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Abstract 
The objective of this task is to perform an environmental and socio-economic assessment of 
logistics clusters after the introduction of Clusters 2.0 solutions based on methodology described 
on 6.1 and leveraging on measurements and assessment performed in tasks 6.2 and 6.3. The 
methodology will be delivered and tested including an assessment of combined environmental 
KPIs and socioeconomic variables.  

 

Legal Disclaimer 
 
The information in this document is provided “as is”, and no guarantee or warranty is given that the 
information is fit for any particular purpose. The above referenced consortium members shall have no 
liability for damages of any kind including without limitation direct, special, indirect, or consequential 
damages that may result from the use of these materials subject to any liability which is mandatory 
due to applicable law. © 2017 by Clusters 2.0 Consortium.  
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Executive Summary 
 
The aim of the work documented in this report is to assess the socio-economic and 
environmental effects of the Clusters 2.0-based innovations. Based on KPIs selected and 
measured in previous WP6 tasks the methodology is applied for extraction of valuable socio-
economic and environmental effects and scaling up the effects from micro to macro level.  

The document is organized as follows: 

The introduction summarizes the work done in Task 6.4 and the community identified as the 
target of the content. 

Chapter 2 contains methodology for assessment of socio-economic and environmental 
impacts of Clusters 2.0 – based innovations. Methodology clarifies the approaches used for 
translating the LL’s based measurements to the values relevant for socio-economic and 
environmental evaluation. The process of spreading and diffusion of innovations to another 
context is clearly described.  

Chapter 3 summarizes the innovations proposed on the level of logistics clusters. Indicators 
monitored within LL1 are described and the methodology is applied for converting of these 
indicators in socio-economic and environmental effects. 

The network of logistics clusters was the subject of LL2. Chapter 4 describes the outputs of 
LL2. KPIs measured on the level of LL2 are evaluated and translated into valuable socio-
economic and environmental impacts.  

Chapter 5 summarizes the effect of innovative modular solutions and transshipment 
optimization, the subject of LL3. Related KPIs are described and translated to socio-economic 
and environmental impacts.  

Chapter 6 contains assessment of the overall impact of Clusters 2.0-based innovations. 
Scaling up of socio-economic and environmental effects from meso/micro to macro level is 
discussed.  

Chapter 7 contains concluding remarks.  
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1 Introduction 
 

1.1 Purpose of Document 
 
The assessment of socio-economic and environmental impacts of Clusters 2.0-based 
innovations is summarized in this deliverable 6.4. The KPIs selected and monitored in previous 
tasks are analyzed in order to evaluate the effectiveness of the innovations and the need for 
adjustment/improvement. Since the Project’s interventions were planned and realized on the 
levels of terminals/hubs, logistics clusters and the network of logistics clusters, the impact of 
innovations was analyzed on the following levels: meso level – local area gravitating to the 
terminal/hub, micro level – region in which logistics cluster is located and macro level – 
network of logistics clusters. In order to perform the scaling up from meso/micro to macro level 
a suitable methodology was designed. The task results in a set of recommendations for 
optimizing socio-economic and environmental impacts of logistics clusters.  
 

1.2 Intended Audience 
 
Since the work on Clusters 2.0 resulted in a variety of orgware, software and hardware 
innovations which cover different levels of supply chain, this deliverable is addressed to the 
project partners as well as to the industry, academic and research community interested in 
the effects of innovations resulted from the project. 

2 Methodology 
 
The aim of the task 6.4 is to combine all the results achieved in previous WP6-related tasks 
and provide a strategic assessment of Clusters 2.0 based innovations from the perspective of 
socio-economic and environmental effects on local and global scale.  
 
2.1 General framework 
 
 
Next figure summarizes methodological framework which is followed for realization of T6.4 
planned activities.  
 

LL1: KPIs

LL2: KPIs

LL3: KPIs

LL1: Ex-ante vs. 
Ex-post analysis

LL2: Ex-ante vs. 
Ex-post analysis

LL3: Ex-ante vs. 
Ex-post analysis

Analysis of KPIs measured for each LL

Translating the LL-based 
measurements into socio-

economic effects

Translating the LL-based 
measurements into 

environmental effects

Turnover

Employment

Salaries

GOS

GVA

Carbon Emissions

Environmental impact 
assessment

Socio-economic 
impact assessment

LL-based socio-economic and environmental impact 
assessment (meso/micro level)

Scaling-up the 
effects of Clusters 

2.0-based 
innovations

Overall impact of 
innovations

Socio-economic 
performances: Set of 

recommendations

Environmental 
performances: Set of 

recommendations

Assessment of the overall impact of Clusters 
2.0-based solutions (macro level)  

Figure 2-1 Strategic impact assessment: Methodological framework 

In first step, based on selected KPIs the assessment focuses on the following: 
 The effectiveness of measures; 
 The need for adjustment/improvement; 
 Perception of measures and concepts stated in the proposed solutions; 
 Overall impact of innovations against the project objectives.  

 
In the second step, the focus is on socio-economic and environmental impact assessment. In 
that sense it could be necessary to translate the KPIs measured on the level of LLs to socio-
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economic and environmental effects of innovations.  
 
In the third step, scaling up from micro to macro level is performed and the assumed impact 
of Clusters 2.0-based innovations on EU community is assessed. The set of recommendations 
regarding socio economic and environmental impact are the final output of the overall impact 
assessment.  
 

2.2 Environmental impact assessment  
 
The aim of environmental impact assessment (EnIA) is the modelling and quantification of 
impacts on human health and environment. Environmental impacts imposed by the different 
intermodal transport scenarios are aggregated in environmental external costs.  
In general, external costs can be specified for each stage of the network and the depend on 
the following elements: the network structure (location, distances and number of nodes), the 
intensity of activities in the network, the efficiency of services and the prices of inputs.  
Particularly relevant for external costs are the emission rates of pollutants, congestion, noise 
and the numbers of accidents and their impact on society and environment (Janic, 2007).  
 
Environmental impact of various intermodal transport scenarios is composed from (Janic, 
2007):  
 

 Air pollution: Truck involved in first and last mile collection/distribution usually run on 
diesel fuel and cause air pollution. The air pollution for the main haulage between 
intermodal terminals depends on the type of energy used by the modes. For trains 
hauled by diesel locos air pollution is direct. If electric locomotives are used, the air 
pollution is indirect and depends on the composition of sources from which the 
electric energy is obtained. The air pollution in intermodal terminals depends on the 
type of power used by the transshipping equipment.  

 Congestion: Congestions and delays frequently occur in the areas surrounding 
logistics hubs and have a direct impact on the cost of first/last mile. Main haulage is 
assumed to be free of congestion.  

 Noise: First/last mile as well as line hauling between terminals/hubs generate noise 
which can influence on productivity and health depending on the amount for which it 
exceeds the tolerable limits and on the persistency. Noise from the intermodal 
terminals is assumed to be a part of ambient urban noise and therefore it is not 
considered.  

 Traffic accidents: Besides the loss of life and injuries to the affected people, traffic 
accidents cuase damage and property loss for the network oeprators and third 
parites. Each stage of transport chain and transport mode involved should be 
separately analyzed due to the different frequency, character of occurence and 
consequence. Accidents in intermodal terminals are usually not included in analysis 
since they are very rare.  

 
The issue of congestion, noise and traffic accidents is discussed; however, the focus of 
environmental impact assessment will be on impact of various Clusters 2.0 based innovations 
on air pollution. Reminder of this section is dedicated to the approach for assessing the 
environmental saving potential of improved freight transport service design based on Clusters 
2.0 innovations.  
 
According to Woodburn and Whiteing (2010) shifting cargo from road to rail represents one of 
the most effective strategies for reducing CO2 emissions from the freight transport sector. 
Electric trains or diesel trains may reduce environmental impact by 32% and 3% respectively, 
compared to road transport with a 50% of load factor (Merchan Arribas et al., 2018).  
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Innovative supply chain design proposed by Clusters 2.0 project can contribute to emissions 
mitigation through facilitating modal shift and enhancing utilization rates of containers.  
 
Cluster Community System (CluCS) establishes coordination and collaboration between 
neighboring and regional terminals on the one side and pooling cargo under coordinated 
processes on the other side. Terminals should see an increase in the amount of freight 
handled with the current infrastructure as they are more efficient and able to be more 
competitive achieving in this way a better utilization of their operative capacity. This results in 
increasing number of shippers turning to intermodal solutions using terminals within Cluster. 
This switch to intermodality in door-to-door cargo flows contributes to a decrease in logistics 
process energy consumption bringing also a reduction of CO2 emissions in transport and 
cargo handling operations, being the cargo consolidation and cargo pooling essential factors 
of this optimization process.  
 
QuickCheck and xIntermodal tools support the massification methodology in following sense:  

 QuickCheck tool serves for a preliminary searching for a potential transport synergy 
with other organizations. The tool provides only an insight into possible flow 
consolidations (as the name says – Quick Check) without considering the 
compatibility of shipments, time requirements and opportunity costs. LTL shipping is 
not considered either; 

 Based on regular services of multiple modes of transport xIntermodal provides 
possible intermodal door-to-door routes, in general with a road leg at the beginning 
and at the end.  

 
The aim of the development of New Modular Loading Units (NMLUs) is to enable increased 
load factors of boxes, containers and vehicles, bundling cargo of collaborating partners, 
increase efficiency of cargo handling and first/last mile delivery. This leads to positive 
environmental impacts through reduced energy consumption and CO2 emission.  
 
Developing of low cost, reliable and easy to use horizontal transshipment technologies will 
facilitate the shift from road to rail on even shorter distances and of those market segments 
which do not belong to the traditional rail market. In general, lower transshipment costs 
enabled through automated and reliable horizontal transshipment decrease the total transport 
costs but also contribute to higher load factors which reduce the door to door transport costs 
end to make and make significant impact on environment.  
 
The set of solutions generated by Clusters 2.0 project may have a cost advantage over the 
existing scenario. The approach described below aims to illustrate whether the enhanced 
supply chain design outperforms the BAU solutions in terms of carbon emissions.  
 

2.3 Socio-economic impact assessment 
 
The implementation of Clusters 2.0-based solutions brings numerous effects to the economy 
of involved stakeholders (as well as those indirectly affected) and for the society in general.  
 
Being the part of the redesigned CluCs orchestrated intra-cluster network, terminals should 
see an increase in the amount of freight handled with the current infrastructure as they are 
more efficient and able to be more competitive. The visibility and intermodal booking 
capabilities provided to the stakeholders by CluCs should work in the direction of a more 
synchronized intermodal logistics process, allowing terminals to achieve a decrease in 
operating times for cargo handling, including improvements in waiting times for cargo arriving 
and departing from them. As a result of cluster optimized logistics process transport carriers 
should be able to provide a better service in terms of saving times and reliability. Shippers 
expect better business results due to decreased service costs (through increased productivity 
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based on cargo pooling and cargo consolidation) and improved transport chain coordination 
which results in higher reliability and shorter lead time and more visible service (Clusters 2.0, 
2019). Higher level of coordination in Cluster and PTN should lead to higher level of 
competitiveness for Cluster in general, and also for LSPs/VALS providers.  
 
Higher level of coordination between the logistics clusters achieved by inter cluster related 
Clusters 2.0 solutions facilitates shift from road to rail and intermodal, improves logistics 
performances of transport chains, reduces congestions and waiting times correlated with the 
transshipment process. 
 
The third pillar of Clusters 2.0 set of solutions related to NMLUs and improved road-rail 
transshipment technologies provides more efficient goods handling with decreased time and 
cost through increased vehicle capacity utilization, less congestion and reduced 
handling/transport costs in city distribution.   
 
Socio-economic impacts are partially examined per group of innovations (Intra-cluster: 
WP2&LL1, Inter-cluster: WP3&LL2 and NMLUs: WP4&LL3). The aggregation of partial impact 
results in an overall socio-economic impact which are scaled up at the EU (Chapter 6).  
 
Socio-economic impact assessment (SEIA) methodology relies on an estimate of the direct 
and indirect impacts of Cluster 2.0-based solutions. Direct impacts or primary effects include 
the effects on all the activities of directly involved stakeholders whereas the indirect impacts 
include the societal benefits of proposed solutions. Therefore, the assessment scope is 
twofold: on society level and stakeholder level.  
 
The assessment on societal level proves whether the use of a particular Cluster 2.0 based 
innovation is profitable from the viewpoint of society. The main reduction in air pollution (the 
output of EIA), time savings and fuel savings.  
 
The assessment on stakeholder level includes macro-economic impact analysis for the main 
stakeholders directly included in implementation/utilization of Cluster 2.0-based solutions: 
LSPs, warehouses, terminals, railway operators and road carriers. A series of macro-
economic variables which include turnover, employment, salaries, Gross Operating Surplus 
(GOS) and Gross Value Added (GVA) are considered:  

 Turnover: Includes revenue which is the result of companies doing business;  
 Employment: refers to the equivalent number of full-time workers; 
 Salaries and wages: Concern all earned income including social benefits paid by a 

company to employees; 
 GOS: Includes pretax profits and losses depreciation and interest payments but 

excludes subsidies and transfers received.  
 GVA: Is the difference between the value of the output produced and the inputs used 

in production of transport/logistics service. This difference is equal to the sum of gross 
wages and salaries and GOS.   

 
The values corresponding to these variables for the reference scenario (without solutions) and 
estimations of these values in case of scenario with solutions are collected by a series of 
personal interviews and questionnaires (Appendix) with representatives of companies directly 
involved in implementation/exploitation of Clusters 2.0 based solutions.  
  

2.4 Scaling up the effects of Clusters 2.0-based innovations 
 
Within the scope of the Clusters 2.0 project, the engagement, performance and 
coordination of terminals and hubs at a Cluster level is are improved. In addition to that, a 
hyper-connected network of logistics hubs and clusters is built. Furthermore, solutions to 
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reduce operational costs of transshipment are developed. Therefore, it was expected that 
the socio-economic and environmental impacts of Clusters 2.0-based innovations occur in 
many forms and they can be explored on different scales. Macro scale is defined as the entire 
EU community as opposed to the micro scale of a region/PTN market coverage or meso scale 
of an area gravitating to a terminal. The impact of changed employment, higher GOS and GVA 
values as well as lower CO2 emissions for example, may be examined at the scale of 
individual region to which a logistics cluster belongs, through to its impacts on socioeconomics 
and environment across the entire EU community.  
 
