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EXECUTIVE SUMMARY 

 

These three case studies are intended to provide examples to show how some of the main 

analysis needs identified in D2.1 might be addressed. In terms of data analysis, they cover 

different combinations of data. Case study 1 on electric goods vehicle charging combines 

operational patterns of HGVs with electric charging infrastructure system design. Case study 2 

on city distribution combines city morphology and household data with logistic networks and 

transport activity data. Case study three combines qualitative scenario assessment of digitalised 

logistics systems with aggregated digitalised logistic systems characteristics. The cases cover 

city region and EU geographical levels. 

The specifications of the analyses and development of the analysis methods will be developed in 

WP4 of the STORM project. The methodologies will be applied in the case studies in WP5. 

This report builds on D2.1 ‘Assessment of new needs and knowledge analysis gaps, defining 

requirements for analysis methods and data’. It has two objectives: 

1. Use the results of D2.1 ‘Assessment of new needs and knowledge analysis gaps, 

defining requirements for analysis methods and data’ to specify the requirements for 

case studies. Knowledge gaps in current analysis methods and policy assessment will 

be identified and based on the knowledge gaps, case studies will be defined. 

The research questions for the cases are defined and the logic of how they are derived 

from D2.1 explained. The requirements for the analyses are specified.  

2. Initial proposals for analysis methods and data requirements for the cases are given. 

This report provides the basis for further work in WP4, in which the analysis methods and data 

are described and WP5 in which the case studies are performed. This current report is therefore 

an intermediate step in the flow of the work programme of the STORM project, to identify needs, 

propose model and analysis developments and undertake some illustrative, small scale pilot 

studies for such analyses. 

Section 2 explains the logic of the case study selection with the research questions and analysis 

requirements. Section 3 proposes analysis methods and data requirements. Section 4 concludes. 
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1 Introduction 

This report builds on D2.1 ‘Assessment of new needs and knowledge analysis gaps, defining 

requirements for analysis methods and data’. It has two objectives: 

1. Use the results of D2.1 ‘Assessment of new needs and knowledge analysis gaps, defining 

requirements for analysis methods and data’ to specify the requirements for case studies. 

Knowledge gaps in current analysis methods and policy assessment will be identified and 

based on the knowledge gaps, case studies will be defined. 

The research questions for the cases are defined and the logic of how they are derived 

from D2.1 explained. The requirements for the analyses are specified. 

2.  Initial proposals for analysis methods and data requirements for the cases are given. 

This report provides the basis for further work in WP4, in which the analysis methods and data 

are described and WP5 in which the case studies are performed. This current report is therefore 

an intermediate step in the flow of the work programme of the STORM project, to identify needs, 

propose model and analysis developments and undertake some illustrative, small scale pilot 

studies for such analyses. 

Section 2 explains the logic of the case study selection with the research questions and analysis 

requirements. Section 3 proposes analysis methods and data requirements. Section 4 concludes. 

The title of the deliverable has been changed from the Grant agreement Annex 1 – Description 

of the action (part A), because there is an inconsistency in the work package description of 

deliverables in Grant agreement Annex 1 – Description of the action (part A). The deliverable 

description for D2.2 is: Knowledge gaps in current analysis methods and policy assessment will 

be identified, and based on the knowledge gaps, case studies will be defined. To reflect this 

description, the title of this deliverable has been changed from ‘Define requirements for data and 

advanced analysis methods’, which is already addressed in D2.1, to ‘Defining requirements for 

analysis methods and data for case studies’. In this way, the knowledge gaps identified are used 

to explain the selection of case studies and their requirements, both in terms of methods and of 

data. This then addresses the WP2 Task 2.4 description, which states that D2.2 will define the 

case studies and not the knowledge needs. In this way, the Deliverables D2.1 and D2.2 cover the 

work description in the Grant agreement Annex 1 – Description of the action (part A). 
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2 Research questions for case studies 

The selection of the case studies is discussed and then the research objectives and proposed 
analysis requirements are explained for each case. Data requirements and methods are 
discussed in section 3 below. 

a. Case study areas 

The main trends identified in the review process are digitalisation in logistics and decarbonisation. 

