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1 ABSTRACT

Public transportation is often poorly developedpeesally in rural areas, which leads to an incrdase
dependence on personal vehicles. Moreover, siraesportation is one of the main drivers of climate
change, our research project aims to explore dtattere methods for sustainable last-mile logistic rural
areas and support decision-makers utilizing a dzestab For this purpose, an open marketplace phatfer
planned that intelligently networks suppliers amvice providers in a region and bundles orders and
deliveries. The aim is also to motivate customers asers to behave in a more environmentally fliend
way by suggesting appropriate offers through the Weey are presented on the marketplace. This is
achieved by integrating Digital Twin (DT) technoleg, cognitive agent-based social simulation, frarts
management systems and recommendation systemsnshoeethe project aligns with public needs and
acceptance of proposed approaches, we conductssemm@esentative surveys alongside the development
and experimentation phases. In this paper, theathv&ructure of the research project and the swlatso
underpinning our solution are introduced. It alsoludes a visual mockup of a rural region’'s DT and
introduces several use cases.

Keywords: smart mobility, rural development, susaility, planning, digital twin
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2 INTRODUCTION

One main driver of climate change is transportatishich is responsible for approximately 25% of
worldwide CQ emissions (Masson-Delmotte et al., 2022). Thisass particularly acute in rural areas,
where reliance on private vehicles is high due ititéd public transport and grocery store access
(Suddeutsche Zeitung, 2022). Furthermore, rurahsaia Germany usually have a higher proportion of
commuters between and within its districts and lgough more extreme demographic changes (Dauth &
Haller, 2018), which makes the problem more promine the areas. Although alternative logistics
approaches for the last-mile aiming at reducingscos CQ emissions already exist (cf. Ranieri et al., 2018;
Halldorsson and Wehner, 2020; Hepp, 2018; Frela. e2017), most of those are not customised tal rur
areas or do not include concepts of heterogeneoasugts and groceries, which, for example, require
compliance with cold chains.

Therefore, to alleviate this issue, our researdept GreenTwin aims to explore cost-effective mdthfor
sustainable last-mile logistics of various goodsgtipalarly in rural areas by considering unique ioegl
characteristics (e.g., infrastructure and demogdcaphand needs of the inhabitants (e.g., dependency
private vehicles and long travel time). Additiopalit proposes a dashboard that displays informatio
concerning the effects of different approachesufapsrt stakeholders to make decisions. With thenoust
identified as effective, we expect the findingsmachanisms on promoting pro-environmental behasijour
strengthening regional businesses, and increalsentif¢ quality of residents in the area.

This paper is structured as follows: Section 3 ulises the aims of the research projects as weleas
methodology used. Section 4 presents the genetaitste of the research project consisting of saver
project phases and subsequently elaborates on ittesducing the submodels underpinning our soiytio
required data as well as techniques for data aitiguisFurthermore, this Section includes a visualckup
of the solution, and the research projects usesc&seally, Section 5 provides concluding remarkd an
outlook on the next steps along with future work.

3 A TOOL FOR PLANNING SUSTAINABLE LOGISTICS IN RURAL AREAS
To address the issues mentioned in Section 1,esearch project aims to provide an innovative swiuhat

(1) uses different optimisation techniques for mizing greenhouse gas (GHG) emissions at the ldstim
logistic tours on a general level while considerihg needs of actors involved (e.g., inhabitantd an
stakeholders);

(2) considers additional constraints that are ipomated by models of users via a cognitive soamlistion;

(3) includes a novel marketplace concept and a hibdecaptures links between sub services, encs asel
additional actors in a graph model, to enable asparent and optimised end to end connection of sub
services into one service for the end user thatdilplays the effects of connecting services.

One of the core tasks of this project is the dgualent of a research demonstrator: the Digital T{&im) of

the rural area. Additionally, we intend to placdwygical or virtual) containers in the focus regitrat,
among other services, provide goods for everyda&ytasdecrease the need for running errands between
communities. This would enable us to both pre-gaperiments consisting of scenarios and intervastio
within a simulation environment (DT) and to displayon a demonstrator for stakeholders in order to
facilitate their decision-making and evaluate tinelihgs, making use of the container setting inperation
with regional partners. Evaluating the findingslwgtovide local partners with a decent base fortisig
logistic cooperations. For instance, the contaiaeesplaced to minimise the necessity of travebagveen
different districts in the region for errands. TD& is thus planned to provide real-time ecologizalance
calculations for the optimization of various seedcand service chains. The outcome of such anaiaiu

of approaches is then shared with decision-maksirggla dashboard. Within the framework of DT, agent
based modelling (ABM) as well as psychological aodiological theories are employed to represertt bot
individual and regional characteristics at a mogtaked level. ABM is especially useful when it cesnto
simulating heterogeneous population under cert@dicumstances as it is well-suited for illustratiag
complex decision-making of individuals at microdéand resulting behaviour dynamics of the popoitatit
macro level (Smith and Rand, 2018).

