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ABSTRACT
The study presents the results and recommendalennang from the application of two supply chain

management analysis models as proposed by thesGpglin Council (SCOR, version 10.0) and by
Lambert (1997, Framework for Supply Chain Manageinam the logistics of cash transfers in Brazil.
Cash transfers consist of the transportation oésied and from each node of the complex network
formed by the bank branches, ATMs, armored trariapon providers, the government custodian,
Brazilian Central Bank and financial institutions.

Although the logistic to sustain these operatiasd wide-ranged (country-size), complex and stibjec
to a lot of financial regulations and security prdares, it has been detected that it was probatdly n
fully integrated.

Through the use of a primary and a secondary dst@arch and analysis, using the above mentioned

models, the study ends up with propositions tongfipimprove the operations efficiency.

Keywords: supply chain management, logistics, banking inguSCOR, supply chain models.
1. INTRODUCTION

The efficiency of cash operation (distribution asictulation management of cash) has been a
constant need since the first banks and paper b&sknvere created. An efficient distribution offttas
must guarantee its availability at points of salleank branches, CSBs — Customer Site Branches,
ATMs, etc) at a suitable cost, without this posamgunnecessary withholding or waste of resources to
the system’s players or to the public in generak Teliability of the whole financial system anditsf
member institutions can be strongly tarnished ia #vent of any failure or imperfection in the
operation. Furthermore, the costs resulting fronongty estimated demand or overestimated cash
holdings may adversely affect the results of thesgtutions.

At first sight, the chain for cash supply, collectj counting, authentication and temporary

storage seems to be usual. However, a more detatadhination will reveal that it has certain



particularities such as the reverse flow of ban&s@nd coins (closed-loop supply chain), the nacgss
withdrawal of unfit banknotes and coins from ciatidn (soiled, torn or defaced cash, not suitabte f
transactions) or banknotes and coins suspectedeinig bcounterfeit. Another particularity is the
dimension of the chain: the cash supply chaindepading to concepts that characterize a supplincha
(COOPER, LAMBERT and PAGH, 199@omplex because it has a national geographical rangegha hi
degree of granularity and a strong vertical stmatdimension at the point of demand.

Despite the always increasing use of “virtual mdrieytransactions, the volume of cash and its
face value continues to grow. The amount of USadddanknotes in circulation, for example, reached
US$955 billion in 2010 (FMS, 2010), against US$ @8iion in 2006 and US$ 492 billion in 2001
(RAJAMANI, GEISMAR and SRISKANDARAJAH, 2006). In & European Community
(Eurosystem), currency in circulation amounted WRE840 billion in 2010 (EUROPEAN CENTRAL
BANK, 2011), up from EUR 628 billion in 2007 (SCHAUYZER, 2007). In Brazil, the amount of
currency in circulation hit the figure of R$ 151llibn at the end of 2010 (BRAZILIAN CENTRAL
BANK, 2011), a dramatic growth in relation to theported R$ 80 billion in 2007 (BRAZILIAN
CENTRAL BANK apudFEBRABAN, 2008).

Regardless of the complexity of the chain and #levance of the matter, the recommendations
and results of academic studies and surveys seertoritave been consistently incorporated to cash
supply chain management practices. . On resear¢hadjterature on the matter, Rajamani, Geismar,
and Sriskandarajah (2006) found no studies on plicgtions of supply chain management concepts to
the problem of cash transfers, a conclusion at lwiie, the authors of this paper, have also arrived.
scant information and publications available areséhfound in reports prepared by central banks,
government institutions, consulting companies andafe banks, in which the academic rigor is not

always observed.



On the other hand, banks, governments and econbfoitks have a growing interest in
enhancing the efficiency of this operation duehte tosts it generates for society. The introductibn
Euro banknotes in Europe in 2002, for example, ddrthe reviewing of the cash supply chain in
European countries. Crossborder Euronotes managemEnrope became one of the objectives of the
European Payment Council (EPC), the organizatiah manages this activity within the Eurosystem
(SCHAUTZER, 2007). The US Federal Reserve Systeralds concerned with cash management,
having placed up for discussion and changed theypoh cash recirculation. Following this trende th
central banks of several countries are experimgrthranges in their public cash circulation poBgie
resulting in different operations and chain confegions (RAJAMANI, GEISMAR and
SRISKANDARAJAH, 2006).