There are extensive literatures on these two topics, but major questions still remain. The analysis 

and modelling needs are stated in D2.1 (Section 4.6). The analyses need to move beyond current 

techno-economic analyses of low carbon power systems. Analyses should include environmental 

assessment of changes in logistics operations. Methods for developing and extracting insights 

from ‘big data’ need to be developed. Analyses at urban, logistics operations and EU levels of 

these changes are required. The pilot case studies selected therefore address the knowledge and 

analysis needs considered to most important in the results reported in D2.1. 

Within the resources allocated to the STORM project, we have confirmed the decision to 

undertake three pilot studies to illustrate some of the possibilities for new modelling methods to 

address the knowledge gaps and analysis needs identified. 

The first area is: what does a digitised, low carbon logistics system look like? This includes 

questions of how new logistic supply chain and market structures interact with low carbon 

transport technologies and fuels. Also operating profiles of low carbon freight transport systems 

may be different to systems with fossil fuel power trains. Low carbon drive trains have different 

characteristics to fossil fuels. This raises the question of how freight transport will have to change 

operating patterns to adapt to lower ranges of vehicles and the use of a wider range of drive trains 

and fuels than is currently the case. Operational range and fuel supply infrastructures are 

especially relevant for HDVs (heavy duty vehicles) which currently use a dense network of service 

stations and have ranges which enable logistics firms to optimise their trips with the legal 

requirements for drivers rest periods as a constraint, rather than stops for refuelling.  

In terms of data requirements, a need has been identified to develop supply chain data sets, 

vehicle data sets, transport, and infrastructure technological capabilities descriptions for use with 

methods and mathematical models for processes simulation. Digitisation of vehicles can already 

generate GPS data which enables a detailed inference of trip movements and halts. Such data 

generates very large data sets, which are one form of ‘big data’. What analysis is possible with 

the ‘big data’ available from digitalisation? Such data enables in principle a much more precise 

knowledge of vehicle movements for trip optimisation. However, D3.1 has identified problems 

with such data, in particular the limited availability of data for overall logistics system analysis. 

This is because companies are often not willing to share their movements data, because it is 

considered to be commercial secret. D2.1 has found that ‘big data’ is considered by stakeholders 

to be an important basis for competitive advantage, e.g. if a firm has better trip optimisation 

methods than the competition. D3.1 identifies the design of charging infrastructure networks for 

electric HDVs as an important application where these problems need to be addressed if the new 

drive trains are to be adopted. There are a range of issues with the practical application of GPS 

data for infrastructure planning, both in terms of the data collection and suitability for trip and 
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infrastructure optimisation and with the limited availability of GPS data for research into 

infrastructures. D2.1 also identified data sharing as an issue.  

To address this area, a case on ‘zero emission freight – EU heavy duty vehicles charging 

infrastructure allocation’ will be developed.  

A further area identified is urban freight analysis. The results of D2.1 indicate that city logistics 

needs to be brought into city planning, including bringing Sustainable Urban Logistics Plans 

(SULPs) into SUMPs (Sustainable Urban Mobility Plans). Wang and Sarkis (2021) also identify 

the applications of new technologies in freight urbanisation as an area for research. New urban 

delivery systems and modes need to be brought into urban logistics analysis. Such new systems 

also require an assessment of their environmental impacts or benefits. These aspects will be 

addressed through a case on City logistics, simulating electric delivery vehicles and micromobility 

based delivery services.  

The third case is designed to address policy analysis. D2.1 identified the requirement to 

investigate the potential of the EU Green Deal and the ‘Fit for 55’ measures with regards to the 

objectives of the EU for low carbon innovation. There is also a knowledge gap in the modelling of 

transition pathways in freight transport, incorporating large scale system change. The system 

change to be addressed is the combination of digitalised logistics systems with low carbon fuels 

and power trains. An opportunity to bring modelling into policy development in a new way, through 

involvement in Foresight processes for the EU was identified. This includes scenarios of limited 

growth in freight transport activity. Therefore, a third case study of EU Policy analysis case of 

structural change in freight transport will be undertaken. 

These cases do not cover all the potential areas for analysis and model development that have 

been identified. Instead, the cases were selected to cover a wide range of important areas of 

analysis, as identified in D2.1.  

Case study 1 on EV HDV infrastructure addresses the areas of:  

• how infrastructure for a digitised low carbon logistics system might be configured 

• digitalisation in supply chains 

• transport infrastructure planning 

• possibilities for analysis with ‘big data’ from digital systems. 