Using a marketplace individuals can book ordermf(cegional) retailers by making a digital contrddéere,
customers should be able to choose between diffegtailers based on various key indicators, fanagle,
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regionality, energy efficiency and price. Furtherm transportation of the agents, especially wheames

to deliveries, is planned, and optimised usingaadport management system within the DT. We aitimko
combinatorial optimisation methods for logisticsrvéees (e.g., Multi-Commodity Flow Optimisation
(Dziubany et al., 2020a)), agent-based (distributgdimisation and heuristical optimisation methadswell

as Al approaches (Maiorov et al, 2019; Stolfi antad 2018; Mohammed et al., 2019). The goal is to
develop Al-supported optimisation processes thghakith both the overarching objective of minimioa

of GHG emissions and the individual, heterogenaemads of users. This involves continual incorpanatbf

the region and population's constraints, facildaby integration with the DT. When first introdugimew
technologies or solutions, it is often a lengthggass that includes social skepticism (Lermer et28i15;
Renn and Beninghaus, 2013), although advantagethasfe solutions are recognised by users (e.g.,
convenience, safety, costs, social participationgd @&nvironmental benefits (Lidynia et al.,, 2021)).
Skepticism arises from, e.g., insufficient knowledg(yriakidis et al., 2015), concerns about dealwvith
data/privacy (Schomakers et al., 2018) or a missiolgision of target users (Zaunbrecher and Zi&4,6).
Hence, it is important to conduct research on tiielbitants’ acceptance of potential services aed th
demand using census-representative surveys andviaws with other stakeholders and on how the
acceptance rate can be increased in the best-casar®. Additionally, the resulting data is usedlie DT

to model respective attributes of individual agents

The outcome of this research comprises a dashlaesigned for decision-makers to evaluate the impfct
sustainable logistics concepts in rural areas. d&shboard provides real-time eco-balance calculgtio
offering a comprehensive view of the environmertgbact of logistics operations. This functionality
crucial for decision-makers striving to balance legwal considerations with logistical efficienc@ur
approach incorporates the diverse needs of bothidudl users and the broader population. By caeraig)
these heterogeneous demands, our optimisationgg®eeould ensure a more tailored and inclusiveisol
for sustainable logistics in rural regions.

4 PROJECT STRUCTURE AND MODULES

Our research project consists of different phasesh dealing with specific tasks for the developmen
process (see Figure 1).

Estimation of Environmental Balance

Y &

Specification and Data <::> Model Building, Simulation and (::) Application
Collection Optimisation *  Micro-Contract
Definition of Scenarios * User and Demand Model Communication
Data and Information * Digital Twin Model
Model * Social Cognitive Agent-based Model * Intelligent
Definition of Interfaces + Transport and Logistic Optimisation Marketplace

& ¢ o

Demand Analysis, Acceptance Studies, and Public Dialog

Fig. 1: Phases in GreenTwin

Each subsection of this Section focuses on onbeset phases and presents details on the utiliséthdse
The Model Building, Simulation and Optimisation pbka which is further elaborated on in Section 4.1
summarises the submodels that are created fromratbeg DT technologies, cognitive agent-basedadoci
simulation, as well as network modelling and opsiamion systems. The submodels are applied in an
intelligent marketplace whose goal is to connetdillers, service providers and consumers of thenem

the Application phase, which is discussed in Saecli@. Scenarios concerning methods for sustainaste
mile logistics, the definition of interfaces betweéhe models and required data are provided in the
Specification and Data Collection phase. This phaspresented in Section 4.3. During modelling and
application, we evaluate the different approachased on GHG savings (Estimation of Environmental
Balance), which is described in Section 4.4. Tausnghe project aligns with public needs and acoe of
proposed approaches, we conduct census-represensafiveys during the whole development process
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(Demand Analysis, Acceptance Studies, and Publialof). These are introduced in Section 4.5.
Additionally, Section 4.6. presents the visual mgzlof the demonstrator of our solution consistifigao
dashboard and different views of the marketplatetiso.