Because it is one of the largest operations initbed, due to the size of its economy and its
territorial area, cash logistics in Brazil is panlarly sensitive to management failures. The ghowit
the Brazilian economy has caused the volume ofaugr in circulation to rise exponentially, increwsi
the need for a greater understanding of this operé®©KINO, 2010).

Therefore, this article describes and analyzesdas reference models, the cash supply chain
in Brazil, and suggests adjustments that could adento improve its efficiency. The first model used
the supply chain framework proposed by Cooper, lexm& Pagh (1997). This model provided an
strategic and structural assessment of the chaie.s€cond model used is the Supply Chain Operations
Reference Model (SCOR), version 10.0 (SCC, 20I0&@s model allowed for a deeper operational and
functional assessment.

In section 2 we describe the cash supply operatitim a focus on distribution and summarize
the main characteristics of this operation in Bra&&ection 3 briefly features the main charactessof

the Supply Chain Management (SCM) models used &dya@ cash operation in Brazil. Section 4



de<ribes the research methodologyd in this study. Based on the SGiwbdels and the methodolo
featured in the preceding secl, Section 5lists the main study results and discusses thesdts.
Section 6carries the conclusion and suggests improves for managing the Brazilian cash sup
chain and proposes possikledy extensior.
2. CASH SUPPLY CHAIN AND THE BRAZILIAN OPERATION

The supply of cash by banks to bdank customers and ndrank customers is basically a
logistics operation and dependn a wide network (points of salesormed by bank branchecustomer
site branches (CSBsgutomated teller machines (ATN, financial companie (many of which are
associated with commercial ba), bank correspondentsgmpanies that provide bank sices under
special bank agreement)d large etailers, which collect and transfer lamge volums of cash to the
public. In this operation, thesmints of sale, which can be directly accessed by the pt, are in turn
supplied bya huge network of ppliers, especially by cash transportarg currency custodians (in
Brazil, the official custodian designated Central Bank is currentlganco do Bras S.A.).

Figure 1 shows simplifiec diagram of the cash supply chain:
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Figure 1. Simplified diaram of the cash supply chain.
Source: prepared by the authors.



Although at a first glance, it appears to be a commogistics operation involving a few links in
the supply chain, the cash operation has certaracteristics that make it very complex and unidjoe,
most relevant of which are:

1. The materials do not flow in one direction onlycgnnot only is cash supplied to the
market (customers and the public in general), bus ialso returned by the public,
refurbished with the identification of counterfeit unfit banknotes, and redistributed to
the network (OKINO, 2010). The structure is similarthat of reverse logistics and has
the characteristics of a closed-loop supply chaRAJAMANI, GEISMAR and
SRISKANDARAJAH, 2006).

2. The significant amount of stored and transportedena, which render relevant the
financial aspects (interest on cash holdings/idglehy and security aspects (thefts and
robberies) of this operation.

3. High quality service is required since the imagestoéngth and reliability of the financial
system as a whole or one of its member institutioray be seriously damaged if the
points of sales are out of money, and this may esarse a bank run, which could
undermine the financial health of these institugion

4. Because cash is a commodity, there is an intrpessibility of competing banks entering
into a partnership in this operation. This parthgramay be forged both to supply the
cash (interbank exchange), to share transportaiarctures for bank deliveries (e.g.
contracting a single cash transportation comparsufiply all banks), and even to share

supply frameworks (e.g. share self-service sal@gpe ATMS).



5. Although material (banknotes and coins) transpiortaits in general outsourced to cash
logistic providers, it is managed and coordinat@eéady by the banks. Therefore, the
“transporter” node is not actually independent fritve other node (“bank”).

With respect to the Brazilian operation, the tataount of cash (paper banknotes in circulation)
in Brazil was roughly R$ 120 billion in April 201@ccording to Brazilian Central Bank data (2010a).
Ninety-seven billion reais (R$ 97 billion) or 81%this total, which accounts for 53% of the meahs o
payment used by Brazilian population, is in thedsaaof the public and R$ 23 billion, or 19%, is bank
holdings to guarantee the quality of customer setvi

This amount is still low in comparison with othesuntries. Currency in circulation data as a
percentage of GDP gathered from other central bahksrious countries (see table below), show this
relatively low use of cash in Brazil.

