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E-substitution: Reduction of postal volumes  
source:  BCG (2012), Focus on the future. Building a new compelling position for posts. 

The context of the postal sector: latest trends 
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Volumes of letters (in billions) – EU 28 

Revenues (in billions of euros) – EU 28 

Volumes of letters change (%) -  EU 28  

The context of the postal sector: latest trends 

Effects of E-substitution 
source:  Main Development in the Postal Sector (WIK Consult, 2013) 
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The context of the postal sector: latest trends 
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Effects of E-commerce 

Volumes of parcels per inhabitant 

Source: Main Development in the Postal Sector (WIK Consult, 2013) 

Growth of volumes of parcels (in millions) 

“ource: Europe’s CEP ŵarket: growth oŶ Ŷew terŵs (ATKearney, 2012) 



• Reorganization of the mail collection system 

through the reduction of the number of postal boxes 

• Simulation and comparison of mail delivery strategies 

The aim of the project 

VIII International Workshop on Locational Analysis and Related Problems – Segovia, Spain,  27th-29th September 2017 



Access Collection Sorting  Distribution 

Senders 
Access points to 

postal network 

Distribution center Recipients 

Logistic system of a postal service provider 

VIII International Workshop on Locational Analysis and Related Problems – Segovia, Spain,  27th-29th September 2017 

J + 1: Priority mail  

J + 3: Ordinary mail 
J  
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 Location 

 Allocation 

 Districting 

Mail collection: Problem description 

Low volumes. High number of postal boxes. High inefficiency.  
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 set of users, indexed by ݅, identified with ܫ

 the centroids of the census sections;  

 ,set of current locations of postal boxes ܬ  

 indexed by ݆;  ܬ′ ⊂  set of current locations of postal boxes ܬ

 located at a postal office, indexed by ݆;
  

� distance from user ݅ to postal box ݆;  �′ distance from postal box ݆ to postal box ݆′;  

Notation 

Decision variables ݕ     binary variable equal to 1 if a postal box is located 

 at ݆, 0 otherwise;   

݆ ′ binary variable equale to 1 if postal boxݖ  is 

 allocated to postal box ݆′, 0 otherwise .  

ݔ     binary variable equal to 1 if user ݅ is allocated to 

 postal box ݆, 0 otherwise;   

ࡵ = ; ࡶ = ૠ 

Mathematical modelling: Notation and decision variables 
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 cumulative distribution function �

α set of users located within �αܫ  distance from the 

 closest postal box  (݅ ∊ :ܫ � < �α); ܫሺ1−αሻ set of users NOT located within �α distance from the 

 closest postal box (݅ ∊ :ܫ �  �α) 
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Mathematical modelling: accessibility measures 
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z =  �′ݖ′,′∊      �݅݊!   (1) 

s.t.  ݔ = ͳ∊      ∀ ݅ ∊  (2)   ܫ

ݔ   ݅ ∀      ݕ ∊ ,ܫ ∀ ݆ ∊  (3)  ܬ

  � ∗ ݔ  �∊     ∀ ݅ ∊       ሺ1−αሻ  (4)ܫ

  � ∗ �∊ݔ + � − � ∗ ݕ  �  ∀ ݅ ∊ ,αܫ ∀ ݆ ∊ ܬ         (5) 

ݕ  = ͳ     ∀ ݆ ∊  (6)    ′ܬ

′ݖ   = ′∊ݕ      ∀ ݆ ∊  (7)    ܬ

′ݖ   ,݆ ∀     ′′ݖ ݆′ ∊  (8)   ܬ

ݖ   = ݇∊         (9) 

ݔ  ∊ {Ͳ,ͳ}    ∀ ݅ ∊ ,ܫ ∀ ݆ ∊  (10)  ܬ

ݕ  , ′ݖ ∊ {Ͳ,ͳ}    ∀ ݆, ݆′ ∊  (11)   ܬ

Location/Allocation 

Districting 

Mathematical model 
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Computational experiments: an example of solution 
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ࢻ = . ࢻ� � = �    =  

District center 
Number of 

postal boxes 

Allocation cost 

[m] 

Routing time 

[min] 