4.1 Model Building, Simulation and Optimisation

User and demand model To effectively capture behaal patterns of the rural model regions, it igogl

to base the user model and demand predictions quirieat data to ensure they are not only based on
theoretical considerations but also on a regiomaletstanding of the area and its social, economit a
logistical processes. Therefore, this researchept@mploys method triangulation, combining varityses

of empirical data for a comprehensive understan(®ayr & Blasius, 2019).

Conducted studies focus on the current state oplpsomobility-, environment-, and shopping-related
habits, which are critical aspects for the propagaglication scenarios. Further, the research dehte the
influence of social environments on decision-makihis aspect recognises that broader social dysami
often shape individual choices, adjusting persbeahviour to its societal context.

The methods employed include interviews, which edosgauge stakeholder perceptions. The insiglets ar
validated through broader census representativieeoslirveys to capture a wider population’s view{soi
Simultaneously, the local rural community is sueyto explore region-specific prerequisites and
behaviours. This part of the research providegisiinto the community's current mobility and ghiog
habits and their attitudes towards environmentéligndly practices. The local perspective is vitat
tailoring solutions and predictions to the commyieitinique context.

Finally, the design of all empirical endeavoursuisderpinned by psychological theories, including th
Theory of Planned Behavior (TPB), Social Exchanbedry (SET), Theory of Reasoned Action (TRA), the
Technology Acceptance Model (TAM), and the Unifiedeory of Acceptance and Use of Technologies
(UTAUT) (Ajzen, 1991; Davis, 1985; Emerson, 197&Hbein and Ajzen, 1977; Venkatesh, Thong, and Xu,
2016). These theories have been widely appliedxfgagn engagement in sharing and collaborative
consumption (Barnes and Mattson, 2017; Boateng,bdpsand Okoe, 2019), acceptance of last-mile
delivery (Kapser and Abdelrahman, 2020; Hinzmand Bogatzki, 2020), and mobility on demand (Ye,
Zheng, and Yi, 2020; Nordhoff et al., 2021) — ewleough they mostly focus on an urban setting aed th
rural context remains underrepresented in the ourresearch landscape. These theories guide the
interpretation of the data and provide a structdrashework for the entire research process, coimgethe
empirical findings to broader theoretical constsuct

Digital Twin and Social cognitive Agent-based moBel testing different scenarios and interventi@anB,T

is used as a virtual representation that refldassttuational characteristics and individual dedis in the
corresponding region in order to support decisi@kens (cf. Wang et al., 2023). Since we focus aalru
areas in Germany, we consider distinctive chareties that set them apart from more densely pdedlar
urban areas. First, rural areas in Germany usugalhgist of multiple small communities, which ofteswve a
poorly developed public transport infrastructureorbbver, these rural areas are characterised by
demographic changes, such as rural migration, diatuextraordinarily high numbers of commuters (fbau
and Haller, 2018). The existing body of literatwencerning DTs of inhabited areas predominantly
concentrates on urban environments, there ariseecassity for a model that considers the unique
characteristics of rural areas, addressing thisigagsearch (Rodermund et al., 2024).

In GreenTwin we develop a multi-layer DT framewdhiat enables experimenting with various scenarios
and intervention approaches promoting pro-envirartalebehaviours among rural areas’ inhabitants. In
each layer of the framework, we address one es$dattor required for representing such areasthad
complex interplay between these decision-relevaatofs. For instance, the region, infrastructurel s
specifics are modelled in a spatial layer, the lifaats of the region as well as people commutirttpia/
and between communities are included in the indiglidayer. Because we aim at integrating the imftgeof

the social network (e.g., neighbours, family, andrfds) on individual decisions, we additionallglude a
social layer for the region’s DT.

The spatial layer builds the foundation for theiwidlial decisions made in the DT as it determirfess t
individual's options by defining the situationak@imstances. Here, private as well as public afeas,
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households, neighbourhoods, workplaces, and plaicegerest (POIs) like supermarkets) are localdte
communities’ infrastructure, consisting of streatsl public transport, connects these individuadtions.

