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Logistics is at the core of modern society and essential to bring food and goods in the heart of cities,
where a majority of Europeans live. However, there are a number of a challenges associated with
transport efficiency in Europe and worldwide. Thusn#igant changes are needed in supply chain
operations, especially on tHastmile logistics chain. This lack of efficiency affects the economics of
logistics and its externalities on the urban tissiastmile logistics representing 30% of the total
emissions of logistics transportation.

The DECARBOMILE project is a comprehensive initiative aimed to minimize the negative impact of
logistics by creating a more sustainable and environmentally friendly transportation system through
introducing innovativesolutions that encourage the use of alternative fuels and technologies, with the
ultimate goal of reducing greenhouse gas emissions and combating climate change.

Gathering 31 partners from 10 different countries, DECARBOMILE aims to trigger an unpextede
improvement of the greetastmile logistics in Europe. To reach that goal, DECARBOMILE relies on a
strong experience oflecarbonisingurban logistics through European initiatives such as CIVITAS.
Partners will build upon all previous results to develop improved delivery methods, tools and
methodologies, and implement them across Europe. The solutions developed in DECARBOMILE wiill
demonstate the full potential of decarbonisddstmile logistics.

Thus,the main objective of DECARBOMIEHEo develop tailored solutions and demonstrate the full
potential of decarbonised laghile logistics in four living lakisHamburg (Germany), LogrofiBpain),
Nantes (France) and Istanbul (Turkey), and four sateliit€etafe (Spain), Tallinn (Estonia), Ghent
(Belgium), Sarajevo (Boshia and Herzegovina), in line with their technical, environmental and local
sociceconomic contexts.

The main objectiviés expressed in the six objectives listed below:

O1: Develop interoperable and multimodal vehicles faastmile Delivery (LMD) in urban contexts.
DECARBOMILE will work on logistics vehicles optimisation, especially regardirgjlas@md testing

their combinations with transportation modes alternative to the road and conventional trucks (river,
rail). Core focus will be: 1) the interoperability between solutions and adaptability to the local contexts
on the hardware side and 2) innovative softwareabling optimised vehicle loading and routing.

02: Enhance collaborations between local and global stakeholders for long term successful uptake
DECARBOMILE will put a strong emphasis on the collaboration between local stakeholders and focus
on piloting cooperation with private logistics operators and local businesses. DECARBOMILE will also
collaborate with the CITIVAS and other relevant initiatives, in which several partners from the
consortium are involved. DECARBOMILE will develop an urban coriealidaidel, allowing new
functionalities to be tested and join the Digitalb for collaborativelastmile logistics.

03: Optimisdast-mile logistics planning and integration in the urban fabric by developing innovative
ICT tools

The project will focus on the development of several digital tools to ensure optinéstdnile
logistics, reducing the transportation time and associated traffid GHG emissions, as well as costs.
This will include the development of new tracking, tracing and monitoring tools to optimise the control
over the flow of goods, network design and delivery optimisation. Emphasis will be put on the
integrated approactof these tools and the development of a collaboration layer to assess their impact
on the environmental and economic performance.

0O4: Develop innovative tailored business models integrating social innovations for a strong market
uptake
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A key aspect othe project is to develop economic sustainability of the proposed solutions.
DECARBOMILE will thus establish new models for addressing governance and management of logistics
operations. This will include the integration of social innovations to ensungarlacceptance of the
solutions in the demonstration cities and for their replication across Europe.

O5: Demonstrate full potential greetast-mile delivery in 4 living labs and investigate replication in

4 satellites

At the core of the demonstrationhe four Living Labs will host full potential pilots. In addition, the
four satellites will work on the preesting of specific developed solutions before their -Bdale
implementation in the living labs, and on their adaptability and replicability ttiqdar contexts.

0O6: Integrate the LML concepts in the local public policy plans and European regulations

Lastmile logistics faces specific regulatory and social contexts potentially impacting its
implementation and limiting its spread. DECARBOMILE will propose recommendations on the
implementation and improvements d¢éstmile delivery. To ensure a strong uptake ef@emission
efficient lastmile solutions, DECARBOMILE will integrate urban strategyeation, including traffic
regulation, urban planning, and space management, with citizens in collaboration with local
policymakers.
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The objective of the DECARBOMILE project is to focus and enable the full potential of greele last
logistics, notably by developing and implementing comprehensive tailored technological solution that
meets the needs and business remuments of the European cities. To showcase this potential, the
project focuses on four living labs and four satellite cities that have different technical, environmental
and local socieconomic contexts.