At the micro-scale of the logistics cluster and the region to which a cluster belongs, SEIA 
(Socio Economic Impact Assessment) and EIA (Environmental Impact Assessment) must 
address the interaction between impacting events (Cluster 2.0-based innovations) and the 
socio-economic as well as environmental outlook of the impacted area. At the EU community 
or macro scale considerations include the extent to which the set of Cluster-based innovations 
trigger flow-on changes beyond the individual regions and interacts with socio-economic and 
environmental conditions to result in a unique set of outcomes for the entire EU community.  
 
In the literature, different approaches have been proposed for uncovering relationships 
between innovations being implemented and socio-economic and environmental changes. 
Most frequently applied are time-based comparisons, comparisons to an average or 
comparisons to other cases (regions with logistics intensive activities) (Schirmer, 2011): 
 

 Time based comparisons. In time based comparisons socio economic and 
environmental characteristics and trends on a regional or EU wide scale are compared 
at two points in time – before Clusters 2.0 innovations and after these innovations are 
implemented. The assumption is that differences observed pre and post 
implementation are causally related to the impacting event, and the other factors 
leading to socio-economic and environmental change remain stable during the period 
examined.  

 Comparison to an average approach. Socio-economic and environmental 
characteristics and trends in a logistics intensive region are compared to the trends on 
the EU scale in order to understand how much or in what ways the impacted region 
differs to form the “average”. In ex-ante SEIA and EIA this approach is applied in order 
to reveal the characteristics that may affect how logistics intensive region responds to 
the Clusters 2.0 based innovations. In ex-post SEIA and EIA if it is noticed that the 
impacted region has changed in different ways to the “average” for the EU scale this 
indicates that the innovations have contributed to the difference. This approach 
assumes that the same socio-economic and environmental characteristics hold for 
both, micro and macro scales so that the assessment and comparison of socio-
economic and environmental trends on both scales uncover the impact of Clusters 2.0 
based innovations.  

 Comparison to other cases. This approach assumes that the impacted region is 
compared with other “adequately” similar regions. More specifically, regions that have 
similar key socio-economic and environmental characteristics and trends with the only 
difference in impacting innovation will be compared. The impacted region may be 
compared to the other regions where the similar impacting innovation has occurred. 
However, this approach cannot be used for the Clusters 2.0 case since there are single 
test beds for different innovations.  
 

All these approaches are based on the assumption that it is possible to isolate the effects of 
impacting innovation on a region. This actually means that the times and comparing cases are 
similar in all respects other than the impacting innovation. This is however hardly achieved in 
practice (Teighland, 1999; Asselin and Parking, 2009).  
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Framework for scaling up the socio-economic and environmental impact proposed in Clusters 
2.0 project is illustrated on Figure 1. As it can be noticed the essence of the approach is to 
analyze the socio-economic and environmental changes on micro level then to scale up these 
changes in order to identify global EU wide effects. Also, analysis of other then Clusters 2.0 – 
based influences is conducted in order to assess the contribution of targeted innovations to 
overall socio-economic and environmental changes.  
 
 

Social impact of overall SC 
change processes impacted 

by Clusters 2.0 – based 
innovations and other factors. 

Analysis of SC change 
processes

Analysis of impacts of 
SC change processes

Socio-economic and 
environmental impacts 

experienced by those directly 
involved in Clusters 2.0 – based 

innovation

Extent and distribution of socio-
economic and environmental impacts 

resulting from Clusters 2.0-based 
innovations across EU.

1. Meso/Micro scale (warehouse, 
terminal, logistics cluster) SC change 

which results from Clusters 2.0-
based innovations

2. Macro-scale SC changes 
resulting from Clusters 2.0-
based innovations assuming 

other SC trends stay the 
same. This relies on scaling 

up of meso/micro scale 
effects to the macro scale

3. Relative contribution of 
Clusters 2.0 – based 

innovations and other 
impacts identified

SC changes occurring independent of 
the Clusters 2.0 – based innovations 

interact with them

 
Figure 2-2 Scaling up the effects of Clusters 2.0-based innovations 

A crucial step of scaling up is how to translate transport and logistics based small scale (micro) 
effects to a large scale socio-economic and environmental benefits. This step where small 
scale effects are translated to large scale socio-economic and environmental benefits is called 
“scaling up”. The effect of proposed innovations in Clusters 2.0 project is tested on a meso 
(market coverage by a terminal) and micro level (region with logistics intensive activities) level. 
  
Scaling up represents transition of outcomes of micro simulation (effects on a small network 
scale – region) to EU community wide socio-economic and environmental effects. During the 
“micro” assessment the effect of innovation on a small scale is compared with a reference 
scenario where that innovation is not present.  
 
The scaling up approach in this deliverable is based on a qualitative assessment of broader 
impacts of Clusters 2.0-based innovations. Based on analysis of impacts on meso, micro or 
macro scale (sections 2, 3 and 4) an expert evaluation of potential for scaling up of these 
effects was conducted.  Experts (researchers and practitioners involved in managerial 
positions in terminals and logistics hubs) were asked to fulfill the questionnaire (Annex). The 
outputs are summarized in section 5.2.  

 

3 Cooperation and coordination synergies at Cluster's level  
 
In this section the impacts produced by WP2 & LL1 are evaluated and achieved results are abstracted 
up to an environmental and socio-economic evaluation analysis.  
 

3.1 Synthesis of results 
 
WP2&LL1 aimed to design, test and validate innovative solutions that support the formation of well-
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coordinated logistics clusters. The focus of the WP2&LL1 work is the Cluster Community System 
(CluCS), the IT platform which enables integrated management of the Cluster available resources and 
the synchronization of operations and the Proximity Terminal Network (PTN) potentialities as cluster 
building blocks as well as the establishment of value-added services.  
 
The main objective of CluCS platform is to increase the performance of the existing network of flows 
between various nodes (hubs, terminals, warehouses) within the Logistics cluster. The primary role of 
CluCS is to be the general contractor for the benefit of all members of the network concerning complex 
activities, i.e. systems integration as a service. Each actor in the CluCS network is independent and 
offers different services. CluCS enables value-added services thanks to the dynamic network: more, 
quicker and cost effective realised services and higher capacities. CluCS manager may play a facilitator 
role that enhances the development of collaboration practices and value-added services between co-
located firms.  
 
This general objective which will lead to improvement of productivity (and therefore competitiveness 
and attractiveness) of the cluster as a whole is supported by the actor involved-specific effects: 
 

 Nodes (terminals, hubs, warehouses): higher level of synchronization with other actors 
within the Cluster, improved throughput time which will lead to improved utilization of 
existing capacities, and therefore to improved productivity of terminals and hubs. Belonging 
to the CluCS network warehouses also improve smoothness and resilience of the 
inbound/outbound flows which produces improved utilization of the warehouse space and 
improved customer satisfaction.   

 LSPs: CluCS solution, by its purpose, should provide enhanced coordination among LSPs 
operating in the Cluster network of hubs, terminals and infrastructures. Optimization of 
logistics flows improves the competitive position of the LSPs. Rail operators should be able 
to provide better service in terms of saving time and reliability, visibility and flexibility.  
Economy of scale as a result of cargo consolidation and cargo pooling will generate 
improved competitiveness of LSP and potential for market uptake by the rail-related actors.  

 Shippers: increased reliability, flexibility, visibility, decreased lead time and cost of the 
service.  

 Value-added service providers.  Synergy among all actors in the CluCS network increases 
the efficiency of the flows within the Cluster which positively influence on the base services 
(transportation and warehousing). VALS are almost always associated with the base 
services. VALS are linked to the process of servitisation and can add value to the product 
and since CluCS platform enhances coordination among the actors (improved coordination 
which leads to improved reliability, flexibility, cost and lead time), provision of advanced 
supply chain solutions can be improved. More precisely, the value-added service providers 
have an opportunity to add value to products by co-packing, consolidation, late product 
differentiation, assembling and testing and vehicle load factor optimisation. Last mile 
optimisation and single booking window are also considered as added value offerings.  

 

3.2 Impact indicators 
 
The main indicators selected for monitoring the effect of WP2&LL1 innovations are given in Table 2.1. 
Indicators are divided in following four impact areas: 
 

1. IA1: Increased added value of hubs, integrating manufacturing and sharing resources 
to create logistics clusters with a much higher impact on local economies. The aim of 
indicators that belong to IA1 is to assess the effect of innovations aimed to build a synergy 
between the main actors involved in provision of logistics service within the gravitational area 
of logistics clusters;  

2. IA2: Less congestion, energy, emissions, carbon footprint, noise and land use. The aim 
of the indicators which belong to IA2 is to assess environmental impact of CluCS empowered 
collaborative network built on the level of logistics clusters and their proximity; 

3. IA3: Improved door-to-door logistics performance. The aim of the indicators related to IA3 
was to assess the effects of WP2&LL1 innovations on reliability and logistics costs of intra-
cluster freight flows; 

4. IA4: Increased intermodality and higher resilience of the intra cluster transport system. 
In case of IA4 the aim was to assess the effect of related innovations on potential for shift to 
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intermodal as well as to the resilience of the transport system within the logistics cluster and 
PTN network.  
 

 
LL1-1: One of the main effects of CluCS-empowered and cluster-based network coordination and 
collaboration is to enable coordinated management between terminals with different specializations, to 
create synergies between all logistics service supply actors and to link the cluster to different TEN-T 
corridors. Improved efficiency of logistics processes should contribute to increase of competitiveness 
of the transport/logistics service supply and demand related actors within logistics clusters. This is 
proven by the measurements of LL1-1 indicators. Namely, an increase in 6% in the intensity of freight 
flows between Piacenza and Bologna was reported. It was not possible to reach the target value due 
to the fact that the increasing of frequency of the rail connections between the Piacenza and Bologna 
has started with a postponement compared to original plans.  

 

LL1-2: The market share of single wagonload transport in Europe is decreasing overtime against a 
trend of total rail traffic which is almost stable. One of the reasons for this situation lies in an evident 
difficulty in coping with market expectations in terms of service quality. SWL market segment is still 
indispensable part of the transport chain and a vital service to industries that want to shift freight below 
the block train segment level. Established IT supported SWL production model (2-level connected hubs) 
has resulted in 8% of increase the number of single wagons transported between the Bologna-Trieste 
terminals (Piacenza-Bologna). It was not possible to reach the target value due to the fact that the 
increasing of frequency of the rail connections between the nodes has started later than by original 
plans.  
 
LL1-3: Establishment of IT-supported PTN network provides full visibility and operations management 
capabilities in all involved terminals. This contributes to improved productivity of terminal facilities which 
results in 12.5% of increase in working hours of employees.  
 
LL1-4: Improvements in LL1-1:LL1-2 aspects generate reduction of CO2 emissions of 25%.  
 
LL1-5 represents one of the productivity indicators for terminal efficiency. It actually belongs to a capital 
productivity measure. According to the measurements there is an increase of 18% in tones per sqm per 
year handled at Interporto Bologna Terminal, which is aligned with increase in the intensity of freight 
flows (LL1-1). Increased exploitation of terminal surface represents a direct effect of PTN establishment.  
 
LL1-6 complement to LL1-5 with an estimation of the average use of available terminal storage space. 
Based on the measurement for 3 railway terminals in Bologna cluster, there is an increase of 5% of the 
used terminal storage.  
 
LL1-7: This indicator reports an average train delay in PTN established within Bologna-Trieste cluster. 
Since there is only a line service between Piacenza and Bologna not significant delays were identified 
(1% in average).  
 
LL1-8: Positive effects identified through assessment of LL1-1: LL1-2 resulted in reduced logistics costs. 
Besides the other effects reduced logistics costs will further support improvement of service capabilities 
of railway freight transport within the logistics cluster and PTN.  
 
LL1-10: The effects of WP2&LL1 contributed to increased attractiveness of Bologna-Trieste cluster. 
This has reflected in increased level of total flows. Since the focus was also on shift to rail, there is an 
disproportional increment in intensity of rail freight compared to intensity of road freight (25% vs. 5%).  
 
LL1-11: This indicator relates to reliability as one of the pillars of rail freight. According to conducted 
tests, there is a 1% of delay per train between Bologna and Piacenza terminal gates. However, since 
the rail connection Bologna - Piacenza is part of an international connection between Italy - Belgium - 
UK/Ireland, it is also a subject to potential upstream delays.   
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Impact area Indicator 
Code 

Indicator Name Measurement method Target Indicator Value - Baseline Indicator Value - 1st Round 

IA1: Increased added 
value of hubs, 
integrating 
manufacturing and 
sharing resources to 
create logistics 
clusters with a much 
higher impact on local 
economies. 

LL1-1 Additional freight 
traffic attracted by 
Bologna-Trieste 
Cluster. 

Tonnes (or TEU) of freight 
transported between 
Cluster terminals and 
from/to Cluster terminals 
per year.  
 
Data available in annual 
terminal/port statistics. 

+ 30% Tonnes of freight 
transported between 
Piacenza and Bologna 
terminal: 643,000 tons 

Total freight volumes 
transported between the 2 
cluster's terminals: nearly 
680.000 tonnes (+6% 
increase) 

LL1-2 Additional single 
wagon traffic managed 
by Cluster terminals. 

Single wagons transported 
between Cluster terminals 
and from/to Cluster 
terminals per year.  
 
Data available in annual 
terminal statistics. 

+ 50% Single wagons transported 
between Piacenza and 
Bologna terminal per 
year: 6,000  

Numebr of single wagons 
transported between the 2 
cluster's terminals: nearly 
6.500 rail wagons  (+8% 
increase) 

LL1-3 Activities implemented 
by terminal operators 
to manage PTN and 
related ICT solutions.  

FTE (or working hours) per 
year employed in activities 
to PTN management and 
related ICT solutions 
 
Direct survey by PTN 
infrastructure managers. 

