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broadly branded as a climate neutral model region for 
Germany and Europe [1], it remains largely uncertain 
how and in which direction this region will develop after 
the termination of coal extraction. Hence, depending on 
the development of the socio-techno-economic frame-
work conditions policy measures can result in different 
outcomes.

Our study focuses on the assessment of effectiveness 
of measures in different (regional) contexts and differ-
ent futures. The research aims to provide an approach 
that can deal with 1) complex socio-techno-economic 
contexts ensuring consistency between the different fac-
tors, 2) openness of the future showing that different 
outcomes are possible and hence, provide information 
on interactions between changes in contexts and policy 
measures and 3) enables to draw conclusions on subre-
gion level.

Accordantly, we develop an approach for the identi-
fication and assessment of possible future paths for the 
region which could serve as a template also for other 
transforming regions. This novel approach is a combi-
nation of a Cross-Impact Balance (CIB) analysis with an 

Introduction
The world is undergoing a continuous transformation 
that is rather diverse in different regions on the planet. 
Challenges for regions (like Bilbao or Manchester) that 
had to cope with a declining heavy industry tend to be 
rather distinct from those faced by rural areas (like in 
Castilla-La Mancha, Spain) that severely suffer from 
depopulation, for example. Yet, what the developments 
in these and other transforming regions largely have in 
common is an element of uncertainty. We will illustrate 
this in the context of the Rhenish mining area in Ger-
many which is undergoing also a great transformation 
that is mainly driven by the decline of its mining sector. 
Lignite is still mined there in an area of 5,000 km2 pop-
ulated with 2.4 million inhabitants, but the exit of coal 
extraction is already scheduled. Although the region is 
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Abstract
Cross-Impact Balance (CIB) analysis has proven to be a valuable approach for modeling complex socio-
technological-economic systems. Traditionally, it has been applied to well-defined systems characterized by a 
high level of aggregation. The main objective of our study is to extend the scope of the CIB method to less 
aggregated contexts that incorporate greater detail. Specifically, we demonstrate its expanded applicability through 
the example of transport system development and restructuring in a region composed of multiple subregions. 
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explorative network analysis and drill-down feature for 
taking a closer look at developments on subregion level.

We apply this approach to the analysis of the transfor-
mation of a complex socio-technological-economic sys-
tem focusing on infrastructures and their use. In doing 
so we focus on policies (e.g., climate policy in general, 
implementation of mobility concepts) and socio-eco-
nomic factors (e.g. public transport ticket price) framing 
mobility patterns as well as intermediately the transition 
of transport infrastructure.

A climate neutral model region like the Rhenish min-
ing area may require the expansion of the electricity grid 
in the future in order to make extensive use of e-mobility 
replacing CO2-emitting vehicles powered by gasoline 
or diesel capable, for example. As a result, scenarios are 
presented showing potential mobility development paths 
of the region being impacted by socio-techno-economic 
factors. Based on these scenarios we draw conclusions on 
needs for infrastructure and policy measures aiming to 
support transition of the mobility sector. The study shows 
how transformation paths can be modelled taking aspect 
on regional and subregional level into consideration.

Structural change and the mobility transition are 
inextricably linked in the Rhenish mining area. Mobil-
ity is seen as an important impetus for developing new 
paths that represent an alternative to fossil-fueled struc-
tures [2]. It can be seen as a transformational driver by 
creating accessible and multimodal mobility, new tech-
nologies and an improved quality of life through the 
restructuring of regional infrastructure [3]. The mobil-
ity transition is included in the strategic plans for struc-
tural change, such as the economic and restructuring 
program (“Wirtschafts- und Strukturprogramm”) and 
the spatial strategy 2038 + (“Raumstrategie 2038 + ”) [4]. 
Goals include decreasing private car use, promoting car 
and bike sharing, developing community-friendly freight 
transport, and improving cycling infrastructure [5]. 
Resultingly, structural change creates framework condi-
tions for a successful mobility transition.

Although the transformation is characterized by 
uncertainty and challenges, it harbors the opportu-
nity to shape the area into a model region for climate 
neutrality and innovation. The expansion of renewable 
energies—especially wind and solar energy—enables 
climate-neutral energy generation, which is essential for 
the transformation and redesign of mobility [6]. To con-
tribute to decarbonization, the promotion of sustainable 
mobility services such as public transport is necessary. 
Concurrently, it is important to consider the current 
attractiveness of motorized individual traffic (MIT) and 
to evaluate expert opinions on the development of both 
public transport and MIT. Industries such as the trans-
port sector and its numerous services are a central com-
ponent of structural change. Mobility, on the other hand, 

is a defined and strategically important future field of 
regional upheaval [7]. All in all, a successful transfor-
mation requires a deep understanding of technological, 
infrastructural, economic, social and behavioral factors.

As a rule, regions differ in terms of their existing socio-
economic structures and their development potential. 
Findings obtained at the national level must therefore 
be reviewed and adapted to ensure their applicability to 
regions. The same applies to the consideration of sub-
regions. Here, findings obtained at the more aggregated 
level can also only be partially transferred and must be 
adapted. Approaches are therefore needed that can deal 
with a wide range of influencing factors and also offer 
opportunities for analyses of policy measures taking dif-
ferences in regional contexts into consideration. CIB 
analysis has already proven its worth in modeling com-
plex, interdisciplinary systems (see e.g., [8–10]). In our 
study, we demonstrate its potential for the assessment of 
impacts of policy measures within heterogenous regional 
contexts.

In the following we describe our approach in detail. We 
start by describing the fundamentals of our CIB approach 
(Section  "Method"). Section  "Implementation" focusses 
on the implementation of the approach. Results are pre-
sented in section "Results" and discussed in section "Dis-
cussion". Section "Conclusions" concludes.

Method
An assessment of policies at regional and subregional 
levels requires information about socio-technical–eco-
nomic configurations, including details of interactions 
and feedback loops. Cross-Impact Balance analysis has 
proven it feasibility for detail with complex socio-techno-
economic systems. As important challenge for applica-
tion of CIB is the selection of relevant descriptors, the 
specification of specific states as well as the judgment 
of interlinkages between the states. Thus, we decided to 
extend the CIB analysis by conducting a network analy-
sis which includes an intensive assessment of the views of 
stakeholders on the system. Since the CIB is limited with 
respect to number of descriptors and condensation of 
information received by the network analyses is required.

In the following we describe our approach in more 
detail.

Network assessment
Based on the pre-collected information we are able to 
create a network map. This map is presented in Fig.  1. 
The figure shows factors listed in the literature and their 
interlinkages.

A distinction was made between factors that were con-
sidered very relevant and showed inherent dynamics, and 
factors that were considered less relevant. The differen-
tiation grounded in the assumption that some factors 
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represent relatively constant elements or variables, while 
others embody dynamic developments and changes 
within the system. This differentiation facilitates the cap-
ture of diverse systemic aspects, contributing to a more 
comprehensive understanding, particularly relevant for 
informing subsequent research. This comprehensive ini-
tial capture contrasts with the practical limitation on the 
number of descriptors that can be feasibly included in a 
CIB analysis, highlighting the value of this broader prepa-
ratory mapping.

Figure 1 provides the basis for clustering and selecting 
descriptors. In particular, the figure supports the identifi-
cation of factors that:

 	• have to be put at the center of the CIB analysis.
 	• have to be adjusted; or
 	• can be used as an exogenous factor.

These factors can be referenced, if necessary, particu-
larly if certain descriptors require discarding or adjust-
ment during subsequent analytical steps. This iterative 
approach enhances methodological flexibility, ensuring 
that the final set of descriptors accurately represents the 
system's key influential factors.

Cross-Impact Balance analysis
An assessment of socio-techno-economic systems 
requires approaches which can deal with both quan-
titative and qualitative factors. Cross-Impact Balance 

analysis (CIB) is a suitable approach in such contexts 
[11]. CIB has proven its strength in manifold studies 
focusing on analyses of systems consisting of different 
kinds of political, societal and economic factors [8, 12].

Usually, after defining system under consideration CIB 
analysis is conducted in four steps.

1.	 Identifying relevant descriptors: First, the key factors 
influencing the system are identified and referred to 
as “descriptors” [13]. Depending on the system and 
the type of scenarios, users employ qualitative and/
or quantitative descriptors, but a minimum of two is 
required [14, 15].

2.	 Defining states for each descriptor: For each 
descriptor, a range of states or attributes is defined, 
which represent the spectrum of possible future 
developments [8]. Scales such as "high/medium/
low” [14] can be used alongside more descriptive 
states that represent the type of transportation 
mode choice (e.g., bicycle, public transport, private 
motorized vehicles). States should account for 
uncertainties regarding future developments of 
the system and should, therefore, be selected with 
precision [16].

3.	 Evaluating the cross-impacts: In this step, a 
cross-impact matrix is used to examine how the 
progression of one state affects that of another. The 
evaluation is usually carried out on a 7-point scale, 
ranging from −3 (strongly hindering influence) to + 3 

Fig. 1  Network of relevant factors. Remarks: Grey: factors with high relevance for the mobility transition of the regions and being linked with inherent 
dynamics
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(strongly promoting influence) [11]. Evaluating 
cross-impacts is crucial and involves understanding 
system interconnections.

4.	 Identifying consistent scenarios: Previously defined 
consistency criteria serve as a benchmark to verify 
the internal coherence of the scenarios [8]. The 
CIB algorithm searches the scenario space (pace 
of possible context futures) and filters consistent 
scenarios [15]. Consistent scenarios feature 
descriptor states that support each other, creating a 
plausible and coherent vision of the future [17, 18].

Steps 1 to 3 require intensive data collection and prepa-
ration. This can be achieved by including expert adjust-
ments and literature analysis, although the sources for 
each step may differ. To avoid overloading the system, 
each step requires careful selection and narrowing of 
information. In section  "Implementation" we describe 
the process of data acquisition and consolidation in more 
detail.