The aim of thi$1.1 Baseline situation for urbafmeight logistics in thdiving labsis toprovidea stae

of the art of the current urban logistic situatiin project cities and in Europkmoking at logistic flows
and related freight movements, existing territoriafrastructures and equipment, curreffteight and
urban planning policies and regulation framewdltkalsodetails the potential of the use cases to be
implementedin DECARBOMILE

Project cities and technological partners contributed to the diagnogiprbviding data and analysis

on local urban freight situation, running needs assessment analysis, identifying and engaging relevant
a0F1SK2ft RSNARZ YIFLILAY3I GKSANI G§SOKYAOlFtf NBIjdANBYSy
implementation, etc.n setting up collaboration with local stakeholders throughceceation kick off

workshops, living labs aimed to gather as much accurate and relevant information as possible to detail

the different use cases to be implemented, in accordance with the idedtibcal context and needs.

A benchmark of urban logistic initiatives over Europeludingpast and current projectsiternal and
external to the consortiumhas been conducted to highliglthe associated lessons learned and
successsin terms of polies, tools and methodologies, emphasising five strategic pillars of the
project (collaboration, space management, addedue services, regulation, digitalisatioA)second
benchmark, on the regulation of urban distribution of goods in cities botidénand outside of the
consortium allowed taollect different practices anshowcaséhe currentlocal logistics assets, needs
andregulatory frameworksn Europe

In parallel,data collection, software and hardware barriers and levers for consolidation, model
implementation and exploitation were consolidated throughdesigroriented literature review
including oncyclelogistics@A I 6 A f A (i & Qahd bisindss/ colRuNHi@ Ban&vorksinvolving
logistics, directly or as a supporting service.

In order to ensurdhat internal and upcomingxternal project activities (including the uptake of-e
cargobikeslogistics)are inclusive of every person argender sensitivea cultural and workrelated
assessment of gender dimension issuwes undertakenA gender equality plan watevelopedand
provides insights as to howdentify, take into account and tacktelatedissues stould they arise.
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ABBREVIATIONS

Abbreviation Description ‘

(A)LNS (Adaptive) Large Neighbourhood Search

(MILP (Mixed-Integer) LineaPrograms

2EVRP TwoEchelon Vehicle Routing Problem

ADF Approximate Dynamic Programming

ADIF AdministradorDe Infraestructuragerroviarias EpanistRailway
Infrastructure Administrator)

ATIS Advanced Traveller Information System

ATMS Advanced Transportation Management System

AV AutonomousVehicle

AVCS Advanced Vehicle Control System

CA models Continuous Approximation models

CDP Collection and Delivery Point

CEP Courier, Express, Parcel Providers

CFC Chlorofluorocarbon

CH4 Methane

CL City Logistics

CN Congestion

CcO Carbon monoxide

CcOo2 Carbondioxide

CO2e Carbondioxide equivalent

CPS CyberPhysical Systems

CVRPPAD Capacitated Vehicle Routing Problem with Rigkand Alternative Delivery

Cyb Cybersecurity

DaaS Deliveryasa-Service

DI Digital Infrastructure

DSQ Dock Scheduling and Queuing

DT Digital Twin

DTSPP Differentiated Time Slot Pricirigroblem

ELVS Electric {Category Vehicles

EV Electric Vehicle

FP7 Seventh Framework Program

FSMVRP FleetSizeand-Mix Vehicle Routing Problem

GDPR General Data Protection Regulation

GRASP Greedy Randomized Adaptive Search Procedure

GHG Greenhouse Gas

GPD Gross Domestic Product
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HGV Heavy Goods Vehicle

ICT Information and Communication Technology
IMM Istanbul Metropolitan Municipality

loT Internet of Things

ISP Internet Service Provider

IT Information Technology

ITS Intelligent Transportation System

KOM Kick Off Meeting

KPI Key Performance Indicator

LaaS Logisticasa-Service

LC Logistic Concepts

LCV Light Commercial Vehicle

LEZ Low Emission Zone

LML LastMile Logistics

LNS Large Neighbourhood Search

LP Linear Programming

LRP Locating Routing Problem

LSP Logistic Service Provider

LTL LessThantruckLoad

LTZ Low Traffic Zone

LU Land Use

MaaS Mobility-asa-Service

MD-2EVRMDO Multi-Depot TweEchelon Vehicle Routing Problem with Deliveptions
MILP Mixed-Integer Linear Program