+ 10% 4 employees who work 
1,800 hours each per year 

4,5 employees FTE (12,5% 
increase) 
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Less congestion, 
energy, emissions, 
carbon footprint, 
noise and land-use 

LL1-4 Emissions saved on 
current freight 
transport activities. 

Based on traffic shifted 
from road to rail and road 
traffic avoided (e.g. due to 
the implementation of 
milk-run systems 
implemented through the 
CluCS: 
CO2 emissions 
[Tonne/year] = transport 
volume by transport mode 
[km/year] x average 
transport distance by 
transport mode [km] x 
default CO2 - emission 
factor per tonne-km by 
transport mode 
[Tonne/km]. 
 
Estimation of traffic to be 
made by PTN 
infrastructure managers. 

- 10% Saved CO2 emissions 
(tonnes): 19,141 (for the 
calculation see the table 
below) 

The saved CO2 emission in 
2019 are 23.882 tonnes, 
with a reduction of CO2 
emission compared to 2018 
of -25% 

LL1-5 Increase of freight 
handled per surface 

unit in terminals.  

Tonnes per square meters 
per year handled at 
Interporto Bologna 
terminal. 
 
Direct survey by IBI. 

+ 20% 2,6 tonnes x sq.m per year 
in 2018 (648,000 tonnes 
handled per year/246,000 
sq.m terminal total 
surface) 

The value of this KPI in 2019 
is 3,06 tonnes per sqm, with 
an increase over 2018 equal 
to nearly 18% 
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LL1-6 Increased exploitation 
of terminal surface. 

Measured by recording the 
used surface on total 
surface rate at Interporto 
Bologna against the 
baseline.  
 
% used sq.m surface / Total 
sq.m. surface in the 
terminal  
 
Direct survey by IBI. 

+ 20% In Interporto Bologna 
there are 3 railway 
terminals which have 2 
storage areas:         A. 
38,000 sq.m;           B. 
42,000 sq.m. So, the tot. 
storage surface in the 
terminal is 80,000 sq.m. 
The average used storage 
area per year is 31,000 
sq.m, which is the 40% of 
the total storage area. 

The average use of the 
terminal storage are in 2019 
is nearly 35.000 sqm equal 
to 45% of the total. Thus the 
increase over 2018 is +5% 

Improved door-to-
door logistics 
performance (faster, 
cheaper and more 
reliable) 

LL1-7 Delay for trains. Measured by surveying the 
percentage of delay per 
train at Bologna-Piacenza 
terminal gate in a selected 
timeframe (e.g. average of 
one day, against the 
baseline) or by interview 
survey.  
 
Delay min x Train 
 
Direct survey by Cluster 
infrastructure managers. 

0% Delay per train Bologna-
Piacenza terminal gate: 
1% 

Average train delay around 
1% 
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LL1-8 Decrease of end-to-end 
logistics costs on 
specific services.  

Assessment of costs of one 
selected end-to-end 
transport/logistics service 
(or O/D) based on Cluster 
terminals, against the 
baseline.  
 
€ x end-to-end service.  
 
Assessment by Cluster 
infrastructure managers 
made via specific interview 
survey. 

+ 20% Average cost of GTS end-
to-end tranport/logistics 
service in PTN terminals: 
800 EUR (average selling 
price of a service for the 

final client for a single 
box. Whereas a single rail 

service  average selling 
price is approximately 300 

EUR.) 

Cost for Door2Door 
transport/logistics services 
in PTN terminals: 800 EUR 
Cot for Terminal2Terminal 
transport service in PTN 
terminals: 300 EUR 

Increased inter-
modality and higher 
resilience of the 
transport system 

LL1-10 Intermodally managed 
freight in the cluster.  

Freight volume handled per 
transport mode per year at 
Bologna Interporto, against 
the baseline.  
 
Tonne/year by transport 
mode  
 
Direct survey by IBI on 
IPBO statistics. 

+ 30% Freight volume handled 
per year (2018) by road 
transport mode: 
12,738,000 tonnes; 
Freight volume handled 
per year (2018) by rail 
transport mode: 
1,196,000 tonnes. 

Road traffic (2019): 
13.389.548tons  
(+5% compared to 2018) 
 
Rail traffic (2019): 1.492.598 
tons  
(+25% compared to 2018) 

LL1-11 Unexpected delays in 
delivering the same 
unit in door-to-door 
selected connections. 

Percentage of unexpected 
delays in door-to-door 
delivery on selected 
connection(s), against the 
baseline. 
 
Door-to-door deliveries 
delayed per year / total 
deliveries in unexpected 
delays on selected 
connection(s). 
 

0% Delay per train Bologna-
Piacenza terminal gate: 

1% 

1% 
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Assessment by Cluster 
infrastructure managers 
made via specific interview 
survey. 
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3.3 Environmental impact assessment 
 
One of the biggest negative sides of logistics clusters is the environmental impact which includes bad 
air quality, congestion and health issues. Besides the regulations (new trucks, hybrid requirements for 
trucks, in terminals, etc.), improved coordination between logistics service supply and demand actors 
may contribute to a decrease of negative external effects. This has been proven by Clusters 2.0 project 
– building the network of terminals, synchronization of activities between terminals and transport 
operators which is supported by IT platform (CluCS) can lead to significant reduction of CO2 emissions.  
According to the freight flow dynamics in Table 2-1, there is an increase of freight handled in 2018. and 
2019., a higher volume of freight transported by rail and increased CO2 savings. 
 
 
Table 3-1 Environmental impact of intra-cluster based flows 

LL1-4 Emissions saved on current freight transport activities (2018) 

Transport mode 
Handled freight 
volume (tonnes) Average 

distance (Km) 
Ton*Km gCO2 

per 
ton*Km 

CO2 

emissions 
(tonnes) 

2018 2018 2018 

Road transport 12,738,000 
400 

5,095,200,000 62 315,902 

Rail transport 1,196,291 478,516,400 22 10,527 

Simulation 1,196,291 400 478,516,400 62 29,668 

Lower CO2 emissions (tonnes) by railway transport 19,141 

LL1-4 Emissions saved on current freight transport activities (2019) 

Transport mode 
Handled freight 
volume (tonnes) Average 

distance (Km) 
Ton*Km gCO2 

per 
ton*Km 

CO2 

emissions 
(tonnes) 

2019 2019 2019 

Road transport 13,389,548 
400 

5,355,819,200 62 332,061 

Rail transport 1,492,599 597,039,600 22 13,135 

Simulation 1,492,599 400 597,039,600 62 37,017 
Lower CO2 emissions (tonnes) by railway transport 23,882 

* Source: Social Accountability Report 2019 Interporto S.p.A       
 
 

3.4 Socio-economic impact assessment 
 
Numerous researches have proven that logistics clusters are of great importance for the development 
of a region. Logistics clusters can lead to the development of superior transportation infrastructure in 
the region due to the cluster’s influence on local government’s investment decisions (Rivera et al., 
2015). Operational advantages related to lower costs and better service lead firms to locate in logistics 
clusters. These advantages result from interchangeability of logistics services allowing for cooperation 
between non-competing firms serving different industries, the large amount of freight moving in and out 
of logistics clusters, allowing for the use of large conveyances at higher utilization and leads to lower 
transport costs as compared to non-cluster locations. Additional benefits of logistics clusters result from 
liquidity of the transportation market in a cluster.  According to (Sainz-Gonzales et al., 2013) Zaragoza 
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Logistics Platform contributed in total (direct, indirect and induced) 2.04% in wages and salaries, 1.88% 
in number of employees, 2.10% in GOS, 2.06% in GVA and 2.97% in Turnover to Autonomous Region 
of Aragon (Spain). Among a broad range of cluster-based activities transportation and logistics accounts 
for 10% in total wages and salaries, 14% in turnover, 10% in number of employees, 9% in GOS and 
9.3% in GVA.  
 
If we consider the KPIs measurements in Bologna-Trieste cluster we may notice that there is a 6% of 
additional freight traffic attracted. This increase in freight volumes implies a higher level of activities of 
the firms located in the cluster and surrounding area, which means a higher level of activities of cluster 
based companies. How much higher and in what activities, that depends on the structure of the 
shipments in those additional 6% of freight.  
 
This result is further supported by disproportional increase of rail traffic compared to road (25% versus 
5%). This shift to intermodal leads to decrease of logistics costs and therefore affects the prices of 
goods and services of firms located in the cluster which further contributed to an increase in production 
and attraction of the cluster for the new businesses. 
 
In existing rail freight transportation offer there is a lack of flexibility particularly for its inability to cater 
for lower volume users. Smaller market players sometimes struggle to fill an entire block train. 8% of 
increase of SWL traffic in Bologna-Trieste cluster is the direct result of higher level of coordination and 
collaboration and building the terminal network. Additional SWL traffic may contribute to savings in 
logistics costs for those market segments which are traditional users of road transport. Lower logistics 
costs also have positive impact on business results of cluster-based companies.  
 
Increased freight activities imply increased volume of freight handled in terminals, and higher number 
of employees (12.5% more) as well as increased exploitation of terminal surface which contributes to 
higher turnover of terminals.  

4 Logistics cluster integration at network level 
 
In this section the impacts produced by WP3 & LL2 are evaluated and achieved results are abstracted 
up to an environmental and socio-economic evaluation analysis.  
 

4.1 Synthesis of results 
 
WP3&LL2 had an aim to establish logistics clusters integration into a high performing synchromodal 
transportation network on an EU scale.  
 
WP3 has resulted in a number of innovations, which can contribute to improved efficiency at logistics 
clusters through:  

 A framework for inter-cluster cooperation along intermodal transport chains; 
 Establishment of new roles and governance models for smart logistics clusters including all 

stakeholders; 
 Network visibility across clusters on freight streams; 
 Development of added-value services of enhanced collaboration across logistics clusters. 

Massification methodology represents a step-by-step description to create a better interconnected 
clusters network. Massification represents a tool for strengthening collaboration between stakeholders 
and logistics clusters. The main effect of massification is reduction of inefficiencies in road transportation 
(increasing load factor, reducing empty kms), more intensive shifting of freight from road to rail and 
other modes and lower freight transportation environmental and social impact (CO2 emissions, 
congestion and safety risks). Proposed massification framework may serve as a background for 
designing legislative framework and a diverse set of measures for supporting the massifications in all 
larger TEN-T hubs.  
 
Gain sharing mechanism and governance body structure represent important components of 
collaboration methodology in between logistics clusters. Horizontal collaboration form, expandable to 
multidimensional cooperative network was chosen as the most promising form for governance of 
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massification. In order to drive the massification, neutral trustee needs to be appointed. Shapley value 
represents a good choice for gain sharing in case of smaller groups whereas for larger, changeable 
groups of partners alternative cost avoided method is selected as the most appropriate.  
 
Scenario analysis of macro flows with purpose of identifying potential savings in transport cost and 
emissions has produced significant results regarding expected cost and emission reductions. It can 
serve as a tool for supporting a variety of legislative measures for further development of TEN-T 
corridors and modal connections. Quick Check tool for transport synergy potential assessment can be 
enhanced to be used for specific company flows.  
 
Intermodal planning tool (xIntermodal) supports shippers collaboration to exploit intermodal potential 
with their supply chain through collaboration and coordination. It represents a web-based application 
for intermodal routing and optimization that involves a number of state of the art combinatorial 
optimization algorithms and database management components.  
 
Slot Booking Application is a web application that facilitates the operations of freight delivery and pick-
up in an airport. Some of the app main features are: 

 Definition a central window to book a time slot for freight delivery or pick up. 
 The request of single or recurrent timeslots for Bookers (freight forwarders). 
 Availability of timeslots for different cargo types from suppliers (ground handlers). 

 
 
The objective of LL2 was to validate if the developments done in WP3 can be reapplied in and between 
the other clusters which are part of the project. As such LL2 was focused on two business related 
scenarios: 

1. Massification: The development of existing and new intermodal lanes; 
2. Dynamic Airport Cluster Management: The streamlining of cargo handling at airports through 

slot booking. 
 

Living Lab 2 has a link with Living Lab 1 as there are synergies with regards to the development of the 
Proximity Terminal Network (PTN) and the Cluster Community System (CluCS). Integration between 
PTV xIntermodal data manager platform and CluCS will allow Cluster’s users to interact with a network 
of other clusters at EU level. On the one side, xIntermodal will allow CluCS to have more visibility intra 
and extra-Cluster, while on the other side, CluCS will give the possibility to xIntermodal users not only 
to find the best transport solution, but also to have updated information and to book and monitor different 
solutions. The use of the NMLUs (WP4&LL3) should provide a possibility to enable a swifter and easier 
shift from road to rail transportation, strengthening the modal shift. 
 
Massification LL included following activities:  

 Community building at the clusters based on Euralogistics massification methodology; 
 Development of the ArgusI Quick Check Tool to visualize intermodal opportunities; 
 Collection of the intermodal service offerings for the clusters and use the related data in the 

PTV’ xIntermodal tool.  
 

The testing of the massification concept, the xIntermodal and the Quick Check Tool in Dourges, 
Piraeus, Zaragoza and Trelleborg and the expert workshops with VIL, AIM, UIRR, LINEAS and Port of 
Antwerp as part of the Living Lab activities have clearly shown that there is a significant interest in the 
developed concepts and solutions.  
 
Based on a number of consultations and workshops with stakehoders it was concluded that the 
massification concept represents an opportunity to attract more customers due to a collaborative 
business model. For rail operators, the massification is considered as a great tool for filling a train and 
to lower the risk for customers. Massification also allows increasing frequency, reliability and a better 
service for customers. Massification concept facilitates mind shift on transport service supply and 
demand side. The lack of adequate infrastructure, regarding its quality and capacity can be a threat to 
successful output from massification concept.  
 
Intermodal shift potential exists for different lanes and corridors. In the reviewed xIntermodal test 
instance 4 lanes were identified: 
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 Piacenza-Neapel; 
 Segrate-Bari; 
 Brescia-Venezia; 
 Praha-Cologne. 

 
Overall, it has been identified that from the data sample it has been used a potential of about 60% could 
be identified that can either be brought to existing services or to the newly introduced “massification” 
services. 
 
