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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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of days to those where operations are suspended indefinitely. These situations underline the necessity to consider 
disruption effects at the strategic decisions level. Hence, an assessment of how resilient the SC is can be carried out. 
Based on this result, top management has to make cost-benefit decisions.  

Models for SC disruptions have been developed in the last decades. The available methods divide the approaches 
to deal with and evaluate the problem. On the one hand, some researchers are focusing just on the SC performance 
as a measure of resilience. On the other, analysis of the SC structure is carried out. Hence, the objective of this paper 
is to present a framework to analyse the resilience and topology of the SC jointly.  

2. Supply chain resilience 

In SC, resilience was defined in [1] as the adaptive capability of the SC to be prepared for unexpected events, to 
respond and to recover to its original state. Some approaches to quantify the resilience in the SC are available in the 
literature. Barroso et al.[2] presented a quantification of the SC resilience using each company delivery performance 
impact. Individual indices for companies were used as a proxy to assess the individual companies’ resilience. Vugrin 
et al. [3] proposed the resilience costs. They defined the resilience costs as a function of the sum of the system 
impact (SI) plus the total recovery effort (TRE) multiplied by a weighting factor, α, to assign relative significance.  

Uncertainties in SC will always exist. Hence, we have to learn to handle this kind of situations. But we need to 
balance the desired performance and the cost to achieve this resilient SC within specified limits. The available 
approaches for measuring resilience in SC are evaluating resilience and/or its enablers. But some of these 
approaches are not considering the economic system impact and/or the economic recovery effort. 

3. Supply chain topology 

Supply chains are graphically represented as networks, where nodes represent an entity in the SC. Links represent 
the flow of material, information or money. The SC structure or topology is what portrays or configures a network. 
In the paper presented in [4], empirical research to analyse the severity of disruptions was presented. As a result, 
they derived three SC characteristics (density, complexity and node criticality) and mitigation capabilities of 
recovery. Later, based on these design characteristics the work presented in [5] provided a descriptive framework 
that includes the resilience concept and SC design. They added the dimension of time with the resilience triangle in 
order to get a measure of SC resilience. Despite the fact that the framework is just descriptive, it provides insights 
into the necessity of impact minimization. But they left aside the resources needed to get the impact minimization. 

4. The supply chain resilience framework 

The literature available to quantify SC resilience considers some strategies and enablers to represent the resilient 
behaviour, and/or just the impact of the SC. However, most of them are not done in conjunction with the network 
topology analysis. In contrast, the proposed framework is intended to evaluate the economic system impact and 
recovery effort, and the network characteristics. The result is intended to facilitate comparison between network 
configurations and strategies costs. The implementation of this framework can guide managers to choose the best 
network configuration and mitigation strategy according to their needs and available resources.  

The proposed framework is described in Fig. 1. This framework uses the resilience index and the topology to 
assess SCs. These two factors are considered for the following reasons: the resilience index helps managers to 
consider and quantify the trade-off between proposed strategies and their associated cost. Additionally, analysing the 
network topology can unveil configurations that can be more severely impacted by a disruption. 

In the first phase, a SC simulation model is developed as a base model. This model will be run and provide the 
performance of each company in different scenarios. Then, identification of potential disruptions and possible 
mitigation strategies and configurations is carried out. Disruptions that have the most significant impact on the SC 
should be the scenarios that must be analysed. The framework includes two evaluation dimensions. The first 
dimension evaluates the supply chain resilience index (SCRI). It measures throughout the system impact and 
recovery effort how the SC operations are affected and the cost of each strategy. The second dimension comprises 
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of days to those where operations are suspended indefinitely. These situations underline the necessity to consider 
disruption effects at the strategic decisions level. Hence, an assessment of how resilient the SC is can be carried out. 
Based on this result, top management has to make cost-benefit decisions.  

Models for SC disruptions have been developed in the last decades. The available methods divide the approaches 
to deal with and evaluate the problem. On the one hand, some researchers are focusing just on the SC performance 
as a measure of resilience. On the other, analysis of the SC structure is carried out. Hence, the objective of this paper 
is to present a framework to analyse the resilience and topology of the SC jointly.  

2. Supply chain resilience 

In SC, resilience was defined in [1] as the adaptive capability of the SC to be prepared for unexpected events, to 
respond and to recover to its original state. Some approaches to quantify the resilience in the SC are available in the 
literature. Barroso et al.[2] presented a quantification of the SC resilience using each company delivery performance 
impact. Individual indices for companies were used as a proxy to assess the individual companies’ resilience. Vugrin 
et al. [3] proposed the resilience costs. They defined the resilience costs as a function of the sum of the system 
impact (SI) plus the total recovery effort (TRE) multiplied by a weighting factor, α, to assign relative significance.  

Uncertainties in SC will always exist. Hence, we have to learn to handle this kind of situations. But we need to 
balance the desired performance and the cost to achieve this resilient SC within specified limits. The available 
approaches for measuring resilience in SC are evaluating resilience and/or its enablers. But some of these 
approaches are not considering the economic system impact and/or the economic recovery effort. 

3. Supply chain topology 

Supply chains are graphically represented as networks, where nodes represent an entity in the SC. Links represent 
the flow of material, information or money. The SC structure or topology is what portrays or configures a network. 
In the paper presented in [4], empirical research to analyse the severity of disruptions was presented. As a result, 
they derived three SC characteristics (density, complexity and node criticality) and mitigation capabilities of 
recovery. Later, based on these design characteristics the work presented in [5] provided a descriptive framework 
that includes the resilience concept and SC design. They added the dimension of time with the resilience triangle in 
order to get a measure of SC resilience. Despite the fact that the framework is just descriptive, it provides insights 
into the necessity of impact minimization. But they left aside the resources needed to get the impact minimization. 

4. The supply chain resilience framework 

The literature available to quantify SC resilience considers some strategies and enablers to represent the resilient 
behaviour, and/or just the impact of the SC. However, most of them are not done in conjunction with the network 
topology analysis. In contrast, the proposed framework is intended to evaluate the economic system impact and 
recovery effort, and the network characteristics. The result is intended to facilitate comparison between network 
configurations and strategies costs. The implementation of this framework can guide managers to choose the best 
network configuration and mitigation strategy according to their needs and available resources.  