Case study 2 on city logistics addresses the areas of: 

• urban freight modelling with low carbon distribution systems and new modes 

• environmental impacts of alternative urban distribution technologies 

• transport planning at the urban level 

Case study 3 on EU Policy analysis case of structural change in freight transport addresses the 

areas of: 

• new market and institutional structures and operational patterns in logistics 

• developing zero-carbon fuel supply chains 
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• scenario simulations that are based on the interlinked system changes of new digitalised 

logistics structures and zero-carbon energy in freight transport 

• EU policy development for sustainability transitions in freight transport 

• Assessment of potential points of influence on transport system changes 

• Rapid response models for stakeholder processes 

2.2 Case study 1: Zero emission freight EU heavy vehicles charging infrastructure 
allocation  

This case study is led by Chalmers University of Technology and will be supported by the 

Fraunhofer Institute for Systems and Innovation Research (ISI). As mentioned earlier, the 

upcoming diffusion of alternative fuelled heavy-duty vehicles will require a new refuelling 

infrastructure. The electrification of trucks is probably the most promising approach, even for long-

haul trucking (Plötz 2022). Therefore, the aim of this case is to explore charging infrastructure 

possibilities for heavy-duty vehicles within the EU. The study explores possible charging 

technologies at European level. The study considers mainly two charging technologies i.e., 

stationary (fast and/or slow) chargers and electric road systems. The study explores the impact 

and ramifications of electrifying the whole heavy vehicle fleet e.g., impact on the power grid and 

current infrastructure. For this purpose, we use a three-step approach. First, we need to identify 

the operating patterns of heavy-duty trucks in Europe, including potential country-specific 

differences. To obtain representative results, we need to balance complexity as individual 

operating patterns need to be transferred and aggregated to the entire European fleet. Second, 

we design a charging infrastructure for this European fleet. Third, we would like to analyse the 

impact on the energy demand. Therefore, the case study can be divided into several research 

questions: 

1. How do trucks move in Europe? 

a. Which routes are used and how often? 

b. How are vehicles typically used? 

2. Taking into account the results from (1), how could a charging infrastructure in Europe 

look like? 

a. How should charging locations be spatially distributed? 

b. What kind of charging infrastructure (fast, slow, dynamic) is needed? Where is this 

kind of infrastructure needed? How do these infrastructure types interact? How 

much is needed?  

3. Which spatially distributed energy demand arises for which infrastructure type?  

 

2.3 Case Study 2 city logistics 

2.3.1 Objectives 

This case study is led by CTU. The aim is to create a model of the new last mile logistics in both 

urban and suburban environments. As for the city environment, Prague, Czechia and more 

specifically an area of its Prague 6 district (Case Study 2a), will be used due to its diverse urban 

structure including a major transportation hub, medium density housing, medium density 

commercial zones and a university campus. For the suburban environment, the island of 

Laajasalo (a district in the Helsinki municipality, Case Study 2b) near Helsinki with low density 
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housing and low-density commercial zones will be used. The model shall explore the 

environmental benefits of deployment of electric delivery vehicles and micromobility based 

delivery. 

 

2.4 Case study 3: EU Policy analysis of structural change in freight transport  

2.4.1 Research questions and objectives 

The results described in D2.1 show that system changes in logistics need to be addressed. This 

case study is intended to illustrate a potential method for analysing system change and 

developing policy ideas. 

The overall configurations of new digitalised logistics systems are still unclear. Therefore RQ1 is: 

1. How can new configurations of digitalised logistics systems be represented for analysis 

of policy measures for decarbonisation of freight transport? 

The EU Green Deal is the most salient current policy context at the EU level. The most recent 

policy proposals are the ‘Fit for 55’ package. Therefore, policy analysis in the context of freight 

transport is addressed by RQ2: 

2. Will the ‘Fit for 55’ measures achieve the stated goal of reducing net emissions by at least 

55% by 2030 compared to 1990 and for being the first climate neutral continent by 2050 in 

freight transport? 

This overall policy question includes the following subsidiary research questions, identified by 

stakeholders: 

2a: How can the innovation objectives of the EU partnerships, in particular the CCAM 

(Connected, Cooperative, Automated Mobility) and 2Zero (zero carbon fuels in the freight 

transport sector be addressed? 

