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“das hub” ist das “Data Analytics and 
Simulation Hub for Logistics, 
Production and Mobility” der 
Hochschule Hannover
www.das-hub.de



Portfolio

Logistik
Intralogistik, Supply Chain 
Management, Urbane Logistk

Mobilität
Individualverkehre, ÖPNV,

Kombinierte Verkehre

Produktion
Planung, Disposition, 
Prozesssteuerung

Handel
E-Commerce, Online-

Lebensmittel
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Supply Chain Level 1, Supply 
Chain Level 2 and Last mile

Supply processes from central and 
regional warehouse as well as CEP 
distribution centers

Supply processes from and to food 
fulfillment center, supermarket 
outlets and CEP sort facilities

Order reception processes of 
supermarket outlets and 
households

Simulation model
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E-Grocery Fulfillment - Conceptual Simulation Model
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Conceptual scenarios
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#1 Click & collect

Delivery time-window:
Absent
Order reception:
Collection

Central warehouse

Regional warehouse

Supermarket

Customer

Penultimate
mile

Last-mile

First mile

#2 FFC delivery

Delivery time-window:
2 hours
Order reception:
Attended home-delivery

Central warehouse

Regional warehouse

FFC

Customer

Penultimate
mile

Last-mile

First mile

#3 CEP delivery

Delivery time-window:
Absent
Order reception:
Unattended home-delivery

Central warehouse

Regional warehouse

CEP sort facility

Customer

Penultimate
mile

Last-mile

First mile

#4 Dropshipping

Delivery time-window:
Absent
Order reception:
Unattended home-delivery

Central warehouse

CEP distribution center

CEP sort facility

Customer

Penultimate
mile

Last-mile

First mile

#5 Spoke delivery

Delivery time-window:
3 hours
Order reception:
Attended home-delivery

Central warehouse

Regional warehouse

Urban spoke

Customer

Penultimate
mile

Last-mile

First mile

#6 Store delivery

Delivery time-window:
4 hours
Order reception:
Attended home-delivery

Central warehouse

Regional warehouse

Supermarket

Customer

Penultimate
mile

Last-mile

First mile



Methodology

Design of simulation experiments

Problem 
identification

Scenario
definition

Literature 
Review, WCA

Data
synthesis

Model 
conceptualization

Model
implementation

COMPILATION
& RESULTS

SEARCH STRATEGY

DATAPLANNING

MODELLING



Capacities 

HDT: 700 orders (Fixed)
LCV: 18 orders (Mean)

LCV CEP: 120 orders (Mean) 
MDT: 180 orders (Mean)

Delivery frequency

DC-SF: 1-3 (Variable) ...
CW-DC: 0-1 (Variable) ...
RW-SF: 1-2 (Variable) ... 

... trucks per day

Supply frequency

CW-RW: 0-2 (Variable) ...
RW-FFC: 0-2 (Variable) ... 
RW-SO: 1-3 (Variable) ...

... trucks per day 

Operations

SO: 14 outlets (Fixed)
Working days: 6 (Fixed)

Working hours: 7.8 (Fixed)  

Service time

HDT: 60 (Mean) ...
MDT: 60 (Mean) ...

LCV: 7 (Mean) ...
... minutes

1.410 Households are populated randomly across the area of investigation. These households 
feature a daily shopping frequency of 51% (Fixed), a mean car utilization rate of 60% (SD = 15) 
as well as an average basket value of 68,- € (Fixed) per order for grocery shopping activities. 

Model Parameters and KPIs
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Vehicle speed

Inner city: 30 (Mean) ...
Outer city: 70 (Mean) ... 

... km/h 



The simulation model has been created in AnyLogic (Version 8.7.3) and combines 
agent-based modelling properties with a discrete-event simulation technique. 
Routing procedures are conducted based on a flexible K-nearest-neighbour heuristic.

The scope of the simulation model is restricted to four city districts in Hanover, 
Germany. Central warehouses, regional warehouses, sort facilities, distribution 
centers and supermarkets have been aligned with a major retailer in Germany.