The proposed framework is described in Fig. 1. This framework uses the resilience index and the topology to 
assess SCs. These two factors are considered for the following reasons: the resilience index helps managers to 
consider and quantify the trade-off between proposed strategies and their associated cost. Additionally, analysing the 
network topology can unveil configurations that can be more severely impacted by a disruption. 

In the first phase, a SC simulation model is developed as a base model. This model will be run and provide the 
performance of each company in different scenarios. Then, identification of potential disruptions and possible 
mitigation strategies and configurations is carried out. Disruptions that have the most significant impact on the SC 
should be the scenarios that must be analysed. The framework includes two evaluation dimensions. The first 
dimension evaluates the supply chain resilience index (SCRI). It measures throughout the system impact and 
recovery effort how the SC operations are affected and the cost of each strategy. The second dimension comprises 

the s
SC w
com
is co

Th
SC 
deve
be m

4.1.

M
perfo
syste
RDR
cost.
the n
perfo
facto

Lo
Com
resea
add 
evalu
(2) h

In

supply chain t
would be mo

mponents (node
onsidered beca
he framework
performance 

eloped. Conse
made. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supply chain 

Most of the tim
formance, this 
em resilience 
R of each reco
. Where �� an
numerator rep

formance durin
or to give mor

ooking for a m
mpany Resilien
arch TSP is d
SI and RE to
uation period

has a scale fro

n order to me

topology (SCT
ore likely seve
es and flows) 
ause more cen
k evaluates fou

and configur
equently, infor

resilience ind

me the design 
framework is
cost to a disru

overy strategy
nd �� are the lo
presents the sy
ng the evalua
re or less impo

����

measure that 
nce Index (C

defined as the 
o TSP in the d
. And the num

om 0 to 1. Hav

�RI �

easure SI, RE

Author na

T): density, sc
ere to a disru
is considered

ntralized SCs w
ur metrics for 
ration in each
rmed decision

Fig. 

dex

of a SC is de
s based on the
uption under 

y is the propor
ower and uppe
ystem impact 
ation interval. 
ortance to RE

���� � � �����
��

can have an a
CRI). For simp

assigned cost
denominator. 
merator charac
ving 0 for a co

� � ∑ ���
����

∑ |TS��
����

E and TSP, co

ame / Procedia M

cale and centra
uption than a 
d because bigg
will spread the
each scenario

h scenario. T
ns for the best

1. The supply ch

etermined by 
e recovery-dep
a particular re
rtion of the im
er limit of tim
(SI), where T
RE is the are

. RDR (RE) g

����� � ����
� |���
��

absolute mean
plicity, summ
t to produce 1
As a result, t

cterises the sy
ompany with n

�TSP�t� � SP�
P�t�| � ∑��

����
osts of the as

Manufacturing 00 

alization are e
less dense S

ger SCs could
e disruption q
o. Hence, man
Then a rating
t alternative a

 
 

hain resilience fra

an economic
pendent resilie
ecovery strate
mpact cost and

me where the r
TSP is the targ
ea under the r

gives a relative

����� � � � ���
��

������|��
ning, this resil

mations instead
100% of the p
the denomina
ystem impact 
null resilience

�t�� � �∑��
����

�SI�t�� � �∑
ssociated com

(2019) 000–000

evaluated. Den
SC [4]. Scale 
d be more pron
quicker.  
nagers have co
g system to e
according to th

mework. 

 factor. For th
ence cost (RD
egy (RE) as sh
d the recovery
esilience cost 
get system per
recovery effo
e dimensionle

���������
 

lience cost me
d of integrals
planned deman
ator represents

and recovery
and 1 for the 

�RE�t���
�RE�t����

����
 

mpany fulfillin

nsity was chos
based on the

ne to disruptio

omparable qua
evaluate the b
he company’s

hat, in order t
DR) presented 
hown in Eq. (1
y cost, compar
is evaluated. 

rformance and
rt curve. And
ss result. 

etric was tran
 are used. Ad
nd. Furthermo
s the total cos

costs. The C
most resilient

ng rate (FR) 

sen due to a d
e numerousne
ons. Centraliz

antifications o
best alternati
s requirement

to evaluate th
in [3]. RDR i

1). In other w
ared with the t

The subtracti
d SP is the sy

d, α is a weig

(1) 

nsformed to ge
dditionally, in
ore, we propo
st spent durin

CRI as given in
t. 

(2) 

are used. Th

3

enser 
ess of 
zation 

of the 
ve is 
s can 

he SC 
is the 

words, 
target 
ion in 
ystem 
ghting 

et the 
n this 
ose to 
ng the 
n Eq. 

e FR 



46	 Jessica Olivares Aguila  et al. / Procedia Manufacturing 28 (2019) 43–50
4

repr
���
num
(3).
perf
TSP

F
(Fig
and
with
mos
SC.
used

4.2.

M
con
cou
tran
Acc
disr
dire

In
the 
terr
cou
cou

S
cau
of t
The
add
redu

resents the ra
���������� is the
mber of orders
 Consequentl
formance is th
P should be eq

FRCosts are d
g. 2). RE is th
d RE [3]. How
h monetary un
st expensive. F
 Then, three a
d to obtain the

 
 
 
 
 
 
 
 
 
 

Network topo

Metrics to me
nsider the ph
untry/province
nsactions to d
cordingly, loc
ruption. It is 
ectional. 
n this research
geographical 
itories. But, th

untry can be c
untry or areas c

Supply Chain 
se that the fai
ties (material 
e number of l
dition of locati
uce the density

atio between t
e quantity del
s placed to su
ly, the system
he cost consid
qual. 

ecomposed to
he cost investe
wever, when α
nits. That is, w
For that reaso
approaches (a
e supply chain

ology 

easure structur
hysical locatio
e or location z
deal with. Th
cation zones 
important to 

h, location zon
location of th

he granularity
considered a 
codes used by

Density (SCD
ilure of a high
flows) divide
location zones
ion zones to th
ty in the region