2b: How can policy support the process of transition to low carbon fuels and enable low 

carbon transport to become competitive, given the current high costs compared to fossil 

fuels?  

 

Analysis requirements and outputs  
 

To address the first question, possible scenarios of digitalisation and decarbonisation in EU 

logistics are required. 

The scenarios need to identify the main features of new logistics systems in terms of technologies 

and organisations. Drivers of change and barriers to the development of alternative systems 

should be identified. The drivers should include factors such as the application of ‘smart’ devices 

to create an Internet of Things including autonomous vehicles, and autonomous cargo handling. 

The implementation of the IoT into enable e.g. ideas such as the physical internet, synchronous 

logistics (modal and provider choice during the transport, elimination of warehousing/use of 

transport as warehouse) point-to-point networks should be considered. 

The influence of policy drivers such as environmental policy or innovation policy should be 

considered. Barriers to adoption of the various alternative systems should be identified. These 
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would include high costs of new technologies, the need to overcome barriers to cooperation in 

current market institutions and contracts, the need to demonstrate actual benefits of large 

investments in new technologies etc. 

The general ‘landscape’ context should include possible low growth scenarios as proposed by 

stakeholders and regionalisation scenarios. The current context of the Covid pandemic and 

political uncertainty in Europe should also be considered for possible medium to long term 

implications. 

To illustrate the possibilities of simulation modelling to address these themes, a pilot simulation 

will be developed.  This will illustrate how the following outputs could be developed: 

• Transition pathways of system changes to digitalised, low carbon logistics. These will 

include alternative pathways  

• Assessment of factors that determine the direction(s) of system change in logistics 

• Identification of main drivers and barriers to development and adoption of new digital 

technologies and business models in logistics. 

• Identification of main drivers and barriers to development and adoption of new 

technologies: autonomous vehicles; alternative power trains and fuels. 

• Ideas for policy and governance measures to support the development of digitalised 

logistics that implements decarbonisation. 

• An outline assessment comparing the EU Green Deal and Fit for 55 proposals with the 

policy and governance ideas. 
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3 Analysis methods and data requirements 

3.1 Case study 1: Zero emission freight EU heavy vehicles charging infrastructure 
allocation 

3.1.1 Methods 

Metais et al. (2022) identify three approaches to model charging infrastructure planning: node-

based, path-based, and tour-based. Using a node-based approach, a charging location covers a 

certain area. Therefore, this approach is sometimes also referred to as coverage approach (Speth 

et al. 2022a). A widespread node-based approach ensures that charging infrastructure is 

available everywhere. In contrast, the path-based approach locates stations to cover a maximum 

of traffic with a minimum of stations. For example, in a flow refuelling location model (FRLM), a 

prominent representative of the path-based approach, each origin-destination traffic flow is 

known, and locations are positioned to serve as many traffic flows as possible. However, the 

locations determined usually match the driving behaviour of trucks only to a limited extent, for 

example with regard to mandatory breaks. The tour-based approach therefore considers the 

individual behaviour of the vehicles. Charging locations are positioned where many vehicles stop 

anyway due to route planning. While the node-based approach requires local truck data (e.g. 

traffic count data), the path-based approach needs origin-destination data, and the tour-based 

approach needs trip-data (e.g. GPS data) from individual vehicles, which adds complexity in terms 

of data quantity and representation.  

 

 

Figure 1: Modelling approaches for vehicle charging infrastructure. Own illustration, based on Metais et 
al. (2022) 

 

There are already studies using a flow-based approach (e.g. Rose et al. (2020)), as well as a 
node-based approach (e.g. Speth et al. (2022a)) for trucks. However, both approaches have 
weaknesses. The node-based approach tends to overestimate the necessary number of stations 
and makes it difficult to allocate charging processes to one specific station. However, the data 
requirements are comparatively low. The flow-based approach underestimates the necessary 
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number of stations from a user’s point of view. Yet, the result is a mathematically correct and 
unambiguous solution. Figure 2 shows an example comparison of the two approaches. 
  