Table 1 — Currency in circulation as a % of GDP

Year Brazil England Europe Japan USA Mexico
2002 2.8% 4.0% 5.5% 15.3% 6.3% 3.9%
2003 3.2% 4.2% 6.5% 16.1% 6.3% 4.2%
2004 3.5% 4.0% 7.1% 15.9% 6.2% 4.5%
2005 3.4% 3.6% 6.7% 14.3% 6.1% 4.7%
2006 3.8% 4.0% 7.9% 14.8% 5.9% 5.0%

Source: Central Banks and World Bank apud FEBRARA0D8).
Note: adapted by the authors.

The analysis of the evolution of currency in cietidn in Brazil shows that there has been an
outstanding growth since the country managed taleta its economy in the ‘90s, possibly pointimg t

a trend that is very similar to the “currency ircaiation vs. GDP” rate posted in developed coestri



Currency in circulation evolution in Brazil
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Figure 2 Currency in circulation evolution in Brazil.
SourceBrazilian Central Bar apudFEBRABAN (2008), adapted by the auth
Note: Currency in circulatio in 1994 = R$ 7.7 billion. 2008011 = forecas

3. REFERENCE MODELS

Despite the specific features the Brazilian casloperation mentioned in the preceding sect
its configuration is characteristic of a supplyic. Therefore, th&upply Chain Managemeapproach
may provide for a more structured description amal\yssis of this operatic.

The CooperLambert & Pagh (1997model considers that Supply Chain ManagemSCM)
encompasses the integration of all internal aneéraat suppl-related activities via the distributic
channel. This frameworks made up of three main compony, all of whicl are closely related:

Business Processes, ManagmtComponents and Supply Chain Structure.
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Figure 3: Supply Chain Managem Framework Componer
Source: adapted from Cooper, Lambert, Pagh (:

The success of supply chain management hing establishig which are the chain’s key
players;which are the SCM processes connected to tplayers;and what type or level of integrati
ought to be applied to the proces (LAMBERT, COOPER & PAGH, 1998).

The choice of the second reference m, the Supply Cain Operations ReferencModel
(SCOR),to describe the cash supply chain management snphper was due to the fact that
framework is one of the mogienerallyaccepted models in industty represent and analyze sup
chain management. SCAR one¢ of the models that enables managers to simplifyctimaplex suppl
chain management framewodnd makes their strategic decisiomaking process eas (HUAN,
SHEORAN and WANG, 2004).

The SCOR modetombine the visionof the business processes with ncs, best market
practices and thase of information technology in a single structin orderto foster communications
between the supply chain plageAs a result, it heightens management efficiencpath the suppl
chain as well as of the other adtiies pegged to (SCC, 2010a).

The SCORmModel was developed to describe all business psesesssociated with all phases

satisfying a customer’s demafCC, 2010a). Itonsiders supply chain activitic a series of cross-



industry processes (Planp@8ce, Make, Deliver and Rett) performed inreachnode of the chain, which

are interrelated and deemed critical to chain mamep (LAI, NGAI and CHENG, 2002.

SUPPLIER CUSTOMER
Ierral or Extirraal YOUR ORGAMIZATION Iistermal ar Esxtar

Figure 4: The SCOR model structure.
Source: SCC (2010b).

SCOR organizethe processes three hierarchical levels tescrite the entire chain supply
operation (8pply Chain Counci- SCC, 2010a). The firgvel is the most comprehensive and strate
The next levels add on processails successivelyo those of the former leve. The standard cross-
industry levels are the following:

* Level 1 - Top LevelProces<Types.
* Level 2 —Configuration Leve: Process Categories.
* Level 3 —Process Element Le\: Decompose Processes.

After Level 4, the processes are specific to eammnpany or inustry in which the compar
operates.

In this study, we considered the “bank” cfocal company and, because of the methodo!
elected, we choselescribe the cash operat using theSCOR framewor to Level 2, i.e., the

Configuration Level.