MIP Mixed-Integer Program

MNL Multinominal Logit

MPS ModalParallelSchiebewandtransport g/stem)
N20 Nitrous Oxide

NOXx Nitrogen Oxides

NP Noise Pollution

03 Ozone

OCCR Opportunity Costs that consist of Cost and Revesftects
OLl Open Logistics Interconnection

Pl Physical Internet

Pmx Particulatematter

PT PublicTransport

R Recipient

RFR Random Forests Regression

SAA Sample Average Approximation

SCND Supply Chain Network Design
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Sd/R Standalonedevices/Robots

SDD SameDay Delivery

Sor Simulation and Digital Twins

SKU Store Keeping Units

SLR Systematic Literature Review

SME Small and Medium Enterprises

SO Simulationrbased Optimization

Sox Sulphuroxides

StvO German Road Traffic Act

SUFT Sustainable Urban Freight Transport

SULP Sustainable Urban Logistic Plan

SUMP Sustainable Urban Mobility Plan

SUTP Sustainable Urban Transport Plan

TENT TransEuropean Transport Network

UAV Unmanned Aerial Vehicles

UCC/MCC Urban Consolidation Centre/Micro Consolidation Centre
UFT Urban Freight Transport

uGv Unmanned Ground Vehicles

umC Urban Micreconsolidation Centre

VFA Value Function Approximation

VNS VariableNeighbourhood Search

VOC Volatile OrganicCompounds

VR Vehicle Routing

VRP Vehicle Routing Problem

VRPCE Vehicle Routing Problem in a Competitive Environment
VRPDO Vehicle Routing Problem with Delivery Options
VRPLTT Vehicle Routing Problem wittbaddependent Travel Times
VRPRD Vehicle Routing Problem with Release Date

VRRTW Vehicle Routing’roblemwith Time Windows
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DECARBOMIBARTNERS

Acronym

Organisation Name

IT Interface Transport
HAM Free Hanseatic City bfamburg
ITS ITS World Congress
LGN Logrofio Municipality
NANTES Nantes Municipality
IMM Istanbul Metropolitan Municipality
TLN Tallinn Municipality
GETAFE Getafe Municipality
GISA Development agency of Getafe
SARA SarajevdCanton
TUHH Technical University of Hamburg
CBS Copenhagen Business School
CAPIT Capillar IT
TMTX Transmetrics
GGl Genegis Gl
NGS New Generation Sensors
ITA Ita Innova
IMTA Institut Mines Télécom Atlantique
SCuU SivasCumhuriyet University
MIGROS Migros
TRI Les Triporteurs Nantais
OHB Training Centre for Wood and Construction
INT Intelligent Parking
LIHH Logistics Initiative Hamburg
UBC Union of Baltic Cities
CARA CARA European Cluster foobility solutions
IDAMOBILITY IDAMOBILITY
FLEX Fleximodal
RCXB Red de Ciudades por la Bicicleta
EQY Euroquality
DHL Deutsche Post DHL
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D1.1 Baseline situation for urban freight logistics in the living lgtir®videsa detailed diagnosien
the baseline situationof the pilot project citiegcalledLiving Labg(with details on theiurbanlogistics
situation and potential use casg¢and lessons learnt fromielevant projects across Europk®oking
more speciftally at the five pillars of thBECARBOMIIgEoject collaboration, business models and
addedvalue services, urban integration and space management, regulatiddigital infrastructure

Aregulation benchmarlkanaly®s the current legalrameworkrelated to urbandistribution of goods
looking specifically at e.ggw emission zones, congestion charge zones, deliveratakiheusage of
cargobikes.

Theliterature review presents, in fiht of the five pillar®of the project alternative logistics concepts
with a consolidation approachs urban consolidationcentres or micro hubs,new places of delivery
like collectingpoints or alternative home deliverygchanges in the transport chain likeultimodal last
mile logistics, innovative vehicle solutions, use of autonomous vehiclesnetro based logistic
underground and presents the concepts of tihysical Interneihcludingcrowd logisticsandthe load
pooling For the five pillars of DECARBOMILE, different potisntiad challenges for each pillar and
existing systems are presentdelrthermore, differenbptimization algorithms for the network design
and vehicle routing folastmile delivery in cities are presentetbokingat the optimisation potential
of these logistics conceptisy terms of economical, ecological and social objectives