 

Figure 2: Exemplary node-based (left) and flow-based (right) calculations for charging infrastructure in 
Europe, based on Sauter et al. (2021) 

 

In the current case study, we will go a step further and perform a route-specific analysis to 

determine charging locations in a simulation. Today, no complete dataset exists that includes all 

Europe-wide tour data. Although cumulative GPS data of truck parking locations exist (Plötz and 

Speth 2021), the data do not allow any conclusions on the trips. Therefore, synthetic driving 

profiles will be generated in a first step. The driving profiles consider origin-destination matrices 

of truck traffic flows in Europe, technical data regarding vehicles and infrastructure, legal data and 

data on driving behaviour. A brief explanation can be found in the next section. Subsequently, 

each journey is simulated. Figure 3 shows a tour from Sweden to Spain as an example. The 

simulated journey is based on an origin-destination trip, uses technical data - e.g. the vehicle 

speed -, consists legal parameters - such as the mandatory breaks -, and integrates data on 

typical driving behaviour - e.g. the probability of having a second driver.  

 

 

Figure 3: Simulated driving profile from Sweden to Spain (Example) 
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Afterwards, we will aggregate the calculated stops of all journeys, probably in a 25 km x 25 km 

raster. It may even be possible to assign the stops to nearby rest areas. This allows us to 

determine the local slow charging demand (overnight stops) and the fast-charging demand 

(mandatory break stops).  

Finally, we will compare our tour-based approach with results from node-based and flow-based 

models. An overview is given in Figure 4. 
 

 

Figure 4: Overview procedure case study “Zero emission freight EU heavy vehicles charging 
infrastructure allocation” 

3.1.2 Data sources 

The study utilizes several open data sources to synthesise the required driving profiles. This 

includes technical vehicle data and technical road data, e.g. from OpenStreetMap and other map 

services (streets, land use, point of interests, parking areas). Legal frameworks build on European 

legislation. 

The underlying origin-destination matrices are crucial for the results. The ETISplus project from 

2010, which modelled Europe-wide freight flows, serves as a basis. The data have been updated 

and converted the vehicle level for trucks. Figure 5 shows the corresponding procedure. The final 

dataset was published as one result of the STORM project (Speth et al. 2022b). During the case 

study, we will further evaluate this dataset.  
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Figure 5: Data processing to generate up-to-date origin-destination matrices (Speth et al. 2022b) 

 
To gain a better understanding of typical operating patterns and potentially assign these transport 

volumes to individual journeys and trucks more precise, we also evaluate anonymised EU ERFT 

data. These microdata cover about 374,000 to 427,000 vehicles annually for the years 2011 to 

2020. The dataset is based on non-public logbooks, which can be made available for research 

purpose by Eurostat (Eurostat 2022). The dataset is already available within the project for 

statistical analysis. Statistical analysis may cover journey and trip pattern dependencies on goods 

classification, European region, or truck class. Given these, we aim to synthesize operating 

schedules based on (conditional) empirical probability distributions and subsequent simulation. 

Such a synthetic dataset might contain information on payload, trip chains, trips per day, daily 

driving distance, departure times, origin, and destination.  
 

3.2 Case study 2 

3.2.1 Methodology  

We plan to create a model with the following scenario: Scenario 0, the current 

(estimated/synthetized) state in the Case Study 2a (Prague) and in the Case Study 2b (Laajasalo) 

using existing delivery methods (i. e. mostly GHG emitting LGVs). Scenario 1, basic optimized 

state using the electric delivery LGVs. Scenario 2, adding micromobility services (to be carefully 

planned due to the increase in complexity). 
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Figure 6: The focus area in the Case Study 2a (Prague), a part of the Prague 6 district 

 
Processing pipeline 
 

To create an entry level model of the Scenario 0, we need to estimate the demand for logistics 

services in the focus areas. For this purpose, a detailed analysis of the urban structure of the 

focus areas is needed as a detailed dataset listing zoning, population or business structure is not 

available. In the next step we need to break down the demand into B2B and B2C segments and 

high level categories such as groceries, goods packages or shop supplies. By doing so we can 

estimate the number and nature of logistics service providers that in turn serves as an input for 

routing optimization. 
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Figure 7:  XML input file for the Matsim simulation 

 

The Matsim pipeline is envisioned as follows: 
 
Matsim Freight package (relies heavily on jsprit) --- 
FreightScenarioCreator.java - Drawing the initial demand 
InitialCarrierPlanCreator.java - Initial routing of the plans, solving the TSP 
RunLaajasalo.java - Optimizing the routes  
(and similarly for the Prague case) 
 
Traffic organization goals 
 

Besides goods distribution optimization using Matsim, a traffic organization analysis will be 

performed to assess the current placement of pick up and drop off points as well as to propose 

the placement of the new last mile elements such as parcel boxes or micromobility hubs. As the 

land ownership is a crucial question in case of positioning these elements, the feasibility of such 

proposals will be checked against the land register of the City of Prague. We assume that working 

with the city owned land is more likely to arrive at an agreement with the city on the future new 

last-mile oriented development. 