From the test instance of xIntermodal it has been identified that for 2938 lanes (65% of all lines), only 
trucking options could be identified based on the available schedule data. For 1042 lanes (35% of all 
lanes), intermodal alternatives can be identified. 
 
In general, it has been identified that there is a significant dependency of the modal shift potential based 
on the access to terminals and the available service offering by intermodal operators. In several 
reviewed cases, terminal access was given in general within 100 km or less driving distance; but no 
adequate service offering for intermodal transport for the envisaged trajectory was in place. 
 
From an operational perspective Symbiotic Network of Logistics Clusters Living Lab is focused on the 
implementation of a slot booking tool for air cargo logistics. The results measured based on the data 
out of the new feature confirm the average waiting time decrease indicated in the satisfaction survey, 
namely between 30 minutes and 45 minutes on average per slot.  
 

4.2 Impact indicators  
 
The main indicators selected for monitoring the success of WP3&LL2 innovations are given in Table 
3.1. The table contains the method of measurement, the target as well as the baseline value and the 
1st and 2nd round measurement value. Since some innovations like massification concept and related 
Quick Check Tool and xIntermodal tools represent completely new concepts, their baseline values are 
zero.  
 
The overall aim of impact area 1 related indicators was to measure the effectiveness of initiatives 
focused on the establishment of higher level of intra-cluster and inter-cluster connectivity and 
coordination. Higher level of coordination between the local actors in the cluster (terminals, transport 
operators, 3PLs, shippers and VALS providers) should improve the competitiveness of the cluster, 
generate additional intensity of inflows and outflows, contribute to shorter lead time, lower transportation 
and handling costs. Established network of clusters would improve transport efficiency, load factors and 
modal shift, and as such make significant improvements in resource and asset utilization, providing 
reliable and sustainable intermodal services and a higher resiliency of supply chains.  
 
LL2-1: LL2-2: In order to stimulate the collaboration between the actors, massification methodology was 
developed. First two indicators of impact area 1 show the effort done on community building. There is 
a gap between planned and realized number of workshops, however, this is an ongoing initiative which 
will be continued after the Clusters 2.0’ end.  
Workshops in some of the most important EU clusters were organized: Dourges (France), Piraeus 
(Greece), Zaragoza (Spain) and Trelleborg (Sweden). Bologna workshop was cancelled due to the 
Covid-19 crisis. Besides the workshops with partners, five expert workshops were also organized which 
have resulted in a positive feedback. The number of shippers, as the most important actors in value 
chain, was below the expectations (target value). The reason for this can be found in a lack of interest 
for these initiatives due to a failure of similar in the past.  Therefore, there is a need for more intensive 
effort towards attracting the shippers and operators to join to massification initiative. From those actors 
that were attending to workshops a positive feedback regarding the massification concept was received. 
They clearly understood that the massification methodology could be a strong argument to shift to rail 
and to reduce their carbon footprint. However, they reported a number of barriers whose impact must 
be decreased or eliminated in order to have a successful massification of flows and wider community 
interested for this initiative such as the more intensive supply chain orientation of all actors, 
improvement of infrastructure, and performances of rail transport mode – reliability, lead time, visibility, 
cost.  
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LL2-3: xIntermodal tool has been developed to provide a web-enabled visualization of intermodal 
connections, a quick overview on intermodal lanes as well as a cost and CO2 estimations of alternative 
intermodal scenarios. xIntermodal has been tested on a test instance of about 220,000 transport orders 
base on anonymized shipper data. On the supply side, intermodal services in clusters: Dourges, 
Antwerp, Bologna, Zaragoza and Trelleborg are used as well as on the corridors with intensive flows: 
Cologne to Prague, Warsaw to Cologne, London to Manchester and Nurnberg to Dourges. In total 3,980 
lanes were identified. For 2,938 lanes (65%) only trucking options were identified, whereas on 35% of 
all lanes, intermodal alternatives were identified. It was realized that modal shift potential depends on 
access to terminals, and capacity of transport supply on lanes. Therefore, the outputs of the third 
indicator that represents the number of intermodal lanes identified by xIntermodal tool significantly 
overcome the target. 
 
LL2-4:LL2-5: Regarding the use of xIntermodal and Quick Check tools, both tools have received a 
positive feedback from the potential users (Project partners and participants in massification 
workshops). However, in order to increase the number of users, these solutions must be empowered 
by a clear business and governance models, data availability must be improved and jointly with a more 
intensive promotion the free basic versions of solutions to be offered.  
 
LL2-6: The final number of connections established during the lifespan of the project is six. Positive 
result if we consider the target, however it should be emphasized that this is a long-term initiative, that 
requires a multi-stakeholder multi-value alignment - building of trust between the shippers to 
collaborate, clearly defined gain sharing and business/governance models, enabling a stable backhaul 
volumes.   
 
LL2-7: LL2-8: Following two indicators related to the impact area “Less congestion, energy, emissions, 
carbon footprint, noise and land-use” justify the effort made in Clusters 2.0 project despite the fact that 
the output related to previous indicators is varying.  
Based on an estimation of shipment bundling and shift to intermodal for a set of customers on identified 
routes, there is a 14% of yearly expectation in potential reduction of CO2 emissions per roundtrip. 
However, this full potential will vary depending on the intensity of collaboration/freight bundling between 
the customers. Regarding reduced congestion, based on the same set of identified routes, there is a 
15% of congestion costs reduction. This reduction potential will vary depending on the level of 
collaboration between customers.  
 
LL2-9: LL2-11: Impact area “Improved door-to-door logistics performance” covers the estimation of the 
effect of a collaborative slot booking application on efficiency of air cargo supply chains. Slot booking 
application is a visibility solution which allows the different actors in the air cargo supply chain to 
collaboratively plan, execute and track their shipments through a data sharing platform. It is a mobile 
application that gives forwarders and their drivers immediate access to all information regarding booked 
slots for freight pickup and delivery. Extensive development and testing process (in final phase with 
85% of the total freight processed at Brussels Cargo Airport) has resulted in significantly improved 
operational processes mainly reflected through: 
 

 Reduced waiting times for freight forwarders when they pick up or deliver cargo with a slot 
booking reservation (45 min according the latest testings). This also leads to a cost reduction 
(60-80 EUR saved per delivery); 

 Proactive planning of ground handlers’ activities since they know in advance when freight 
forwarders will arrive at their premises so they can maximize the efficiency of operations (52 
minutes saved).  
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Table 4-1 WP3&LL2: Assessment of main indicators 

Impact area Indicator 
code 

Indicator  Measurement 
method 

Target Indicator Value - 
Baseline 

Indicator Value - 1st Round Indicator Value - 2nd 
Round (if foreseen) 

Increased 
added value 
of hubs, 
integrating 
manufacturi
ng and 
sharing 
resources to 
create 
logistics 
clusters 
with a much 
higher 
impact on 
local 
economies. 
 
AND  
 
Sharing 
resources to 
create 
logistics 
clusters 
with a much 
higher 
impact on 

LL2-1 Massification 
workshops 

Number of 
massification 
workshops 
organised for 
consortium 
members and for 
others.   

5 to 
partners 
2 to 
others 

0 2 to partners 
1 to others 

4 to partners, 5 to 
other  

LL2-2 Shippers in 
massification 
workshops 

Number of 
shippers attending 
the massification 
workshops 
organised for 
consortium 
members and for 
others. 
 
(figures at month 
27) 

40 in 
workshop
s for  
partners 
16 in 
workshop
s for  
others 

0 18 in workshops for  partners 
10 in workshops for  others 

  

LL2-3 Lanes in X-
Intermodal 
Tool  

Number of lanes in 
xIntermodal Tool. 

50 0 3224 3980  

LL2-4 Users X-
Intermodal 
Tool 

Number of users 
of xIntermodal 
Tool. 

12 
consortiu
m 
members 
10 others 

0 15 consortium members 
0 others 
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Impact area Indicator 
code 

Indicator  Measurement 
method 

Target Indicator Value - 
Baseline 

Indicator Value - 1st Round Indicator Value - 2nd 
Round (if foreseen) 

local 
economies. 

LL2-5 Users Quick 
Check Tool  

Number of users 
Quick Check Tool 
(consortium 
members and 
others). 

12 
consortiu

m 
member 
10 others 

0 1 consortium member 
0 others 

  

LL2-6 Connections 
Made With 

Other 
Clusters 

Number of 
connections Made 
With Other 
Clusters. 

5 0 1  6 

Less 
congestion, 
energy, 
emissions, 
carbon 
footprint, 
noise and 
land-use 

LL2-7 Reduced 
CO2 

emissions. 

CO2 saved 
(TonneCO2/roundt
rip) on Non 
platform based 
and Cargostream 
identified O/D 
matches, resulting 
in volume shifted 
to intermodal 
solutions and/or 
bundling in the 
same roundtrip.  
 
Anonymized data 
from some of 
ARGUSI 
customers that 
they are working 
with have been 
used to find 
synergies and set 
up collaborations.  

- 5% to 
- 10% 

23,393,000 
kgCO2 

 20,024,000 kgCO2   



 

CLUSTERS 2.0 26 V1.0 

Impact area Indicator 
code 

Indicator  Measurement 
method 

Target Indicator Value - 
Baseline 

Indicator Value - 1st Round Indicator Value - 2nd 
Round (if foreseen) 

LL2-8 Reduced 
congestion. 

Congestion costs 
saved (€/roundtrip) 
on Non platform 
based and 
Cargostream 
identified O/D 
matches, resulting 
in volume shifted 
to intermodal 
solutions and/or 
bundling in the 
same roundtrip.  
 
Anonymized data 
from some of 
ARGUSI 
customers that 
they are working 
with have been 
used to find 
synergies and set 
up collaborations.  

- 5% to 
- 10% 

1,756,000 
EUR(Compared 
to 206,113,000 
EUR of total 
transport costs) 

 1,500,000 EUR  
(compared to 176,074,000 
EUR  
of total transport costs) 

  

Improved 
door-to-
door 
logistics 
performanc
e 

LL2-9 Efficiency 
performance 
ground 
handler. 
Average 
length of a 
slot. 

The indicator will 
be measured 
through timestamp 
recording during 
use of Slot 
Booking app.  
 
Nallian/ACB will  
record start and 
end-time of the 
slot. 
 
Data source: 
timestamp 

+ 10% - 52 min   
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Impact area Indicator 
code 

Indicator  Measurement 
method 

Target Indicator Value - 
Baseline 

Indicator Value - 1st Round Indicator Value - 2nd 
Round (if foreseen) 

LL2-10 Decrease in 
waiting time 
freight 
forwarders. 

Average time 
spent by trucks 
waiting at terminal 
access and for 
cargo loading 
operations. 
 
Satisfaction 
survey with 
freight 
forwarders, made 
by ACB. 

-  45 min 0 30 min 45min  

LL2-11 Cost 
reduction in 
the air cargo 
supply chain. 

Average cost 
reduction due to 
waiting time 
reduction at 
terminal access 
and for cargo 
loading 
operations. 
 
This KPI is  
deducted from the 
same survey  as 
the KPI for LL2-11. 
 
Satisfaction 
survey with 
freight 
forwarders, made 
by ACB. 

-  45 euro 0 saving of 40- 60 euro per 
delivery 

saving of 60- 80 euro 
per delivery 
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4.3 Environmental impact assessment 
 
 
Substantial savings in external costs can be made as a result of implementation of WP3&LL2 solutions. 
Indicators in this case include air pollution and congestion costs. According to a number of analyses, 
external costs of intermodal transport are 50 - 70% lower than all road. Measurements of potential 
effects of massification initiative on a sample of ARGUSI’ customers show significant CO2 savings. 
Based on estimation of potential collaboration, it is concluded that 12000 of roundtrips could be 
eliminated (88000 before collaboration against 76000 after collaboration). An increase in loading 
capacity of the trucks of around 15% is expected. Number of collaborating customers spans from 3 to 
12. This leads to a potential of 20,024,000 kgCO2 saved.  
 
Congestion costs impact on operating costs, wasted fuel, increased labour costs, safety costs and 
vehicle wear and tear. Secondary impacts of congestion costs include inefficiencies in the supply chain 
as pick-up and delivery schedules are impacted by traffic delays. Measurements of potential effects of 
massification initiative on a sample of ARGUSI’ customers show significant reductions of congestion 
costs. More precisely, on a given sample congestion costs saved (EUR/roundtrip) were 1.5 Mill EUR 
(for total transport costs of 176 mill EUR). Congestion costs are calculated as follows:  
 

*CC S CT CH    
 
CC  : Congestion costs (EUR) 

S  : KM driven 

CT  : Congestion time lost per km in hours 

CH  : Cost per hour  
 
An hourly rate of € 35 and congestion time lost per km in minutes of 0.1 were used. 
 

4.4 Socio-economic impact assessment 
 
In this section WP3&LL2 related innovations are analysed from socio-economic perspective.  

Massification initiative empowered by a comprehensive methodology and software tools such as 
xIntermodal and Quick Check Tool should contribute to a more intensive shift of freight from road to rail 
and eliminating inefficiencies in road transport.   

The essence of massification lies in developing horizontal collaborations among shippers to bundle 
their freight and on that way increase capacity utilization in road transport and/or justify establishment 
of intermodal transport connections from Clusters’ hubs to key external destinations. 

