain models, e.g. 
based on ISO/IEC 19845, that are implemented and used within the SCN, components specific code libraries, 
like the pub-sup component client library are valuable reusable elements for simulation environments. 
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3.3 Modelling Templates 

The documentation of the design phase (see chapter 3.1) should be supported by the use of structured 
modelling templates. This simplifies the recapitulation of changes made to the model in earlier iterations and 
helps the developer of the implementation to meet all requirements defined in the modelling stage. Although 
there are some aspects that are more typical for simulation models, a simulation can be designed and 
described similar to typical software-based systems.  

The proposed simulation model outline for SELIS EGLS and LL-based simulation set-ups include the following 
items: 

 Type of the system of interest 

 Problem statement (intended use) 

 Objectives 

 Input and output data 

 Problem Domain Components and Actors 

 Experiment description 

 Presentation of results 

 Validation and acceptance criteria 

In accordance with the suggested simulation methodology and guidelines, the model design also includes an 
experimental design, which provides a description of the experiments to be conducted with the simulation 
environment to produce the required information at reasonable time and costs.  

Table 3 shows a structured template that facilitates the conceptual simulation modelling. Compared to the 
existing descriptions of SELIS EGLS’ and Living Labs, which comprise more details and have a much wider focus 
on their subject, the template filters only those aspect that are relevant to an individual research question or a 
detail of a problem statement of a Living Lab use case. The main difference is the strategy to achieve the 
experimentation purpose, such as comparison, evaluation, optimisation, prediction, ranking and selection, and 
sensitivity analysis, which are typically specified by the experimental design (see Balci and Ormsby, 2000). 
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Table 3: Conceptual Simulation Model Template 

Simulation Model (high-level conceptual model) 

Short name 
 

Model Owner 
e.g. a Stakeholder from a LL or EGLS owner 

Domain (application area) 
[Intermodal Transport] 

System/EGLS 
[Collaborative Planning and Synchromodality (EGLS1)] 

Objective 

A high-level description of the simulation 
model from the perspective of the user, who 
is interested in the results of the study. A 
brief description of the objective should be 
given in one or two sentences. 

[Investigate the impact of information sharing on operational planning 
of synchromodal transport solutions in terms of reliability and cost 
efficiency as well as emissions (KPIs) of transport.] 

Strategy 

strategy to achieve the experimentation 
purpose 

e.g. comparison, evaluation, optimisation, prediction, ranking and 
selection, sensitivity analysis, etc. 

Problem Statement (Overview) 

A detailed overview from the perspective of the user, providing an accurate, unambiguous and complete description of the objective.  

 

Input Description 

A technical description of the model input, including scenarios, data and object types, attributes, random variable characterizations, 
files, and databases. UML diagrams for structural modelling can be used. 

 

Problem Domain and Components (Scope) 

Describes the domain elements that make up the model. These components represent problem domain specific entities like actors and 
decision makers, environment as well as behavioural aspects (functional description of the model. The description is intended to explain 
what exactly the model represents. UML diagrams for structural and behavioural modelling can be used. 

 

Experiments (What-if Scenarios) 

A description of the experiments to be conducted with the simulation model. An experiment can be designed to compare different sets of 
input data or alternative strategies or algorithms. 

 

Output Description 

Desired output data including a description of data types and format for further use. 

 

Presentation of Results 

e.g. time series, graphs and charts, images, descriptive statistics, etc. 

 

Validation and Acceptance Criteria 

A list of conditions that have a significant influence on the credibility of the simulation results. It should be mentioned whether the model 
is limited to certain specific assumptions. 
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If an agent-based approach is pertinent or useful, a detailed specification of actors should be part of the model 
specification. Table 4 shows a structured description template for actors or agents in an agent-based 
simulation, which includes characteristic data input and manipulation, activities, communications with other 
actors as well as general responsibilities and rules that are relevant in order to ensure a reliable and credible 
system state trajectory. 

The created template instances may additionally be reused in different scenarios or even in other simulation 
models, if the system domains and the observed requirements are the same. 