Author nam

the units fulf
livered and �
upplier � durin

m performance
dered to fulfil t

��������� �

o evaluate the 
ed in getting t

α is 1, we can 
when CRI=1 

on, we keep α=
verage metho
n resilience in

Fig. 2. Sy

ral characteri
on in the S
zone has diffe
he definition 
with a highe
mention tha

nes to calcula
he nodes in th
y of the SC zo
zone. Anothe

y the United N

D) represents 
hly connected 
d by the num
s � is added t
he denominat
n. Density val

me / Procedia Man

SI

filled and the 
����������  the q
ng time period
e (SP) corresp
the orders dur

� ������� � � 1��
CRI. SI is the

the area that e
compare CRI
the cost is the
=1. CRI is use
d, multiplicat
dex (SCRI). 

ystem impact (SI)

stics in the n
Cs. The imp
erent regulatio
of location z

er number of
at just materia

ate density and
he SC network
nes will depen

er alternative 
Nations Statisti

the cohesive
node makes t

mber of potenti
o the denomi
tor is done bec
lues tend to 0 

nufacturing  00 (

RE

 total demand
quantity orde
d �. Costs for 
ponds to the 
ring a period o

1
���
���������

�������

����

���

e cost for the 
exceeds TSP a
Is of each com
e least expens
ed to evaluate
tive method an

) and recovery eff

networks have
portance of 
ons. So, the i
zones will he
f nodes or SC
al flows link

d scale indice
k. The locatio
nd on the size
to defining t

ics Division [

eness of the n
the whole netw
ial ties, where
inator. Where
cause a disper
when the con

(2019) 000–000 

d in each per
ered from ord

fulfilling rate
cost spent in 

of time. When

�����
����

� 

area where th
as shown in F
mpany in diffe
sive strategy a
e the performa
nd worst case 

ffort (RE) areas. 

e been propos
defining loca
ncrease in zo
elp to detect 
C entities wo
s are discuss

s were include
on zones can b
e of the SC. F
the location z
6]. 

network. A h
work to fail. D
e ������� �

e 1 � ��� � �
rse network o

nfiguration is i

riod as presen
der �. And ���� 
e are accounte

each period. 
n there is not a

he fulfilling ra
Fig. 2. α can b
erent scenario
and when CR
ance of each c
scenario) as p

sed previously
ations zones 
nes will incre
zones with 

ould be more
ed, for that t

ed. A location
be countries, p
or example, in

zones can be 

ighly connect
Density is def
1� � ������ �
����, as show
r an incremen

increasing den

nted in [2]. W
corresponds 
ed as shown i
 The target s

a disruption, S

(3) 

ate falls below
be used to wei
os as we are d
RI=0, the cost 
company with
presented in [

y. But they d
resides that 

ease the numb
risk concentr

e predisposed
the SC netwo

n zone is defin
provinces, cit
n a global SC
using the sta

ted network w
fined as the nu
� ����������
wn in Eq. (4)
nt of location 
nsity. 

Where 
to the 
in Eq. 
ystem 

SP and 

w TSP 
igh SI 
ealing 
is the 

hin the 
[2] are 

do not 
each 

ber of 
ration. 
d to a 
ork is 

ned as 
ties or 
, each 

andard 

would 
umber 
������. 
). The 
zones 

S
Scal
plus 
coor
conf

S
parti
netw
disru
node
centr

Th
syste
the w
prior
best 

5. C

Th
Fig. 
supp

 
Portu
disru
were
prod
7 da

 

Supply Chain 
le index is me

the number 
rdinate the SC
figuration is b

Supply Chain 
icular node. D

work [7]. It is
uption impact
e i which mea
rality value in

he range of t
em is develop
worst value ob
rity is assigne
alternative fo

ase study 

he considered
3. Three loca

plier 1_2 and s

ugal can be a
uption betwee
e used; scena
duce/deliver m
ays in supplier

Scale (SCS)
easured as the 
of location zo

C would incre
ecoming more

Centralizatio
Degree central
s desirable for
. Centralizatio

asures how a n
n the network.

the indices re
ped to decide t
btained in each
ed through we
or the assigned

d SC network 
ation zones ar
supplier 1_1 a

ssumed to be 
en days 11 to 
ario I has a d
material to sup
r 1_2. In scen

Author na

��� � 1 � #
is intended to
ratio of node

ones. As the 
ases. The pro
e complex or 

�
on (SCC): It is
lization measu
r a structure 
on is formulat
node is connec
 Where ��� �

��� � 1

����� �

sults goes fro
the best altern
h metric and 1
eights. The ne
d priorities is t

is based on t
re considered 
are included. T

Fig. 3. 

location zone
18 in zone w

disruption in t
pplier 1_1. In s
nario III, the s

ame / Procedia M

# ����
#� ∗ #������
o evaluate the
e complexity (
number of no
posed scale in
larger in scale

��� � # ���
#� � #

s the extent to
ures how muc
to have less 

ted as presente
cted to all othe
1 if there is a

� ∑ ��������
max∑ �����

�����
�

 

om 0 to 1 in 
native. First, th
1 is the best v
ew values are 
the one with th

the case study
for the base 

The other two 

Supply chain cas

e 1 and Spain
where supplier
the zone whe
scenario II the
same disruptio

Manufacturing 00 

�
���� ���� 

e structure ref
(number of no
odes, ties, and
ndex is shown
e. 

���
#���� 

o which the co
ch control som
centralization
ed in Eq. (6) [
er nodes as sh
a link between

�∗� � ������
���∗� � ������

extreme case
he indices val

value, interpola
multiplied by

he highest sco

y presented in
scenario. In l
suppliers are 

se study (adapted

n or France ca
r 2_1 is locate

ere supplier 2_
e same disrup
on happens, b

(2019) 000–000

ferring to the 
odes) and flow
d location zon
n in Eq. (5). S

ohesion of the
me firms exec

n. So, less cen
[8]. Where ���
hown in Eq. (7
n node �� and 

 

es. Once the 
lues are conve
ation is used f
y their respect
ore. 

n [9]. A four-e
ocation zone 
located each 

d from [9]). 

n be consider
ed was consid
_1 is located

ption takes pla
ut it consider

 

number of el
w complexity 
nes increase, 
Scale values t

e network is o
cute over the 
ntral networks
��� is defined a
7) [8], and ���
��.  

