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❑ Impact of Lockdown Effect During COVID-19 Pandemic

▪ Decrease in store traffic leading to shutting of many retail stores

▪ Online commerce increased 21% from March 2019 to March 2020

▪ 45% uptick in Online Purchases that used to be in-store purchases

▪ Global shift in demand for customer responsiveness

“Many Analysts predict these consumer behavior 

patterns to be permanent”

Global E-commerce Image Adapted from : https://www.oberlo.com/statistics/global-ecommerce-sales, Original Source: eMarketer
Retail closures image adapted from: Gurram, G., and Fernandez, L.B. (2021 March 28) Turning your retail space into distribution space. SCMR, Available Online : https://www.scmr.com/article/turning_your_retail_space_into_distribution_space?platform=hootsuite&utm_campaign=JBLCampaign

Retail store closures from 2017 to 2020 in US

How could conventional retailers compete in 

this increasingly digital world ? 

https://www.oberlo.com/statistics/global-ecommerce-sales
https://www.scmr.com/article/turning_your_retail_space_into_distribution_space?platform=hootsuite&utm_campaign=JBLCampaign
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Adapted from : B. Montreuil et al. (2018), “Urban Parcel Logistics Hub and Network Design: The Impact of Modularity and Hyperconnectivity”
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Based on Multi-Tier Hierarchical Space Structuring and an Interconnected Multi-Plane Logistics Mesh Networks
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“Future of retail might be transformation of stores into mini- or micro-Distribution Centers located 
near customer locations to meet increased e-commerce demands and fulfillment timelines” 
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❑ Positioning of hubs near pickup or delivery points create
opportunities for faster, precise and timely services

❑ Due to urban infrastructure and dynamic changes in customer
demand requirements, a vast number of candidate locations
can be identified for access hubs near each unit zone

❑ Filtering actual locations in the presence of a large set of
candidate locations accompanied with government
regulations, real-estate availabilities, traffic congestion while
modelling a comprehensive inter-hub flow is a grander
challenge faced by logistics service providers (LSPs)

❑ This presentation proposes a rough-cut capacitated service 
coverage-based optimization model leveraging modularity 
pillar of PI-Based Hyperconnected Logistics to provide early 
designs of access hub networks

❑ In case of stationary access hub networks, it provides a set of 
locations in a scale that is amenable to further optimization 

❑ In case of mobile hub networks, it gives initial location sets 
from which actual locations can be selected.

Faugère, L., White, C., & Montreuil, B. (2020). Mobile Access Hub Deployment for Urban Parcel Logistics. Sustainability, 12(17), 7213.
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• Each unit zone can be assigned to multiple access hubs and each access hub can be assigned to multiple unit 

zones.

• Operations are planned to serve the entire demand market of the megacity.

• Capacity at access hubs is adjusted by adding modules of fixed capacity and there is a fixed cost associated 

with adding a module.

• Deployment of hub at a location has an associated geo-specific cost which can be interpreted as land 

reservation costs and is independent of number of modules.

• For each unit zone, percentage imbalances in demand assigned to hubs are known.

• Rider cycle times to each unit zone  given.

“Simplifying assumptions were made purposefully to enable optimization in a 
very large-scale context such as megacities”



IPIC 2021 - MUTHUKRISHNAN P, FAUGERE L & MONTREUIL B - POTENTIAL ACCESS HUB NETWORK DESIGN OPTIMIZATION IN HYPERCONNECTED URBAN LOGISTICS JUNE 15, 2021 6/15

❑ Considering capacity limitations of access hubs and the goal of reducing cost of couriers incurred in
traversing to zones from hubs, an access hub is confined to serving their immediate neighboring unit zones
only

❑ Fix a threshold distance from each location and assign it to be capable of serving unit zones falling under
the imaginary circle with threshold distance as radius

(a) Dense collection of unit zones smaller in area  

(b) Sparse collection of unit zones larger in area

Access Hub

However, megacities have diversity of unit zone 
shapes and sizes depending on what it 

represents, and smaller area need not directly 
represent smaller demand.

For example, it could be representative of high-
rise building

GEO-SPECIFIC THRESHOLD 

Accounting for distribution of unit zones across the megacity
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Mathematical Sets:

𝑈 set of unit zones

𝐴 set of candidate locations

𝑃 set of {zone, location} pairs where 𝑢, ℎ ∈ P implies unit zone 𝑢 ∈ 𝑈 can be served from location ℎ ∈ 𝐴.

Parameters:

𝑠𝑢 total pickup and delivery demand of unit zone 𝑢 ∈ 𝑈
𝑚𝑢 minimum number of activated locations required near unit zone 𝑢 ∈ 𝑈
𝑡ℎ maximum number of unit zones that can be served from location ℎ ∈ 𝐴
𝐶𝑚 fixed cost of adding a module

𝐶𝑢 𝑠𝑢 , ℎ operation cost estimates of courier (s) serving 𝑢 ∈ 𝑈 from hub at location ℎ ∈ 𝐴
𝐶𝑑(ℎ) fixed cost of deploying a hub at location ℎ ∈ 𝐴 - can be interpreted as land-reservation cost

𝑄𝑢 maximum of inbound or outbound parcels at unit zone 𝑢 ∈ 𝑈 during rider replenishment cycle

𝛼 capacity of a module

𝑔𝑢 known % imbalance in demand assigned to hubs capable of serving unit zone 𝑢 ∈ 𝑈 and 𝑔𝑢 = 0 if 𝑚𝑢 = 1

Decision Variables:

𝑋ℎ 0-1 variable indicating if hub is deployed at location ℎ ∈ 𝐴
𝑌𝑢ℎ 0-1 variable indicating if hub at location ℎ ∈ 𝐴 is chosen to serve 𝑢 ∈ 𝑈, ∀ 𝑢, ℎ ∈ 𝑃
𝑍ℎ number of modules added at location ℎ ∈ 𝐴
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Minimizes courier operations and deployment 
costs

Limits #zones an activated location can serve

Ensures min #activated locations near each zone

Modules are added only when location is activated

Ensures enough capacity deployed at each location
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#unit zones : 3468
#candidate locations : 52148

Unit zones

AH candidate location

Demand 
level

Low High

For benchmarking and illustrative purposes; they are not meant to be prescriptive
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#unit zones : 3468
#candidate locations : 52148
#Potential locations : 4417

Unit zones

Potential locations selected

Demand level

Low High

For benchmarking and illustrative purposes; they are not meant to be prescriptive
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➢ By specifying targets relative to the maximum number of unit zones that an access hub may serve and the number of

access hubs serving each zone, different sets of access hub locations can be generated. We can compare these designs by

feeding it to network design optimization model accounting for comprehensive inter-hub flow and evaluating its

computational performance and solvability in contrast with the baseline model starting with a large set of candidates.

➢ In context of mobile hubs, it can provide a set of potential locations from which actual locations can be selected for

dynamic deployments through the framework proposed in Faugère et al. (2020).

➢ Furthermore, we can conduct sensitivity analysis by analyze the impact of using different values for threshold distance

when assigning locations to zones on the key performance indicators.

➢ For future works, it would be interesting to consider modules of different capacities and study its impact on potential access

hub network designs and total cost estimates.

Faugère, L., White, C., & Montreuil, B. (2020). Mobile Access Hub Deployment for Urban Parcel Logistics. Sustainability, 12(17), 7213.
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