Network analysis
CIB approaches usually focus on interactions involving 
20 to 25 descriptors. To fulfil this requirement, candi-
dates for relevant factors must be scanned and, if pos-
sible, clustered. In this study, we employed a network 
analysis approach to identify relevant factors and their 
interlinkages, as well as to provide information on the 
possible clustering of these factors. Network models offer 
an opportunity to conduct structured network analy-
ses and examine the relationships and structures within 
multidimensional systems [19]. They enable the repre-
sentation of complex interconnections between actors, 
factors and framework conditions (termed 'nodes') and 
the consideration of the relationships ('edges') between 
these nodes within a network. Such analyses can pro-
vide insights into a system's dynamics by considering the 
strength of these relationships and the position of actors 
within the network (e.g. central versus peripheral) [20].

Network models are widely used in network analysis to 
visually represent and study relationships and structures 
within complex, multidimensional systems, typically por-
traying system components as nodes and their intercon-
nections as edges. However, the layout of the model was 
designed without enforcing a strict hierarchical or chron-
ological structure; rather, the elements were positioned 
to enhance the readability and comprehensibility of the 
resulting network. In line with the core principles of 
CIB, the edges connecting elements within the network 
model are depicted as either unidirectional or mutual. 
This visualization is a very helpful preparatory step, offer-
ing a broad overview of the system before a more focused 
analysis of pairwise interactions is performed, as in CIB 
analysis.

Implementation
Pre -collection of relevant factors
Mobility choices are influenced by a variety of factors, 
including personal preferences, structural conditions and 
external influences, such as political measures or tech-
nological developments. The use of motorized individ-
ual traffic (MIT) can be influenced by costs, travel time, 
comfort and habits. Private vehicles offer high flexibility 
and convenience, particularly for work-related travel and 
in rural areas where public transport options are limited 
[21]. Regardless of the mode of transport, shorter travel 
times are preferred, with transfer times, frequency and 
walking distances potentially extending public trans-
port travel times [22]. Strict parking regulations or high 
parking fees may encourage people to switch to alterna-
tive modes of transport [23, 24]. Batur et al. show that 
education and age significantly influence environmental 
awareness and thus the choice of sustainable modes of 
transport [25]. Younger generations and individuals with 
higher qualifications often demonstrate a stronger envi-
ronmental awareness, which increases their willingness 
to share transportation or utilize autonomous vehicles 
[25]. Overall habits also contribute to this, as people 
who are accustomed to travelling by car are less likely to 
change their mode of transport [24, 26].

However, high expenses for the purchase and main-
tenance of a car make public transport a cheaper alter-
native for many people [24]. Since the Germany ticket 
was introduced in 2023, monthly costs for public trans-
port have been capped at 49 euros per person [27]. In 
comparison, the maintenance and use of a car incurred 
monthly costs between 190 and 960 euros [27]. This 
does not apply to financially fortunate people as this 
group prefers convenience over costs, further deepen-
ing social inequalities [28]. External factors, such as the 
COVID-19 pandemic, have also impacted the selection 
of transport modes in recent years [24]. Studies suggest 
a shift from public transport to MIT due to an increased 
need for safety or a reduced demand for recurring trips 
[24]. At the same time, the importance of shared micro-
mobility offerings, such as electric scooters or e-bikes, 
has grown [29]. In the context of structural changes, the 
role of energy supply should not be underestimated. Ris-
ing energy prices could make MIT use less attractive and 
increase demand for energy-efficient alternatives. At the 
same time, widespread availability of charging stations 
could make the use of electric vehicles and thus individ-
ual transport more attractive.

At present, MIT usage is predominant in this region 
[30]. At the same time, a growing awareness of the need 
to change the modal split in favor of more sustainable 
means of transport can be seen [31]. While the expansion 
of public transport and the promotion of cycling show 
potential to break MIT dominance, regional concepts 
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show ways in which these developments can be imple-
mented in practice. They envision multimodal hubs that 
simplify switching between transport modes and link 
rural areas like Linnich and Hueckelhoven with urban 
centers such as Cologne and Duesseldorf [32].

The rise of e-mobility is crucial for developing a 
robust charging infrastructure, particularly for tourism 
[31]. However, it is not a complete solution due to chal-
lenges like building adequate infrastructure and manag-
ing network load [33]. A holistic approach is therefore 
necessary for a successful mobility transition. In addi-
tion to infrastructural measures, mobility management 
is seen as crucial for change. Effective public relations 
work that informs the population about new mobility 
options and promotes corporate mobility management 
contributes to the acceptance and use of sustainable 
means of transport [34].

The identification and consolidation of influential fac-
tors relevant for possible futures of mobility in the con-
text of the selected region was conducted through a 
multi-stage process. This process encompassed the eval-
uation of existing concept papers, an expert workshop, 
and literature research. This method-mix ensures that 
both practically relevant and scientifically founded per-
spectives were integrated into this analysis.

In the initial step, central strategy and concept papers 
developed by regional and supra-regional stakehold-
ers were examined. These documents contained specific 
objectives and measures in the context of the transfor-
mation of the mobility system within two subregions 
(Kreuzau and Euskirchen), as well as the intercommunal 
project Indeland and a study on the region a whole entity 
(Raumstrategie 2038+) [5, 31, 32].

To identify key themes and overlaps, the documents 
were reviewed to compile a preliminary list of themes 
representing key topic field framing developments in the 
region. The list includes in total of seven thematic blocks, 
each of which was addressed in at least two of the exam-
ined concept papers (Table 1). This aligns with methods 
discussed in the sources where descriptors (key factors) 
are identified through expert input, literature, and analy-
sis of existing information, often leading to a structured 
set of themes or factors for further study.

The factors were validated and supplemented through a 
workshop and extensive literature research. This method 

aimed to ensure the factors were empirically relevant and 
scientifically supported. For the workshop, the Future 
Wheels method.1 served as the foundational tool for 
identifying central influential factors and structuring 
subsequent discussions.

The workshop was attended by experts from academia 
and local authorities. The participants were involved in 
the project “RHIVAS – Model-Based Analysis of Trans-
portation and Energy Infrastructure for Successful Struc-
tural Transformation in the Rhineland Mining Region” 
either as researchers or stakeholders, and therefore had 
in depth experiences of dealing with the topic.

The outcomes from the workshop were manually docu-
mented by both participants and facilitators. To evalu-
ate the workshop results, two distinct methodological 
approaches were applied: Thematic Analysis (bottom-up) 
and Pre-Defined Categories (top-down). The bottom-
up approach involved identifying overarching themes 
from the qualitative data to derive potential descriptors. 
Conversely, the top-down method structured and evalu-
ated the results using a set of already defined descrip-
tors. These findings were subsequently presented and 
discussed within the project framework. Complemen-
tary to the workshop findings and insights from concept 
papers discussed previously, a comprehensive literature 
review was undertaken (see Tab. 7 in the Appendix). This 
research aimed to provide scientific grounding for the 
identified factors and uncover additional relevant influ-
ential variables. The results served to supplement the 
factors identified through the preceding steps and con-
currently formed the essential foundation for the subse-
quent assessment of interactions within the CIB analysis.

Descriptors, their states and interlinkages
With expert support, we summarized the information 
from the network assessment and defined the descrip-
tors for the CIB analysis. To enable the results to be used 
in further energy-policy-related studies, the factors were 
selected with interfaces with energy-system-related fac-
tors, such as electricity demand and prices, taken into 
account. To delineate the scenario space and operation-
alize descriptor states, a baseline status quo was estab-
lished for each state. This status quo serves as a reference 
point for defining the alternative future states associated 
with each descriptor.

The Rhenish mining area consists of subregions that 
differ in terms of characteristics such as population den-
sity and economic structure. These differences are con-
sidered by using subregion-specific manifestations of 
descriptor states. Therefore, the states differ between 

1 Future Wheels Method: A brainstorming technique starting with the 
definition of a central change, followed by the identification of direct (first 
order), indirect (second and third order) consequences within the group. 
Finally, the consequences are evaluated [97].

Table 1  Thematic blocks
• Mobility [1, 2, 3, 4, 5]

• Public Transport [1, 2, 3, 4, 5]

• Walking and Cycling [1, 2, 3, 4, 5]

• Sustainability and Climate[1, 2, 3, 4, 5, 6]

• Regional De-
velopment and 
Cooperation [3, 4, 5]

• Energy and 
Hydrogen [3, 4, 6]

• Other Aspects 
[1, 2, 3, 4, 5]

Sources: [1] [30], [2] [31], [3] [5], [4] [4], [5] [32], [6] [35]
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sub-regions, reflecting the existing economic structures 
of the subregions, as well as the potential for infrastruc-
ture development. These differences enable us to con-
sider the heterogeneity of the consequences of policies 
and developments in the region.

At this point, it is important to understand the differ-
ence between 'measures' and 'context'. In principle, mea-
sures are factors that can be set by stakeholders, whereas 
context encompasses all the factors that frame the selec-
tion and effectiveness of measures. Empirical examples 
show that the outcome of the interaction between mea-
sures and contexts can have retroactive effects, resulting 
in adjustments to the measures, for instance. It should 
also be mentioned that measures at a higher level (e.g. 

national level) usually serve as the context for lower lev-
els (e.g. subregions). In our study, climate change policy 
is an example of such a measure. At regional or subre-
gional level, climate change policy is part of the context, 
as is population growth at national level (see Table 2) (see 
Tab. A7 in the Appendix).

Alternative states were extracted from the literature 
and expert adjustments (see Tab. 7 in the Appendix). 
Where data availability and the nature of the descriptor 
permit, these states are quantified to provide empirical 
grounding for potential future developments.