 

Further data processing and synthesizing 
 

Once the demand is known we can model the logistics network for the proposed scenarios. A 

suitable modelling software needs to be specified. CTU has recently had a good experience with 

the agent-based modelling software Anylogic. VTT has capability to model transportation in 

Matsim.   
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Figure 8: An example of TSP solution with the help of Matsim 

 
Results 
 

The datasets exported from the model will be visualized using the AR/VR devices (MS Hololens 

2, Oculus Quest 2). CTU has a tailor-made software that allows for such visualization. The next 

step CTU would like to take is to match the AR visualization with the 3D printed model of the area 

of the Prague 6 (that exactly matches the area used in this city logistics use case), see the 

example in Figure . 
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Figure 9 : A glimpse into the CTU-UTEP Digital Twin Lab to be used for dataset visualization in AR. The 
3D model matches the focus area in the Case Study 2a (Prague). 

 

3.2.2 Data sources 

The data for this case study will be a major issue as it is close to impossible to convince any of 

the major retail or logistics operators (e. g. Zasilkovna, Alza, Rohlik or Ceska posta) to share their 

data. Therefore, the case study will have to rely on estimates and observations done most likely 

by CTU students (Case Prague) and statistics (case Helsinki). Currently, we are exploring what 

kind (if any) data can be found on the publicly available open data platforms such as Geoportal 

Praha or Golemio. For visualization, a publicly available 3D map of Prague can be used. For the 

Finnish case, data from Tilastokeskus (Statistics centre of Finland) will be exploited. The most 

promising statistics include the spatial distribution of people and jobs as well overall consumption 

patterns for households. Openstreetmap might be used to enrich the input data for both cases. 

 

Cargo demand data sources for case 2a 
 

For the Case Study 2a (Prague) we have created an Excel sheet with detailed building to building 

data listing figure 10: 

https://www.geoportalpraha.cz/en
https://www.geoportalpraha.cz/en
https://golemio.cz/data
https://app.iprpraha.cz/apl/app/model3d/
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• the number of apartments from which the local population can be estimated using the 

national census data; 

• the number of businesses (1st floor) and their nature (shop, service provider, cafeteria, 

pubs, etc.); 

 

 
 

Figure 10: An excerpt of the Excel sheet with the detailed data of the Case Study 2a focus area 
(Prague) 

 
The CTU university campus will be analysed separately as will be the government buildings next 

to the Vitezne namesti roundabout. 

 

By combination of the Excel data and its estimates with the shapefile, we can get an input for 

Matsim optimization. 

 
Cargo demand data sources for case 2a 
 

For the Case Study 2b (Laajasalo) we have so far obtained a shapefile – grid (250x250 m) with 
data on households, jobs (by type) and buildings (floorspace, inhabited square meters) 
(Statistics Finland, 2019). An example of the data extract for Laajasalo can be seen in Figure 
11. 
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Figure 11: Laajasalo as visualized from the grid database - visualized variable is the number of 
employees in hospitality industry, OSM Standard map as background. (Statistics Finland, 2019) 

 
Additionally, there is data for the overall consumption of households. (Statistics Finland, 2018)  

It is envisioned that through a combination of multiple dataset it is possible to obtain a realistic 

background for the use case 2b. The precise combination is not yet known and will be one of the 

main subjects of this study. 

 
Turning the data into Matsim format 
 

To synchronize both case studies, the demand data will be turned into Matsim freight demand 

data format. The format specifies the delivery window for each task and allows for storing of the 

initial TSP solution for these tasks directly into the same file. An example of the XML file can be 

seen in figure 7. An example of the TSP solution can be seen in Figure 8. 

 

3.3 Case study 3 

 

3.3.1 Method 

This case study will be a pilot to show how scenarios of system change in logistics and their 

results for freight transport can be assessed at an aggregated level. A structured scenario 

analysis will be combined with a simulation of the uptake of structural changes to freight transport 

using an agent-based model approach to incorporate economic, environmental and 
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organisational factors. The approach will be based on the qualitative + quantitative method 

developed in Köhler et al. (accepted for publication) figure 12. 