To represent people of interest in the individagler we make use of Agent-based modelling (ABM) and
Multi-agent systems (MAS), as these methods havabkshed themselves in representing complex
cognitive decision-making (Bonabeau, 2002; An, 20¥ditionally, we employ psychological theories
explaining factors relevant in the decision-makifig or against pro-environmental behaviours. To
adequately incorporate those theories in an agehitecture we make use of the Belief-Desire-Intent
(BDI) model (Bratman, 1987). BDI organises individligoals (desires), information (beliefs) and attio
oriented measures (intentions) into mental statd®reas in a deliberation process intentions arvete
from beliefs and desires (see, e.g., Bratman, 1B8wdt et al., 2018). The spatial and individugldr are
linked by the social layer. This layer is partielyamportant for our use case because the comrmatioit
within social networks plays a crucial role in simgppro-environmental behaviour (see, e.g., relegaof
social norms (Cialdini and Jacobson, 2021), oraddearning (Chwialkowska, 2019; Zhang et al., 20&1
even in the diffusion of information and new teclogical solutions (Rogers et al., 2014). The inidosof
such concepts and theories as social norms andl dearning into MAS leads to Agent-based Social
Simulation (ABSS) (Davidsson, 2002). ABSS is higldyited for representing interactions between
individual agents under consideration of socialogmts and it ultimately enables us to conduct expearts
concerning different scenarios while taking botligh®logical and social aspects into account (Squazz

al., 2014).

To verify assumptions made in the process of canediping and modeling there is a variety of datarses
utilized. For instance, in the spatial layer we bate OpenStreetMagOSM) data and census data create
the physical environment as well as the initial ydaion. The individual layer requires data frompaérical
studies to model daily schedules as well as thatagdecision process. Furthermore, to determirtaahc
places the agent travels to for work, necessary laisdire activities, statistical data (e.g., Peratlas
(Commuter atlas) or Datenreport Umwelt, Energie Wobilitdét (Data report environment, energy, and
mobility) (Brockjan et al., 2021)) is used. For thecial layer, additionally to the data retrievednf the
spatial layer, we also make use of empirical dei@ empirical studies that are to be conceite@limygroject
are further discussed in Section 4.5. For valigati@ intend to use publicly available data (stasstthat
have been introduced before, e.g., commuter s$tztifDSM or census data) as well as traffic cowathd
from the respective rural region. Additionally, aertract of the empirical study data is employed tfos
purpose, too.

Transport and Logistic optimisation In the areatrainsport and logistics optimisation, the focusors
optimising the structure of logistics networks .(ithe selection of suitable hub locations), thesodidation
of transport requirements and the actual executidhe resulting transport shipments.

When it comes to passenger transport, aspectsasuchstomer decisions must also be taken into atcou
when optimising a service. Short-notice bookingsancellations in particular can mean that a migbili
service is no longer economically viable. Herexifidity and convenience for customers must be hedal
with efficiency and thus the cost-effectivenesshefservice. Preliminary work already exists irs thiea that
deals with the use of flexible time windows for thkanning of passenger transportation. Here it was
investigated how users can be offered shared witeg time windows of maximum size, while at thearse
time maintaining the flexibility and profitabilitgpf the system (Dziubany et al., 2020b). A Mobiliiy
Demand service places even higher demands on sption, as online optimisation is required to atdjus
vehicle routes in near real time. Various approaahast for this, including queuing theory (lglesiet al.,
2019), simulation-based approaches (Tilg et aR02@nd multi-commodity flow problems (Stenbergket
2021). In this context, we plan to research opttnd®m methods that enable an online solution for on
demand mobility and also take into account rebagkiand cancellations while maintaining the profiigb

of the overall system. The integration of heter@gers players, such as private and commercial drized
networking with public transport services shoulelgithe system to be highly flexible. Preliminargn has

! https://www.openstreetmap.de/
? https://ergebnisse2011.zensus2022.de/datenbaimigbnl
? https://www.pendleratlas.de/
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already been carried out on the integration ofgievand commercial mobility services. The studyGoyet

al., 2024 examines algorithms that optimise matdietsveen drivers and passengers based on their time
constraints. It also minimises travel time and afirg costs while integrating public transport witrs and

ride sharing services. Such Mobility as a ServitdadS) platforms are becoming more and more
widespread. In their work, (Cruz et al. 2020) asalyypical challenges of such platforms and how tise
sharing concepts for maximum flexibility. They als@sent various business models that can emeiésin
environment.