Building strong inter-cluster connections through massification can generate: 

 Reduction of transportation costs which imply fall in total cost of production for Cluster-based 
companies; 

 Consolidation of different transportation subsystems on a Cluster and PTN level into a 
seamless intracluster network (supported by CluCS and PTN) increases the productivity of 
transportation services and reduction in logistics costs. This leads to an increase in volume of 
transportation per unit cost, while the latter directly reduces costs of production; 

 Horizontal collaboration enables cargo consolidation which positively affects economies of 
density. Cargo consolidation contributes to an increased load factor of transport vehicles and 
higher capacity utilization of terminal facilities; 

 Massification enables just in time delivery that reduces the burden of inventory holding costs. 
These costs account for a large share of the total production costs of cluster based businesses. 
Reduction in the inventory holding costs directly improves the productivity of a cluster based 
economic system since that the same level of the economic systems output can be now 
produced at a lower costs; 
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 Building a system of interconnected EU clusters-based networks is associated with an increase 
in the overall mileage and can lead to decreasing average total cost of transportation by pushing 
the volume of transportation towards an efficient scale; 

 In microeconomic sense an increase in the volume of freight transportation due to building 
strong inter-cluster related links will result in increase in productivity of businesses located in 
cluster area. This includes improvement of the main microeconomic indicators such as total 
production of the aggregate manufactured good, total sales revenue, total costs and profit; 

 Improvement of load factors has also a large impact on unit costs (per load unit carried km). 
Load factors tend to be higher on longer journeys; 

 Cargo bundling can shorten the time for building longer block trains which require significant 
volumes of cargo.  

These effects related to massification initiative will result in a set of following socio-economic effects 
on micro level (Cluster) as well as macro level (network of clusters): 

1. Regarding intracluster level, the main effects of further agglomeration (through developing of 
value-added services, resource and transportation collaboration) are discussed in section 2.4. 
According to an analysis conducted by Sainz et al. (2013) the logistics clusters contribute to 
positive economic effects (direct, indirect and induced) in terms of salaries and wages, turnover, 
gross operating surplus (GOS) and gross value added (GVA). Since the massification should 
contribute to more intensive collaboration between shippers, improve transport efficiency and 
reduce transport cost for inter-cluster transportation, it should indirectly contribute to higher 
volume of production which will lead to higher salaries, turnover, GOS and GVA. Therefore, the 
effects will produce an impact on companies related in a gravitational area of a cluster (direct 
impact), companies-suppliers of the first one (indirect impact) as well as induced effect related 
to increased household revenue; 

2. The macro level effect of massification initiative is proportional to the size of micro level effects, 
the number of clusters and inter-cluster connections. Building of more inter-cluster links with 
high load factors in both directions can provide substantial effects on a macro scale level. 
Current level of identified connections (6) as well as the state of massification initiative on a 
Cluster 2.0 base case study corridor (Dourge - Barking) do not provide a solid base for sound 
macro-level (neither micro-) based effects, however, this is an ongoing initiative.  

Impact area IA3 relates to improved door-to-door logistics performances in air cargo supply chain. The 
focus is on the development of an open data sharing platform for networking of the main stakeholders, 
and a slot booking app for efficient coordination of cargo handling processes between ground handling 
agents, freight forwarders and trucking companies. Therefore, the app aims to speed up cargo handling 
at the airport by matching requests for truck loading and unloading with the time slots made available 
by ground handlers and proposes an alternative slot if no match can be found. 

The main effects of this digital transformation are increased competitiveness of transportation 
companies and the airport as well as a higher reliability and visibility for manufacturers. Improved supply 
chain performance generates various socio-economic effects on local level. Logistical cost savings (60-
80 EUR/pallet) will positively impact on production level. Impact on inventory carrying cost will exist due 
to higher visibility and reliability of supply chain. Improved time performance of ground handlers will 
positively impact on their productivity. Decreased average waiting time spent by trucks will improve 
productivity of trucks and truck drivers. In total, these effects will have a positive impact on socio-
economic variables on micro level. Macro level effects depend on the possibility of multiplication of 
these innovations to other cargo airports in EU.  
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5 Innovative modular solutions and transshipment optimization 
 
In this section the impacts produced by WP4 & LL3 are evaluated and achieved results are abstracted 
up to an environmental and socio-economic evaluation analysis.  
 
5.1 Synthesis of results 
 
WP4&LL3 aimed to develop low cost, low capital and investment intensive enhanced goods handling 
and transshipment solutions.   
 
The essence of WP4 related tasks was to develop New Modular Loading Units (NMLUs) which supports 
Physical Internet paradigm as well as equipment and technologies for reliable train-truck horizontal 
transshipment.   
 
The aim of LL3 was to test and validate the New Modular Load Unit (NMLU) together with innovative 
handling and transshipment technology to accelerate handling processes within clusters for road and 
intermodal modes, into a real business context WP4 outputs. LL3 was constructed into 3 business 
related scenarios: 

 Warehousing; 
 Intermodal transportation (truck and train); 
 City distribution. 

 
NMLUs represent an initiative for introducing packaging modularization with the aim to address the 
issue of transport equipment capacity utilization and improving the efficiency of transshipment process.  
 
NMLU addresses the global inefficiencies and limitations of current packaging solutions, including: 

 Poor fill levels of packing units and transportation means; 
 Poor utilization of storage space in warehouses and terminals; 
 Handling inefficiencies (time spent to pack /repack of products to feed cargo into different 

partners’ systems); 
 Security and safety risks due to discontinuities in the handling process; 
 Limitations to expanding the range of products and destinations, due to the difficult adaptation 

to different handling systems and storage formats along the chain; 
 Environmental impact due to inefficient resources utilization, in terms of higher energy 

consumption and CO2. 
 
NMLU enables a more efficient and more flexible shipment, allowing shippers and logistic service 
providers (LSP) to: 

 Increase load factors of boxes, containers and vehicles. NMLUs allow better fill rates (less void 
space) and can be easily combined, loaded and unloaded to increase load factor; 

 Bundle cargo of individual company or collaborating partners to enable intermodal transport; 
 Allowing to ship goods directly to destinations; 
 Enable Less-than-truckload (LTL) shipments for both small and large companies. NMLUs can 

be filled by product and customer at the plant and then bundled for transport; 
 Increase handling efficiency. Modularization reduces non-value-added handling activities; 
 Increase first/last-mile delivery efficiency enabling innovative city logistics solutions. 

 
Conducted prototype tests of the NMLU showed that the use of the NMLU has the following positive 
effects: 

 Positive side effects of the manual handling of the NMLU pallets in the warehouse compared 
to the current situation are, on the one hand, that the NMLU is more sustainable due to the 
elimination of packaging mills, such as stretch films and tapes, as these are no longer needed 
because the NMLU is secured by the hood. 

 Another positive side effect is the theft protection, through the anonymous hoods. 
 It can also be noted that the test at the JDR Warehouse showed that the automated handling 

of NMLU pallets in the warehouse worked well and is therefore no problem. 



 

CLUSTERS 2.0 31 V1.0 

 
However, there were difficulties with the manual handling of the hoods. Therefore, automatic devices 
are needed when the hoods are placed on pallets. In addition, a comparatively large area/space 
requirement in the normal warehouse is currently required to complete the NMLU since it has to be 
loaded from two sides. Therefore, automatic devices are needed, either to rotate the pallets or to place 
the pallets on the NMLU.  The tests at the air cargo facilities, where unit loading devices are also traded, 
were completely successful. Certain resistance was identified in the industry to the introduction of a 
new loading unit between pallet-size and container/truck. A big initial investment for building NMLUs, 
management resources and supporting IT tools is needed. Some effort is also needed to identify the 
actor that should be interested in performing NMLU investment.  
 
The horizontal transhipment process is seen by Clusters 2.0 as one of the enablers to shift containers 
to rail also at smaller distribution terminals (goal: low capital and infrastructure investment loading and 
unloading systems for small intermodal terminals).  
 
Conducted tests have proven that in comparison to the use of special transhipping vehicles like 
classic reach stackers the horizontal direct transhipment has the following advantages: 

 The ContainerMover needs 60% less surface to operate; 
 There is a cost reduction of 47% on all equipment use when using the 

horizontal transhipment technique instead of Reach Stackers; 
 One man operation (no waiting for other processes or other equipment 

or personal).  
 

5.2 Impact indicators  
 

KPIs used to assess and measure the impacts of WP4&LL3 are discussed in this section. The specific 
structure of LL3 which foresee several use cases to test NMLU in different logistics operations required 
to cluster specific indicators by use case.  
 
In first Use case “Warehouse” the efficiency of NMLU-based freight handling was evaluated from the 
aspect of 8 time-based indicators.   
 
LL3-1: First indicator for “Warehouse” use case relates to Handling time saved at warehouse – pallet 
NMLU. It has been concluded that if we use NMLU pallet as a comparison unit, then we would have no 
positive or negative impact from using NMLU in comparison with current situation with euro-/UK-pallet. 
If we use NMLU base plate, it would mean, that we have 5 pallets per move, which means 5 times time 
saving in handling process.  
 
LL3-2: Regarding the second indicator, it is reported that the pallet stacking process remains the same. 
In the case of including the placement of hoods in the process, pallet stacking process will last longer.  
 
LL3-3: Regarding the savings in handling time at warehouse of NMLU bottom this time is 180 sec, and 
it cannot be compared with ex-ante situation since it is an innovation. NMLU bottom only has lay time 
in goods-in area and goods-out area before palletizing because it will be handled automatically in the 
future. 
 
LL3-4: Picking time of the loading units at the warehouse takes 42 sec. This time was simulated with 
the forklift truck with the clamp gripper, since no automatic device exists yet. 
 
LL3-5: Regarding loading and unloading operations, NMLUs provide much higher efficiency comparing 
to traditional EU pallet cargo loading process. In actual scenario, loading time per pallet: 60 sec and 
unloading time per pallet: 60 sec. In the case of NMLUs which includes 4 pallets, loading time is 131 
sec and unloading is 41 sec.  
 
LL3-6: In the case of bottom NMLU, the total loading time is 170 sec, whereas unloading takes 75 sec. 
This process includes simultaneous handling of 32 pallets. Comparing to Full Truck Load which includes 
33 pallets, there is a loose of one pallet, but higher process efficiency due to faster loading/unloading 
operations.  
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LL3-7: Truck loading/unloading time saved at warehouse for bottom NMLU can be additionally improved 
by using of roller beds. Loading time varied from 60 to 86 sec, whereas unloading time spanned from 
55 to 81 sec.  
 
LL3-8: If we consider truck unloading time saved in case of the entire trailer, 100 sec are needed for 
unloading of 8 NMLUs (complete NMLU bottom). Since each NMLU contains 4 pallets this is 
approximately 3 sec per pallet. Comparing to a reference case (Transformer project) this is significant 
improvement.  
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Table 5-1: KPIs for LL3 – Use case “Warehouse” 

Impact area Indicator 
Code 

Indicator Name Measurement method Target Indicator Value - 
Baseline 

Indicator 
Value - 1st 
Round 

Indicator Value - 
2nd Round (if 
foreseen) 

More efficient goods 
handling stimulating 
multi-modal 
transport solutions 

LL3-1 Handling time saved 
at warehouse – pallet 
NMLU. 

Percentage of decrease of 
handling time of NMLU pallet 
in warehouse operation. Time 
calculated during JDR test: 
• from “first touch of NMLU 
Pallet” 
to “forklift completely released 
NMLU Pallet” 
 
Baseline and test values to be 
surveyed by JDR. 

- 10% 0% 0% in case of 
NMLU pallet 
 
-80% in case 
of NMLU plate 

  

LL3-2 Stacking time saved 
at warehouse – pallet 
NMLU. 

Time to stack NMLU pallet 
against the baseline. Time 
calculated during JDR test: 
• from “first touch of NMLU 
pallet” 
• to “forklift completely 
released NMLU pallet” 
 
Baseline and test values to be 
surveyed by JDR. 

- 10% 40 sec 40 sec 
 
82 sec if 
including 
placement of 
hoods 

  

LL3-3 Handling time saved 
at warehouse – 
bottom NMLU. 

Handling time of NMLU bottom 
against the baseline, in 
warehouse operation. Time 
calculated during JDR test: 
• from “first touch of NMLU 
bottom” 
• to “forklift completely 

- 10%   180 sec   
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Impact area Indicator 
Code 

Indicator Name Measurement method Target Indicator Value - 
Baseline 

Indicator 
Value - 1st 
Round 

Indicator Value - 
2nd Round (if 
foreseen) 

released NMLU bottom” 
 
Baseline and test values to be 
surveyed by WFS. 

  LL3-4 Picking time saved at 
warehouse – loading 
unit 

Stacking of NMLU hood on 
NMLU pallet (single stack / 
double stack):  
• Lifting the hood if necessary 
by an automatic device -> Item 
removal -> Putting on the hood  
 
Baseline and test values to be 
surveyed by JDR. 

    42 sec   

Improved door-to-
door logistics 
performance 

LL3-5 Truck loading 
/unloading  time 
saved at warehouse – 
pallet NMLU. 

Loading/unloading time of 
NMLU pallet against the 
baseline. Time calculated 
during JDR test: 
• from “first touch of NMLU 
pallet” 
• to “NMLU standing at final 
destination in truck” 
 
Baseline and test values to be 
surveyed by JDR. 

- 10% 60 sec   41/131 sec 

LL3-6 Truck loading 
/unloading  time 
saved at warehouse – 
bottom NMLU. 

Loading/unloading time of 
NMLU bottom against the 
baseline. Time calculated 
during JDR test: 
 
 

- 10% - 75/170 sec 84/93 sec 
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Impact area Indicator 
Code 

Indicator Name Measurement method Target Indicator Value - 
Baseline 

Indicator 
Value - 1st 
Round 

Indicator Value - 
2nd Round (if 
foreseen) 

Baseline and test values to be 
surveyed by WFS. 

LL3-7 Truck loading / 
unloading  time saved 
at warehouse – 
bottom NMLU with 
use of rollerbeds. 

Loading/unloading time of 
NMLU bottom through 
rollerbed, against the baseline. 
Time calculated during DHL 
test: 
• from “first touch of NMLU 
pallet” 
• to “NMLU standing at final 
destination in truck” 
 
Baseline and test values to be 
surveyed by DHL. 

- 10%   60/55 sec 86/81 sec 

LL3-8 Truck unloading  time 
saved at trailer. 

Unloading time of NMLU 
bottom through rollerbed, 
against the baseline. Time 
calculated during WFS test:  
• Loading sideways (typical for 
automotive). 

