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ABSTRACT

Transportation systems remain a challenge for mggply chains. Delivery products in time,

guantity, and location at once is not an easy a&askthis challenge is even amplified when we
are dealing with Last-mile logistics. Despite besisrto-business being less difficult

compared to business-to-consumer distribution, etheme still many operational logistics

issues related to it. In this paper, we investigadast-mile logistics from a Brewery Industry
transferring supplier materials among its plantS&o Paulo, Brazil. The aim is to identify the
most important players in the network, offering twmmpany a more effective view of the

plants and their supply last-mile network. Therefawve used the Social Network Analysis
approach using the UCINET ©software. The resullswad the company to improve the

efficiency of its last-mile B2B distribution for t@rnal supplier materials.

Keywords. City Logistics. Urban Freight. Beverage Industryoctal Network Analysis.
Complementary Material of Production.

RESUMO

Os sistemas de transporte continuam sendo um degafa a maioria das cadeias de
abastecimento. Ter entrega, produtos em tempo.tigade e localizacdo ao mesmo tempo
nao € uma tarefa facil e esse desafio se ampligugbédo se trata dalogistica ldst-mile.
Apesar do Business-to-Business ser menos dificil em comparagdo com a distribuicdo
Business-to- Consumer, ainda existem muitos problemas de logistica ap@nal. Neste
artigo, investigamos uma logistica de ultima mitleauma industria de cerveja transferindo
materiais de fornecedores entre suas fabricas enP&&o, Brasil. O objetivo é identificar os
players mais importantes da rede, oferecendo aesamma visdo mais eficaz das fabricas e
da rede ddast-mile de abastecimento. Portanto, usamos a abordagemnmaese\de Redes
Sociais com o software UCINET ©. Os resultados ftnam a empresa aprimorar a
eficiéncia da distribuicalast-mile de materiais de fornecedores internos.

Keywords. City Logistics. Urban Freight. Industria de Bebid&®cial Network Analysis.
Materiais Secundarios.
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1 INTRODUCTION

For the last decades, several research projecténdradives have been investigating
solutions in order to improve transportation syse Transportation is a need to the
production process and logistics must be undersésoain essential paradigm to supply chain
management. Despite its relevance, last-ragestics remains one of the main challenges in
transportation (Altenried, 2019).

Last-mile can be defined as the final leg in a bess-to-consumer (B2C) delivery
service whereby the consignment is delivered ta¢legient in-home or at a collection point
(Gevaers et al., 2014). Despite the fact the laks tm be related to the end-user idea, it can be
seen in the context of business-to-business (B2i&raas the end-user may be an employee or
a stakeholder. Moreover, in this case, last-milgragents the delivery process from the
warehouse or a distribution center to the recipfkint et al.,2016).

The B2B last-mile is subject to the same issuab@82C's in regards to the delivery
window, local government intervention, complex netkvdistribution, vehicle restrictions,
and so on (Juhasz & Banyai, 2018) (Faccio & Gamlafi5). According to Aljohani and
Thompson (2020), although business-to-consumer YB2@ consumer-to-consumer (C2C)
deliveries account for a larger share of parcelvdaks in urban areas, business-to-business
(B2B) deliveries still account for a noticeableha@n the urban freight industry, they still
argue that recent trends and operational challehges driven a great deal of research,
especially with a higher focus on B2C and C2C dgies, due to the emergence of online
shopping, crowd shipping and omnichannel retailing.

Most Industries are changing fast, part of tielddustry Revolution (Industry 4.0)
according to Schwab (2018) solving our common eingiés requires radical ways of
thinking; technologies that replace human labokese climate changes, major concerns
about inequality, and the prospects for econonmsedarity are undermining the models and
paradigms on which our society rests. It meansstdkeholders should assume their
responsibility to do something revolutionary or revmental to guarantee log term
improvements. In this context those Industries felsallenges to meet their customer and
society expectations, Bonilla et al. (2018) ardwa in this complex scenario of pressing global
environmental (and other) challenges, Industry drierges from the synergy of the

availability of innovative digital technology antiet demand by consumers for high quality
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and customized products. Is clear that Industry ah@ its tools have a role on boosting
productivity, revenue growth,and competitiveness.