4. RESEARCH METODOLOGY
With a view to achieving its established goihis study was structured on five fundame!

phases, as follows:
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Figure 5: The methodological structure of the rese
Source: prepared by the authors.

a. Research objectiven this initial phise, we started with a general overview of the cggration
and established that the goal would be to analywsh mperation based Supply Chain
Management concept3his phaseserves as the guideline for the entire work andnés the
scope of the study;

b. Reference modelsve chose two mode: the supply chain managem framework proposed by
Cooper, Lambert & Pagh (199and theSupply Chain Operations Reference m framework
(SCC’'s SCOR, 2010a);

c. Methodoloy and Resear: During this phase, we identifiea need for a primary resea to
supplement thesecondarydata resulting fromthe survey carried out among institutio
regulatory agencies and associat. This was carried out usirggspecific questionnaire fo,.

d. Analyses andDiscussiois: based o the data collected through the primary and semgr
surveys and ofiterature thecetical referralswe then moved on to describe, analyze and dit
the Brazilian cash operation in this pt;

e. Conclwision and Recommendatic we closed the work by resiving the research results &
comparing them with the proposed (. We also propose measures the improvement of cash
supply chain managmentin Brazil.

Table 2shows the main sources of information on the dineensf the SCM model used as

reference.
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Table 2 — Research type for each SCM model dimansio

Dimension Characteristic or Component Type of Research
1 - Supply Chain 1.1 - Members identification Primary and Secondary
Structure 1.2 - Dimensions Primary and Secondary
1.3 - Process links Primary
2 - Business Processes 2.1 - Customer relationship management Primary and Secondary
2.2 - Customer service management Primary
2.3 - Demand management Primary
2.4 - Order fulfillment Primary
2.5 - Manufacturing flow management Secondary
2.6 - Procurement Primary
2.7 - Product development and Primary
commercialization
2.8 - Returns Secondary
3 - Management 3.1 - Planning and Control Primary
Components 3.2 - Work structure Primary
3.3 - Organization structure Primary
3.4 - Product flow facility structure Primary
3.5 - Information flow facility (IT) structure Primary and Secondary
3.6 - Product structure Primary
3.7 - Management methods Primary
3.8 - Power and leadership structure Secondary
3.9 - Risk and reward structure Primary
3.10 - Culture and attitude Primary

Source: prepared by the authors using the Coopenpert & Pagh’s SCM model (1997) as reference.
The primary data survey was conducted using diffequestionnaires for each type of player,

featuring a total two hundred sixty eight (268) ompguestions, which were answered by executives
involved in this type of operation. Thirteen (13jicers from various banks, Brazilian Central Bank,
cash transporters, retailers (large corporate mest®) and the custodian bank (Banco do Brasil S.A.)

were interviewed, as shown on table 3.

12



Table 3 — Companies that participated in the suofdkie cash supply chain.

Type of Player Company hame Company'’s full legal name

Regulatory and BACEN Brazilian Central Bank

gg:teorg\i?r?nt Government custodian Banco do Brasil S.A.

Banks Itau Itau Unibanco S.A. (1)
Unibanco Itau Unibanco S.A. (1)
CEF Caixa Economica Federal
Bank 4 Bank 4 (confidential)

Cash transporters Protégé Protege S.A. Prot. e Transp. de Valores
Rodoban Rodoban Seg. e Transp. de Valores Ltda.
Transvip Transvip Trans. de Val. e Vig. Patr. Ltda.
Transporter 4 Transporter 4 (confidential)
Transporter 5 Transporter 5 (confidential)

Customers Ultragas Companhia Ultragaz S.A.
Customer 2 Customer 2 (confidential)

Note: In spite of the Itau-Unibanco merger annadhio November 2008, these banks were considered
separately in this study.
The gathering of secondary cash operation datameste through a survey conducted among

organizations involved in this operation, the maiganizations being Brazilian Central Bank (BACEN),
the National Federation of Banks (FEBRABAN) and Brazilian Association of Cash Transporters

(ABTV).

5. RESULTSAND DISCUSSION

The strategic study of the cash operation analgzeth of the three dimensions of the Lambert,
Cooper & Pagh (1998) SCM model and its twenty-dtig §ub-components, as shown in Table 2 in the
preceding section.