  In Transformer project  
estimated average 
unloading time of 33  
pallets is 25 minutes so 
45 sec per pallet 

100 sec for 8 
NMLU's 

Unloading time of 
8 NMLU is  100 
seconds  this is 3 
seconds per pallet 
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In second Use Case “Intermodal” efficiency of operations in transshipment nodes and capacity 
utilization were estimated from the aspect of NMLU based transport. In general, use of NMLUs 
generates a number of benefits for all actors in transport chain. Nowadays, for physical loading and 
securing of 12 pallets at a customer is needed on average 40 minutes. When the NMLUs in combination 
with a roller track are used, the average physical loading time will decrease till 6 minutes. Efficient 
loading/unloading process coupled with redesigned first/last mile process (avoiding excess of 
warehouse operations) leads to time savings around 43%.  

The outputs of the measurements are given in Table 4-2.  

LL3-9: First indicator reports the total time needed for bundling of freight on one NMLU bottom during 
consolidation and cross-docking. The time needed for this unloading, handling on roller beds and 
loading spans from 23 to 29 minutes. Only one NMLU was treated. Alternative measurements for a 
case of a full truck load with 33 pallets are not available, however, according to Burdzik et al. (2014) the 
time needed for loading of 33 pallets lasts for 39 minutes. Using NMLUs brings a significant reduction 
in volume of operations since 4 pallets are handled at the same time.   
 
LL3-10: Regarding the increase of loading capacity calculations showed that depending on the density 

of products improvements can be made varying form +13% Agriturismo 
Barranitill +38%.  
 
LL3-11: Regarding the truck capacity utilization, in case of NMLUs, 22 tons loaded with NMLUs is 
maximum weight, or 26 tons in case of Clusters 2.0 container fully loaded with NMLUs.  In mixed pallet 
logistics the average weight of cargo in trailers is below 16 tones so then weight is no issue. Therefore, 
effective utilization of volume can be achieved by using the modular units such as NMLU as shown in 
LL3-8. 
 
LL3-12: Transshipment time of semi-automated version of ContainerMover is 3.5 minutes (Fully 
automatic version is currently 1 minute slower).  The actual transhipping speed of a reach stacker takes 
2.9 minutes. However, if we include average terminal handling time which can be from 30 to 60 minutes 
(or even longer), the process based on ContainerMover is much more time-efficient.  

The last use case “City distribution” considers the effect of using NMLUs for improvement of last-mile 
distribution. The goal of this case is to concretely define how the NMLU can function as an independent 
“micro hub” incorporated in activities of urban distribution to optimize the flow of goods. Minimal flow of 
goods and maximum efficiency of treatment for the flow of goods are the main target. According to the 
measurement, 2 minutes were required for transferring NMLU. On the other side for one pallet is needed 
40 secs, which means that for 8 pallets we would need 320 sec instead of 120 sec for 2 NMLUs.  
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Table 5-2: KPIs for LL3 – Use case “Intermodal” 

Impact area Indicator 
code 

Indicator 
Name 

Measurement method Target Indicator Value - 
Baseline 

Indicator Value - 1st Round Indicator 
Value - 2nd 
Round (if 
foreseen) 

Improved door-
to-door logistics 
performance 

LL3-9 Bundling time 
saved at 
Consilidation 
Center for 
intermodal 
transportation  
– NMLU 
bottom. 

Consolidation / bundling 
time with NMLU bottom 
during CC /CX processes 
against the baseline. Time 
calculated during JDR test: 
• from goods-in processes 
of FTL 
• to goods-out process for 
FTL 

  0 sec 1410 1722 

LL3-10 Increased 
loading 
capacity of 
truck. 

Capacity (volume 
occupation factor) of 
trucks loaded with 
MODULUSCHA Boxes 
against the baseline for 
the same intermodal 
relation operated by 
Innovatrain. 
 
Baseline and test values to 
be surveyed by VEG. 

+ 10% 33 pallet calculations presented  at Ehlig and Grand 
Assemblies  showed that depending on 
density of products improvements can be 
made varying from +13%  till +38% 

- 

LL3-11 Increased 
volume-weight 
utilization of 
truck 

Capacity (volume & 
weight occupation factor) 
of trucks loaded with 
NMLU.  
 
Baseline and test values to 
be surveyed by VEG. 

    When using modal units and intermodal 
transshipment, 4 tonnes extra weight is 
allowed on the roads, this compensates the 
extra weight the NMLU brings into the 
system. In mixed pallet logistics the average 
weight of cargo in trailers is below 16  ton so 
then weight is no issue. Utilization of volume 
effective can  be achieved by using the 

- 



 

CLUSTERS 2.0 38 V1.0 

Impact area Indicator 
code 

Indicator 
Name 

Measurement method Target Indicator Value - 
Baseline 

Indicator Value - 1st Round Indicator 
Value - 2nd 
Round (if 
foreseen) 

modular units such as NMLU as shown in 
LL3-8 

Less congestion, 
energy, 
emissions, 
carbon footprint, 
noise and land-
use 

LL3-12 Intermodal 
shift time 
saved at 
terminal 

Time for horizontal shift 
of NMLU container for 
truck<->train  

174 
sec 

Intermodal shift 
Truck <-> Train 
with 
reachstacker 
(common 
process) 

  270 sec 

 
 

Table 5-3: KPIs for LL3 – Use case “City distribution” 

Impact area Indicator 
Name 

Measurement method Collection 
methodology 

Target Indicator 
Value - 
Baseline 

Indicator 
Value - 1st 
Round 

Indicator Value - 
2nd Round (if 
foreseen) 

More efficient goods 
handling stimulating multi-
modal transport solutions 

Time saved 
for Cross-
Docking. 

Time of transferring NMLU pallet 
for city distribution against baseline 
(same pallet without NMLU): 
 
• from warehouse to DC 
• from DC to shop 

Direct 
measurement 
during tests 

 
40 sec 
 per pallet  

287 sec 120 sec 
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5.3 Environmental impact assessment 
 
 
WP4 & LL3 innovations also generate positive environmental effects. Besides significant reductions in 
CO2 emissions due to significant time reductions truckload utilization and horizontal transshipment 
technology have also positive environmental impact.  Increased truckload utilization directly impacts on 
reduction of CO2 emissions based on following expression: 

2

FC
CO EF TKM

LF CAP
  


  

FC: Fuel consumption (l/km) 
EF: emissions factor (depends on type of fuel); 
LF: load factor as a percentage of capacity in tones; 
TKM: Tonne-kilometres realized; 
CAP: Maximum transportation capacity.  
 
With increase of LF there is a reduction of CO2.   According to the results of (Kostic, 2019) the vehicle 
that uses the full capacity emit up to 30% (0.072 kgCO2) less CO2 costs per unit than the vehicle with 
the load factor of 60%. In order to reduce CO2 and other emissions and to avoid local and overall road 
congestion, it would be desirable to load and unload containers directly on the rail at a cluster point or 
even better, close to the point where the container is loaded or discharged with its cargo. 
ContainerMover as a low investment/flexible alternative enables this. It needs 60% of less surface to 
operate. Surface can be concrete instead of asphalt (1.6 km of asphalt releases 7.400.000) more CO2 
than concrete over 40 years). Based on an analysis (time horizon of 250 days per year/70 moves per 
day/10 container docking stations) fuel costs for ContainerMover are 66% lower than for Reach Stacker. 
More precisely, Reach Stacker consumes 20 l/hour which is 64.600 kgCO2 (according to Table 1) 
whereas ContainerMover needs 7 l/hour (22610 kgCO2).  
 
As it was mentioned in previous section in the NMLU case, the truck makes a milk run to pick up the 
different orders. In the original base line case, the collecting trucks make pick up runs, with a lot of 
(double) empty kilometres. By using NMLUs in a Container with subframe concept with roller beds 
(allowed loading/unloading sidewards and backwards) inside, there are 40-50% less kilometres in 
collecting, because cargo/shipment can be prepared and squired by shipper on NMLU directly. NMLUs 
can be collected on a milk run one by one and by bypassing the DC there are extra CO2 savings (no 
extra handling / no storage) so it is fair to say that the CO2 savings are at least 50%. 
 

5.4 Socio-economic impact assessment 
 

Based on a review of KPI measurements in previous section we may conclude that NMLU design can 
provide:  

 Improved bundling and product mixing and increased load factors; 
 More effective transshipment of trucks through shorter loading times at loading bays; 
 Significant operational savings due to more effective cross docking and avoiding of temporary 

storage; 
 Sustainability aspect of NMLU through eliminating plastic in NMLU packaging system. 

 
Improved horizontal transshipment technology such as Container Mover leads to:  
 

 Higher time efficiency of transshipment process in comparison to existing solutions; 
 Activation and operational cost advantages in comparison with existing solutions; 
 Higher flexibility of intermodal terminals reflected in less immobility in comparison with reach 

stackers or overhead gantry cranes; 
 Lower space requirements in comparison to existing technologies.  
 Positive sustainability effects in case of shorter transport distances to “own” rail connections 

(not needed to go through a container terminal) and use of rail transport (avoid the many truck 
transports: “product volume, which is now not more on a road”) 
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These improvements positively contribute to main socio-economic variables of other Clusters 2.0-based 
solutions. Correlation between WP4&LL3 innovations and the main socio-economic aspects is 
discussed below.  
 
The warehousing service represents the most important component of the supply chain and logistics 
system. An efficient warehouse has the ability to fulfill the needs of the supply chain quickly and 
increases the competitiveness of all actors involved in supply chain, especially shippers and LSPs. On 
a local level, the total supply chain costs can take around 35% of a firm’s turnover, whereas the 
warehousing costs take around 5%. On a macro scale (national level) warehousing costs have a share 
from 10-30% in total logistics costs.  
 
The use case “warehouse” reports positive effects of using the NMLUs in warehouses. These effects 
are mainly reflected in workflow effectiveness and higher level of utilization of load carrier. This 
improvement can lead also to significant financial benefits. Using NMLUs saves both time and effort in 
daily warehousing operations. Reduced handling time at warehouse and improved warehouse 
productivity enable higher quantity as well as quality of order fulfillment which leads to higher revenue 
of warehouse, and eventually to lower costs (decreased labor costs). Land costs represent also one of 
the largest contributors to warehousing costs. Often, warehouse space is 15 to 20% of the cost per 
order. NMLUs require more handling space in warehouse. Introduction of NMLUs leads to potential 
saving in future - if the modulushca  NMLU would come into the business the complete order picking 
system will change, cartons, pallets will go out  and order picking faster and without waste material 
which will generate additional financial benefits to the warehouse and entire supply chain. 
 
Improved warehouse activities lead to an increased economic effect (direct impact) on the level of 
warehouse (meso level). This contributes also to an effect on the level of logistics cluster. Micro or 
cluster-based effect will depend on the number of warehouses in a cluster, their capacity, type, and 
utilization rate. Indirect impact is reflected in economic activity across the supply chain for those firms 
that use a specific warehouse. Induced impact is related to wages and salaries of warehouse 
employees.  
 
Use case “intermodal” resulted in a more efficient cargo consolidation and cross docking, improved 
loading capacity utilization and reduced transshipment time also to open additional transport mode. The 
main impacts of these outcomes are as follows. Reduction in cross-docking and bundling time increases 
throughput in distribution points. Increased throughput generates increment in financial flows of 
warehouse/distribution center (meso level). On a micro level – an individual supply chain – reduced 
bundling and cross-docking time positively impacts on lead time. The most important effect can be 
achieved with redesigned supply chain by using NMLUs. Namely, picking up the NMLUs in one milk 
run and direct shipping onto the train, by skipping all handling at the warehouse can lead to a total time 
saving of up to 43%.  
 
Resulting lead time reduction brings flexibility, competitive advantage, meeting deadlines consistently 
and easily, increased cash flow due to increased order fulfillment. On the other side, increased delivery 
time caused by shipment consolidation may lead to customer’s order cancellation. The main motivation 
for shipment consolidation is decreased unit dispatch cost due to economies of scale. According to 
experiments conducted in (Kostic, 2019) the truck that uses full capacity saves up to 57% of 
transportation costs per unit compared to a truck with the load factors of 40%. As it was already 
discussed in WP3 & LL2 effects analysis, decreased transportation costs lead to decreased logistics 
costs and therefore, improved logistics efficiency (the cost of logistics as a % of GDP).  
 
If we consider investment and operational costs, reduction of 47% can be expected when using 
ContainerMover instead of Reach Stacker. This cost reduction relates to area preparation (asphalt 
instead of concrete), equipment purchase, fuel costs and tyres and maintenance. Under the assumption 
that there are 70 moves per day, cost per one move of ContainerMover is 17.42 EUR less than for 
Reach Stacker (19.22 versus 36.64 EUR). This cost reduction significantly contributes to the direct 
impact of horizontal transshipment technology.  
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6 Overall impact of Cluster 2.0 innovations 
 
This section aims to give a bird’s-eye view of the overall potential of Clusters 2.0 based 
innovations. 
 
6.1 Overall impact of innovations against the defined project 

objectives  
 
In Table 5-1 partial socio economic and environmental impacts per group of innovations are 
summarized and the reasons for lower-than-expected performances were emphasized. 
 
Table 6-1 Synthesis of Clusters 2.0-base innovations and their implications from socio-economic and 
environmental perspective 

Innovation 
area 

Innovation Socio-economic impact Environmental 
impact 

Expected vs 
reality; 
reasons for 
lower 
performances 

Cooperation 
and 
coordination 
synergies at 
Cluster’ level 

CluCS -
empowered 
integrated 
management of 
the Cluster 
available 
resources and  
synchronization 
of operations 
and Proximity 
Terminal 
Network 
establishment 

Increase in freight volumes 
implies a higher level of 
activities of the firms located 
in the cluster and surrounding 
area, which means a higher 
level of activities of cluster 
based companies.  
 
Shift to intermodal (25% vs. 
5%) leads to a decrease of 
logistics costs and therefore 
affects the prices of goods 
and services of firms located 
in the cluster which further 
contributes to an increase in 
production and attraction of 
the cluster for new business. 
 
Additional SWL traffic may 
contribute to savings in 
logistics costs for those 
market segments which are 
traditional users of road 
transport.  
 
Increased freight activities 
imply increased volume of 
freight handled in terminals 
and higher number of 
employees (12.5% more) as 
well as increased exploitation 
of terminal surface which 
leads to a higher turnover of 
terminals. Higher turnover of 
terminals has positive 
implications on main macro -
economic variables.  
 