 

 

 

Figure 12: Qualitative and quantitative analysis structure (Köhler et al.) 

 

The scenario analysis will use the STEEPL (social, technological, environmental, economic, 

policy and legal) method to identify main factors in decisions in logistics to adopt new digital 

technologies and business models, together with drivers and barriers to change. The factors will 

be determined in discussion with stakeholders. These factors will be included in the MATISSE 

ABM model to represent the development and diffusion of structural change in logistics systems. 

Possible new logistics system structures and business models will be identified. New systems 

that might be developed and their features compared to current logistics operations and 

technologies will be discussed with stakeholders e.g. 

• Supply chain coordination to improve efficiency and measure and reduce emissions using 

logistics ‘control towers’ for sustainable supply chain management 

• Blockchain and big data enabling adaptive, decentralised supply chain networks 

The impact of alternative systems on the decision variables in the model for adoption will be 

discussed with stakeholders (using the process design in the recent Decarbonisation of shipping 

and PATHWAYS projects). The MATISSE model will be run to provide quantitative illustrations of 

the scenarios developed with stakeholders. The model is a highly simplified model, to capture the 

main decision factors and identify the main drivers and barriers. It applies recent developments 

in innovation theory and modelling to explicitly include possible new logistic system structures. 
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Possible decision variables will also be identified and discussed with stakeholders. An initial 

proposal for the variables is: 

• Concentration level in 3PL (3rd party logistics). 

• Proportion of small transport firms/shipping companies. 

• GHG emissions of the transport supply chain in the EU. 

• GHG emissions of the transport supply chain internationally/outside the EU. 

• Investment cost in vehicles and alternative power trains/fuels. 

• Investment cost of new digital infrastructure and systems. 

• Structure of B2C markets – mass production to centralised distributors/retail or 

customisation/ mass individualisation of production and decentralised supply chains. 

• Reduced and flexible delivery times: balance of shipping and stockholding costs vs. 

reduced delivery times down to less than 2 hours. 

 

Brief description of the MATISSE Model 

The model used is a development of the model described in Köhler et al. (2009). The conceptual 

structure of the model is described in detail in Haxeltine et al. (2008) and Bergman et al. (2008) 

is a detailed description of the model. The MATISSE model implements the Multi-Level 

Perspective on transitions using an Agent-Based Modelling (ABM) approach (Köhler et al., 2018), 

as illustrated in figure 5. It is original in that there are two types of agent. There are a small number 

of complex agents, which have an internal structure and are therefore sub-systems within society, 

and a larger number of simple agents. The complex agents represent the regime and niches, 

while the simple agents represent households or consumers. The macro-level Landscape 

represents changes in society generally, which may exert pressure on the regime and/or support 

the development of niches. There can be only one regime at any time, although the system might 

have periods in which there is no regime. There may be one or several niches at once. We define 

the type of the agent by its strength with thresholds separating them. The regime is by definition 

the strongest agent and dominates the system, while niches have much less strength. An agent’s 

strength determines its behaviour (strategy in practices space as described below), its 

interactions with other agents, and (partly) its attractiveness to supporters. Niche and regime 

agents have a strength, which is ultimately dependent on support from the consumer agents. 
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Figure 13: Structure of the MATISSE model. 

 

The model uses the concept of practices as the metric through which agents position themselves 

in society and over which behaviour is defined. Practices are each represented as values along 

axes, constituting a multi-dimensional practices space. Agents are differentiated by their positions 

in the multi-dimensional practices space. Figure 6 schematically shows a two-dimensional 

practices space, which might be e.g. Px CO2 emissions and Py cost of transport. The complex 

agents (regime and niches) and the logistics agents are shown separately for clarity, but actually 

occupy positions along the same Px and Py Practices axes. Consumer agents are points in the 

space, while in the figure the size of the regime and niche ovals is proportional to their relative 

support. The model is stochastic in that the simple agents are initially randomly assigned over the 

practice space, with distributions of car drivers and a smaller set of 'green mobility' consumers. In 

the model the consumer agents choose to adopt the practices (transport characteristics in the 

current example) of the complex agent that is closest to them and therefore the positions of the 

regime and niches are based on clusters of support i.e. like-minded consumers. The positions of 

the consumer agents in the practices space change depending on landscape signals, so the 

regime and niches have to move, not only to grow but often just to maintain their support. The 

movement strategies i.e. the development strategies of the regime and niches are explained 

below. 
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Figure 14: Two illustrations of a two-dimensional practices space 

Practice axes PX and PY. Left: regime and niches, which can move in the space and interact with 
each other. Right: the consumer agents showing supporters scattered in the practices space, 
coloured by the agent they support, red = regime (R), green = niche 1 (N1), blue = niche 2 (N2).  