Interaction assessment between descriptors is a fun-
damental component of the CIB. This involves evaluat-
ing the interdependence between various factors within 

Table 2  Descriptors and their possible states
Descriptor States Category

National 
level

Regional 
level

Sub-
re-
gional 
level

A General climate policy Unchanged targets Weakened 
targets

Tightened 
targets

MP C C

B General Hydrogen price and availability Low price and large quantity High price and low quantity C C C

C Population growth in the region Stagnates Rises C C C

D Rural–Urban development Predominantly urban areas 
grow

Predominantly rural areas grow (C) (C) (C)

E Living concept Sustainable neighborhoods Conventional multi- and single-
family houses

D D D

F Heat-pump-driven household electricity 
demand

Moderate High R R R

G EV-driven household electricity demand Moderate High R R R

H Home office use Low High (MHH) (MHH) (MHH)

I Work-related traffic Decreases Increases D D D

J Non-work-related traffic Decreases Increases D D D

K Use of carsharing Low High (MHH) (MHH) (MHH)

L MIT use (except carsharing) Unchanged Increased (MHH) (MHH) (MHH)

M Expansion of cycle paths Restrained Progressive MP MP MP

N Expansion of public transport Restrained Progressive MP MP MP

O Public transport ticket price Cheap Expensive (C) (C) (C)

P Expansion of public charging points Restrained Progressive MP MP MP

Q Electricity price at charging stations Cheap Expensive R R R

R Expansion of H2 fuel stations Restrained Progressive R R R

S H2 price at fuel stations Cheap Expensive R R R

T Mobility concepts Not coordinated Coordinated MP MP MP

U Local response to energy infrastructure 
expansion

Resistance Acceptance C C C

V Local response to road network expansion Resistance Acceptance C C C

W Local response to rail network expansion Resistance Acceptance C C C

X Tourist traffic Low High MP MP MP

Y Increase in H2 demand in industry Low High R R R

Z Energy-intensive industry Decrease Increase MP MP MP

ZA Driving technology for trucks Trend to H2 trucks Trend to battery trucks C C C
Mp Measure; descriptor’s state set by policy, (Mp): Measure; descriptor’s state set by policy whereas the descriptor is impacted other factors, (Mhh): Measure; 
descriptor’s state set by households whereas the descriptor is impacted by other factors, C Context; descriptor’s state impacts other descriptors significantly without 
being impacted, (C) Context; descriptor’s states reflect framework, whereas descriptor’s state is partially impacted by other context descriptors, D Descriptor is 
strongly impacted by other descriptors by impacting strongly other descriptors, R Results; descriptor with low or no impacts on others
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a complex system. Specifically, it involves judging how 
the state of one descriptor influences the potential future 
state(s) of another descriptor. In this study, we adopted 
the standard CIB approach, assessing interlinkages 
using a scale ranging from −3 (strongly restrictive) to + 3 
(strongly promotional) [11].

The cross-impact matrix which represents all evalu-
ated cross-impacts, as well as the sources used to assess 
the interdependencies, is shown as Tab. 11 in the Appen-
dix. The table shows relatively high connections between 
factors. Since, it difficult to identify context factors that 
aren’t impacted by other descriptors, in addition to the 
standard categorization of descriptor into “contexts”, 
“measures” and “results” we introduce new categories of 
descriptors describing descriptors with states partially 
impacted by other context descriptors, and descriptor 
being strongly impacted by other descriptors whereby 
simultaneously impacted strongly other descriptors.

Drill-down approach
In principle, subregions differ with respect to underlying 
economic, societal and technological structure. Hence, 
conclusions on impacts of measures as well as develop-
ments on regional or national levels can only be applied 
subregions to a limited extent.

To assess possible developments at the subregional 
level, caused by changes on national or regional level, we 
distinct between three different types of descriptors:

Type 1: Descriptors whose states are universally 
applicable, i.e., have the same effect across all 
subregions.
Type 2: Descriptors with states expressed as 
percentage changes, which, when combined with 
subregion specific stock levels, end up in different 
absolute terms and thus, can be used for describing 
heterogeneity in the impacts on the subregions.
Type 3: Descriptors whose states’ manifestations 
differ by subregion. As example, depending on the 
subregion, a “High” of the descriptor “EV-driven 
household electricity demand” can mean an increase 
to 45% whereas in another subregion “High” stands 
for increase to 90%.

In our case study, as examples the descriptors "A General 
climate policy", "B General H2 price and availability" and 
"Q Electricity price at charging stations" belong to the 
first type of descriptors, the descriptors "C Population 
growth in the region", "F Heat-pump-driven household 
electricity demand" as well as "H Home office use" to the 
second, and the factors "D Rural–Urban development", "E 
Living concept" and "G EV-driven household electricity 
demand" to type of descriptors with subregional specific 
concretizations of states (see Tab. 9 in the Appendix).

In our case study, we describe subregions by using 
information of the different descriptors types whereas 
states of type 2 descriptors are scaled up by using infor-
mation on subregion-specific characteristics of stocks 
(such number of inhabitants and number of buildings) 
and type 3 descriptors are considered with their subre-
gional-specific manifestation of the states.

While type 2 descriptors of category support applica-
tion of the region-based CIB approach flexible for anal-
ysis of in manifolds subregional contexts, the fixing of 
manifestations of states for subregions (type 3 descrip-
tors) limits the application for other contexts.

The information gained by the subregional CIB analy-
ses can serve as input for further research. In particular, 
it can be used as input factor for additional tools. Exam-
ples for such an approach are demonstrated by Pregger et 
al. [10] and Vögele et al. [36]. In these studies, descriptors 
states are translated into quantitative figures which after-
wards used as input factors in techno-economic models. 
In this context, a soft-linking approach2 is particularly 
suitable, as it allows individual aspects—such as the sup-
ply and demand for energy—to be examined in greater 
detail without 1) requiring socio-economic factors to be 
firmly integrated into the model and 2) being flexible to 
apply the tools for assessments of different case studies.

The provision of consistent setting of states in com-
bination with concrete quantifications of the states can 
support.

 	– accurate assessment of impact of policy measure 
on subregions by taking subregion-specific socio-
techno-economic context such as possibility for 
modifications of public transport or changes in 
tourism into consideration or constraints (and needs) 
for a transformation of local energy systems and

 	– serve as starting point for participations processes.

Results
In the following, we apply our approach to identify set-
tings that are internally consistent. In doing so, we dem-
onstrate both the results of the interaction between 
various factors (incl. contexts and measures) and the 
range of possible developments (Fig. 2).

Scenario selection
In total, we identified 129 consistent scenarios that rep-
resent possible futures. In the following, we examine sce-
narios associated with different climate change policies 
to identify the policies' associated constellations.

2 “Soft linking” means that results are transferred from one model to another 
without a fixed connection between the models. The results are therefore 
only transferred when the modeler takes action [98].
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Regarding the interpretation of the results, it should be 
noted that, since the CIB focuses on consistent scenarios 
resulting from a system with feedback loops, the setting 
of the descriptors' states can be both a precondition and a 
result of the policies.

Results on regional level
Table 3 shows the selected results for the different poli-
cies. To account for the impact of changes in population, 
we distinguish between scenarios with and without sig-
nificant population growth.

In Table  3 we focus on the distribution of descriptor 
states. In principle, the distribution of descriptors' states 
does not allow us to draw conclusions about probabili-
ties. However, if a descriptor's state does not appear in 
the resulting set of descriptor states, then it is unlikely 
that the corresponding scenario is linked to that state. 
However, if a descriptor state dominates, we can con-
clude that there are more consistent settings with that 
descriptor state than with an alternative state.

In the example of stagnating population growth and 
weakened climate change policies, all descriptor states 

Table 3  Distribution of descriptors ‘ states in different scenario settings
Weakened targets Unchanged targets Tightened targets
State 1 State 2 State 1 State 2 State 1 State 2

Population 
growth: 
Stagnation

K Use of carsharing low: 12% high: 89% low: 37% high: 63% low: 0% high: 100%

N Expansion of public transport restr.: 46% progress.: 54% restr.: 53% progress.: 47% restr.: 0% progress.: 100%

P Expansion of public charging points restr.: 35% progress.: 65% restr.: 32% progress.: 68% restr.: 0% progress.: 100%

Q Electricity price at charging stations cheap: 31% expensive: 
69%

cheap: 68% expensive: 
32%

cheap: 
100%

expensive: 0%

R Expansion of H2 fuel stations rest.: 92% progress.: 8% rest.: 58% progress.: 42% rest.: 20% progress.: 80%

S H2 price at fuel stations cheap: 15% expensive: 
85%

cheap: 42% expensive: 
58%

cheap: 70% expensive: 30%

U Local response to energy infrastruc-
ture expansion

resist.: 62% accept.: 39% resist.: 63% accept.: 37% resist.: 35% accept.: 65%

W Local response to rail network 
expansion

resist.: 46% accept.: 54% resist.: 53% accept.: 47% resist.: 0% accept.: 100%

Population 
growth: 
Increasing

K Use of carsharing low: 46% high: 54% low: 71% high: 29% low: 60% high: 40%

N Expansion of public transport restr.: 69% progress.: 31% restr.: 57% progress.: 43% restr.: 0% progress.: 100%

P Expansion of public charging points restr.: 6% progress.: 94% restr.: 7% progress.: 93% restr.: 0% progress.: 100%

Q Electricity price at charging stations cheap: 46% expensive: 
54%

cheap: 93% expensive: 7% cheap: 
100%

expensive: 0%

R Expansion of H2 fuel stations rest.: 97% progress.: 3% rest.: 79% progress.: 21% rest.: 20% progress.: 80%

S H2 price at fuel stations cheap: 6% expensive: 
94%

cheap: 21% expensive: 
79%

cheap: 67% expensive: 33%

U Local response to energy infrastruc-
ture expansion

resist.: 80% accept.: 20% resist.: 71% accept.: 29% resist.: 27% accept.: 73%

W Local response to rail network 
expansion

resist.: 69% accept.: 31% resist.: 57% accept.: 43% resist.: 0% accept.: 100%

Fig. 2  Drill-down approach. Remarks: Grey arrows: Combination with information on subregional-specific stocks. Dotted arrows: subregional-specific 
data
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are possible. In the setting with unchanged policy, no 
state can be excluded either. Scenarios with tightened cli-
mate policy targets are essentially associated with expan-
sions of car-sharing, public transportation systems, and 
public charging systems. Assuming population growth, 
the results change. In the case of weakened policy tar-
gets, the share of scenarios with an expansion of public 
charging states increases. Additionally, more scenarios 
are aligned with the expansion of public charging sta-
tions. Unlike the set of scenarios with unchanged poli-
cies, the share of scenarios with low electricity prices also 
rises. In the set of scenarios with tightened targets, the 
share of scenarios with an increase in electric mobility 
rises, resulting in reduced car-sharing.