(7

metrics are c
erted to a linea
for in-between
tive weights a

echelon SC is
1, the automa
one in a differ

red as location
dered as in [2
. For that, su
ce, but there i
s supplier red

(4) 

lements in the
(number of fl
the complexi

tend to 0 whe

(5) 

organized arou
other firms i

ks will lead to
as the centrali
�∗� is the maxi

(6) 

7) 

calculated, a r
ar scale where
n values. Obje
and added up

s used as show
aker, supplier
rent location z

n zones 2 and
2]. Three scen
upplier 2_1 ca
is a buffer sto

dundancy. Sup

5

e SC. 
lows) 
ity to 

en the 

und a 
n the 

o less 
ity of 
imum 

rating 
e 0 is 
ective 
. The 

wn in 
r 1_3, 
zone.  

d 3. A 
narios 
annot 

ock of 
pplier 



	 Jessica Olivares Aguila  et al. / Procedia Manufacturing 28 (2019) 43–50� 47
4

repr
���
num
(3).
perf
TSP

F
(Fig
and
with
mos
SC.
used

4.2.

M
con
cou
tran
Acc
disr
dire

In
the 
terr
cou
cou

S
cau
of t
The
add
redu

resents the ra
���������� is the
mber of orders
 Consequentl
formance is th
P should be eq

FRCosts are d
g. 2). RE is th
d RE [3]. How
h monetary un
st expensive. F
 Then, three a
d to obtain the

 
 
 
 
 
 
 
 
 
 

Network topo

Metrics to me
nsider the ph
untry/province
nsactions to d
cordingly, loc
ruption. It is 
ectional. 
n this research
geographical 
itories. But, th

untry can be c
untry or areas c

Supply Chain 
se that the fai
ties (material 
e number of l
dition of locati
uce the density

atio between t
e quantity del
s placed to su
ly, the system
he cost consid
qual. 

ecomposed to
he cost investe
wever, when α
nits. That is, w
For that reaso
approaches (a
e supply chain

ology 

easure structur
hysical locatio
e or location z
deal with. Th
cation zones 
important to 

h, location zon
location of th

he granularity
considered a 
codes used by

Density (SCD
ilure of a high
flows) divide
location zones
ion zones to th
ty in the region

Author nam

the units fulf
livered and �
upplier � durin

m performance
dered to fulfil t

��������� �

o evaluate the 
ed in getting t

α is 1, we can 
when CRI=1 

on, we keep α=
verage metho
n resilience in

Fig. 2. Sy

ral characteri
on in the S
zone has diffe
he definition 
with a highe
mention tha

nes to calcula
he nodes in th
y of the SC zo
zone. Anothe

y the United N

D) represents 
hly connected 
d by the num
s � is added t
he denominat
n. Density val

me / Procedia Man

SI

filled and the 
����������  the q
ng time period
e (SP) corresp
the orders dur

� ������� � � 1��
CRI. SI is the

the area that e
compare CRI
the cost is the
=1. CRI is use
d, multiplicat
dex (SCRI). 

ystem impact (SI)

stics in the n
Cs. The imp
erent regulatio
of location z

er number of
at just materia

ate density and
he SC network
nes will depen

er alternative 
Nations Statisti

the cohesive
node makes t

mber of potenti
o the denomi
tor is done bec
lues tend to 0 

nufacturing  00 (

RE

 total demand
quantity orde
d �. Costs for 
ponds to the 
ring a period o

1
���
���������

�������

����

���

e cost for the 
exceeds TSP a
Is of each com
e least expens
ed to evaluate
tive method an

) and recovery eff

networks have
portance of 
ons. So, the i
zones will he
f nodes or SC
al flows link

d scale indice
k. The locatio
nd on the size
to defining t

ics Division [

eness of the n
the whole netw
ial ties, where
inator. Where
cause a disper
when the con

(2019) 000–000 

d in each per
ered from ord

fulfilling rate
cost spent in 

of time. When

�����
����

� 

area where th
as shown in F
mpany in diffe
sive strategy a
e the performa
nd worst case 

ffort (RE) areas. 

e been propos
defining loca
ncrease in zo
elp to detect 
C entities wo
s are discuss

s were include
on zones can b
e of the SC. F
the location z
6]. 

network. A h
work to fail. D
e ������� �

e 1 � ��� � �
rse network o

nfiguration is i

riod as presen
der �. And ���� 
e are accounte

each period. 
n there is not a

he fulfilling ra
Fig. 2. α can b
erent scenario
and when CR
ance of each c
scenario) as p

sed previously
ations zones 
nes will incre
zones with 

ould be more
ed, for that t

ed. A location
be countries, p
or example, in

zones can be 

ighly connect
Density is def
1� � ������ �
����, as show
r an incremen

increasing den

nted in [2]. W
corresponds 
ed as shown i
 The target s

a disruption, S

(3) 

ate falls below
be used to wei
os as we are d
RI=0, the cost 
company with
presented in [

y. But they d
resides that 

ease the numb
risk concentr

e predisposed
the SC netwo

n zone is defin
provinces, cit
n a global SC
using the sta

ted network w
fined as the nu
� ����������
wn in Eq. (4)
nt of location 
nsity. 