One of the Industries’ supply chains that requifeative planning their Supply Chain,
especially last-mile logistics in the brewery secichis kind of Industry requires many plants
of distribution to fill up bars, restaurants, angbermarkets demands. In a continental country
like Brazil, those challenges are even higher. elaw, it is not last-mile regarding the final
customers that this particular  supply chainsdne&e control but they must be able to
interconnect these plants to transfer resources ngmthem. Those resources are
complementary material of production, raw mater@gces of equipment, etc, extremely
important to deliver the final product.

The company studied is the biggest beer produc@razil - a centenary company
now part of an association with Belgium's and Arceaanis brewery companies. The company
is responsible for around 60% of the internal miafkeeitas, 2019). With plants throughout
the country, the company manages the challengekdHeir plants and distribution centers to
share resources with the idea to reduce costs.

The present study analyzes the resources trangf@meng these plants and distribution
centers in Sao Paulo state. A province with 20%Bdzilian inhabitants. The idea is to
investigate this last-mile case using network metand graphics based on Social Network
Analysis. The contribution of the paperis shedtitp the discussion of last-mile problems

and their importance for production management.

2 THEORETICAL REFERENCE

2.1 Social Network Analysis Approach

Social network analysis (SNA) is based on the psenthat society is formed by
relations and patterns (Marin & Wellman, 2014)efidiore, culture and nature are structured as
a network of brains, organisms,organizationspenges, and consist in a way of thinking that
focuses on attention on the relationshipsamongetiiéies, actors, or nodes (Borgatti, 2018).
Consequently, it is possible to study these strestbased on graphics and metrics measures.
The graphic theory provides a qualitative undeitam that is hard to obtain quantitatively
(Borgatti, 2018).

This way, we can identify the clusters and relaigonsidering the alignment of the
nodes, the number of entries and subgraphs.
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On the other hand, SNA offers the chance to testrtie of the nodes inside the
network using quantitative metrics. Network anaydescribes how the actor is linked in a
relational network (Hanneman & Riddle, 2014).

Centrality, for instance, represents the structimglortance of a node and is divide in
threefold:

(1) Degree - which means the number of ties of a giype that a node has;

(2) Closeness - which means the sum of geodesic desdrmm a node to all others;

(3) Betweenness - which means how often a given ndidealang the shortest path between
two othernodes. Finally, another important meagitiee k-core that consists of a subgraph in
which every actorhas degree k or more with themé#ctors in the subgraph. It is a sub-graph
present in each network (Borgatti, 2018). In thethmdology section, we presented the
application method of SNA and in theresults arstuksion section our findings and analysis

of the use of these measures.

3 METHODOLOGY

The current study uses a dataset of one of theebiggrazilian Brewery companies to
identify and analyze the flow of materials amongnpé in S&o Paulo state, Brazil.

A total of 5,483 deliveries within the ten most iong@ant plants for cargo volume were
used. These plants are located in the cities ofdagulracemapolis, Jacarei, Jaguarilna,
Limeira, Lins, Ribeirdo Preto, Sado Bernardo do Cangfio José dos Campos e Séo Paulo.

These figures volumes were processed using theobbir Excel © in order to
establish a relationship between plants in kilehlé 1. Figures may be used to illustrate the

article always when it necessary.

Table 1 - Cities Dataset
CITIES AGU IRA JAC JAG LIM LIN RIB BER JOS PAU

AGU 0 0 9046 1124 68 0 0 39 12000 3783
IRA 821 0 0 0 0 0 3461 0 11586 21318
JAC 15806 0 0 14512 0 0 0 1 1020 4578
JAG 7453 0 349 0 10 0 1626 1 92 404
LIM 1188 0 7847 3829 0 0 47 0 0 47
LIN 1611125 O 24670061610084 O 0 112801 0 11228 271490
RIB 2342 0 1600 105 0 0 0 0 226 1357
BER 77187 0 79593 118187 O 0 161 0 44 2111
JOS 2835 0 4540 456 0 0 19 0 0 214
PAU 597926 O 1213467 351120 3 0 12404 0 169 0

Source: Authors (2020).
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In order to create a network, we input data inlWleenet ©version 6.697 and using the
module Netdraw© we created a network of plantsn@gkinto consideration the material
indexed in kilos, Figure 1.