 Results on subregional level
Using subregion-specific definitions of states enables us 
to describe developments at the subregional level. Tab. 
4 shows examples of the realization of descriptor states 
at the subregional level, which differ by subregion. “Kreis 
Euskirchen” serves as an example of a rural area, whereas 
“Städteregion Aachen” stands for a predominantly urban/
non-rural3 subregion.

The results are achieved by using the states of type 1 
descriptors’ as factors and scaled states of type 2 descrip-
tors as general framework for the system. For the scaling 
we linked the states of type 2 descriptor with structural 
information. As example we linked “Population growth” 
with the number of inhabitants and “Changes in electric-
ity demand for heat pumps” with number of households. 
Subregion-specific manifestations of descriptor states 
(type 3) complement the systems under consideration.

3 Predominantly urban is used by Eurostat as classification for NUTS level 
3 regions where more than 80% of the population live in urban clusters 
[99]. Non-rural is classification used by Thünen Institute for distinguishing 
regions [42].

In the selected examples, high car-sharing usage means 
that the share of car-sharing in rural areas increases to 
0.35%, whereas in urban areas, 1% is expected. More sig-
nificant are the differences in the shares of households 
with private charging infrastructure. According to this 
aspect, we expect a higher potential in urban areas than 
in city/urban areas, resulting from the availability of roof-
based PV.

Table 5 shows how developments at the upper lev-
els impacts development at the subregional level. In the 
present example, we focus on the impact of an increase 
in work-related and non-work-related traffic, as well as 
EV-driven household electricity demand, which serves as 
an indicator of the combination of e-mobility and private 
charging infrastructure. As expected, climate policy and 
changes in the number of inhabitants significantly impact 
the promotion or restriction of increases in traffic. The 
impact of these descriptors differs by subregion due to 
subregion-specific action options. For example, trends 
toward higher growth in rural subregions are linked 
with an increase in traffic unless more home office work 
is a significant option. In addition to this less surprising 
result, our analysis shows that in urban areas, tightened 
climate change policies result in lower private electric car 
charging usage than under an unchanged policy, since 
an increase in public charging stations and expansion of 
public transportation are realized.

As mentioned, some descriptor states can be set be 
stakeholder (in particular by municipal governments). In 
Table 6 we take closer look on contexts and other factors 
impacting the corresponding descriptors. As examples 
we chose “N Expansion of public transport”, “T Mobility 
concepts”, and “Z Energy-intensive industry”. We assume 

that municipal governments can decide on the realiza-
tion of states of these descriptors.

Table 4  Example for manifestation of descriptors ‘ states on subregional level
Tightened targets Region Subregions

Rural Region
(Example: “Kreis Euskirchen “)

City/Urban Region
(Example: “Städtere-
gion Aachen”)

Population 
growth: 
Stagnation

K Use of carsharing: Share on modal split High 0.35% in 2030 (0.1% p.a.) 1% (2030)

G EV-driven household electricity demand: Share of 
households with private charging infrastructure

Low 60% (2045) 30% (2025)

P Expansion of public charging points High 58 MW (2045) 225 (MW)

Z Energy-intensive industry Low/high 
increase

3 new large industry projects/9 
projects

2 new large industry 
pro-jects/7 projects

Population 
growth: 
Increase

K Use of carsharing: Share on modal split Low/high*  < 0.35%/> 0.35% (2030) 0.8%/1% (2030)

G EV-driven household elec-tricity demand: Share of 
Households with private Charging infrastructure

Low/high 60%/90% (2045) 30%/45% (2025)

P Expansion of public charging points High 58 MW (2045) 225 (MW)

Z Energy-intensive industry low/high 
increase

3 new large industry pro-jects/9 
projects

2 new large industry 
pro-jects/7 projects
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According to the information provided in the Cross-
Impact Balance matrix, these descriptors are directly 
influenced by factors which are themselves impacted, for 
instance, by factors including contextual factors as well 
as realized states of other “measure”- descriptors. In the 
case of the specification of a “Expansion of public trans-
port” the measure selection will be impacted by the man-
ifestations of “General climate policy”, “D Rural–Urban 
development”, “Mobility concepts” as well as “Local 
response to rail network expansion” and “Tourist traffic” 
whereas, for instance, “Tourist traffic” will be impacted 
by the context descriptor “General climate policy”.

The results thus support the notion that a linear rela-
tionship between context, intervention and outcome is 
often absent and that feedback loops and interactions 
necessitate anticipation of the need for readjustment. 
Accordingly, interventions should be designed to allow 
for this.

All in all, our scenarios provide insights into the 
impacts of policy measure and changes in contexts in 
complex systems by ensuring consistency within the sys-
tems. The scenarios underline the openness of future and 
thus, the need to be ready for possible adjustments of 
policies.

Discussion
Practical implications
Current concepts for the region usually point to a con-
tinuous, but not radical, transformation. More or less 
these concepts correspond to our “Climate change pol-
icy—Unchanged targets” scenarios. The focus of the spa-
tial strategy 2038 + on a climate-neutral model region [4] 
supports the strengthened climate goals of the scenarios 
belonging to “Climate change policy—Tightened targets”. 
The concept indicates a high-performance public trans-
port system, which is assumed to be the best case.

Some concepts reveal aspects that could correspond 
with our scenarios “Climate change policy—Weakened 
targets”, as they highlight MIT dominance [30]. Gaps 
in the cycle path network could indicate stagnation or 
declining expansion [30]. While climate-friendly trans-
port is addressed [31], the necessity of many measures 
points to possible implementation difficulties due to lack 
of coordination, similar to the stagnation in the scenarios 
“Weakened targets”. Resistance against certain measures 
corresponds to the local rejection of railway network 
expansion [31].

The analyzed concept papers, in comparison to 
the developed CIB scenarios, exhibit a narrower 
focus on specific sectors or regions within the Rhen-
ish mining area, while the scenarios adopt a broader, 

Table 5  Impact on states “increase”

Corresponding to the standard CIB approach, e.g. −3 means strong restriction and +3 strong promotion by one factor or proportional support by several factors. In 
this example the numbers reflect the impacts on descriptors’ specific states “increase”

Table 6  Impacts on “Measures”
A General climate 
policy
D Rural–Urban 
development
T Mobility concepts
↓

T Mobility 
concepts
↓
W Local 
response to 
rail network 
expansion
↓

A General climate policy
J Non-work-related traffic
M Expansion of cycle 
paths
T Mobility concepts
↓
X Tourist traffic
↓

A General climate policy
C Population growth
D Rural–Urban development
N Expansion of public 
transport
T Mobility concepts
↓
E Living concept
↓

A General climate policy
D Rural–Urban development
T Mobility concepts
W Local response to rail 
network expansion
X Tourist traffic
↓
N Expansion of public 
transport
↓

A 
General
climate 
policy
↓

B Gen-
eral 
H2
price 
and 
avail-
ability
↓

N Expansion of public transport T Mobility concepts Z Energy-inten-
sive industry

Bold: Descriptor of the category “Measures”
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mobility-centric perspective. Furthermore, they focus on 
different time horizons ranging from 2030 to 2045. It is 
notable that the concept papers tend to ignore negative 
development directions and strive for a more desirable 
future paths, lacking proposals to counteract undesirable 
developments, although challenges such as acceptance 
problems are mentioned. The developed cross-impact 
matrix serves to specify as many aspects of structural 
change as possible through descriptors and their states.

With regard to positioning within the research context 
and starting from the central theme of structural change, 
relevant parallels can be identified with the Lausitz 
region, another region experiencing profound transfor-
mations due to the exit from coal mining [37]. While this 
study focuses on structural change and the role of inte-
grated mobility concepts for reducing MIT, Heer et al. 
[37] investigate the development of guiding principles as 
orientation for regional decision-making in the context of 
the coal exit in the Lausitz region. The concepts of guid-
ing principles and integrated mobility concepts can be 
understood as strategic orientation frameworks that are 
relevant in similar transformation contexts. The insights 
from Heer et al. [37] on the importance of participatory 
processes and the requirement for acceptance of future 
visions are also relevant for the mobility transformation 
in the Rhenish mining area. A potential research gap 
could therefore be seen in a more detailed analysis of the 
link between regional identity change in the region and 
the acceptance of new mobility concepts, an aspect that 
plays a role in comparable studies. Providing a tangible 
application case can leverage uncertainties and offer con-
crete guidelines for future developments. Our approach 
can serve as example for an that addresses such aspects.

The “Wirtschafts- und Strukturprogramm”, visualizes 
a model region for a successful structural change, which 
is achieved through a common, integrative approach 
[38]. In the sense of the negative extreme scenario, the 
program addresses measures for quality assurance, 
monitoring, and evaluation as well as a reference to risk 
management [38], but no detailed measures for directly 
counteracting risks or large deviations. Therefore, a pos-
sible expansion of the research approach chosen here 
could be the stronger consideration and concretization 
of uncertainty factors that go beyond the specific context 
of structural change (or transition) to further increase 
the robustness of the developed scenarios. Both national 
as well as international political developments represent 
appropriate and important uncertainties that should be 
more comprehensively illuminated and discussed in the 
transformation process.

Research gaps can thus be closed, as the presented CIB 
approach provides a more detailed analysis of the specific 
challenges and potentials of the mobility transformation 
in the regional and subregional context. While Heer et 

al. [37] investigate the development of guiding principles 
and the described program represents an overarching 
framework [38], our study addresses the concrete role 
of integrated mobility concepts in the reduction of MIT 
in a region strongly affected by the coal phase-out. This 
includes the consideration of specific infrastructural, 
economic, and social factors of the underlying complex 
system.

In our study we showed how CIB being implemented 
for a region can be modified and applied for assessment 
on subregional level. Network analysis supports the 
selection of relevant descriptors, their possible states and 
the interactions between them. Hence, it serves as a help-
ful pillar for being able for conduction the CIB analysis.