Where 
to the 
in Eq. 
ystem 

SP and 

w TSP 
igh SI 
ealing 
is the 

hin the 
[2] are 

do not 
each 

ber of 
ration. 
d to a 
ork is 

ned as 
ties or 
, each 

andard 

would 
umber 
������. 
). The 
zones 

S
Scal
plus 
coor
conf

S
parti
netw
disru
node
centr

Th
syste
the w
prior
best 

5. C

Th
Fig. 
supp

 
Portu
disru
were
prod
7 da

 

Supply Chain 
le index is me

the number 
rdinate the SC
figuration is b

Supply Chain 
icular node. D

work [7]. It is
uption impact
e i which mea
rality value in

he range of t
em is develop
worst value ob
rity is assigne
alternative fo

ase study 

he considered
3. Three loca

plier 1_2 and s

ugal can be a
uption betwee
e used; scena
duce/deliver m
ays in supplier

Scale (SCS)
easured as the 
of location zo

C would incre
ecoming more

Centralizatio
Degree central
s desirable for
. Centralizatio

asures how a n
n the network.

the indices re
ped to decide t
btained in each
ed through we
or the assigned

d SC network 
ation zones ar
supplier 1_1 a

ssumed to be 
en days 11 to 
ario I has a d
material to sup
r 1_2. In scen

Author na

��� � 1 � #
is intended to
ratio of node

ones. As the 
ases. The pro
e complex or 

�
on (SCC): It is
lization measu
r a structure 
on is formulat
node is connec
 Where ��� �

��� � 1

����� �

sults goes fro
the best altern
h metric and 1
eights. The ne
d priorities is t

is based on t
re considered 
are included. T

Fig. 3. 

location zone
18 in zone w

disruption in t
pplier 1_1. In s
nario III, the s

ame / Procedia M

# ����
#� ∗ #������
o evaluate the
e complexity (
number of no
posed scale in
larger in scale

��� � # ���
#� � #

s the extent to
ures how muc
to have less 

ted as presente
cted to all othe
1 if there is a

� ∑ ��������
max∑ �����

�����
�

 

om 0 to 1 in 
native. First, th
1 is the best v
ew values are 
the one with th

the case study
for the base 

The other two 

Supply chain cas

e 1 and Spain
where supplier
the zone whe
scenario II the
same disruptio

Manufacturing 00 

�
���� ���� 

e structure ref
(number of no
odes, ties, and
ndex is shown
e. 

���
#���� 

o which the co
ch control som
centralization
ed in Eq. (6) [
er nodes as sh
a link between

�∗� � ������
���∗� � ������

extreme case
he indices val

value, interpola
multiplied by

he highest sco

y presented in
scenario. In l
suppliers are 

se study (adapted

n or France ca
r 2_1 is locate

ere supplier 2_
e same disrup
on happens, b

(2019) 000–000

ferring to the 
odes) and flow
d location zon
n in Eq. (5). S

ohesion of the
me firms exec

n. So, less cen
[8]. Where ���
hown in Eq. (7
n node �� and 

 

es. Once the 
lues are conve
ation is used f
y their respect
ore. 

n [9]. A four-e
ocation zone 
located each 

d from [9]). 

n be consider
ed was consid
_1 is located

ption takes pla
ut it consider

 

number of el
w complexity 
nes increase, 
Scale values t

e network is o
cute over the 
ntral networks
��� is defined a
7) [8], and ���
��.  

(7

metrics are c
erted to a linea
for in-between
tive weights a

echelon SC is
1, the automa
one in a differ

red as location
dered as in [2
. For that, su
ce, but there i
s supplier red

(4) 

lements in the
(number of fl
the complexi

tend to 0 whe

(5) 

organized arou
other firms i

ks will lead to
as the centrali
�∗� is the maxi

(6) 

7) 

calculated, a r
ar scale where
n values. Obje
and added up

s used as show
aker, supplier
rent location z

n zones 2 and
2]. Three scen
upplier 2_1 ca
is a buffer sto

dundancy. Sup

5

e SC. 
lows) 
ity to 

en the 

und a 
n the 

o less 
ity of 
imum 

rating 
e 0 is 
ective 
. The 

wn in 
r 1_3, 
zone.  

d 3. A 
narios 
annot 

ock of 
pplier 



48	 Jessica Olivares Aguila  et al. / Procedia Manufacturing 28 (2019) 43–50
6

2_3
plac
supp
55 
reco
stud

6. D

S
also
resp
day
Sup
to r
supp
scen
cost

In
resu
app
best

 

7. N

S
III h
case
resu
can 

Sce

I

3 was located 
ce, starting the
plier were add
days. For the
overy effort, 3
dy should be t

Disruption pr

Scenario I: Sup
o observed in 
pectively. The
ys for supplier
pplier 1_2 had
recover its us
plier, disrupti
nario are calcu
ts. Then, CRIs
n order to get
ults are presen
proaches, the n
t and worst sc

Network conf

Scenario I and
has 4 zones, 7
e study used i
ults could be s
be better app

nario Supplie
1_1 

I 0.92 

II 1.00 

III 1.00 

in another lo
e next day. In
ded. For ware
e backup supp
30% incremen
taken as a guid

rofile results

pplier 2_1 had
supplier1_1 

ey had to work
r1_2 and 4 da
d a material sh
sual performan
ion effects are
ulated, the cos
s for each scen
t the SCRI, th
nted in Fig. 5
network appro
cenario are alw

Sc
en

ar
io

 

St
ra

te
gy

 C
os

t 

I 246 
II 247 
III 250 

figuration res

d II have 3 zon
7 nodes, and 
s small, the re
seen as trivial 
reciated. 

er Supplier 
1_2 

0.88 

0.64 

1.00 

Author nam

ocation zone a
n this case stu
housing, extra
plier, total co
nt of total cost
de on how to u

d FR=0 during
and supplier1
k more than u
ays for suppli
hortage on day
nce. Other su
e observed ju
st associated w
nario/supplier
e CRIs were a

5 as well as th
oach represen
ways consisten

Fig. 4. 

A
ve

ra
ge

 

M
ul

tip
lic

at
iv

e 

0.94 0.72 
0.91 0.57 
0.90 0.47 

F

sults 

nes, 6 nodes a
8 ties. The re
esults for the n

calculations. 