Figure 6 shows the schematic diagram of the capplg chain framework, business processes

and management components.
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Figure 6: Lambert’'s SCM model applied to the Biiarilcash supply cha
Sourceprepare by the authors using Lambert & Cooper (20

The Supply Chain Operation Reference Model (SC model wasagplied to describe the cash
supply operation using thgenerally accepted “syntax” in the fieldSupply Chain Manageme

It was possible, based on the primary and secorsilamey results, tbuild a schematic diagram
representing the Braziliasurrency chai, using the fundamental Level 1 proces(Plan, Source, Make,

Deliver, Return) of th&COR framewor.
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Figure 7: Process type diagram of the Braziliarpguphain
Sourceprepare by the authors using the SCOR framework (SCC, 2
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On decoupling stage opeocesses to fit thstage two description of the cash operation in E

we arrived at the business scajiggran of the supply chain.

This diagram seeks to identify the main players involved in the supply chain, the various different

companies or company units involved, and the main material and information flows between

these players.
........................................................ LI R S TR PSR SER TR S R R
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BACEN Other :
HO BB HO harks HOs i Bank HO
Retailers & '
Other
> banks' & H
vaults : Branches : i
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. : ' : Mot :
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Figure 8: Business scope diagram of the Braziligopky chain
Sourceprepare by the authors using the SCOR framework (SCC, 2

The representation of Lel/2 processes of the SCOR mo&COR Thread Diagranwas made
based on the SCOR Level 1 process details preseefed, coupled with th data gathered from the
primary and secondary surveys mentioin the preceding section.

We elected to break dowthe representation of the cash operation in Biiazil three SCOF
thread diagrams because there were three diffesit product flow: cashdelivery, collection and

refurbishment.

Figures 9, 10 and ldresent th cash operation'SCOR Thread Diagras.
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Figure 11: Thread diagram of the cirefurbishmenbperatior
Sourceprepare by the authors using the SCOR framework (SCC, 2

as per the framework definitionSor example, process category “sP2” stands font'Blalivery”.

The main highlights resulting from using the twodalsto analyzehe cash supply operatiin

this paper are the following:

a. Although they simply provide services to the bi the cash transporters play a fundame

role in the cash supply operat.

b. There is a strongteraction among individual customers, corporattamers (large, retail ar
ordinary customers) and tigeneral publicThis interaction causes the cash 1to customers to
sometimes be made via basales points (branches, ATMs, etc) aaidpthes, directly via bank
vaults.

c. The chain under analysis presents a small horizdirtgension (few links), but a high vertic

dimension great number cplayers at each link).



. It was found that as the number of vaults and pariers expands in any given region, the
chain’s vertical dimension increases, a vaultsgpanters inter-relationship is established and
product flow becomes more complex.

. Banco do Brasil S.A. operates as both a bank amdftficial currency custodian. This double
role possibly constitutes a conflict of interestdéhie chain operation.

Because it stems from a variety of commercial avdas activities, the interaction between the
bank, customers and the public in general is devensd granular, which adds complexity to
demand management processes as well as to consatiséaction processes...

. The two-way product flow, that is, customer casthdiawals and deposits, at almost all of the
chain links is an unusual element of complexityha cash supply chain’s business processes.
This complexity, coupled with the fact that the ichhas a strong vertical dimension, requires
that this cash supply operation be treated as awtnmk” rather than a chain, as proposed by
Christopher (1998).

. On analyzing the consumer service management moeesfound that although the banks are
focal nodes, they do not have full control overtcdslivery because they depend on the official
custodian and the policies established by BraziGamtral Bank. Consequently, there may be
periods in which cash supply is deficient, giver timpossibility of developing alternative
suppliers for paper banknotes and coins.

Demand management by cash transporters is complexadreported peaks in demand. This
complexity is further aggravated due to the compjexf the abovementioned delivery
“network” involving multiple banks, transporterscibank sales points in the same area.

On analyzing the return channel for treating uafid counterfeit cash, we identified several

particularities. Differently from regular “reverdegistics”, in the return channel, banks and

18



transporters handle the cash when they colleabinfthe public; so there is no need for the
product delivery process for customer disposal gsep. This simplifies the process.

Brazilian Central Bank faces difficulties in plangidemand due to a lack of direct information
on cash supplies to customers and to the publigemeral (this is monitored indirectly via
surveys).

On analyzing the information flow framework (IT),ewfound that there was no single or
standard structure for contacts between banksrandporters or even between banks and major
customers. This makes data alignment throughoutliaén difficult and causes the so-called
bullwhip effect.