Of course, the selected approach can be used for 
assessment of policies as well as changes in contexts in 
other regions consisting of heterogenous subregions and 
being coped with structural changes. Type 2 and type 3 
descriptors can be used to easily assess subregional-level 
developments and could be implemented in standard 
CIB approaches with low effort.

Like in the Rhenish mining area usually effects of pol-
icy measures on regional or subregional are assessed by 
conducting socio-economic studies with different kinds 
of participation processes including employing partially 
techno-economic models as starting point for participa-
tion processes (see e.g., [39–41]).

As mentioned, application of CIB supports the identi-
fication of consistent socio-techno-economic scenarios 
taking perspective of different stakeholders into consid-
eration and thus, enables to assess impacts of policies on 
complex systems consisting of qualitative and quantita-
tive elements.

Limitations
Although a versatile and useful instrument for the analy-
sis of complex systems, the method exhibits several limi-
tations. A central criticism concerns the considerable 
resource requirements necessitated by conducting a CIB 
analysis, which inevitably leads to an aggregated consid-
eration of the system and can therefore not seen as sub-
stitute for in-depth research [11]. Moreover, the principle 
of consistency, upon which the CIB method is based, also 
entails potential limitations. By focusing on internally 
consistent scenarios, there is a risk of potentially fruitful 
visions, which include inconsistent factor configurations, 
being excluded [8]. Despite its systematic approach, 
the CIB method cannot eliminate subjective elements. 
One's own worldview and that of all participants sig-
nificantly influence the compilation of descriptors and 
the interpretation of results and can ultimately lead to 
specification errors or neglecting scenarios [13]. This 
became particularly clear through the absence of states 
expressing decline in the scenarios. Although the method 
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increases overall objectivity through changing perspec-
tives, research bias and subjective expert assessments can 
distort the results [8]. Lastly, quantitatively harmoniz-
ing differing opinions on identical relationships is com-
plex and not easily achievable. Therefore, it is important 
to emphasize that the CIB method is not a substitute 
for quantitative analyses or independent research. It is 
primarily suitable for processing qualitative informa-
tion that is unsuitable for quantitative modeling and for 
a starting point for deeper analyses. Adequate mapping 
of temporal complexity is particularly critical to consider. 
The project objective strongly depends on a set timeline, 
and the results are to be presented in three anchor years. 
However, disruptions, delays, and fluctuations are diffi-
cult or impossible to capture [14].

Further research
The results showed that the effectiveness of integrated 
mobility concepts significantly depends on a support-
ive overall societal and political framework conditions 
resulting from the interplay of contexts and measures. 
Further studies could therefore investigate how such a 
context can be created and maintained, for example, 
by analyzing acceptance factors in the population, the 
influence of political control mechanisms, or the role 
of public relations. A more detailed consideration 
of the strategic implementation of integrated mobil-
ity concepts could also contribute to maximizing the 
opportunities for a sustainable mobility transition in 
the region.

All in all, CIB analyses can be seen as an impor-
tant starting point for carrying out consistent scenario 
which can serve as starting of further activities includ-
ing stakeholder consulting processes or techno-economic 
analyses.

Conclusions
In our study, we presented an example of how to create 
possible development paths for a region with subregions 
in a structured way, taking into account a variety of fac-
tors and using different sources of information including 
factors individual stakeholders are interest in. Method-
ologically, we demonstrated that CIB analysis in combi-
nation with network analysis can be readily employed for 
drill-down analyses, considering, for instance, the differ-
ential impact of policy measures on subregions. Thus, it 
became apparent that the limitation of CIB analysis to a 
small number of descriptors does not have to constrain 
the analysis of complex systems.

Based on the results of the developed scenarios, it can be 
concluded that integrated mobility concepts can assume 
a significant, albeit conditional, importance. Their ability 
to make a substantial contribution is significantly linked 
to the presence of certain promoting framework condi-
tions, while their effect remains limited under the influence 
of inhibiting factors. Broad societal acceptance of these 
changes, particularly the development of the rail network, 
and structural changes that reduce individual mobility 
demand, reinforce this effect.

Given the limitations of the CIB method, especially 
regarding the mapping of temporal complexity and poten-
tial subjective influences, complementary quantitative 
analyses and the development of dynamic models could 
provide valuable insights for more detailed and robust 
futures research in the field of mobility in the region.

Accompanying research can unravel the impacts of 
these projects on the regional economy, the labor market, 
and the social structure. Furthermore, the effectiveness 
of relevant stakeholders, in the governance and coordina-
tion of structural change and the engagement of various 
stakeholders should be investigated.

Appendix

Table 7  Network-analysis: factors
Factors Description Type of source*
Acceptance of new means of transport Creation of practical alternatives to cars in order to increase acceptance of new modes of 

transport
C, R, W

Expansion of public transport Expansion of the public transport network and local rail passenger transport (SPNV), 
especially in terms of frequency, connections, and networking

C, R, W

Accessibility Expansion of accessibility throughout the entire municipal area is necessary to ensure 
participation in mobility

C, R

Participation of the population Active involvement of the population in the planning process and raising awareness of 
sustainable mobility

C, W

Energy demand Population growth and structural change results in changes in energy demand C, W

Land development and logistics Integration of logistics concepts and the development of commercial and industrial 
areas into mobility planning

C, W

Freight transport concepts Development of concepts for freight and goods transport that is compatible with the 
community, with the aim of reducing heavy goods traffic

C, W

Focus on innovation Promotion of innovations and technologies in the field of mobility R

Inter-municipal cooperation Coordination and cooperation with surrounding municipalities for networked mobility C, W
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Table 7  Network-analysis: factors
Factors Description Type of source*
Climate protection goals The need to reduce greenhouse gas emissions, which requires the development of low-

carbon and sustainable forms of mobility
C, R, W

Municipal planning & Prioritization Prioritization of eco-friendly transport (public transport > cycling > walking > motorized 
individual transport) in municipal planning

C, W

Charging infrastructure Expansion of the charging infrastructure for electric vehicles in public spaces C, R, W

Mobility management Operational, neighborhood, and school mobility management to promote sustainable mobility C, W

Multimodal mobility Linking different modes of transport and creating multimodal transfer points C, R

New forms of mobility Introduction of new forms of mobility such as car sharing, bike sharing, and on-demand 
transport

C, R

Public relations & communication Targeted public relations and mobility campaigns to raise awareness of sustainable mobility C, W

Parking space management Development of parking space concepts to reduce parking pressure in district centers C, R

Quality of public transport Quality of vehicles, stop facilities, digital information boards, and barrier-free access being 
relevant for the attractiveness of public transport

C, R

Cycling infrastructure Expansion and improvement of cycling infrastructure, including cycle paths, parking 
facilities, and uniform cycle routing

C, R, W

Spatial planning Plannings taking basic functions (living, working, education, leisure) into account to sup-
port short distances mobility

C, R, W

Motorized individual transport Share of motorized individual transport (MIT) in the modal split C, W

Eco-friendly transport Promotion of public transport, cycling, and walking as sustainable alternatives to motor-
ized individual transport

C

Road space management Adapting of road space design to the needs of all road users, especially eco-friendly transport C, R

Structural change Taking into account structural change caused by the phase-out of coal phase-out and its 
effects on the region

C, W

Energy infrastructure Phase-out of lignite will lead to changes in supply chains and voltage qualities C, W

Economy Political measures and the phase-out of lignite are leading to changes in the regional 
economic structure

C, W

Traffic safety Improving traffic safety C, R
Remarks: * (C) Concepts, (R) literature review, (W) workshop

Table 8  Comparison factors identified by network analysis and descriptor being used by CIB
Factors (Network-analysis) Corresponding Descriptors (CIB)
Accessibility
Participation of the population
Land development and logistics
Freight transport concepts
Inter-municipal cooperation
Municipal planning & Prioritization
Multimodal mobility
Public relations & communication
Parking space management
Quality of public transport
Spatial planning
Road space management
Eco-friendly transport
Traffic safety

Part of T Mobility concepts

Acceptance of new means of transport U Local response to energy infrastructure expansion
V Local response to road network expansion
W Local response to rail network expansion

Expansion of public transport N Expansion of public transport

Energy demand F Heat-pump-driven household electricity demand
Y Increase in H2 demand in industry

Focus on innovation ZA Drive technology for trucks

Climate protection goals A General climate policy

Charging infrastructure P Expansion of public charging points
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Table 8  Comparison factors identified by network analysis and descriptor being used by CIB
Factors (Network-analysis) Corresponding Descriptors (CIB)
Mobility management T Mobility concepts

New forms of mobility K Use of carsharing

Cycling infrastructure M Expansion of cycle paths

Motorized individual transport I Work-related traffic
X Tourist traffic
J Non-work-related traffic

Structural change D Rural–Urban development

Change in energy infrastructure R Expansion of H2 fuel stations

Economy Z Energy-intensive industry

Population growth C Population growth in the region

B General H2 price and availability
E Living concept
H Home office use
L MIT use (except carsharing)
Q Electricity price at charging stations
R Expansion of H2 fuel stations
S H2 price at fuel stations

Table 9  Classification of subregions of the “Rhenish mining area”
Kreis Düren Rhein-Erft-Kreis Kreis Eus-kirchen Kreis Heinsberg Städteregion 

Aachen
Mönchengladbach Rhein-Kreis Neuss Source

Rural Non-rural Rural Rural Non-rural Non-rural Non-rural [42]

Intermediate Predominantly urban Intermediate Intermediate Predominantly 
urban

Predominantly urban Predominantly urban

Table 10  Descriptors and their states
Kreis 
Düren

Rhein- 
Erft-Kreis

Kreis Eu-
skirchen

Kreis Heinsberg Städteregion 
Aachen

Mönchengla-
dbach

Rhein-Kreis 
Neuss

Sources for 
specification 
of descriptors

DEA26 DEA27 DEA28 DEA29 DEA2D DEA15 DEA1D

General climate policy

  • weakened targets The current climate protection targets are not being prioritized by politicians

  • unchanged targets Policy aims to archive current climate protection targets

  • tightened targets Policy aims to achieve climate protection targets earlier and thus, reduction measures will be extended 
or reinforced

General H2 price and availability [43]