Supplier 
1_3 

1.00 

1.00 

1.00 

me / Procedia Man

as a backup. S
dy, costs for h
a stock cost of

osts were char
t was added to
use the framew

g the disruptio
1_2. Both had
usual to recov
ier1_1. Scenar
y 17 and then 
uppliers were 
ust in supplier
with the FR ar
r were calcula
aggregated un
he strategies c
nts the worst c
nt no matter w

Company resilie

M
in

im
um

 

0.88 
0.64 
0.53 

Fig. 5. SCRI resu

and 7 ties, for 
sults for the n
network confi
However, in 

Supplier 
2_1 

S

0.89 

0.89 

0.89 

nufacturing  00 (

So, supplier 2
handling extra
f 1.25 dollar/u
rged as for th
o achieve extr
work, not as t

on days due to
d material sho
ver their stock
ario II: Suppli

it had FR hig
not affected.

r 2_1. Once t
re decompose
ated as shown 
nder the additi
costs in thous
case scenario 

what approach

ence indices for ea

ults for each scen

that equal res
network topol
iguration were
network conf

Supplier 
2_2 

Sup
2

1.00 

1.00 

1.00 0

(2019) 000–000 

2_3 will work
a stock and co
unit/day was a
he original su
ra production 
the actual SC s

o the disruptio
ortages that pr
ks. For that, FR
er 2_1 had F

gher than 100%
. Scenario III
the fulfilling 
d into recover
in Fig. 4. 
ive, multiplica
sands of mone

as it has mor
is used.  

ach scenario. 

ario/approach. 

sults for the 3
logy indices a
e obtained from
figurations wit

pplier 
2_3 

 

 

 

.53 

k only when th
osts to produc
assumed durin
upplier. In ord

during recov
state. 

n was in its zo
rovoked FR=0
R was more th
R=0 during th

% during 2 day
I: Due to ther
rate per each 
ry effort costs 

ative and netw
etary units. Co
re extreme va

 

indices were 
are shown in F
m a straightfo
th more nodes

the disruption 
ce in the altern
ng the simulat
der to measu

very days. Thi

one. The effec
0 for 2 and 4
han 100% dur
he disruption 

ays due to it w
re is an altern

h day, supplier
s and system im

work approach
Comparing the
alues. Howeve

e obtained. Sce
Fig. 6. Becau

orward process
s, the metrics 

takes 
native 
ion of 
re the 
s case 

ct was 
4 days 
ring 6 
days. 

worked 
native 
r, and 
mpact 

h. The 
e three 
er, the 

enario 
se the 
s. The 
usage 

A
This
netw
in sc
centr
conc
cost 

R
beca
dens
netw
adde
do n
was 
the c

In
were
acco
scen

8. C

D
infor
the o
the S
syste
oper
char
netw
best 
futur

 
Refe
 
[1] P

M
[2] B

M
[3] V

E
G

According to th
s network con
work configura
cenario I is lo
ralised than sc
centrated. For 
of having saf
egarding the 

ause they hav
sity), making 
work. Scale in
ed. In scenario
not depend on 

higher than in
cost of this str

n order to giv
e assigned. Fo
ording to the 
nario. 

onclusion 

Decision under
rmation can li
overall value g
SC boundarie
emic framewo
rate at speci
racteristics ind
work with the 

decision. Fin
re work, robu

erences 

Ponomarov, S.Y.
Management, 20/
Barroso, A., Mac
Management App
Vugrin, E.D., W
Economic System
GopalakrishnanS.

he SCRI, scen
nfiguration is 
ation in scena
ower than in 
cenario III, th
scenario II th

fety stock is le
density, scale

ve the same n
it more resilie

ndex in scenar
o III, network 
other supplie

n scenario I an
rategy is highe

Scenario De

I 0

II 0

III 0

ve more guida
or this exampl

established o

r uncertaintie
imit the strate
generated are 

es could lead t
ork to evaluat
fic delivery 
dices propose
companies’ lo

nally, a case s
stness quantif

, Holcomb, M.C
1:124-143. 

chado, V., Carval
proaches in Suppl

Warren, D.E., Ehl
ms, in Sustainabl
. Peeta, Editors, S

Author na

nario I is the 
denser than t

ario I, specific
scenario III, 

his means that
he SCRI is hig
ess than the co
e, and centra
network conf
ent to focused
rio III is highe
centralization

ers. Regarding
nd II. Scenario
er. 

ensity Scale C

0.92 0.60 

0.92 0.60 

0.95 0.58 

ance to the de
le, the cost is 
objectives. Ho

es is challeng
gies to deal w
prone to adop
to an underes
te the SC des
performance

ed, specifically
ocation. Addit
tudy was pres

fication and to

C., 2009, Unders

lho, H., Machad
ly Chains,  
len, M.A., Camp
e and Resilient 

Springer Berlin H

ame / Procedia M

most resilien
the configurat
cally zone 1, c

resulting in 
t the nodes in 
gher compared
ost of using an
lization, scen
figuration. Sc
d disruptions. 
er due to an e
n is diminishe
g the SC resili
o III is more r

entralization

0.80 

0.80 

0.83 
Fig. 6. Topology

ecision maker
the dominant
owever, a ch

ging to make 
with these situa
pt strategies li
stimation of h
ign. The prop
, the system
y density and
tionally, a rati
sented to dem

opology indice

standing the conc

o, V.C., 2015, Q

phouse, R.C., 20
Critical Infrastru

Heidelberg: Berlin

Manufacturing 00 

nt and least co
tion in scenar
could have a m
less coordina
the network a

d with scenari
n alternative su
nario II has th
cenario III giv
The reason is

extra supply fl
d. Having les
ience index, it
resilient and le

 

y scenario results
 

r, the rating s
t factor. The r
hange in the 

 primarily be
ations. Moreo
ike outsourcin
how risk is co
posed SC resi

m impact and
d scale, incorp
ing system wa

monstrate the a
es aggregation

cept of supply c

Quantifying the S

010, A Framewo
ucture Systems: 

n, Heidelberg, 77-

(2019) 000–000

ostly albeit no
rio III. Hence
more severe im
ation required 
are not equall
io III. The rea
upplier.  
he same resul
ves better res
s that an addit
flow and anoth
s central SC w
t decreases in 
ess affected by

. 

ystem was us
results show th
objectives co

ecause many 
over, SCs look
ng and offshor
ompounded. T
ilience index 
d recover fro
porate the phy
as used to det
applicability o
n would be con

chain resilience,

Supply Chain Res

ork for Assessing
Simulation, Mod
-116. 

o recovery str
e, a disruption
mpact. Additio

in the SC. S
y important o

ason behind th

lts as scenari
sults in densi
ional zone wa
her location z
would be bene

scenario III a
y focused disr

sed. Weights 
hat Scenario I

ould result in 

economic fa
king for strateg
ring. This inte

Therefore, this
considers the 
om a disrup
ysical connec
termine in a tr
of the propose
nsidered. 