Building the network 
of terminals, 
synchronization of 
activities between 
terminals and 
transport operators 
which is supported 
by IT platform 
(CluCS) has 
generated reduction 
of CO2 emissions of 
19.141 tonnes in 
2018. And 23.882 
tonnes in 2019.    
 

Innovation has 
fulfilled the main 
objectives – 
shift to 
intermodal, 
higher 
productivity of 
terminals, 
environmental 
savings.  
 
The size of the 
effects depends 
on the scale – 
the network of 
terminals, 
intensity of 
flows, the 
number of the 
companies in 
the cluster.  

Logistics 
cluster 
integration at 
network level 

Massification 
initiative 
 

The massification should 
contribute to more intensive 
collaboration between 
shippers, improve transport 
efficiency and reduce 
transport cost for inter-cluster 
transportation, it should 
indirectly contribute to higher 
volume of production which 
will lead to higher salaries, 
turnover, GOS and GVA.  

Measurements of 
potential effects of 
massification 
initiative on a 
sample of ARGUSI’ 
customers show 
significant CO2 
savings.  
 
Based on estimation 
of potential 

Massification 
initiative did not 
result in 
established 
inter-cluster 
links due to a 
number of 
barriers 
identified (one 
of the most 
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Innovation 
area 

Innovation Socio-economic impact Environmental 
impact 

Expected vs 
reality; 
reasons for 
lower 
performances 

 
The effects will produce an 
impact on companies related 
in a gravitational area of a 
cluster (direct impact), 
companies-suppliers of the 
first one (indirect impact) as 
well as induced effect related 
to increased household 
revenue.  
 
The macro level effect of 
massification initiative is 
proportional to the size of 
micro level effects, the 
number of clusters and inter-
cluster connections.  
 
Building of more inter-cluster 
links with high load factors in 
both directions can provide 
substantial effects on a macro 
scale level.  
 
Modal shift to intermodal 
transport will create more jobs 
in total. The direct impact in 
terms of jobs for road 
operators will be negative.  
 

collaboration, it is 
concluded that 
12000 of roundtrips 
could be eliminated 
(88000 before 
collaboration 
against 76000 after 
collaboration).  
 
An increase in 
loading capacity of 
the trucks of around 
15% is expected.  
 
This leads to a 
potential of 
20,024,000 kgCO2 
saved.  
 
1.5 Mil EUR 
congestions costs 
saved (compared to 
176 mil EUR of total 
transport costs).  

important is 
having no 
enough volumes 
to generate 
stable flows in 
both directions, 
low intermodal 
service access). 
However, it has 
a great potential 
(according to 
the experiments 
35% of 2938 
lanes have 
intermodal 
potential) whose 
effects will 
depend on the 
number of 
established links 
between 
clusters and the 
volumes of 
flows (number 
of trains) and 
accessibility to 
intermodal 
service. 

Improved door-
to-door logistics 
performances in 
air cargo supply 
chain 
 

Increased competitiveness of 
transportation companies and 
the airport as well as a higher 
reliability and visibility for 
shippers.  
 
Logistical cost savings (60-80 
EUR/pallet) positively impact 
on production level.  
 
Impact on inventory carrying 
cost exists due to a higher 
visibility and reliability of 
supply chain.  
 
Improved time performance of 
ground handlers positively 
impacts on their productivity.  
 
Decreased average waiting 
time spent by trucks improves 
productivity of trucks and 
truck drivers.  
 
 

Positive effects on 
CO2 emissions due 
to decreased 
average waiting 
time of trucks.  

This innovation 
has fulfilled the 
expectations.  

Innovative 
modular 
solutions and 
transshipment 
optimization 

New modular 
loading units 

Using NMLUs saves both 
time and effort in daily 
warehousing operations.  
Reduced handling time at 
warehouse improves 
warehouse productivity 
(handling more volume per 
move) which enables higher 
quantity as well as quality of 

Redesigned first/last 
mile by using 
NMLUs enables 
bypassing DCs and 
warehouses and 
producing extra 
CO2 savings 
(around 40%) 

Testings have 
proven a 
potential of this 
innovation. 
However, there 
are significant 
barriers mainly 
reflected in high 
costs of 
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Innovation 
area 

Innovation Socio-economic impact Environmental 
impact 

Expected vs 
reality; 
reasons for 
lower 
performances 

order fulfillment which leads 
to higher revenue of 
warehouse, and eventually to 
lower costs (decreased labor 
costs). 
 
Improved warehouse 
activities lead to an increased 
economic effect (direct 
impact) on the level of 
warehouse (meso level).  
 
Reduction in cross docking 
and bundling time increases 
throughput in distribution 
points.   
 
By using NMLUs in a 
Container with Subframe 
concept with roller beds 
inside, there are 40-50% less 
kilometres in collecting, 
because cargo/shipment can 
be prepared and squired by 
shipper on NMLU directly.  
 
Increased throughput 
generates increment in 
financial flows of 
warehouse/distribution center 
(meso level).  
 
On a micro level – an 
individual supply chain – 
reduced bundling and cross 
docking time positively 
impacts on lead time.  
 
The most important effect can 
be achieved with redesigned 
supply chain by using 
NMLUs.  
Picking up the NMLUs in one 
milk run and direct shipping 
onto the train, by skipping all 
handling at the warehouse 
can lead to a total time saving 
in a range from 11% to 43%.   
 
Resulting lead time reduction 
brings flexibility, competitive 
advantage, meeting deadlines 
consistently and easily, 
increased cash flow due to 
increased order fulfillment.  
 
The main motivation for 
shipment consolidation is 
decreased unit dispatch cost 
due to economies of scale.  
 
Decreased transportation 

eliminating the 
existing pallet-
based 
system/big 
investments of 
introducing 
NMLU based 
system.  
Warehouse 
space is 15 to 
20% of the cost 
per order. Since 
NMLUs require 
more handling 
space the 
effects in case 
of warehouse 
operations have 
to be further 
examined.  
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Innovation 
area 

Innovation Socio-economic impact Environmental 
impact 

Expected vs 
reality; 
reasons for 
lower 
performances 

costs lead to decreased 
logistics costs and therefore, 
improved logistics efficiency 
(the cost of logistics as a % of 
GDP).  
 
 

Innovative 
horizontal 
transshipment 
technology 

Around five times more time-
efficient handling of 
containers in a terminal with 
Container-Mover technology 
in comparison with Reach 
Stacker. This contributes to 
terminal’ productivity.   
 
Reduction of 47% in 
investment and operational 
costs can be expected when 
using Container-Mover 
instead of Reach Stacker.  
 
This cost reduction relates to 
area preparation (asphalt 
instead of concrete), 
equipment purchase, fuel 
costs and tyres and 
maintenance.  
 
Under the assumption that 
there are 70 moves per day, 
cost per one move of 
ContainerMover is 17.42 EUR 
less than for Reach Stacker 
(19.22 versus 36.64 EUR).  
This cost reduction 
significantly contributes to the 
direct impact of horizontal 
transshipment technology.  
 

Container-Mover as 
a low 
investment/flexible 
alternative enables 
this. It needs 60% of 
less surface to 
operate;  
 
Surface can be 
concrete instead of 
asphalt (1.6 km of 
asphalt releases 
7.400.000 more 
CO2 than concrete 
over 40 years).  
 
Based on an 
analysis (time 
horizon of 250 days 
per year/70 moves 
per day/10 container 
docking stations) 
fuel costs for 
ContainerMover are 
66% lower than for 
Reach Stacker. 
Reach Stacker 
consumes 20 l/hour 
which is 64.600 
kgCO2 whereas 
ContainerMover 
needs 7 l/hour 
(22610 kgCO2). 
 

 

 
 
 

6.2 Scaling up from micro to macro level 
 
Based on the synthesis of Clusters 2.0 based innovations made in section 5.1 it is evident that these 
results are complement to the main idea of Clusters 2.0: the development of an open collaborative 
network of hyper-connected logistics multimodal clusters building on the TEN-T.  
 
The results of the survey (Annex) related to a macro level potential of Clusters 2.0 based innovations 
are summarized in Figures 5-1:5-4. The outputs are based on responses from 10 respondents (supply 
chain experts (3), researchers (5) and academics (2)). Regarding the potential of Clusters 2.0-based 
innovations, all participants were positive.  
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IG1: Proximity Terminal Network Building supported by Cluster Community System (a cluster-based 
online platform for supporting the coordination between terminals, LSPs and shippers)

The potential for building the Proximity Terminal Network and 
Clusters Community System in other clusters

Yes No

Positive

Negative

Neutral

0% 20% 40% 60% 80% 100%

Expectations regarding employment, turnover and salaries

Employment Turnover Salaries

The potential for implementation in other logistics clusters in 
Europe

Yes No

 
Figure 6-1 IG1: Estimation of the potential and impact on the main macro-economic variables 

All of the respondents had a positive feedback regarding the macro-level potential of CluCS &PTN 
concepts. This highest impression was regarding the turnover. On the other side, respondents were 
mostly neutral about the salaries. More intensive shift to intermodal makes also a positive workforce 
shift, and only temporary negative in case of road transporters. As it was stated in Chapter 2., positive 
impact on turnover for companies based in logistics cluster implies positive secondary effects on 
suppliers and also an induced effect in terms of salaries and wages for all employees directly and 
indirectly involved in cluster based activities. How big this impact will depend on the structure of 
production in the cluster and potential for cargo pooling/consolidation and shift to intermodal. On a 
macro scale the impact depends on the multiplication of innovations to other clusters.  

IG2: Massification methodology supported by web-based software tools 
Quickcheck tool (for assessment the potential for freight bundling) and 
xIntermodal (cargo routing and optimization)

The potential for a wider coverage of this concept (building the 
connections between logistics clusters)

Yes No

Positive

Negative

Neutral

0% 20% 40% 60% 80% 100%

Expectations regarding employment, turnover and salaries

Employment Turnover Salaries

 
Figure 6-2 IG2-Massification: Estimation of the potential and impact on the main macro-economic 
variables 

In recent past, there were similar initiatives towards the more intensive shift to rail. However, due to a  
number of reasons which will be discussed in next section these initiatives were not successful. All 
respondents reported a positive feedback regarding the macro potential and main macro-economic 
variables of massification initiative.   
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IG2: Improved door-to-door logistics performances in air cargo 
supply chain supported by Slot cargo booking Application

Potential for a wider coverage of this concept (implementation on 
other cargo airports)

Yes No

Positive

Negative

Neutral

0% 20% 40% 60% 80% 100%

Expectations regarding employment, turnover and salaries

Employment Turnover Salaries

 
Figure 6-3 IG2 – Slot Booking App: Estimation of the potential and impact on the main macro-economic 
variables 

The Slot Booking application is an example of a successful multi-stakeholder engagement – the 
development took was performed together with the majority of the ground handlers and the freight 
forwarders. Slot Booking App has already justified the expectations in terms of improved efficiency of 
operations in cargo airports. As it was stated in Section 3.4, this step towards the digital transformation 
of air cargo supply chains leads to numerous effects for cargo airports, freight forwarders and road 
transporters. The waiting times at the docs are avoided which enables more efficient use of resources 
(personnel and assets), proactive planning and reduced paperwork. Macro effects surely depend on 
potential for replication and the scale of replication of this innovation to other cargo airports in EU.  

 
IG3: Innovative modular load unit solutions (NMLUs) and transshipment optimization (Horizontal shift technology) 
for development of low cost, low capital and investment intensive enhanced goods handling and transshipment solutions.

Potential for a wider coverage NMLU concept

Yes No

Positive

Negative

Neutral

0% 20% 40% 60% 80% 100%

Expectation regarding (underline the preferred answer) a wider 
coverage by NMLUs

Employment Turnover Salaries

 
Figure 6-4: IG3: Estimation of the potential and impact on the main macro-economic variables 

NMLUs simplify the logistics chains, enable better loading and filling the trucks, faster cross-docking 
processes and more flexibility in planning. Loading bay time could be reduced in the tests by 50%, the 
load efficiency can be improved by 20% and transshipment cost by 50% reduced. However, the 
potential for broader use is hindered by the problems similar to introduction of pallets and manual 
handling. For that reason, the benefits must be clearly highlighted in order to popularize this concept.  
Testings have demonstrated a gain of 40% in labor time and positive results of ROI calculation. Further 
“massification” of the NMLU concept must follow a multi-step approach by a sequence of good pilots in 
order to create momentum.  
Horizontal shift system developed by Innovatrain is flexible in location, no need for cranes and is much 
faster in the handling process. In order to have a successful scale-up of this innovation the level of 
awareness for this new technology must be increased. From feasibility perspective there is a need for 
rail connection, enough volume of shipments to open a horizontal shift hub, which means a substantial 
initial investment.  
 
The macro-level environmental effects, proven to be positive for all Clusters 2.0 innovations, are 
proportional to the success of massification of Clusters 2.0-based innovations.   
 
The effects and a macro potential of Clusters 2.0 based innovations depend also on changes in supply 
chains that happen independently of Clusters 2.0 project. The most important supply chain changes 
that occur independent of Clusters 2.0-based innovations and interact with them (as facilitators or as 
barriers) are as follows: 
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 Digital transformation of supply chains (blockchain, artificial intelligence, big data, machine 
learning): Acts as a facilitator since the development and implementation of advanced technologies 
will improve information sharing and coordination of activities in supply chain. This will lead to 
improved visibility, reliability, flexibility and lead time or in general, improved logistics capability 
which will support further development of Clusters 2.0 based innovations.  

 Global climate change. Despite the fact that the exact effects of climate change in supply chains 
cannot be precisely predicted, supply chains are particularly vulnerable to the impacts of climate 
change due to their reliance on raw material and concentration in countries which could be 
impacted by climate change. Climate risks may affect critical supply chain issues of cost, speed 
and responsiveness, quality and uncertainty of disruptions. Since Clusters 2.0 based innovations 
report very sound environmental impacts the different initiatives (such as European Green Deal 
for example) related to decarbonization of transport sector climate concern should support further 
development and implementation of Clusters 2.0-based solutions.  