To this end, existing algorithms of the PSiglobaftware application are being further developeduse in
passenger transport and last-mile logistics. Fumbee, detailed emission tariff functions are gatext and
parametrised to be able to carry out optimisati@owations not only based on costs, but also végards
to sustainability (GHG emissions). Finally, postiigis are to be created to be able to interactieelapt an
already modelled logistics network during operagbishort notice so that the effects on essentdsKe.qg.,
costs / GHG emissions, resource utilization, pipkaad delivery time windows, ...) are recognizable.

In addition, an event-based model of mobility aagdidtics processes is being developed in the pgreec
that manual scheduling of transport orders is pbssn addition to automatic scheduling.

4.2 Application

The newly developed services are to be made alailah an open marketplace platform. “Open” means,
that both private customers and providers as veetlaammercial providers can use the platform to Ipase

or offer products and services. The marketplacdqrha is connected to the DT and uses optimisagiod
recommendation algorithms to display suitable sffes users. The individual services are not treated
isolated, as the marketplace is expected to havetwork effect. The central platform instead of asepe
platforms should increase the likelihood that usdghsuse several of the services on offer. In siddi, some
aspects of the scenarios considered are interdepetin terms of environmental effects or logistiBy.
taking a holistic view through simulation and eaian, the DT can represent the region in a mocerate
way. Offers are supposed to be tailored in a way they have a positive effect on the overall syste
considering logistics, emissions, market situatma personal preferences. In order to make thisess
transparent and to encourage users to decide bagbése aspects, metrics such as CO2 balancesonpé
saving opportunities should be openly displayedyaRiless, users will also be able to actively dedoc
other offers and services and select them. Figutis#ays the overall structure of the marketplple¢form
and its interfaces to the systems around it. ThecDVers various scenarios, including product dejive
service, share economy and mobility on demand canttl also use third-party data via interfaceduidiog
markets and mobility service providers. Those séesaaddressed here are introduced in more detail i
Section 4.3. The information from the DT is incaged into the marketplace in order to regulatéott,
example by creating new offers or adapting existings, or by displaying more suitable offers tasi$est.
Users access the offers of the marketplace viantam framework, which is described below.

Digital Twin
Interface o | Product Delivery Share- Mobility- Interface Mobility
Stores Service Economy On-Demand g Suppliers
Groceries Share Economy Mobility-on-
Marketplace Marketplace Demand
Marketplace

!

Cypher Social Contracts Web-API

$ ! '

Users: Customers and Suppliers

Fig. 2: Structure of the Marketplace Platform

The various offers and services on the marketplageire communication between the parties involvexa.
this purpose, an open source framework for cypbeiakcontracts is going to be used (Creutz e2éi21).
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The framework enables generic digital contractsvbenh two parties that can be written in naturagjlege.
The contracts are private through strong encryptiod forward-secrecy and are automatable and can
therefore also be used for contracts between humadanachines or machines only. In contrast to many
other smart contract protocols, this system doéseatuire blockchain or similar technology. Thiskes the
system extremely energy-efficient and allows itrom on loT hardware and even be used over limited
bandwidth channels, such as LoRaWAN via a middlen@reutz et al.,, 2022). A legal audit by the
University of Frankfurt also confirmed that the trats concluded using this framework can be lggadlid
(Spiecker et al., 2023). Contracts are derived ftemplates that specify the structure of a contiset the
contractual steps included and the responsibildfebe parties for each step. A contract can theeseen as

an instance of such a template. During this projbet described contract framework is to be intisgténto

the intelligent marketplace and forms the backbohthe marketplace's communication infrastructume.
summary, the use of this micro-contract system lesadé private, secure, and legally binding methbd o
carrying out transactions on the intelligent maplaate.

4.3 Specification and Data Collection

In the realm of DT technology, the significanceboth the quantity and quality of data cannot bersteg¢ed,
particularly in the context of developing agentsl amodels integral to its framework. The efficacyMif
algorithms, a cornerstone in the functionality ofd)is heavily influenced by the dataset's voluifigis
emphasises the need for a careful specificatiohefscenarios, aiming to define the required dateices
that are crucial for the investigation. Such a tegg approach facilitates the establishment of a
comprehensive data management concept, encompatasiagstructure organization, tailored explicitty t
the objectives inherent to each specified scenditidss methodology ensures a robust foundation fer t
operational efficiency of DTs, thereby enhancingithreliability and applicability in simulating and
optimising real-world processes. Even though the &l marketplace are intended to cover the entire
spectrum of last-mile logistics and mobility in thaure, in our research and implementation, toecajith

the enormous complexity of our designed applicatiwe are focusing on four representative example
scenarios. These example scenarios are to beifuiiemented within the first version of the projectd
tested and evaluated in pilot operations. The s@navere chosen to cover as many aspects of fuisge
cases as possible and thus enable a represersgtitdyeof the overall project. Specifically, thisrfains to
the domains of the sharing economy, demand-drivedyzt management, logistics planning for delivery
services, and a scenario involving mobility on dedjaall of which is explained in more detail in the
following.