Table 4: Tabular role description of an actor 

Actor 

Actor name 

Brief Description 

Actor description 

Operations (Data) 

Inbound - Read Outbound - Create/Update/Delete 

 Operational data (e.g. transport order) 

  

 Operational data (e.g. dispatch schedule) 

  

Activities 

Action Protocol Participating Actors 

A1 Description of activity Assignment  

A2  Request  

Responsibilities 

Procedures 

Condition Action (Activities) 

H1 Description of condition e. g. A1 and when finished A2 

H2   

Invariants 

e. g. stock > 0 

Further interactions (e.g. configurability) 

 

 



D2.3. Simulation environment and investigation of new models for LLs 

© SELIS, 2018  Page | 26  

4 Tools for Data Gathering, Data Sourcing and Cleansing 

This chapter provides a brief overview of tools and potential sources of data that are relevant for transport and 
supply chain related simulations scenarios. Common data sets and standardized data models should allow 
users to efficiently model, visualize and simulate logistics operations. However, due to the practically unlimited 
range of individual requirements, a general purpose solution or data library doesn’t exist. Instead, each 
simulation study must define its own data requirements and scope, also in terms of a sufficient level of detail.  

The following overview provides some potentially helpful sources, of which some have already been used for 
the implementation of the simulation environments for some SELIS use case scenarios. Due to the large 
number of available and potentially useful data sources and individual requirements per simulation study, an 
in-depth analysis is out of the scope of this report. The current list of examples may be extended and updated 
for further use in the follow up deliverable D2.4. 

4.1 Transport Networks and Routes 

Today, geographic information systems (GIS) and digital maps can be found in many software products and 
tools for the transport and logistics industry. Likewise, simulation software uses GIS-based mapping functions 
to create static or dynamic views on transport and logistics processes. In addition to the basic visualisation 
functions, geospatial data is also a valuable source of infrastructure data. However, geospatial data is often 
bundled with specialised software products, like application for fleet management, transport planning tools or 
specific (cloud-based) services (e.g. google maps, searoutes.com, MarineTraffic, mapotempo), which offer a 
variety of functions and services, like tracking, route calculation, planning and optimisation. This data cannot 
be reused for individual simulation studies or just for research. Consequently, open or possibly also 
commercially available data must be used, if a simulation scenario requires individual access to specific 
geographic information. 

One of the most comprehensive sources for geographical data including transport networks and related 
facilities is OpenStreetMap (OSM). It is a collaborative project to create a free editable map of the world.  

OpenStreetMap was created by Steve Coast in the UK in 2004, who was inspired by the success of Wikipedia. 
Since then, it has grown to over 2 million registered users, who can collect data using manual survey, GPS 
devices, aerial photography, and other free sources5. Today this crowdsourced data consists of roughly 4.3 
billion nodes and 465 million edges6.  The data is made available under the Open Database Licence, which 
allows users to freely share, modify, and use a database while maintaining this same freedom for others.  

Rather than the map itself, the data generated by the OpenStreetMap project is considered its primary output. 
The data is available to be used in a large variety of applications ranging from digital maps to mobile navigation 
devices. Along with the data the community has developed a large array of tools for  

 Editing 

 Routing  

 Rendering 

 Import, Export 

OpenStreetMap uses a topological data structure, with three core elements - also known as data primitives. 
Elements are the basic components of OpenStreetMap's conceptual data model of the physical world. They 
consist of 

 nodes (defining points in space), 

 ways (defining linear features and area boundaries), and 

                                                             
5 en.wikipedia.org/wiki/OpenStreetMap 
6 www.openstreetmap.org/stats/data_stats.html 
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 relations (which are sometimes used to explain how other elements work together).  

All of the above can have one or more associated attributes, called tags, which describe the meaning of a 
particular element. There is no fixed dictionary of tags, but there are many conventions which are documented 
by the OpenStreetMap community. This seemingly chaotic approach has proven a very successful evolutionary 
concept, where the best ideas are adopted by the community while others get dropped. 