  • low price and large 
quantity

Less than €7.88/kg H2 and more than 0.86 million tons of H2 per year available in North Rhine-Westpha-
lia for industry and mobility

  • high price and low 
quantity

Over €8.91/kg H2 and less than 0.86 million tons of H2 per year available in North Rhine-Westphalia for 
industry and mobility

Population growth in the region

  • stagnates 0% p.a

  • rises > 1% p.a

Rural–Urban development

  • predominantly urban 
areas grow

Growth: Urban areas + 5%, rural areas 0%

  • predominantly rural 
areas grow

Growth: Urban areas + 0%, rural areas 5%

Living concept

  • sustainable 
neighborhoods

In urban areas: 1.9% of flats and in rural area 0.5 are located in sustainable quarters

  • conventional multi- 
and single-family houses

In urban areas: 0.19% of flats and in rural area 0.05 are located in sustainable quarters
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Table 10  Descriptors and their states
Kreis 
Düren

Rhein- 
Erft-Kreis

Kreis Eu-
skirchen

Kreis Heinsberg Städteregion 
Aachen

Mönchengla-
dbach

Rhein-Kreis 
Neuss

Sources for 
specification 
of descriptors

Heat-pump-driven household electricity demand

  • moderate Share households using heat pumps: 30%

  • high Share households using heat pumps: 50%

EV-driven household electricity demand

  • moderate Percentage of households with private charging infrastructure 2045: Urban 30%, rural: 60%

  • high Percentage of households with private charging infrastructure 2045: Urban 45%, rural: 90%

Home office use [44]

  • low On average, employees work 0.5 working days per week from home

  • high On average, employees work one day per week from home

Work-related traffic

  • decreases higher unemployment rate (+ 0.2%) and hence, less work traffic

  • increases Lower unemployment (1%) and hence, more work traffic

Non-work-related traffic [45]

  • decreases More cultural offerings in the region, nearby educational institutions, shops, and local medical care will 
reduce the distance traveled for these purposes by around 10% compared to 2025

  • increases Due to fewer cultural offerings in the region, nearby educational institutions, shops, and local medical 
care, the distance traveled for these purposes will increase by about 5% compared to 2025

Use of carsharing [46]

  • low Increase: Less than 0.1%/year

  • high Increase: More than 0.1%/year

MIT use (except carsharing) [31, 47]

  • decreased MIT share in modal split decreases by 5.6% until 2030, decreases by 11.3% until 2038, decreases by 16.2% 
by 2045 in the Rhenish Region (according to region-specific results of the “Shift” scenario from Arnz and 
Krumm (2023), including a range of pull measures towards public and active transport)

  • increased MIT share in modal split stays constant overall years (constantly observed share across the last three 
“Mobilität in Deutschland” studies for Germany is around 57%)

Expansion of cycle paths

  • restrained Closing of gaps in cycle highways to urban centers and workplaces

  • progressive No closing of gaps in cycle highways to urban centers and workplaces

Expansion of public transport

  • restrained not defined in detail

  • progressive not defined in detail

Public transport ticket price

  • cheap Price increase less than 5% p.a,

  • expensive Prices increase more than 8% p.a,

Expansion of public charging points [48]

  • restrained 2045: 
95,738 kW

2045: 
82,812 kW

2045: 
32,845 kW

2045: 91,248 kW 2045: 
118,411 kW

2045: 
73,561 kW

2045: 
129,290 kW

  • progressive 2045: 
106,641 kW

2045: 
179,890 kW

2045: 
58,187 kW

2045: 95,123 kW 2045: 
225,704 kW

2045: 
98,118 kW

2045: 
163,574 kW

Electricity price at charging stations [43]

  • cheap Less than 0.55 Euro/kWh

  • expensive More than 0.55 Euro/kWh

Expansion of H2 fuel stations

  • restrained < 1 p.a < 0.8 p.a < 1.4 p.a < 0.7 p.a < 0.8 p.a < 0.19 p.a < 0.65 p.a

  • progressive > 1 p.a < 0.8 p.a > 1.4 p.a > 0.7 p.a > 0.8 p.a > 0.19 p.a > 0.65 p.a

H2 price at fuel stations [49]

  • cheap 350 bar: less than 13.75€/kg, 700 bar: less than 15.25€/kg

  • expensive 350 bar: more than 13.75€/kg, 700 bar: more than 15.25€/kg

Mobility concepts

  • not coordinated No change

  • coordinated One integration concept per district every two years
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Table 10  Descriptors and their states
Kreis 
Düren

Rhein- 
Erft-Kreis

Kreis Eu-
skirchen

Kreis Heinsberg Städteregion 
Aachen

Mönchengla-
dbach

Rhein-Kreis 
Neuss

Sources for 
specification 
of descriptors

Local response to energy infrastructure expansion

  • resistance Not defined in detail

  • acceptance Not defined in detail

Local response to road network expansion

  • resistance not defined in concrete numbers

  • acceptance not defined in concrete numbers

Local response to rail network expansion

  • resistance not defined in concrete numbers

  • acceptance not defined in concrete numbers

Tourist traffic [50]

  • Restrained < 529,470 
overnight 
stays p. a

< 1,145,718 < 719,521 < 222,000 < 1,326,040 < 318,269 < 779,144

  • Increased > 529,470 
overnight 
stays per 
year

> 1,145,718 > 719,521 > 222,000 > 1,326,040 > 318,269 > 779,144

Increase in H2 demand in industry

  • Low not defined in detail

  • high not defined in detail

Energy-intensive industry [43]

  • decrease No more 
than 5 
industrial 
projects 
until 2038, 
then none 
more after 
that

No more 
than 6 
industrial 
projects 
until 2038, 
then none 
more after 
that

No more 
than 3 
industrial 
projects 
until 2038, 
then none 
more after 
that.,

No more than 4 
industrial proj-
ects until 2038, 
then none more 
after that

No more than 
2 industrial 
projects until 
2038, then 
none more 
after that

No more than 
3 industrial 
projects until 
2038, then 
none more 
after that

No more 
than 4 
indus-
trial projects 
until 2038, 
then none 
more after 
that

  • increase 16 industri-
al projects 
until 2045

18 industrial 
projects 
until 2045

9 industri-
al projects 
until 2045

13 industrial 
projects until 
2045

7 industrial 
projects until 
2045

10 industrial 
projects until 
2045

12 indus-
trial projects 
until 2045

Driving technology for trucks [51]

  • Trend to H2 trucks 35% of all trucks are hydrogen powered in 2045

  • Trend to battery trucks 99% of all trucks are battery electric (incl. hybrid overhead wire) in 2045

Table 11  Bibliography cross-impact influences
Effect Literature Reason (Own translation)
A ➜ B [51] "At the same time, investment in conventional vehicles will be increased. H2 will be promoted as a fuel. […] 

PtX and BtX are available in large quantities and will be promoted in the transport sector with the aim of 
reducing greenhouse gas emissions."

A ➜ E Interview with stakeholder

A ➜ F [52] P. 313ff. "German policymakers have already identified heat pumps as a key technology for climate protec-
tion in the heating sector. […] In all scenarios, the target set by the traffic light coalition of 80 percent 
renewable energy in electricity consumption will be achieved. This includes the electricity consumption 
of electric vehicles and electrolysis hydrogen. The additional electricity required by heat pumps must be 
covered entirely by additional renewable energy sources over the course of a year in all scenarios."

A ➜ G [53] Esp. p. 149ff. “In particular, it will be important to closely track the uptake of electric 2/3Wsa and their role in 
oil displacement: electric 2/3Ws may displace active modes of travel such as walking or cycling, rather than 
just fossil-powered transport, which is the assumption underlying the STEPS and APS. This highlights that 
while EVs are an important component of transport decarbonization, they are far from being the only one."

A ➜ K [54] "Although EV use in carsharing fleets declined in favor of gasoline-electric hybrid vehicles in the early to 
mid-2000s, improved technology and favorable policy has led to an emerging resurgence of EVs in shared-
mobility services."
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Table 11  Bibliography cross-impact influences
Effect Literature Reason (Own translation)
A ➜ L [55] "The goal of a 1.5-degree-compatible transport policy must therefore be to create new framework condi-

tions in which emission-free mobility can flourish. However, as the Expert Council for Climate Issues points 
out in its 2022 biennial report [5], it is not enough to create incentives for emission-free mobility while 
incentives for fossil-fuel-based mobility remain similarly high."

A ➜ M, 
N, O

[55] The source and the concepts emphasize that motorized individual transport must be replaced or substituted 
as far as possible by alternatives. This means that both sides must take the relevant climate targets into account

A ➜ P [56] "Electric mobility […] will become a central component of the transport transition with the ban on combus-
tion engines from 2035 recently agreed by European countries. […] The market for electric vehicles will 
grow strongly in the coming years [,] […] resulting in fundamental decisions on the direction to take for the 
development of the charging infrastructure."

A ➜ Q [57] "The additional electricity demand from electric vehicles also improves grid utilization. The combination of 
these two effects can lead to a reduction in specific grid fees in the low-voltage sector. The grid fee is part of 
the electricity price and represents a kind of rent for using the electricity grid. By smoothing the consump-
tion curve, the grid is used more efficiently and the "rent" per unit of electricity consumed decreases."

A ➜ R [58] "Germany is committed to the ambitious targets set out in the European Regulation on the deployment of 
alternative fuels infrastructure (AFIR). The BMDV therefore supports the development of a robust and widely 
available alternative refueling infrastructure."

A ➜ S [51] See A➜ B: The scenarios envisage a large-scale and demand-oriented expansion of the H2 infrastructure for 
trucks, which is a necessary consequence if hydrogen is to play a significant role in achieving strict climate 
targets in the transport sector. A well-developed infrastructure can potentially contribute to more efficient 
logistics chains and thus to lower prices at filling stations

A ➜ X [59] "Since tourism is a cross-cutting industry and most countries do not have a separate tourism policy, climate-
friendly tourism must also be managed through other policy areas and sectors, in particular transport and 
energy policy, but also construction policy, which is relevant for tourist accommodation. […] Legal and 
normative instruments can aim to ensure that the full climate costs are passed on to transport modes – for 
example, through the taxation of emissions, as has already been introduced in the form of the CO2 tax."