. On analyzing the power and leadership structurethef cash supply chain, we found a
concentration of suppliers in the transportatiognsent and a need for heavy investments in
installations (legislation and security requirensgntThese two factors (current strong
concentration and need for capital investmentsytite barriers to the entry of new player,
according to Porter’s (1979) competitive forces slodny alternative plan (e.g. development of
new suppliers) would only be possible if other &wcsuch as customer power (of banks) or
government power (legislation, Federal Police ragoihs, etc) came into action.

. The assessment of culture and manager’s attitugigests that a greater alignment between the
cultures of the transporters and the banks on mestsatisfaction would pose a window of
opportunity for improving the relations betweeng@layers and intensifying outsourcing.

. The SCOR-based analysis of the operation enabled establish that “other banks” are shown
on the diagrams as playing practically the same &d the official currency custodian in the
delivery and collection flows. The fact that thegvl similar roles may represent an opportunity

to simplify and optimize the operation.
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The analysis of the information flow in the SCORgtiams is broken down into “inbound” and
“outbound” from the focal bank node. BACEN has sga@ontrol over supply (“inbound”) and
other banks have strong control over demand (“autdd), but there seems to be a lack of

integration between the information held by the sides of the chain.

6. CONCLUSIONSAND RECOMMENDATIONS

The description and analysis of the cash suppéyaifon in Brazil based on the Cooper, Lambert

& Pagh (1997) Supply Chain Management (SCM) model 8CC’'s SCOR (2010a) fostered the

identification of the following opportunities fomiproving the management of this supply chain:

Use shared vaults: reduce the number of bank, foatess and custodian vaults located in the
same area by having the players share vaults.

Improve demand information alignment between thekbaand transporters: this involves
improving cash transporter-bank communicationsctviwill reduce distribution, transportation
and processing efforts resulting in a more smoasiridution of cash inventories along the
chain.

Integrate strongly the IT systems: although thera isingle standard communications system
operating between the banks, the official custodizanco do Brasil) and BACEN, called SPB-
STR system, there is no such standard communicasgatem for the other players, which
greatly hampers operation and planning.

Implement service level agreements: as a good S@idtipe, the cash transportation, custody
and processing services should be hired and maresged on indicators.

Implement collaborative planning, forecasting aeplenishment: the chain’s vertical dimension

and the operation’s nationwide range require efitiplanning, forecasting and replenishment

20



based on more decentralized information, so thatpllayers can cooperate in providing this

information.

* Implement cross-docking: the analysis showed thexietis room for transportation optimization,
achievable by applying the cross-docking conceggigeially in relation to cash deliveries from
BACEN (or the Brazilian Mint) to the official cudd@n, banks and large corporate customers.

* Apply the Lean Methodology more intensively: thisthbdology aims to restructure the process
flow with a view to paring down losses as a resiilteducing reprocessing of cash transfers
between banks and also between the bank and tted@mrs optimize transportation (eliminating
unnecessary movements) by improving the chain fwame configuration; and reduce
custodians’ cash holdings by enhancing custodiank land customer synchronization.

* Apply the efficient supply chain principles: the atysis of chain demand and supply
uncertainties as proposed by Lee (2002) suggesis giteater efficiency can be sought by
establishing an efficient information exchange eysthroughout the chain.

The exploratory study of this research enabletbusharacterize the cash operation in Brazil by
applying two Supply Chain Management (SCM) mod€le research was made based on a secondary
data survey conducted among businesses connediedhg activity such as the Brazilian Association
of Cash Transporters (ABTV), Brazilian Federatioh Banks — National Cash Studies Center
(FEBRABAN-CENEN) and Brazilian Central Bank, ang@amary data survey among managers and
officers of some leading companies in this indystrgluding banks, customers and transporters.

The use of the mentioned models, reinforced by edsiablished methodology, resulted in a
comprehensive description of cash operation iniBaaml a subsequent analysis of this operation.

Although the objectives of this study research endeen addressed, the possibilities of

conducting new studies on the cash operation iziBaad in other countries have not been exhausted.

21



Because of its exploratory nature, this study nyepebvides a general and broad overview of the cash
operation by applying SCM concepts. As suggestionfuture research projects, we highlight: possibl
studies on the performance of the current cash lgugmin; the influence of the chain’s current
configuration (framework) on this performance; dpgplication of SCOR performance metrics on the
cash operation; the use of the Lean methodologypoove chain results and other related topics.
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