PM2.5 emissions: �𝐸𝐸𝑖𝑖𝑖𝑖 = ∑𝑘𝑘 �𝑁𝑁𝑖𝑖,𝑘𝑘 ×𝑀𝑀𝑖𝑖,𝑘𝑘 × 𝐸𝐸𝐸𝐸𝑖𝑖,𝑖𝑖,𝑘𝑘

CO2 emissions: 𝐸𝐸𝐶𝐶𝐶𝐶2,𝑘𝑘,𝑚𝑚
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 44.011 ×

𝐹𝐹𝐶𝐶𝑘𝑘,𝑚𝑚
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

12.011+1.008𝑟𝑟𝐻𝐻:𝐶𝐶.𝑚𝑚+16.000𝑟𝑟𝑂𝑂:𝐶𝐶,𝑚𝑚

Simulation Model



Total mileages per fulfillment scenario and day in kilometers 

#1 CLICK & COLLECT

#2 FFC DELIVERY 

#3 CEP DELIVERY

#4 DROPSHIPPING

#5 SPOKE DELIVERY

#6 STORE DELIVERY

E-Grocery utilization rate cases include 1%, 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90% and 100%. Per 
scenario, a total of 11,000 simulation runs have been 
conducted. Simulation runs have been performed in 
accordance with the priory defined conceptual 
properties and system parameters.  

Results – Mileages
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1%: 140 km 
100 %: 2054 km

1%: 83 km 
100 %: 2009 km

1%: 88 km 
100 %: 1316 km

1%: 41 km 
100 %: 1066 km

1%: 103 km 
100 %: 1652 km

1%: 136 km 
100 %: 1841 km



Logistik entlastet, 
weil Mobilität 
reduziert wird.



Total CO2 emissions per fulfillment scenario, day and exemplary 
utilization case (1%, 50%, 100%) in kilograms.

1200 kg

600 kg

150 kg

Click & Collect Store deliverySpoke deliveryCEP delivery DropshippingFFC delivery

Results – CO2 and PM2.5 emissions
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CO2

1%1%1%1% 1% 1%50%50%50%50% 50% 50%100%100%100%100% 100% 100%
Case Case Case Case Case Case

Click & Collect

CEP delivery

Spoke delivery

Dropshipping

FFC delivery

Store delivery

PM2.5

Total PM2.5

emissions per 
scenario and 
day in the 
50% case

5.9 grams

2.9 grams

2.4 grams

2.0 grams

2.7 grams

2.8 grams



Conferences and publications
Main s ource
• WSC 2021
Book
• Springer 2024

Conferences
DACH
• ASIM SPL
Europe
• EUROSIM
World
• Winter Simulation 

Conference



Einfach 
mal machen –
ein Quartier 
als Reallabor!
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Impact of Parking Bays and 
Second Row Parking

Trott et al (2021) Evaluating the role of commercial parking bays for urban stakeholders on last-mile deliveries – A consideration of various sustainability aspects. 
August 2021Journal of Cleaner Production 312(3439):127462. DOI: 10.1016/j.jclepro.2021.127462
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Input aus der Forschung für ein 
Reallabor zu urbaner Nachhaltigkeit

…USEfUL

Kombinom

……

Digital twin 10.000 households, 
model e-grocery, model KEP, 
mobility data, logistics data

Fleet model autonomous 
shuttles, mobility data, 

logistics data

Real time mobility data, mobility 
tracking app, incentives

Gamification, nudging
Real-time supervisory energy 

management control in 
residential buildings 



Erst Exzellenz und 
Ziele, dann Wissen-
schaftsräume





HULLS –
Kick-Off 01.10.2024
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Parking Bays

Published 
Results in 
Urban 
Logistics

E-Grocery Strategy

Logistics Scenarios 

Basic Traffic Model

E-Grocery Impact

Use Cases

Impact Traffic & Emission Basic Traffic Model

WRoIMT 2021WI 2020

JoCP 2021

WSC 2021

SNE 2020

Springer 2019

WSC 2020 ASIM 2019



Published 
Results in 
Concepts 
& MethodsNotations

Evaluation of Simulation

Simulation Applicability

Nudging in E-Grocery

Quality Factors

Shopping Duration

CBI 2020 WSC 2022

ASIM 2021

ICIS 2021

ECIS 2021

WI 2022



“das hub” ist das “Data Analytics and 
Simulation Hub for Logistics, 
Production and Mobility” der 
Hochschule Hannover
www.das-hub.de

Christoph 
von Viebahn

Johannes 
Staritz
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