 

Practices are broadly defined and could include for the example of logistics: 

• CO2 emissions over the supply chain 

• Warehousing costs 

• Transport costs along the supply chain 

• Ability to change modes in real time during transport 

• Level of automation of vehicles, loading and unloading 

• Globalised or regionalised supply chains (intra-EU or extending outside the EU?) 

 

The model is stochastic in that the simple agents are initially assigned in groups (current logistics, 

physical internet, synchromodality, regionalised supply chain) over the practice space, with a 

stochastic distribution of the supporters in a group around a central value for the group.  

Each agent type (regime, niche) has a different behavioural algorithm for its movement in the 

practice space. The types we use are based on policy driven party dynamics of Laver (2005). The 

regime is an aggregator, adapting its practices to the centre of the consumer ‛cloud’ in the practice 

space, in an attempt to maximise support. There is a restriction on the rate of change to reflect 

the tendency of the regime to display inertia. We add to Laver in that when the regime’s support 

falls below a threshold, it attempts to aggregate all consumers to increase its support. This 

attempts to capture the regime’s tendency to be entrenched in its practices and to seek 

optimisation rather than innovation. Niches are hunters, continuing movement in the same 

direction as long as their strength increases, otherwise moving randomly in another direction. 

Niches are restricted to a certain range within the practices space. An example is that the BEV 

niche is restricted to low carbon transport practices. 

The validation of the behavioural parameters in an ABM presents a challenge because of the very 

large number of behavioural parameters in such models. Each agent is individually parameterised 

(in the MATISSE model over 1000 consumer agents) as well as the niches and regime. While the 

Py

Px

Regime

Niche 1

Niche 2
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empirical validation of individual behavioural parameters for such a large number of individual 

agents was not feasible, the socio-technical case study analysis did enable empirical evidence 

on the development of the niches to be collected and used to calibrate the distribution of 

behavioural parameters over the individual logistics agents in the MATISSE model. 

3.3.2 Data required 

As the model is illustrative, it will be calibrated to typical current average EU data for freight 

transport. The actual data required will depend on the variables chosen to represent the 

alternative logistics systems. The variables to be used will be selected to represent the factors for 

the alternative systems, as discussed with stakeholders. The model will be calibrated on relative 

values of alternative systems compared to the current system. GHG emissions per tkm, 

investment costs for digital systems, transport infrastructure and fuel costs may be considered. 

In addition, variables such as warehousing costs, delivery times or reduction in manpower through 

automation may be relevant. Further relevant variables may be the degree of globalisation vs. 

regionalisation (or localisation), vulnerability of supply chains to extreme weather events, or 

political uncertainty. Potential changes in costs through ‘learning curve’ effects will be considered 

in the simulations. 

The impacts of possible policy scenarios on the variables identified for inclusion in the simulation, 

including the ‘Fit for 55’ measures, will be assessed.  

Where available, Eurostat data will be used to enable calibration at an EU level. Qualitative data 

will be estimated and checked through checks on consistency across all the factors in a scenario 

and sensitivity analyses of the simulations. 
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4 Conclusions 

These three case studies are intended to provide examples to show how some of the main 

analysis needs identified in D2.1 might be addressed. In terms of data analysis, they cover 

different combinations of data. Case study 1 on electric goods vehicle charging combines 

operational patterns of HGVs with electric charging infrastructure system design. Case study 2 

on city distribution combines city morphology and household data with logistic networks and 

transport activity data. Case study three combines qualitative scenario assessment of digitalised 

logistics systems with aggregated digitalised logistic systems characteristics. The cases cover 

city region and EU geographical levels. 

The specifications of the analyses and development of the analysis methods will be developed in 

WP4 of the STORM project. The methodologies will be applied in the case studies in WP5. 
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