The Internationa

silience, Applicat

g the Resilience 
deling, and Intell

rategy is inclu
n happening i
onally, scale i
Scenario I is 
or that the pow
his result is tha

io I. This resu
ity (relatively
as added to th
zone (zone 4) 
eficial, so supp
as the strategy
ruptions. How

for each obje
I is the best o

choosing an

actors and lac
gies that maxi
ernationalisati
s paper propo

associated co
ption. The d
ction of the su
ransparent wa
ed framework

al Journal of Lo

ations of Contem

of Infrastructur
lligent Engineerin

7

uded. 
n the 
index 
more 

wer is 
at the 

ult is 
y low 
he SC 

were 
pliers 
y cost 

wever, 

ective 
ption 

nother 

ck of 
imise 
on of 
sed a 
ost to 
esign 
upply 
ay the 
k. For 

ogistics 

porary 

re and 
ng, K. 



	 Jessica Olivares Aguila  et al. / Procedia Manufacturing 28 (2019) 43–50� 49
6

2_3
plac
supp
55 
reco
stud

6. D

S
also
resp
day
Sup
to r
supp
scen
cost

In
resu
app
best

 

7. N

S
III h
case
resu
can 

Sce

I

3 was located 
ce, starting the
plier were add
days. For the
overy effort, 3
dy should be t

Disruption pr

Scenario I: Sup
o observed in 
pectively. The
ys for supplier
pplier 1_2 had
recover its us
plier, disrupti
nario are calcu
ts. Then, CRIs
n order to get
ults are presen
proaches, the n
t and worst sc

Network conf

Scenario I and
has 4 zones, 7
e study used i
ults could be s
be better app

nario Supplie
1_1 

I 0.92 

II 1.00 

III 1.00 

in another lo
e next day. In
ded. For ware
e backup supp
30% incremen
taken as a guid

rofile results

pplier 2_1 had
supplier1_1 

ey had to work
r1_2 and 4 da
d a material sh
sual performan
ion effects are
ulated, the cos
s for each scen
t the SCRI, th
nted in Fig. 5
network appro
cenario are alw

Sc
en

ar
io

 

St
ra

te
gy

 C
os

t 

I 246 
II 247 
III 250 

figuration res

d II have 3 zon
7 nodes, and 
s small, the re
seen as trivial 
reciated. 

er Supplier 
1_2 

0.88 

0.64 

1.00 

Author nam

ocation zone a
n this case stu
housing, extra
plier, total co
nt of total cost
de on how to u

d FR=0 during
and supplier1
k more than u
ays for suppli
hortage on day
nce. Other su
e observed ju
st associated w
nario/supplier
e CRIs were a

5 as well as th
oach represen
ways consisten

Fig. 4. 

A
ve

ra
ge

 

M
ul

tip
lic

at
iv

e 

0.94 0.72 
0.91 0.57 
0.90 0.47 

F

sults 

nes, 6 nodes a
8 ties. The re
esults for the n

calculations. 

Supplier 
1_3 

1.00 

1.00 

1.00 

me / Procedia Man

as a backup. S
dy, costs for h
a stock cost of

osts were char
t was added to
use the framew

g the disruptio
1_2. Both had
usual to recov
ier1_1. Scenar
y 17 and then 
uppliers were 
ust in supplier
with the FR ar
r were calcula
aggregated un
he strategies c
nts the worst c
nt no matter w

Company resilie

M
in

im
um

 

0.88 
0.64 
0.53 

Fig. 5. SCRI resu

and 7 ties, for 
sults for the n
network confi
However, in 

Supplier 
2_1 

S

0.89 

0.89 

0.89 

nufacturing  00 (

So, supplier 2
handling extra
f 1.25 dollar/u
rged as for th
o achieve extr
work, not as t

on days due to
d material sho
ver their stock
ario II: Suppli

it had FR hig
not affected.

r 2_1. Once t
re decompose
ated as shown 
nder the additi
costs in thous
case scenario 

what approach

ence indices for ea

ults for each scen

that equal res
network topol
iguration were
network conf

Supplier 
2_2 

Sup
2

1.00 

1.00 

1.00 0

(2019) 000–000 

2_3 will work
a stock and co
unit/day was a
he original su
ra production 
the actual SC s

o the disruptio
ortages that pr
ks. For that, FR
er 2_1 had F

gher than 100%
. Scenario III
the fulfilling 
d into recover
in Fig. 4. 
ive, multiplica
sands of mone

as it has mor
is used.  

ach scenario. 

ario/approach. 

sults for the 3
logy indices a
e obtained from
figurations wit

pplier 
2_3 

 

 

 

.53 

k only when th
osts to produc
assumed durin
upplier. In ord

during recov
state. 

n was in its zo
rovoked FR=0
R was more th
R=0 during th

% during 2 day
I: Due to ther
rate per each 
ry effort costs 

ative and netw
etary units. Co
re extreme va

 

indices were 
are shown in F
m a straightfo
th more nodes

the disruption 
ce in the altern
ng the simulat
der to measu

very days. Thi

one. The effec
0 for 2 and 4
han 100% dur
he disruption 

ays due to it w
re is an altern

h day, supplier
s and system im

work approach
Comparing the
alues. Howeve

e obtained. Sce
Fig. 6. Becau

orward process
s, the metrics 

takes 
native 
ion of 
re the 
s case 

ct was 
4 days 
ring 6 
days. 

worked 
native 
r, and 
mpact 

h. The 
e three 
er, the 

enario 
se the 
s. The 
usage 

A
This
netw
in sc
centr
conc
cost 

R
beca
dens
netw
adde
do n
was 
the c

In
were
acco
scen

8. C

D
infor
the o
the S
syste
oper
char
netw
best 
futur

 
Refe
 
[1] P

M
[2] B

M
[3] V

E
G

According to th
s network con
work configura
cenario I is lo
ralised than sc
centrated. For 
of having saf
egarding the 

ause they hav
sity), making 
work. Scale in
ed. In scenario
not depend on 

higher than in
cost of this str

n order to giv
e assigned. Fo
ording to the 
nario. 