The Gender Equality Pla{GEP) sets out the ambitions, priorities, and activities as well as the
trajectories and targets of the DECARBOMiidiect in terms of diversity, equity, and inclusioft.
createsa set of commitments and actions that aim to promote gender equality within the consortium
through monitoring and reporting and by facilitatitige dialogue with stakeholders of the project
regarding gender, i.e., to ensure all genders are fairly represeatatiare given an equal say within
the project and its processes.
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In this sectionananalysiger LivingLab(LL)rovides detailednformationonthe local general context,
state of the art of uban logisticgincluding €onomic activities and freight movemenisfrastructures
and main equipment/assetgpublic policies and regulationfocal stakeholderand existirg digital
solutiong, potential use caset be developedKey Performancéndicators(KPIs), andefevant use
cases to build upoas the projetdevelops There is also a more genermatroduction to theso-called
@ St f kdntBxtadditheikbdskliRe situation and potential use cas8siellite cites are cities
involved in DEGRBOMILESs replicator sites, to test and refine tlsealeup potential and strategy of
solutions developed throughout the project.

For the KPIs, specifimdicators will be developed o LL during the project based on the
experimentation and use caseTlhere are also common KPIs identified for alllitse

1 Number of stakeholders
o0 Involved in the pilot
o Involved in the project
0 Sharing their data for the projéc
Number of clients using the service
Deliveries made by carguikes
o0 Number of freight units delivered
o0 Number of kilometres made by cardpikes
Average delivery time
Average delivery costs / freight unit
Quantity ofcarbon dioxide C) + Particulate Matter{Pmx+ Nitrogen oxides (bi) per
freight unit (these KPIs relate the level of pollution in the gir
1 Loading rate of delivery vehicles

= =4

= =4 =

CONTEXT

Istanbul is a metropolitan city with a very diverse and interesting history and topogmaphg South
easternof Europe, with over 1illioninhabitants. Istanbul is also known as Seven Hills becautse of
hilly surface.

Istanbul Metropolitan Munidpality (IMM) is a key actoin the local administration organization of
Istanbul. Its area of responsibility encompasses the entire provincial territory, which spans a total area
of 5343 km.

IMM has 28 municipal enterprises, 2 subsidiary publility corporations (Transport Authority and
Water & Sanitation Authority) and around 800 employeesThe city has 39 district municipalities
(shown inFigure 1) The area of responsibility of IMMoversthe entire provincial territory. In
DECARBOMILE, sevetban Consolidation Centres (UCLCwith an area of~500m2 andMicro
GonsolidationCGentres (MCEwith and area of~100m? will be implemented and operatdxy logistic
operators Their precise location is not yet defined, but targeted areas include the centre districts of
.SOALGrOT .1 PNJ | &Pendik Fatth aréviertzs givenitiieir INgh tralfic dRdPdens@ =
population.Further information on this is given theuse case dedicated section below.
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Legend
Population Density (people per sq)
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Figurel: Istanbul Districts and Population Densit$éptember,2022)

IMM is the principal public body in planning, desighimplementngand operathgthe transportation
sector in Istanbul A number of affiliated companies are responsible tbe transportation sector
planning and land use and its integration with other sectorsjncluding traffic regulation and
mobility.

IMM is responsible for a wide variety of areas including environment, nagaslsupply, energy,
infrastructure, planning and developmentnformation technology transportation, community
services and vocational education, healtkliness, food & cateriy culture, tourism, etc. The city itself

is one of the regions where the densest vertical urbanization is observed not only in Europe but also
in the globe (a significant factarichincrea®sthe rate of logistics traffic/trips per mile considerably).

More than 30 million daily trips are made in Istanb(@inobility of persons and goodsjo the public
transport system plays a vital role in supporting the economy and providing citizens with access to
basic services, such as work, health and educatioough healthy and environmentally sustainable
options. In recent years, lot of moneyhas been invested in the city's public transport syst@ire rail
network is gradually beingextendedand theexistingpublic transport network is being improved by
implementing additional technology and smart applications.

%28 9,8M L4M Trips on foot %640,5 45 .
public t " Daily ride on public Daily intercontinental k e <%0.5 Number of electric
LHRIE transpo transport trips Trips by bike <%0, vehicles an the islands

O

~765 K

6533 Ferry number 66 Metro ling number 10 262,15 km Number of daily

Bus number Sea taxi number 45 Trammms Rail system passengers in
metrobuses (BRT)

Figure2: Istanbul Mobility in Numbers (DECARBOMILE KoM, September, 2022)
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Today/stanbul has 262.15 km of rail netwoidperating, with a total of 208.90 krander construction

of which 103.30 km is being built by the Ministry of Transport and Infrastructure. The rail network
projects currently being planned will extend the overall network to 637.90 km by 2029. Moreover,
includingthe lines planned to open after 2029, the lehgtf the rail networksystemis targeted to
reach 817.51 km in 2040.