A ➜ Y [51] see A➜ B: The scenarios imply a corresponding energy demand depending on which infrastructure is 
promoted and expanded

A ➜ ZA [51] See A➜ B: The promotion of H2 as a CO2-neutral energy source suggests a shift in heavy-duty transport

B ➜ R, S, Y, 
Z, ZA

[51] According to the T45-H2 scenario, high availability and low prices for hydrogen would lead to the large-
scale development of a hydrogen filling station infrastructure for truck traffic. Although the source does 
not describe the industrial use of hydrogen in detail, it can be inferred that cheap and abundant hydrogen 
could make its use in industrial processes for decarbonization more attractive

C ➜ D [60] Despite the fact that growth in urban regions has declined in recent years, urban regions generally grow 
faster than rural areas

C ➜ E Conclusion from the inter-
view with stakeholder

In rural regions, there is often more space available for single-family homes and multi-family homes, so it 
can be assumed that these will be built simultaneously with sustainable neighborhoods. In cities, on the 
other hand, there is often a lack of space, which makes neighborhoods and similar solutions necessary

C ➜ F, G [58, 61] bpb: "In recent decades, the number of households has grown significantly faster than the population."
Vattenfall: Per capita electricity consumption varies depending on the type of living space but decreases 
with each additional member of the household. For example, a 1-person household in an apartment build-
ing consumes 1,400kWh per year, while a 3-person household consumes 2,600kWh per year

C ➜ I, J [62] "The future growth in travel demand and in traffic would therefore arise essentially from population increase 
and other demographic changes. […] The implications of population increase for travel demand depend 
importantly on where the additional population is located, both as regards employment and residence."

C ➜ K, L [63] "Our findings highlight the importance of including analysis of subgroups based on density and/or popula-
tion size in future studies of traffic congestion."
Assuming that general traffic demand increases with rising population, it can be assumed that motorized 
individual transport will continue to be the predominant mode of transport for the Rhenish mining area. 
At the same time, public transport and similar alternatives (car sharing) will continue to be used and will 
become increasingly popular

C ➜ M, P Interview with stakeholder Cities grow through immigration and natural population growth, which leads to new construction projects, 
densification, and expansion of city boundaries. However, the corresponding expansion is already planned

D ➜ E Conclusion from the inter-
view with stakeholder

In rural areas, there is often more space available for single-family homes and multi-family homes, so it can 
be assumed that these will be built simultaneously with sustainable neighborhoods. In cities, on the other 
hand, there is often a lack of space, which makes neighborhoods and similar solutions necessary

D ➜ G, I, J, 
K, L

Conclusion from the inter-
view with stakeholder

Based on the sources used for C➜ G, I, J, K, L, energy consumption and transport demand increase with 
rising population. It is assumed here that consumption and demand will therefore increase depending on 
population shifts to rural or urban regions
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Table 11  Bibliography cross-impact influences
Effect Literature Reason (Own translation)
D ➜ M Conclusion from the inter-

view with stakeholder
The expansion of the cycle path network has been decided across municipalities. Growing municipalities 
may have a slight influence

D ➜ N [64] Rural regions show a clear dominance of private motor vehicle transport, while urban regions generally 
have a 15–25% share of public transport in the modal split. Cities are constantly striving to make public 
transport more accessible for growing populations and thus increasing passenger numbers. In rural regions, 
growth does not necessarily lead to more progressive expansion, but it can facilitate it

D ➜ N [65] "The positive correlation between population density and public charging points means that an increase 
in population density of 100 inhabitants per square kilometer is accompanied by an average increase of 2.2 
public charging points per 100,000 inhabitants."
Accordingly, demand for public charging stations is lower in rural areas, as many people can charge their 
vehicles at home or at work

D ➜ U [66] "The dynamic regulation of the energy transition by European and federal policy, which is often opaque to 
local politicians and administrators, leads to frustration and uncertainty at the regional and municipal levels. 
[…] Another problem is that the burdens and benefits of expanding renewable energies are unevenly 
distributed. Local communities experience the burdens, such as the visibility of plants, emissions, and land 
use, directly, while the benefits, such as energy security and the contribution to regional climate protection, 
are not always directly apparent."

D ➜ W [67] "In addition to a well-developed infrastructure, it is important for sustainable mobility in rural areas to have 
infrastructure, it is important to have a local public transport system that is as dense and well-coordinated 
as possible. The federal government is providing the states with substantial financial support to help them 
meet this challenge with financial resources under the Regionalization Act."
The source also emphasizes the increase in attractiveness resulting from the expansion, which implies 
fundamental approval

E ➜ C Conclusion from the inter-
view with stakeholder

More affordable housing makes municipalities more attractive to more people

E ➜ F, G [61] Neighborhoods are more energy-efficient than conventional housing options. The overall energy demand is 
therefore rather moderate in sustainable neighborhoods

E ➜ I, J Conclusion from the inter-
view with stakeholder

Sustainable neighborhoods encourage short commutes thanks to their structure. This can also reduce 
leisure traffic (shopping, playgrounds, etc.), but this varies greatly from person to person. The impact here is 
therefore weaker

E ➜ K [68] Car sharing is a central component of sustainable neighborhood development in North Rhine-Westphalia. 
It is being introduced in a targeted manner in sustainable neighborhoods and communities in order to 
reduce private car ownership, save space, and support the mobility transition

E ➜ L [68], Concepts Although the aim is to reduce motorized individual transport, the dominance of cars in the scenarios must 
be taken into account

E ➜ M Interview with stakeholder The expansion of bike paths is planned in both the concepts and the neighborhood planning

E ➜ P [69] There are special subsidies for charging infrastructure in apartment buildings and neighborhoods—with 
grants of up to €1,500 per charging point and additional subsidies for grid connections and basic installations

E ➜ T Our conclusion Subsidies and overarching projects such as QuartierNRW could encourage municipalities to coordinate 
other planning projects

E ➜ U Own conclusion from [70] 51ff.: If the expansion of energy infrastructure for sustainable neighborhoods is perceived as favoring con-
ventional building designs, resistance groups could form that see their own interests (e.g., preserving the 
option to build conventional single-family homes/multi-family homes) as threatened

G ➜ K [64] Our conclusion from p. 33ff.: Charging your own electric car at home can significantly increase your electric-
ity bill, especially if household electricity prices rise or the grid connection (e.g., in apartment buildings) 
is limited. Car sharing offers an alternative here, as the costs for electricity, maintenance, and charging 
infrastructure are included in the usage price and are not incurred individually

H ➜ I, J [71] Working from home a lot leads to shorter or less frequent commutes. Leisure travel, on the other hand, is 
individual. Working models such as "workation" can also play a role here

I ➜ G [48] More commutes generally lead to more mileage and thus to higher energy demand in the transport sector, 
especially if these journeys are made with electric vehicles. Since the majority of electric car users charge 
their vehicles at home (50–74% of home charging by 2030, depending on the study), an increase in com-
muting with electric vehicles means that more electricity will also be needed in households for charging

I ➜ J [72] "Part-time teleworkers commute less than those who never telework
There is a rebound effect on non-work travel for part-time teleworkers."

I ➜ L [47] More frequent or longer commutes lead to an increase in personal mobility needs. Most commutes are 
made by car
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Table 11  Bibliography cross-impact influences
Effect Literature Reason (Own translation)
I ➜ V Own conclusion If most people drive to work, it can be assumed that road network expansion (and thus alternative routes) 

will be welcomed

J ➜ G See I G Argument transferable

J ➜ I See I J Argument transferable

J ➜ K, L Own conclusion As private mobility needs increase, so does the use of cars, car sharing, and alternative means of transportation

J ➜ X Own conclusion Tourism traffic can be considered private mobility in this context. If private mobility declines, tourism traffic 
will decline as well

K ➜ G [73] Carsharing vehicles are charged centrally, often at special stations. The electricity required to charge the car-
sharing fleet is thus shifted from individual households to the operators of the carsharing services. However, 
depending on usage, electricity can also be charged at home

K ➜ L Own conclusion When car sharing usage is high, it represents an alternative to motorized individual transport. If usage is low, 
people will drive more

L ➜ G [74] Most charging takes place at home, so charging an electric car significantly increases the electricity bill

L ➜ J Conclusion from I An increase in motorized individual transport tends to lead to more private rather than work-related mobil-
ity. Most commutes are made by car, so an increase tends to indicate non-work-related traffic

L ➜ K See K L Argument transferable

L ➜ M [75] p. 21: "The distribution of public road space often does not correspond to that of traffic volume, i.e., the 
proportions the types of traffic on the roads. Motorized individual transport is allocated a disproportionate 
amount of space. This reduces the attractiveness of active forms of mobility."