Share Economy: Many households have a range ohseiygeitems that are only used rarely or for limite
periods of time. These include, for example, vaitypes of tools such as drills, saws or lawnmoweirs
sports and leisure equipment such as kayaks oringngguipment. These are just a few examples that
clearly show that there are items that should laeeshwith others rather than owned, to save ressuroth
economically and environmentally. The underlyingdds, that both private and commercial providerg.(
DIY stores) can offer such items for hire. The iseoan then be rented out via a booking systemishat
integrated into the marketplace. They are storeimtilligent networked lockers located in the lobabs
close to the customers. This system is supportetIdT, which maps demand and distributes the gtod
the hubs via an intelligently controlled delivetgdt. From a systems perspective, a DT of the latipa is
needed for several purposes. It serves to deterthmedemand of a community and, based on that, to
develop a recommendation engine integrated intontheketplace. This offers customers, for example,
renting as an alternative to purchasing productiditfonally, an intelligent fleet management systmsm
required that distributes goods and shares resouwvith other services, such as food delivery, tarimee
efficient.

Demand-driven product management: Many supermasiigps their product range nationwide which leads
to food waste. Local supply, in contrast, offere tipportunity to tailor product ranges very pregige
actual needs. By understanding the preferenceseo$pecific target group and aligning the prodacges
accordingly, food waste can be reduced. At the stime, the need to travel to distant stores fotaber
products can be counteracted to a certain extehthanreliance on private vehicles for basic sumgly be
reduced as well. This requires the DT to learn mag the local target group, e.g., inhabitants wvillage,
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along with their needs. By sharing knowledge acemsseral local models, incentives for new prodaets
also be derived. For example, a new product caimtbeduced in a smart hub for testing, becauseat h
performed well in other smart hubs with a similarget group. On the system side, local models cbald
developed. This could make the use of federateditgin this scenario beneficial.

Planning of delivery services: An open marketplplegform and an optimised shared delivery servida
break the monopoly of large online marketplaceshsas Amazon or wholesale chains in favor of local
providers. Thanks to the DT, the online marketplaae learn the needs and preferences of individual
customers. In based on customer purchase behavepnesenting customer preferences and capable of
being integrated with additional local models. Thiay, purchases from different retailers can bedbadh
and delivered together. The delivery fleet couldabeombination of professional delivery servicesl an
takeaway services, e.g. by integrating commuteedivBries could also be bundled by delivering tcadgm
hubs, which should be particularly convenient fostomers with busy schedules, similar to DHL losker
Deliveries could also be made to the front doargiample for elderly or people with mobility impaients.
What is needed here, is an agent-based DT for gnamapping of needs and preferences at customel, le
which can be ensured by using the marketplacedditian, route planning in conjunction with intgiéint
fleet management, that can handle heterogenous,flmnsisting of delivery networks and private glepis
required.

Mobility on Demand: In the rural model regions, fialbransport coverage is not developed well enotagh
provide a viable alternative to private vehicleeeTime intervals between services are too long due to
the many scattered villages, the journey timesadse too long. For reasons of time and flexibilitypst
people therefore rely on private vehicles. Thisgsas problem for older people or people with digas, as
well as people with limited financial resourcesdampairs their quality of life. A highly flexiblend
affordable mobility service could provide a remddye. A system for booking journeys integrated thi®
marketplace is indended to be combined with igefit route planning. Private individuals can also b
involved as drivers. A service as such should natgete with public transport but should complenieint

a reasonable way. On the system side, the DT helpsiticipate requests and bundle journeys. Josrney
should be bookable both in advance and at shoitendEhis requires advanced optimisation processas
can also respond to last-minute requests and datee$ while remaining profitable.

share economy contains
S R
- order

o Q
' '