Recent public transport projectssuch as the Metrobus, the Marmaray rail improvements and other
rail system projectg have strengthened social inclusion and improved access to esensocial and
cultural opportunities for people living in the outer regions of the city.

Istanbul has four differengffectivecoastlines, on the north and south sides of the city and along the

Bosporus and the Golden Horn. The total lengtm@e than 500 km and therefore offers a great
potential for waterbased mobility optiondike barges for example

T, Black Sea
=
E Ry ™
o ot ~ ",
— v .
g " ~—
|
(3
455 2
A\ ’, Y
> P
%L A
== Lastern Marmara
Western Marmara
Golden Horn
wes Bosphorus Sea of Marmara

Black Sea

Figure3: Classification ofstanbulO2 I a Gt Ay S 0 & 2 dzZNOSIE. Tekeli, 'CoastindChBnyds and Btanbud |
Coastal Landscapg"

Due to its strategic location between Europe and Asia, Istanbul has always been a major economic
OSYiNB® ¢KS OAle Kz2a lceandascoursTor 1i3fike nafichalzgiradidBo@ & 6 2 NJ
in the industrial and service sectofs.2019,31.7% of Turkey's tot&ross Domestic ProdudsDB is

produced in Istanbul.

However, the Gini coefficient in Istanbul, which is used to measure income inequality with values
between O(low inequality)and 1(high inequality) increased from 0.35 in 2003, to 0.40 in 2015, to

0.45 in 2020. Indeed, migration within Turkey has lethtweasing inequalities within Istanbul.

URBAN LOGISITCS

Economic activities and freight movements
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Istanbul has a diverse range of industries, because of its 16 million residents. Also, the city connects
Europewith Asia. As a result, it becomasbridge for transit vehicles which are carrying their loads
between Europe and Asia.

There are abou80 milliondaily trips in Istanbuffor persons) The number of daily trips wilhcrease

to 38 millionin the 2040s.Almost60%of Turkey's annual logistics movements take place in Istanbul.
Theinternational road freight transportation ranks firstvith 21.6% of the total transportation flows

in Istanbul, followed byaritime transportation (18.2%) andbomestic Road freight transportation
and distribution (16.9%) in the city.

When lookng at the sectors thatequirelogistics services, th@achinery manufacturing sectaranks
first with a rate of 28.3%. It is followed by tineetal products sector the automotive subindustry,
and thetextile sector, in that order.

Service and industrial sectors are the most importamésin terms of econmic activitiesn Istanbul.

To provide Istanbul a competitive advantage on the world stage, it is planned to restructure the
existingsectoral structure intdigh-level services, finance, and informatics industrieased primarily

on information and technology.

There areeight organized industrial areas and 113 small industrial aréashe city that employ over
150000 people. Alsgixwholesale marketsthree free trade zones anfive ports are located around
the city. One of the ports, Pendik Port, is being used faorfroll ong roll off) transportation.

Ea @ g

e [o1]

Istanbul
foico]

Gebze
(03]
Figure4: Pendik Port (source: Googtaaps)

The number oghopping mallswhich are the places where the retail sector coexists misstverl20
in Istanbul

Direct international freight transit is carried out within the scope of International Railway

CNF YALRNIFGAZ2YS gAGK 02NRSNJ ONRaaiaAy3daa QAL YL LIP]
addition, a domestic railway transportatiofis I @ A £ | 0 f(Figdre J i$ the] dnlf Bading and

unloading station used to carry goods by railway, witbdalParallelSchiebewandMPS wagons(a

specifictype ofrail transport system)
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Figure5: Halkali (source: Google maps)

As aresult, Istanbul has a relatively high density of logigijpsrations The highway has a lot of traffic
because both freight angassengersise the same infrastructure. Intersections between freight and
passengers must be avoided or minimized as muckasilile in this situation.

Infrastructures and main Equipment/assets

Istanbul has numerous logistics focal points of various sizes because it is a large and crowded city.
According to the most recent logistics analysis reseancade by Istanbul Logistic Master Plan
prepared by IMM in 201&,2 logistics focal points have been identified. These focus points can be seen
on theFigure6 below.

Figure6: Istanbul Logistics Focal Points (sourtdM)

As it is shown, all kind of logistiaee representedin Istanbul However, because of the large borders
and rising migration from other cities, &lgisticszones have been spread around the city. To prevent
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