36 18 18971,55 126,31 

105 6 4055,11 49,82 

120 10 12105,06 92,14 

161 14 20144,17 122,83 

235 12 16926,49 119,64 

264 9 8539,26 76,53 

Initial Postal Boxes = ૠ  
Current Postal Boxes = 69 
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Some refinements 
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Polygon 

vertex 

Centroid 

Postal box 

 �
 ࢞��

K    set of all vertices  Ki  set of vertices belonging to polygon i �࢞� = ࡷ∍࢞� � ∀  ∊ ∀ ,ࡵ ∊   ࡶ



Accessibility considerations 
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Distance [m] 

cumulative distribution function � � = ݉݅ ݊∊ �  ∀݅ ∊   ܫ

��cumulative distribution function � ࢞�� = �∊ݔ�݉ �∗  ∀݅ ∊  ∗݆  ܫ

 ࢞�� �

 ࢞�� �

Min 4,152 55,178 

Max 5625,515 6801,782 

Avg 380,575 527,061 

Dv. Std 546,244 637,366 

In 168 out of 2333 cases (7%), users should patronize a different facility 
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Accessibility considerations 
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Distance [m] 

 ࢻ�

 ࢻ�

ܬ  set of facilities located within 

 distance �ࢻ  from the centroid of 

 polygon i 

 (݆ ∊ :ܬ  �  ݅ ∀ ࢻ� ∊  ′ set of facilities located withinܬ (ܫ

 distance �ࢻ  from the farthest 

 vertex of polygon i 

 (݆ ∊ :ܬ  ���  ݅ ∀ ࢻ� ∊  (ܫ
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J + 1: Priority mail  

J + 3: Ordinary mail 
J  

Logistic system of a postal service provider 



Creation of the instance and preliminary notation 
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 set of recipients identified with house ܫ

 numbers    ܬ set of streets where house numbers are 

 located 

Notation 

ࡵ = �; ࡶ = ૠ �  population located at house number i � population located at street j 

  probability that users located at i receiveࢻ

 ordinary mail ࢼ  probability that users located at i receive 

 priority mail 

݈ lenght of street j 



Mail delivery: Regulatory framework 
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• Ordinary Mail  

• Priority Mail 

• Registered mail 

• Legal proceedings 

• Insured mail 

• Massive mail (only for businesses) 

• National/International parcels 

 

Types of products delivered: 

Biweekly delivery model on alternate days  

Quality objectives: J+1 (Priority mail), J+3 (Ordinary mail) 

Priority Mail on a daily basis 

Ordinary Mail on alternate days 



Delivery strategies – Scenario 1 
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Ordinary mail districting Priority mail districting 
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Delivery strategy – Scenario 2 
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Delivery strategy – Scenario 3 
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͞NON PLU“͟ districtiŶg ͞PLU“͟ districtiŶg 

 

 

  



Delivery strategy – Scenario 4 
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Mail delivery strategies: a comparison 
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Strategies 
Approach (Ordinary 

vs. Priority Districting) 

Operators vs. Type of 

Mail 
Competence Area Driver 

1 
Separate  

(Single level districting) 
Dedicated 

Ordinary: 

1 District (A+B) 

Ordinary Mail Volumes 

in zone A [B] 

Prioriry: 

1 District 

Priority Mail Volumes 

per district 

2 
Integrate  

(Multi level distrcting) 
Not dedicated 1 District (A+B) 

Ordinary and Priority 

Mail Volumes in A [B] + 

Priority Mail Volumes B 

[A] 

3 
Integrate  

(Multi level districting) 

Non Plus: Not 

dedicated 

Non Plus: 

1 District (A+B) 

Ordinary and Priority in 

A [B] 

Plus: Dedicated 

Plus: 

1 District (not covered 

zones) 

Priority per district 

4 
Integrate 

(Multi level districting) 

Non Baricentric:  NA NA NA 

Baricetric: Not 

dedicated 
1 District Priority Mail Volumes 



Conclusions and further research 
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 The problem of reorganizing the collection system of a postal service provider has been addressed; 

 A mathematical model aiming at defining both the postal boxes to be preserved and proper 

collection areas has been proposed and implemented; 

 Some considerations on users’ accessibility measures have been highlighted; 

 Some strategies for mail delivery have been showed 

 

Further research 

 Enlarge computational experiments and test the developed model on different case studies 

characterized by different users and facilities’ distribution and geographic characteristics; 

 Testing the model using taking into account the new accessibility measures defined; 

 Developing mathematical models for simulating the different delivery strategies proposed; 

 Building a real instance for testing and comparing the delivery models to be developed 

 



Thanks for your attention! 

Any questions? Comments? 
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