 Shifting consumer demands and changing market demographics. In near future (even sooner due 
to Covid19) many supply chains may shift from global flows of goods and services to national, 
regional and local network of buyers and suppliers. This will have a positive impact on the role and 
business of logistics clusters and cluster based companies.  

 Covid19. Since the beginning of 2020., intermodal freight volume on a global level declined due to 
the coronavirus outbreak. Important supply chains are hampered. The economic impact of 
COVID19 is a decrease of 6.1% in GVA by the logistics industry. This will force companies to invest 
more in supply chain resilience. Improvement of cluster-based logistics capabilities (flexibility, 
efficiency, visibility, capacity and collaboration) leads to strengthening of local supply chains 
resilience.  

 
 

6.3 Recommendations for optimizing socio-economic and 
environmental impacts of logistics clusters 
 

The results of measurements of the selected KPIs clearly show the potential impact of Clusters 2.0- 
based innovations on the main macro-economic and environmental variables. Still, there is a number 
of barriers identified on a micro scale that can hinder the potential of reaching significant macro scale 
effects. The main barriers as well as recommendations for minimizing/overcoming of their impact are 
listed below by type of innovation.  
 

 Cluster Community System and Proximity Terminal Network. CluCS represents the first 
attempt to establish coordination and collaboration between regional terminals on the one side 
and bundling cargo under coordination processes on the other side. Testing experience showed 
that there is a resistance of logistics service providers and multimodal transport operators to 
publish their services on CluCS: often they do not want to share their data with other supply 
chain actors since they already have their trusted shippers. Data sharing is, therefore, a very 
sensitive topic, therefore a strong contractual relation between parties in the form of confidential 
agreements needs to take place between involved stakeholders.  
 

 Massification initiative. Comprehensive massification methodology empowered by Quick 
Check Tool and xIntermodal tool aims for building horizontal collaboration between shippers in 
order to generate enough volumes for building intermodal services or improve the utilization of 
existing truck flows. Despite the significant intermodal shift potential and positive feedback from 
expert workshops there is a large gap between the interests of shippers and LSPs on one side 
and rail operators on the other side. This gap is reflected in impossibility to generate enough 
volume to establish rail services on identified connections between logistics clusters. The gap 
can be reduced by diverse campaigns oriented towards the more intensive supply chain 
orientation of rail sector, as well as terminals, LSPs and shippers; building a collaborative 
network with a neutral coordinating function and by a stepwise market engagement approach.  
 

 Innovative cluster handling technology. There is a clear resistance in the industry to the 
introduction of an extra loading unit between pallet-size and container-truck size. In this case 
also, a step-by-step market engagement approach supported by financial and economic impact 
assessments (business cases) may represent a way toward the more intensive shift to new 
handling technology.   



 

CLUSTERS 2.0 48 V1.0 

7 Concluding remarks  
 
The main objective of this task was to assess the potential of Clusters 2.0-based innovations from a 
macro-economic and environmental perspective.  
 
It is concluded that the Cluster 2.0 based innovations have a potential to make significant impact on 
main macro-economic variables on different scales, scale of individual terminals, warehouses (meso), 
scale of logistics clusters (micro) and the macro scale related to network of logistics clusters across the 
EU. Tests have also proven a positive environmental impact. More precisely, all the impacts and their 
main implications on macro-economic and environmental variables can be summarized as follows: 
 
Proximity Terminal Network Building supported by Cluster Community System resulted in: 

– Improved efficiency of logistics processes => increase of competitiveness of the 
transport/logistics service supply and demand related actors within logistics clusters <=> 
positive impact on macro-economic variables of all companies in the cluster as well as their 
suppliers in the region. 

– Increased exploitation of terminal surface as a direct effect of PTN establishment <=> an 
increase of 18% in tones per sqm per year handled;  

– Improved productivity of terminal facilities which results in 12.5% of increase in working hours 
of employees; 

– Significant CO2 emissions saved due to shift to intermodal.  
 

Massification methodology supported by web-based software tools QuickCheck tool (for assessment 
the potential for freight bundling) and xIntermodal (cargo routing and optimization) has a potential for: 
 

– Increased productivity of transportation services and reduction in logistics costs which would 
leads to an increase in volume of transportation per unit cost 

– Horizontal collaboration enables cargo consolidation, which positively affects economies of 
density. Cargo consolidation contributes to an increased load factor of transport vehicles and 
higher capacity utilization of terminal facilities.  

– Massification enables “just in time” delivery that reduces the burden of inventory holding costs. 
These costs account for a large share of the total production costs of cluster based businesses.  

– Building a system of interconnected EU clusters-based networks is associated with an increase 
in the overall mileage and can lead to decreasing average total cost of transportation by 
pushing the volume of transportation towards an efficient scale.  

– Improvement of load factors has also a large impact on unit costs (per load unit carried km). 
Load factors tend to be higher on longer journeys.  

– Significant impact on CO2 emissions saved and congestion costs savings.  
 

Improved door-to-door logistics performances in air cargo supply chain supported by Slot cargo 
booking Application resulted in:  

– 33% productivity increase: Truck management time (paperwork + warehouse 
operations) reduced from 3 hours to only 2 hours per truck, thus saving 1 hour per truck; 

– Logistical cost savings (60-80 EUR/pallet) will positively impact on production level; 
– Decreased average waiting time spent by trucks will improve productivity of trucks and truck 

drivers; 
– Improved productivity of ground handlers.  

 
Innovative modular load unit solutions (NMLUs) and transshipment optimization (Horizontal shift 
technology) for development of low cost, low capital and investment intensive enhanced goods 
handling and transshipment solutions: 
 

– Reduced handling time at warehouse and improved warehouse productivity.  
– Picking up the NMLUs in one milk run and direct shipping onto the train, by skipping all 

handling at the warehouse can lead to a total time-saving in a range from 11% to 43%.   
– If we consider investment and operational costs, reduction of 47% can be expected when 

using Horizontal shift system instead of Reach Stacker.  
– Based on an analysis (time horizon of 250 days per year/70 moves per day/10 container 

docking stations) fuel costs for Horizontal shift system are 66% lower than for Reach Stacker.  
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– By using NMLUs in a Container with Subframe concept with roller beds inside, there are 40-
50% less kilometers in collecting, because cargo/shipment can be prepared and squired by 
shipper on NMLU directly.  
 

Macro-level potential depends on the possibility to transfer the Clusters 2.0-based innovations to 
other logistics clusters, and of the number of inter-cluster connections made.  
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SURVEY FOR ASSESSMENT THE WIDER IMPACT OF CLUSTERS 2.0 BASED 

INNOVATIONS 
 
Good day,  
Clusters 2.0 project has resulted in a number of innovations which would potentially have broad impact 
on EU freight transport and logistics performance. The purpose of this survey is to explore the wider 
impact of Clusters 2.0-based innovations.  
As we are greatly impressed by your expertise in this field, if we could have the honour of obtaining 
your precious opinions, the result and credibility of this research will be tremendously benefited. All the 
information provided will be used for research purpose only, and will not be separately announced to 
the outside or transferred to other applications. Therefore, please feel at ease in filling out the answers. 
Your support will be very crucial to the successful completion of this research. We sincerely hope that 
you would spend some time (30-45 minutes) to express your opinions to be taken as reference for this 
research. Please accept our most sincere appreciation. Thank you and wish you all the best. 
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Innovations Group 1 (IG1):  
Proximity Terminal Network Building supported by Cluster Community System (a cluster-
based online platform for supporting the coordination between terminals, LSPs and 
shippers).1 
On a test case (Bologna-Trieste Cluster) this innovation has resulted in: 

– Improved efficiency of logistics processes => increase of competitiveness of the transport/logistics 
service supply and demand related actors within logistics clusters <=> 6% of increase in the intensity of 
freight flows between Piacenza and Bologna. 

– Established IT supported SWL production model (2-level connected hubs) has resulted in 8% of increase 
the number of single wagons transported between the Bologna-Trieste terminals (Piacenza-Bologna). 

– Increased exploitation of terminal surface as a direct effect of PTN establishment <=> an increase of 
18% in tones per sqm per year handled;  

– Improved productivity of terminal facilities which results in 12.5% of increase in working hours of 
employees; 

– Increased attractiveness of Bologna-Trieste cluster through increased level of total flows => intensive 
shift to rail <=>disproportional increment in intensity of rail freight compared to intensity of road freight 
(25% vs. 5%).  

– Significant CO2 emissions saved due to shift to intermodal.  
 
IG1 Questions: 
1. Do you see the potential for building the Proximity Terminal Network and Clusters Community System 

your respective logistics cluster? 
A) Yes 
B) No 

 
2. What could be potential barriers for successful implementation of IG1 in your logistics cluster? 

Answer:  
 
 
 

3. What is your expectation regarding (underline the preferred answer)?: 
 Employment (positive/neutral/negative) 
 Turnover of companies in the cluster (positive/neutral/negative) 
 Salaries of employees directly and indirectly involved in cluster-based activities 

(positive/neutral/negative) 
 
Comment:  
 

 

 
4. Do you see the potential for implementation of IG1 in other logistics clusters in Europe? 

C) Yes 
D) No 

 
INNOVATIONS GROUP 2 (IG2):  
Massification methodology supported by web-based software tools Quick-Check tool (for 
assessment the potential for freight bundling) and X-Intermodal (cargo routing and 
optimization)2  
 
Based on a comprehensive analysis and conducted meeting with stakeholders it is concluded that this 
solution can result in:  
 

– Increased productivity of transportation services and reduction in logistics costs which would leads to an 
increase in volume of transportation per unit cost 

 
1 http://www.clusters20.eu/clucs-solution/ 
2 http://www.clusters20.eu/massification-project-solution/ 
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– Horizontal collaboration enables cargo consolidation which positively affects economies of density. 
Cargo consolidation contributes to an increased load factor of transport vehicles and higher capacity 
utilization of terminal facilities.  

– Massification enables “just in time” delivery that reduces the burden of inventory holding costs. These 
costs account for a large share of the total production costs of cluster based businesses.  

– Building a system of interconnected EU clusters-based networks is associated with an increase in the 
overall mileage and can lead to decreasing average total cost of transportation by pushing the volume 
of transportation towards an efficient scale.  

– Improvement of load factors has also a large impact on unit costs (per load unit carried km). Load 
factors tend to be higher on longer journeys.  

– Cargo bundling can shorten the time for building longer block trains which require significant volumes 
of cargo.  

– Significant impact on CO2 emissions saved and congestion costs savings.  
 
5. Do you see the potential for a wider coverage of this concept (building the connections between logistics 

clusters)? 
A) Yes 
B) No 

6. What should be the facilitators and what are the barriers to implementation of this initiative on a broader 
(EU) scale?  

 

 

 

 

 
7. What is your expectation regarding (underline the preferred answer): 

 Employment (positive/neutral/negative) 
 Turnover of companies in the cluster (positive/neutral/negative) 
 Salaries of employees directly and indirectly involved in cluster-based activities 

(positive/neutral/negative) 
 
Improved door-to-door logistics performances in air cargo supply chain supported by Slot 
cargo booking Application3  
This innovation (tested and implemented in Brussels Cargo Airport) has resulted in: 

– Speeding up the cargo handling at the airport by matching requests for truck loading and unloading 
with the time slots made available by ground handlers and proposes an alternative slot if no match 
can be found; 

– 33% productivity increase: Truck management time (paperwork + warehouse operations) reduced 
from 3 hours to only 2 hours per truck, thus saving 1 hour per truck; 

– Logistical cost savings (60-80 EUR/pallet) will positively impact on production level; 
– Decreased average waiting time spent by trucks will improve productivity of trucks and truck drivers; 
– Improved productivity of ground handlers.  

 
 

8. Do you see the potential for a wider coverage of this concept (implementation on other cargo airports)? 
A) Yes 
B) No 

 
9. What could be potential barriers for successful implementation of Slot cargo booking app? 

 
 
 
10. What is your expectation regarding (underline the preferred answer): 

 Employment (positive/neutral/negative) 
 Turnover of companies in the cluster (positive/neutral/negative) 

 
3 http://www.clusters20.eu/slot-booking-app/ 
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 Salaries of employees directly and indirectly involved in cluster-based activities 
(positive/neutral/negative) 

 
INNOVATIONS GROUP 3 (IG3):  
Innovative modular load unit solutions (NMLUs) and transshipment optimization (Horizontal 
shift technology) for development of low cost, low capital and investment intensive enhanced 
goods handling and transshipment solutions.4   
These innovations resulted in: 

– Reduced handling time at warehouse and improved warehouse productivity.  
– Picking up the NMLUs in one milk run and direct shipping onto the train, by skipping all handling at the 

warehouse can lead to a total time saving in a range from 11% to 43%.   
– If we consider investment and operational costs, reduction of 47% can be expected when using 

Horizontal shift system instead of Reach Stacker.  
– Based on an analysis (time horizon of 250 days per year/70 moves per day/10 container docking 

stations) fuel costs for Horizontal shift system are 66% lower than for Reach Stacker.  
– By using NMLUs in a Container with Subframe concept with roller beds inside, there are 40-50% less 

kilometres in collecting, because cargo/shipment can be prepared and squired by shipper on NMLU 
directly.  

– NMLUs can be collected on a Milk run one by one and by bypassing the DC there are extra CO2 savings 
(no extra handling / no storage) so it is fair to say that the CO2 savings are around 40-50%; 

 
11. Do you see the potential for a wider coverage NMLU concept? 

C) Yes 
D) No 

 
12. What could be the potential barriers for successful implementation of NMLUs on a larger scale (EU)? 

 
 
 
 
13. What is your expectation regarding (underline the preferred answer) from a wider coverage by NMLUs: 

 Employment (positive/neutral/negative) 
 Turnover of companies in the cluster (positive/neutral/negative) 
 Salaries of employees directly and indirectly involved in cluster-based activities 

(positive/neutral/negative) 
 

14. What could be the potential barriers for wider presence of Horizontal Shift technology? 
 

 

 
 
 

 
4 http://www.clusters20.eu/nmlu-solution/ 