Simulation environments can take advantage of free map data, like OpenStreetMap data, when structured 
information about transport infrastructure is not available or if it is impossible to create necessary 
representations manually. Transport networks are based on infrastructure links (e.g. roads, rail tracks and 
inland waterways) and transhipment links (e.g. terminals and hubs) and their corresponding elements of 
geographic map data are nodes and ways. In order to assign freight flows to feasible routes, a simulation 
environment should include a routable network representation that is aligned with its visualisation function, 
such that a valid and consistent presentation (animation) is possible. 

 

4.2 Traffic Information Services 

Traffic information is particularly useful to detect locations and times when specific conditions like congestion 
occurred. Information about current or historic traffic situations can be used to design more realistic model 
scenarios, or to investigate the impact of actual traffic conditions on the system of interest. Even though road 
traffic can have large impacts on daily transport performance, the use of real-time traffic data is not practicable 
within the Living Lab simulation scenarios, because of the longer time horizon and different scope of problems 
of interest. Whenever traffic conditions are taken into account, general assumptions about local and temporal 
variations are considered sufficient. 

In the pre-simulation phase, the data collection and validation can be supplemented by an analysis of current 
and historical traffic information. For instance in the area of maritime and inland waterway transport, AIS 
position data of vessels may be used to collect and validate route distances and voyage times. AIS data 
platforms like MarineTraffic7, FleetMon8, VesselTracker9, AISHub10 or VesselFinder11 provide real-time and 
historical AIS data for vessel traffic analyses, traffic density, port calling information, e.g. ports called by specific 
vessels, all vessels in a particular port or area or efficiency of port activities.  

The simulation input data collection for Living Lab 2 benefits from AIS position data used for port call and 
movement analysis. Ports calls and terminals visits are registered when a vessel position is detected in a 
predefined area of either a whole port or the quay area of a particular terminal. As explained in the simulation 
prototype description (section Fehler! Verweisquelle konnte nicht gefunden werden.), more realistic voyage 
nformation can be determined and used to validate the datasets from terminals. This approach is applied to 
the hinterland inland navigation network in the vicinity of the port of Rotterdam. 

4.3 Weather Data Providers 

The climate data for simulation scenarios could be derived from the ERA-Interim climate reanalysis provided by 
the European Centre for Medium-Range Weather Forecasts (ECMWF12). ERA-Interim is a global data set 
describing the recent history of the atmosphere, land surface, and oceans, containing climate data from 
January 1979 to present. The dataset is continually updated as new data becomes available. It is created by 
combining ECMWFs forecast models (IFS) and observations of many different sorts in an optimal way to 

                                                             
7
 www.marinetraffic.com 

8
 www.fleetmon.com 

9
 www.vesseltracker.com 

10 www.aishub.net 
11 www.vesselfinder.com 
12 www.ecmwf.int 



D2.3. Simulation environment and investigation of new models for LLs 

© SELIS, 2018  Page | 28  

produce a consistent, global best estimate of the various atmospheric, wave and oceanographic 
parameters(see Dee et al., 2011). Recently, a new reanalysis dataset called ERA5 has been published by 
ECMWF for public use. This first release of ERA5 data has higher spatial resolution (30 km grid) and covers the 
period from 2010 to 2016. Datasets can be downloaded from the ECMWF homepage via a web interface and 
the ECMWF WebAPI. After user registration, downloads can be customized with parameters like a selected 
region and time period. 

Currently, none of the simulation scenarios in SELIS uses weather or climate data, so a more detailed 
description of the weather data source is not provided in this report. 

4.4 Enterprise Data Sources, WMS, TMS, TOS, etc. 

The simulation models and scenario specific data usually differ from case to case. However, due to the 
commonalities of high level model perspectives, a generic list of data elements can be provided as a starting 
point for discussions among simulation participants. The following non-exhaustive summary provides some 
examples and suggestions to check what kind of data is actually useful and available for the particular model. 
Therefore, the sources of data as well as the geographic and temporal scope of the data should be clarified. 