I
L home }, . ... inhabited by ________ J
located in
| g

|5 in Q

3 [ retaller} [product retalIer}o_,_[product]ﬂ_o{product orderj

provides

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

conatins

Fig. 3: GreenTwin Cross-Scenario Database Schema

Each of the previously defined scenarios contaimsponents that must work together, but at the same
place different demands on the database. Fordh®on, a system is being developed that linksrdiftedata
structures with each other. This means that ontp delevant to the respective task of a component i
processed to ensure maximum efficiency and resaumeservation. However, the scenarios can alsofibene
from data recorded in other scenarios. Our appraathimplement a system that connects the madap
platform with a database and a knowledge graph 4s2e The simplified database schema is shown in
Figure 3. It contains information about people ahdir routes, products, providers, and hubs. The
marketplace platform is the interface to the useid accesses the database. Interactions suchuasesi@r
offers lead to the information within the data stuwes being modified and, if necessary, expantgtor
example, a user inquiry is made on the marketghtetdorm, this is transmitted as a query to thevidedge
graph, which contains personal information andgrafces as well as product and supplier informafitie
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response then contains offers individually tailotecthe user. The connections, weightings andbaities
within the knowledge graph are changed by usersists and thus continuously improved. The amount of
data increases with each user interaction, whiald¢o a larger amount of training and therefose & an
improvement in the algorithms.

4.4 Estimation of Environmental Balance

The conception of the DT is predicated on enhanaiadrtime environmental impact evaluations witthie
logistics domain, encompassing the distributiongobds and regional service provisions. Its mechanis
includes integrating environmental assessments aptonisation algorithms and elevating the ecolabic
impact to a critical parameter within these compaiel processes. This integration makes a decisive
contribution to supporting the introduction of susable logistics methods that meet the increadergands

for environmental compatibility. A key innovation this area, our research project, is designectlo tte
consumer decision-making process by providing parent insights into the environmental impact of
different services. Such transparency is expectedcreate a market with increased sensitivity to
sustainability issues. The underlying Al model vodl designed to ensure flexibility across variamggstical
configurations and its applicability and effectiess. The project provides for a review mechanism to
underline the scientific integrity of the environmtal assessments. This step is essential to dipagadigm
shift towards sustainable logistics and service efedlhis will contribute to the discourse on depahg a

DT for sustainable cooperative mobility and logistiin rural areas and provide a novel approach to
mitigating environmental impacts through technataginnovation and scientific validation.

4.5 Demand Analysis, Acceptance Studies, and Public Digy

Innovations usually face skepticism, especialihdy are not well communicated or seem to be stlabed
on developers’ and/or specialists’ ideas (Gularalet2011). Many studies have shown, however, tieat
involvement of the intended users as early as #weldpment can help facilitate a better productthi
sense of usability, and also a smoother roll-owh{®cher, 2005). In rural regions, technology awess,
roll-out, and attitude differ from those of city dllers (Porru et al., 2019). Therefore, a crucaat pf this
project is the involvement of the public who are thrget users.

Thus, the first step after thinking of a possildéution for a more sustainable and environmentzigndly

way to ensure supply in rural regions of Germasytoi conduct a demand analysis. What is missing and
what, specifically, do citizens wish was improvéddhat way not only does one a) get to know the targe
group but also b) their needs and demands. Wtaldittst part (a) also facilitates a blueprint foetDT, the
second part (b) can help to understand acceptamegeation of the innovation.

In most cases, acceptance studies are based optawm models, especially established technology
acceptance models such as TAM (Davis, 1985) or UTAWenkatesh et al., 2016). They survey different
variables to understand why people would want ®aisechnology (e.g. Turner et al, 2010). In cdsglo
and mobility, those acceptance models have to tenéed as, for example, trust has not been aitadit
part but was shown to be a strong predictor (Brell., 2019). Other context-relevant aspects neduk
included to understand if and to what extent thefjuénce the acceptance and willingness to use and

participate in the innovation.
Evaluate

(o] ()

Fig. 4: Structure of the Empirical Research Approach

It is important to include the public early on amk different methods to do so, from demand arslyghat
do people need, want, and expect), to acceptandest(what factors influence the projected williegs to
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use the technology/innovation and perhaps chanbiulah behaviours), to finally communicate and offe
transparency of the ideas, methods, and outcomesnits of the use of the proposed innovation. This
iterative approach and design cycle (see Figutead)been shown to be very valuable to successehreh
and development (c.f. Courage, C & Baxter, 2005pEaet al., 2008).