onclusion 

Decision under
rmation can li
overall value g
SC boundarie
emic framewo
rate at speci
racteristics ind
work with the 

decision. Fin
re work, robu

erences 

Ponomarov, S.Y.
Management, 20/
Barroso, A., Mac
Management App
Vugrin, E.D., W
Economic System
GopalakrishnanS.

he SCRI, scen
nfiguration is 
ation in scena
ower than in 
cenario III, th
scenario II th

fety stock is le
density, scale

ve the same n
it more resilie

ndex in scenar
o III, network 
other supplie

n scenario I an
rategy is highe

Scenario De

I 0

II 0

III 0

ve more guida
or this exampl

established o

r uncertaintie
imit the strate
generated are 

es could lead t
ork to evaluat
fic delivery 
dices propose
companies’ lo

nally, a case s
stness quantif

, Holcomb, M.C
1:124-143. 

chado, V., Carval
proaches in Suppl

Warren, D.E., Ehl
ms, in Sustainabl
. Peeta, Editors, S

Author na

nario I is the 
denser than t

ario I, specific
scenario III, 

his means that
he SCRI is hig
ess than the co
e, and centra
network conf
ent to focused
rio III is highe
centralization

ers. Regarding
nd II. Scenario
er. 

ensity Scale C

0.92 0.60 

0.92 0.60 

0.95 0.58 

ance to the de
le, the cost is 
objectives. Ho

es is challeng
gies to deal w
prone to adop
to an underes
te the SC des
performance

ed, specifically
ocation. Addit
tudy was pres

fication and to

C., 2009, Unders

lho, H., Machad
ly Chains,  
len, M.A., Camp
e and Resilient 

Springer Berlin H

ame / Procedia M

most resilien
the configurat
cally zone 1, c

resulting in 
t the nodes in 
gher compared
ost of using an
lization, scen
figuration. Sc
d disruptions. 
er due to an e
n is diminishe
g the SC resili
o III is more r

entralization

0.80 

0.80 

0.83 
Fig. 6. Topology

ecision maker
the dominant
owever, a ch

ging to make 
with these situa
pt strategies li
stimation of h
ign. The prop
, the system
y density and
tionally, a rati
sented to dem

opology indice

standing the conc

o, V.C., 2015, Q

phouse, R.C., 20
Critical Infrastru

Heidelberg: Berlin

Manufacturing 00 

nt and least co
tion in scenar
could have a m
less coordina
the network a

d with scenari
n alternative su
nario II has th
cenario III giv
The reason is

extra supply fl
d. Having les
ience index, it
resilient and le

 

y scenario results
 

r, the rating s
t factor. The r
hange in the 

 primarily be
ations. Moreo
ike outsourcin
how risk is co
posed SC resi

m impact and
d scale, incorp
ing system wa

monstrate the a
es aggregation

cept of supply c

Quantifying the S

010, A Framewo
ucture Systems: 

n, Heidelberg, 77-

(2019) 000–000

ostly albeit no
rio III. Hence
more severe im
ation required 
are not equall
io III. The rea
upplier.  
he same resul
ves better res
s that an addit
flow and anoth
s central SC w
t decreases in 
ess affected by

. 

ystem was us
results show th
objectives co

ecause many 
over, SCs look
ng and offshor
ompounded. T
ilience index 
d recover fro
porate the phy
as used to det
applicability o
n would be con

chain resilience,

Supply Chain Res

ork for Assessing
Simulation, Mod
-116. 

o recovery str
e, a disruption
mpact. Additio

in the SC. S
y important o

ason behind th

lts as scenari
sults in densi
ional zone wa
her location z
would be bene

scenario III a
y focused disr

sed. Weights 
hat Scenario I

ould result in 

economic fa
king for strateg
ring. This inte

Therefore, this
considers the 
om a disrup
ysical connec
termine in a tr
of the propose
nsidered. 

The Internationa

silience, Applicat

g the Resilience 
deling, and Intell

rategy is inclu
n happening i
onally, scale i
Scenario I is 
or that the pow
his result is tha

io I. This resu
ity (relatively
as added to th
zone (zone 4) 
eficial, so supp
as the strategy
ruptions. How

for each obje
I is the best o

choosing an

actors and lac
gies that maxi
ernationalisati
s paper propo

associated co
ption. The d
ction of the su
ransparent wa
ed framework

al Journal of Lo

ations of Contem

of Infrastructur
lligent Engineerin

7

uded. 
n the 
index 
more 

wer is 
at the 

ult is 
y low 
he SC 

were 
pliers 
y cost 

wever, 

ective 
ption 

nother 

ck of 
imise 
on of 
sed a 
ost to 
esign 
upply 
ay the 
k. For 

ogistics 

porary 

re and 
ng, K. 



50	 Jessica Olivares Aguila  et al. / Procedia Manufacturing 28 (2019) 43–50
8 Author name / Procedia Manufacturing  00 (2019) 000–000 

[4] Craighead, C.W., Blackhurst, J., Rungtusanath, M.J., Handfield, R.B., 2007, The Severity of Supply Chain Disruptions: Design 
Characteristics and Mitigation Capabilities, Decision Sciences, 38/1:131-156. 

[5] Falasca, M., Zobel, C.W., Cook, D., 2008, A decision support framework to assess supply chain resilience, Proceedings of the 5th 
International ISCRAM Conference, 596-605. 

[6] United Nations Statistics Division. Standard country or area codes for statistical use (M49). 1999; Available from: 
https://unstats.un.org/unsd/methodology/m49/. 

[7] Kim, Y., Choi, T.Y., Yan, T., Dooley, K., 2011, Structural investigation of supply networks: A social network analysis approach, Journal of 
Operations Management, 29/3:194-211. 

[8] Freeman, L.C., 1978, Centrality in social networks conceptual clarification, Social networks, 1/3:215-239. 
[9] Carvalho, H., Barroso, A.P., Machado, V.H., Azevedo, S., Cruz-Machado, V., 2012, Supply chain redesign for resilience using simulation, 

Computers & Industrial Engineering, 62/1:329-341. 