Since transport plays an important role in most logistics scenarios, vehicle and fleet data collection is common 
to many simulation models. The details of the vehicle models should include only necessary parameters that 
are relevant to achieve valid simulation results. For instance, different truck types of the actual fleet may be 
omitted if there is no impact on the simulation problem, e.g. no significant difference in performance or costs 
can be observed. On the other hand, if vehicle types are useful, e.g. to distinguish environmental aspects like 
emission performance standards, this should be clearly mapped in the model as well as load capacity, average 
speeds and regional availabilty. As vessels, trains and barges are usually operated according to recurrent 
timetables, schedules and frequencies of services must be modelled. The expected transport demand has to be 
allocated to transport means in a rational and realistic way, but without taking all contingencies into 
consideration so that simulation performance (algorithms) are not affected by computationally expensive 
problems. In order to understand and capture realistic transport demands as an input of the simulation study, 
historical data can be collected from existing systems, operational databases or surveys and statistics. A 
statistical analysis of operational data is necessary to understand the characteristics of transports, like volumes 
per origin/destination pair but also time constraints and seasonal fluctuations. The transport network and 
infrastructure used in a simulation study can be difficult to specify. If a lot of nodes and connections must be 
taken into account, drawing all elements like rail tracks or waterways manually is not possible. GIS map shapes 
allow users to convert the Geographic Information System into the required presentations and to place 
locations, facilities and moveable logistics objects into this geospatial environment. 
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5 Prototypes and Business Scenarios for Stakeholders 

[This section is deemed confidential.] 
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6 Conclusions and next Steps 

This deliverable reported on the work in Task 2.3 of the SELIS project, which aimed at the investigation of new 
strategies and objectives for the various SELIS Living Labs. Different simulation environments will be developed 
to support visualisation of new strategies, running test scenarios and estimate impacts of the adoption of new 
strategies, model and tools. The simulation models and specifications have to be implemented in a way to 
facilitate experiments and analysis of desired output. Therefore, a set of tools, data sources and workflows has 
to be assembled for each simulation study. The term Simulation Environment was coined to describe this 
toolset, which is also meant to be available for accompanying support of Living Labs and for SELIS solution 
designers. Simulation experiments can be repeated at any time with adjusted parameters and input data 
according to the current requirements of the individual use case from the Living Lab. 

The validation of the model at this stage of the project is important to increase the credibility and overall 
acceptance of the observed and analyzed process flows as well as any assumptions made, concerning the 
organizational workflow and operating philosophy. During this first validation phase, a common understanding 
of the necessary and sufficient level of abstraction has been established. 

The first simulation environment (Living Lab 2) has been designed and implemented to investigate 
synchromodal coordination and different aspects of transport reliability with regard to possible impacts and 
interrelations with visibility and relevant key performance indicators. The main strategies involved in this study 
are EGLS 1 and EGLS 3. Since environmental emissions will be investigated as well, EGLS 5 will be consulted for 
the utilization of the CO2 emissions accounting methodology. The matching of import and export container 
flows requires additional research and consultation among Living Lab participants, possibly combined with 
further assistance from relevant EGLS groups. 

The second simulation environment (Living Lab 5) was mainly focussing on ETA prediction methodology and 
first experiments have shown good results that have been used to improve the algorithms that drive the SCN 
based services and predictive model used by Living Lab 5. The further integration with the end-user application 
is planned as the next major step. The process definition and input data collection for a third simulation 
scenario (Living Lab 8) need to be further elaborated in order to implement the simulation environment and 
start simulation experiments. 

The most important planned next steps for all existing simulation prototypes are the collection and integration 
of additional and realistic input data for a scenario that is fully aligned with the Living Lab scope and target 
range in terms of geography and users. To validate the programmed model, all planning and decision modules 
will be assessed and calibrated so that algorithms produce realistic results compared to the knowledge about 
similar existing systems or intended behaviour of completely new systems. For this reason, sensitivity analysis 
will be used to determine what factors could require more attention because of a more significant impact on 
performance measures. 

In addition to advancing the existing development, the conceptual simulation models for other Living Labs will 
be further transformed into programmed models in order to facilitate experiments and impact assessment 
through individual “what-if” simulation scenarios. 

After another year of the SELIS project, the follow-up version of this deliverable will provide a summary of the 
result from various simulation experiments as well as refinements of models and strategies. 
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