L ➜ P See L M and E P Infrastructure expansion is already planned and is being promoted. If motorized individual transport use 
were to decline, an inhibiting effect would be expected. Otherwise, more motorized individual transport 
would favor expansion

M ➜ H Own conclusion There is no clear evidence that good bicycle infrastructure directly influences the use of home offices. 
However, a weak influence can be assumed, as good bicycle infrastructure can lead to people using bicycles 
more often for their everyday journeys

M ➜ I [76] p. 124: "Those respondents who use a bicycle frequently did so primarily in their free time, for example to 
meet friends, go to the cinema, or ride to the park." It can therefore be assumed that leisure travel would 
increase with well-developed and safe bike lanes

M ➜ K [76] "In addition, ten of the respondents used their bikes to get to their parked cars or to the nearest public trans-
port stop." Cycling is directly linked to public transport use, including car sharing, and would also promote this

M ➜ L Own conclusion As explained, motorized individual transport dominates, so the expansion of bike lanes alone will not lead 
to a decline. Neglecting to expand bike lanes, on the other hand, could lead to an increase in motorized 
individual transport use

M ➜ X [77] Cycling tourism is an important economic factor, especially for rural regions. High-quality cycle paths, clear 
signage, rest areas, e-bike charging stations, and digital route planners make regions more attractive to tour-
ists and offer an optimal experience

N ➜ E [78] The expansion of public transport is a key component in the development of sustainable neighborhoods. How-
ever, its expansion (or lack thereof ) has no influence on the expansion of single-family and multi-family homes

N ➜ J [79] An attractive and well-developed public transport system makes it easier for people to do leisure activities 
without a car. Services such as the Deutschlandticket or special leisure lines and routes that connect specific 
destinations encourage people to use public transport for excursions and leisure trips

N ➜ K See [73] (K G) A well-developed public transport system encourages people to use their own cars less often and instead 
use public transport and complementary services such as car sharing

N ➜ L Own conclusion Providing alternatives and, where appropriate, prioritizing the expansion of public transport reduces the 
number of private cars and the demand for parking spaces in public spaces

N ➜ M [48] Cycling and public transport are considered complementary components of the eco-mobility alliance. They 
complement each other perfectly, as many routes lead from the bicycle to the public transport stop and vice versa

N ➜ O [80] The expansion of public transport means higher running costs (e.g. for personnel, energy, infrastructure). 
These additional costs must be covered either by public subsidies or by higher ticket prices

N ➜ T Own conclusion Better developed regional public transport raises the need for inter-municipal networking and thus coop-
eration. Mobility is addressed in all concepts, so expansion could be a starting point for coordination

N ➜ X [81] A well-developed public transport system has a significant positive impact on tourist traffic
P. 3: "Tourist traffic can maintain public transport services, especially in structurally weak rural regions, and 
make a significant contribution to their financing."
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Table 11  Bibliography cross-impact influences
Effect Literature Reason (Own translation)
O ➜ K, L Own conclusion Cheaper public transport tickets generally lead to greater use of public transport and can replace car jour-

neys. Low public transport prices can encourage people to use their own cars less often and instead opt for 
a combination of public transport and car sharing, especially in cities with good services

P ➜ G [73] Progressive expansion enables the early integration of smart grid technologies and load management. This 
allows electric vehicles to smooth out electricity demand and avoid peak loads. This reduces the need for 
grid expansion and lowers electricity prices

P ➜ J [48] A denser network of public charging stations will make it possible to plan longer leisure trips spontaneously 
and without range anxiety
A need-based expansion of public charging infrastructure will ensure that people without their own charg-
ing facilities can also participate in leisure travel

P ➜ K [73] In urban areas in particular, a good charging infrastructure enables car sharing vehicles to be used flexibly 
and as needed without incurring high charging costs

P ➜ L [82] A denser network of public charging stations lowers the barriers to switching to electric cars, especially for 
people without their own charging facilities

P ➜ Q [83] Progressive expansion reduces the need for grid expansion and lowers electricity prices: "As a result, the ris-
ing electricity production costs are more than offset by the falling grid fees, even with low local penetration. 
Electricity costs for households without electric vehicles therefore fall by up to 3.7% even with low penetra-
tion of electric vehicles

P ➜ U Our conclusion A cautious expansion will reinforce regional differences (e.g., urban–rural divide in charging stations), which 
can lead to inequalities and acceptance problems

P ➜ X [84] A well-developed network of public charging stations makes tourist destinations more attractive to electric 
car users and becomes a competitive factor. Accommodation, restaurants, and leisure facilities benefit from 
longer stays during the charging process and additional income from charging fees

P ➜ ZA [85] Rapid, coordinated expansion promotes the close integration of infrastructure, mobility, and the economy. 
Municipalities and regions are increasingly developing local master plans that take a holistic view of charg-
ing infrastructure, power grid expansion, traffic planning, and economic development

O ➜ X [85] Cheap public transport tickets such as the €9 ticket or the Germany ticket have boosted tourism in Ger-
many. With the introduction of cheap tickets such as the €9 ticket, the number of train passengers in typical 
rural tourist regions rose by up to 80 percent, and by 28 percent in urban tourist areas

Q ➜ J [86] High electricity prices at public charging stations are considered a major obstacle to the spread and use of 
electric cars. If prices are reduced, the economic incentive to use electric cars more frequently will increase, 
especially for longer journeys such as day trips or vacations

Q ➜ L Our conclusion If charging is cheaper than refueling, electric cars will also become more attractive compared to combus-
tion engines – this could increase overall car use, especially for electric cars

R ➜ ZA [51] The results of the long-term study show that the availability of infrastructure is considered a decisive factor 
in the choice of drive system for heavy commercial vehicles. It is explicitly stated that these filling stations 
should enable unrestricted long-distance operation for commercial vehicles from 2030 onwards

S ➜ R [51] Scenario T45-H2 assumes that hydrogen technologies will be available at low cost for mobile applications in 
the medium term and that H2 will be promoted as a fuel. Simultaneous nationwide expansion is planned here

S ➜ ZA [51] Argument transferable (R➜ ZA)

T ➜ C, D [87] The involvement of all relevant stakeholders and the development of clearly defined achievable goals 
are essential for acceptance and effectiveness. In regions with well-coordinated concepts, it is possible to 
halt migration or even generate an influx of new residents – especially if jobs are created, infrastructure is 
improved, and quality of life is enhanced. This allows both rural areas and cities to grow

T ➜ E [88] Coordinated concepts promote cooperation between different departments (e.g., urban planning, energy, 
mobility, social affairs) and stakeholders (administration, business, civil society). This allows conflicts of inter-
est to be identified at an early stage and synergies to be created, for example between climate protection, 
social integration, and economic development

T ➜ J Concepts The concepts, especially the Spatial Strategy 2038 +, address the marketing of the RR as a recreational area 
following structural change. An increase in tourism will also lead to a sharp rise in leisure traffic

T ➜ K Concept The planned strengthening of public transport can be transferred to car sharing, as this (like bicycle use) is 
growing or should grow in tandem with public transport

T ➜ L Own conclusion Coordinating mobility services across district and city boundaries can remove barriers to the use of sustain-
able modes of transport. Concepts alone will not reduce car use, but they can counteract the increase

T ➜ M, N Concept Appropriate expansion is set out in regional concepts. Coordinated concepts can prevent conflicts of inter-
est and strengthen joint growth
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Effect Literature Reason (Own translation)
T ➜ O [89] Cooperation between transport associations and the development of superregional fare structures will 

remove fare barriers and create uniform, comprehensible ticket systems. Examples include the introduction 
of joint association fares between regions or state-wide umbrella fares, which significantly simplify the fare 
system for passengers

T ➜ P [90] Coordinated regional concepts significantly accelerate and improve the expansion of public charging 
stations for electric vehicles. The development of regional or municipal charging infrastructure concepts in-
volves the systematic analysis and coordination of locations, charging requirements, and expansion targets

T ➜ V, W [91] Coordinated regional concepts have a positive impact on local responses to the expansion of road and 
rail networks in several ways: citizens and local stakeholders can be involved in planning processes at an 
early stage, they can help minimize conflicts of use, and coordination leads to more realistic infrastructure 
planning

T ➜ X [92] Coordinated concepts enable a strategic, sustainable, and efficient approach that takes into account the 
needs of both visitors and the region

U ➜ B Conclusion based on [93] Local approval enables the rapid expansion of production facilities (e.g., electrolysers), pipelines, and stor-
age facilities. This allows both domestic production capacities and import opportunities to be efficiently 
developed

U ➜ C [90] If infrastructure (e.g., transportation, social facilities, housing) is expanded quickly and comprehensively with 
local approval, the region becomes more attractive to new residents and businesses. Resistance to infra-
structure projects often leads to delays, limited expansion, or even project cancellations. Regions with poor 
or stagnating infrastructure lose their appeal, which encourages migration and population decline

U ➜ P, R [93] High local approval usually leads to rapid planning and implementation of infrastructure projects. Accep-
tance among the population reduces the risk of delays due to protests, lawsuits, or political blockades

V ➜ C [90] See U➜ C

V ➜ M Conclusion based on [93] Approval favors road expansion and integration of bike lanes

V ➜ P, R Conclusion based on [93] See U➜ P, R. Effect weaker here, as road expansion implies but does not require the expansion of gas station 
infrastructure

W ➜ C [90] See U➜ C

W ➜ N Conclusion based on [93] Approval of infrastructure expansion has a significant influence on public transport expansion

X ➜ J [82] Tourism accounts for a significant proportion of leisure travel. The increase is therefore happening 
simultaneously

X ➜ K, L [82] Both leisure and tourism traffic are predominantly handled by private cars, which increases traffic conges-
tion in destination areas. Car sharing can be seen here as a more individual or "private" form of public 
transport, as it is generally accessible yet private

X ➜ N [82] Increasing tourist traffic is driving up demand for public transport, especially in tourist regions and at peak 
times. This necessitates investment in capacity expansion, more frequent services, and new connections

X ➜ O [94, 95] In order to increase the use of public transport – including for tourism – funds are being made available to 
reduce ticket prices, such as the BW tariff in Baden-Württemberg, where ticket prices have been reduced by 
up to 35%

X ➜ P See [84] (P X) In vacation and excursion areas, the influx of travelers with electric cars significantly increases the demand 
for public charging infrastructure, especially during peak travel times

Y ➜ B [96] "It is expected that technological advances, a reduction in vehicle costs, and falling prices for propulsion 
energy will make both technologies economically competitive with diesel trucks."

Y ➜ ZA [96] A trend toward hydrogen-powered trucks in heavy-duty transport would significantly increase hydrogen 
demand in the transport sector and thus influence demand in industry—initially through greater competi-
tion for limited quantities, but in the medium term also through incentives for accelerated expansion of 
hydrogen production and infrastructure

Z ➜ H [89] Growth in energy-intensive industries would increase the proportion of employees in sectors with limited 
opportunities for working from home and could therefore even lead to a slightly lower proportion of home 
office work, as working from home is rarely feasible in these sectors

Z ➜ I Conclusion from Z H More people working in industry cause more commuter traffic

Z ➜ Y Own conclusion More H2-intensive industry automatically leads to higher H2 demand caused by industry

ZA ➜ P, R [51], conclusion from S, 
R ZA

Depending on the type of drive, the expansion of charging stations or H2 filling stations is necessary

a2/3Ws: Two/three-wheelers
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Fig. 3  Cross-impact matrix
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