4.6 Dashboard: Visualising Pro-Environmental Behaviour

As mentioned in Section 3, one outcome of thisaeseproject is the provision of a dashboard thapsrts
decision-makers by means of comparative analysigifférent scenarios and interventions in terms of
various relevant key indicators. Additionally, amarketplace solution connects users (end custoamet)
providers by placing tailored offers as well azkiag and visualising personal reduction in CO2gsioins.
Figure 5 shows those different views:

Dashboard Marketplace — Provider View
Scenarios Interventions Overall Sales  Most Popular Offers
10 k23 03 1 .23
Region .
Curretnt Situation Scenario Elnd .Interventinn ‘

Emissions saved [further graphs]

Comparative Numbers and Graphics

= Bringing Groceries s
5‘ Distance to Home/Place of Work “3) é’a
o M Payment e

Offer Retail e =
455 Review:
5] Distance to Home/Place of Work b 4 — € Ae 5
Title of the Review

Cost Offer Overview
ZA Fokk

) Offer )
Distance to Home/Place of Work ’ Text of the review

Cost - Additional details

Personal Progress -_Picture of the Product

Create Offer

Overall Numbers and Graphics

J Average CO2- . > Title of the Review
emissions per Saved Emissions Your Points Foke
person . s

I Il .I Container Text:;-t!'le rel\;ew.l

I—} Points > AA itional details
I I - _Picture of the Product
: ) | O

Points Reviews

Fig. 5: Visual Mockup of Dashboard (a), Consumen¥af Marketplace (b), and Provider View of Marketpé (c).

Q1

( How does it work? ]

(a) The Dashboard interface is segmented intosaations. Users have the option to select fronrigtyeof
scenarios and interventions for evaluation, whighthen visually represented. The second sectiesepts
dual map views of a specific region; the left mdpplhys the region in its current state without any
interventions, while the right map illustrates thegion post-intervention application. Enhanced aisu
elements, such as color-coded districts/routes/aamitras, will be utilised to represent the key neet€O2
emissions. The third and fourth sections offer mgarison of variable changes between the two mags a
display relevant indicators for the region poseimention. The final section is designed to providers
with a detailed explanation of the dashboard'stfanality and the underlying DT technology.

(b) The Consumer View of the Marketplace summatristesmation relevant for customers. It facilitatide
placement and acceptance of offers among neighloouesal providers. The map view can be used tavsh
them the most environmentally friendly routes tketfor each task, as well as nearby alternativesaicel
such as public transportation. Users can add tiwite address and place of work to the map, todurth
calculate best routes. Routes are color-coded, gvitbn indicating the most sustainable option agltby
representing the user’s regular travel path. Thp atso marks local stores and Shared Economy camnsai
Users can pick offers and services based on emagatal impact and can collect points by choosinipop
with less CO2 emissions than an average alterndfivese offers are marked with a green leaf, wiserea
offers that would not lead to any saving of emissiare marked with a black leaf. If possible, pgtiting
providers could offer users to exchange these péimtrewards at their stores.

(c) Providers themselves have an overview on timefiis of the project for themselves, such as sdd¢a
and CO2 emission reductions. Additional options hhige to create a new offer, show an overview of
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current offers and manage a bonus point systenshaoa reviews of previous customers. They can farthe
access the container-system, which allows for aeSBaonomy System, as introduced in Section 4.1.

5 SUMMARY

In this paper, we introduced the GreenTwin projeleich aims to explore methods for sustainable Haitd-
logistics in rural areas that benefit both residesmd other stakeholders by improving local suppid
supporting logistic decisions that are cost-efficias well as environmentally friendly. For thise wombine
agent-based simulation, cognitive modelling of plopulation, and optimising logistics processesrangry
methodologies. This paper outlined the project\getisopoment phases and discussed the submoduleseadd u
methods as well as how these are combined to aalbgelution. Since this research project is stiljoing,
whereby some challenges must be acknowledged.nBtanice, our solution requires merging of data from
various data sources with different granularitymaror the real-world rural region in our (sub) netsl
Hence, we plan on maintaining a collaborative dagacept to control information flow between the
submodels. Furthermore, as it is challenging togadtely prepare information on effects of different
logistics services to provide a robust and trarespavasis for decision-makers future work thusudek the
design and development of visual components amdast information in dialogue with stakeholderg (e.
through workshops or studies/surveys). Lastlyhis tesearch project we aim at providing a solusra
pilot demonstrator to prove the applicability okthverall solution in a model region. Hence, thigjgct
may therefore be followed by the further develophwthe solution into a prototype in the targegios
and extensive testing under real conditions.
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