Finally, we analyzed the network metrics to underdtthe network relationships
using network graphics and Social Network Analysistrics. For a better understanding of
the results, the explanation revolving around SNAtrios were included directly in the
Results and Discussion section.

It is important to highlight that the aim of thepea is not generalized a model to be
used in all the supply chains, but it shows the fl SNA in organizing and analyzing the
relationship between different nodes, especiallyhis case brewery companies plants and

distribution centers.

4 RESULTS AND DISCUSSION

Regarding the type of the material network, we dadlentify that the network is
bidirectional, which means that it owes in bditections towards the players, indegree and

outdegree, Figure 1.

Figure 1 — Material distribution network
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Source: Authors (2020).
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The centrality degree measures the number of iesi¢twork presents and it can be
measured both as indegree, which is the measufintaoy calls that an actor receives from
another, indicating popularity or receptivity, amgtdegree is the measurement of the number
of connections that an actor establishes with othetors in this network, indicating
expansiveness (Wassermann & Faust, 1994). Theneelemd outdegree of the network can
be seen in Figure 2.

Figure 2 — Two-node network: indegree and outdegree

Source: Authors (2020).

Our outdegree network (circle) showed that plantlafuariuna (JAG) is the most
important node to the delivery system connecting8% of the nodes. Lins (LIN), S&o Paulo
(PAU), Séao Bernardo do Campo (BER) e Agudos (AGKd) ia second place connecting
67.00% of the nodes. Considering the outdegree arktsquare), Sdo Paulo (PAU) and
Agudos (AGU) link all the nodes, followed by JaéqdAC), Jaguariuna (JAG) and Sao José
dos Campos (JOS) connected to 88.88%. Note thaf{lLliN) and Iracemapolis (IRA) are only
outlets. Considering the indegree and outdegremdtats and the volumes, we plotted a

degree centrality network, Figure 3.
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Figure 3 — Degree centrality network
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Source: Authors (2020).

Note that S&o Paulo (PAU), Agudos (AGU), Ribeiraet® (RIB), Jacarei (JAC) and
Jaguariuna (JAG)are the most central playersehttwork. Interesting to note that Ribeiréo
Preto does not have the biggest indegree and aetlelgut consolidating both linked to the
volume this situation changes. This result justifibis further analysis. Another important
centrality measure in a network is betweennesschsgness, represented in Figures 4 and 5.
A node can lie between a pair of non-adjacent noeidiser along with their materialow or
contractual relationship. In graph theory, betwessnis developed mainly as a metric,
studied using the shortest path in a connectedhgf@pangat et al., 2019). In our research,
Sao Bernardo do Campo (BER), Limeira (LIM), Iracgolés (IRA), and Lins (LIN) have the
highest degree of betweenness that means thelgeamnedst important nodes to the connection
of the network.

Closeness centrality is an index de ned in ternesdistance, it is the shortest distance
in between the nodes in the network (Brandes et2816). In this case, Sdo Paulo (PAU),
Ribeirdo Preto (RIB) and Agudos (AGU) are presergedhe most important nodes in the

network. Figure 6.
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Figure 6 - K-core
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Source: Authors (2020).

According to IBM, the k-Core is a measurement thah help identify small-
interlinked core areas on a network (IBM, 2020).r @etwork displayed homogeneity of

relationships apart from Limeira (LIM) and Iracernésp (IRA).

5 CONCLUSION

This study presents different social network analyseasures to analyze a B2B
material last-mile distribution of a Brewery Indysin Brazil. The results show the relevance
of SNA in evaluating the structure of a networkoider to help industrial planning to make
better decisions.

Our conclusions is that Sado Paulo (PAU), Agudos (A@nd Ribeirdo Preto are the
main players of the network and the main attenticime Industry needs to be focused on these
plant, in order to taking measures to redwstscof last-mile distribution.

The importance of using different SNA measure®iavoid the industrial managers
make decisions based only in the evidence thatrmu® presents more relevance in the
network. As presented in this study, some plant$rgged in one analysis but inconsistent
when considered all the measures. This study ettempt to provide a technical perspective

to industrial decision-makers using the approachetvork analysis.
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