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Abstract

This article is devoted to working capital management and its optimization on an inter-organizational level when supply
chain members operate collaboratively. We aim to develop and validate a model of collaborative approach to working
capital management in supply chains for cases of constrained liquidity and imposed return requirements using supply
chain finance (factoring, reverse factoring and inventory financing). As such, we suggest a tool of working capital opti-
mization using financial terms and cash flows verified on Russian supply chain data. Mathematical modeling is suggested
as a method to modify an existing working capital management model on the grounds of collaborative financial cost
minimization under industry specific liquidity constraints. These liquidity constraints are constructed in such a way as to
eliminate possible violations from companies, because their violation will lead to the inverse relation between liquidity
and rate of return. The results of the optimization provide recommended values for cash conversion cycle elements —
days of inventories, days of accounts payable, days of accounts receivable - that guarantee the coordinating effect of col-
laborative working capital management. Calculation, further optimization and monitoring of cash conversion cycle val-
ues sustain effective working capital management on an inter-organizational level while meeting the liquidity and return
levels for each company in a chain. The suggested model can be implemented for a day-to-day decision making process
by companies oriented to stay competitive in the long run. Besides, the results obtained show the potential for further
coordination among the key members of the supply chain in terms of aligning financial, product, and information flows.
Despite the fact that the model provides a static solution to the problem of collaborative working capital management, it
has potential for the further development of a dynamic algorithm. Future research should seek to investigate the possible
imputation options for gained costs reduction values on the grounds of cooperative games with a coalition structure.
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Introduction

In the field of supply chain management (SCM), collab-
oration between business partners (basic raw materials
and components suppliers, manufacturers, distributors,
transporters, retailers, banks and financial institutions,
etc.) linked through the flows of goods, information
and finance is a core concept. Research on supply chains
(SCs) has mainly focused on inventory cost, trans-
portation cost and cost related to goods procurement.
However, there has been very little research work fo-
cusing on the flow of money [1]. It has been stated that,
in terms of a swiftly changing business environment,

[2] “for an effective supply chain system, the manage-
ment of upstream flow of money is as important as the
management of downstream flow of goods.” From this
perspective, working capital management (WCM) as an
essential element of financial supply chain management
(FSCM) has gained a lot of attention [3-8] due to the
fact that it is a way to accelerate the cycle time of work-
ing capital (WC) and increase the profitability of the
company in response to financial volatility in the busi-
ness environment (e.g. the enacted Basel II), restraining
external financing from banks. Consequently, the de-
mand for capital from within the SC, e.g. from com-
panies directly involved in supply chain finance (SCF)
schemes or acting as financial service providers (FSPs)
has increased [9-16]. For this reason, the importance
of effective WCM has raised dramatically, especially for
SCs from emerging markets, which faced difficulties
with access to capital, limited financial infrastructure
and legal, regulatory and accounting uncertainties in the
first place.

Apart from that, the focus of the study on emerging mar-
kets is also prompted by the fact that SCs stretch across
the globe with a diverse range of suppliers in emerging
markets, and the failure of a supplier can impact most
severely the whole production process, threatening the
viability and continuity of an entire SC. So, WCM is
increasingly transcending boundaries of mature markets
and has the potential for economic stabilization, howev-
er most emerging market companies have not yet fully
realized its benefits.

Likewise, the coordinating mechanisms of WCM and SCF
in SCs have received little attention because the role of
financial coordinators (FSPs, banks, FinTech companies
and other financial intermediaries) as core participants

in facilitating and enabling SCF has only recently been
identified in academic literature [12-14; 17].

Additionally, the research is motivated by the call for

a more holistic approach to SCM on the grounds of
merging financial and operational SC measures, since the
existing literature either considers them separately or does
not give insights on financial flows [18; 19].

We address these gaps and aim to develop a WCM model
providing optimal levels of working capital to every
business partner through collaborative actions of capital
reallocation along the SC. As such, the main aim of the
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research is to suggest a tool for working capital optimi-
zation under the constraints of a profitability-liquidity
tradeoft verified on Russian collaborative SC data. The
paper begins with a review of SC collaboration and WCM
literature leading to the research question:

RQ: How to improve the working capital position of each
SC business partner by improving the integral performance
of the SC at the same time?

The selected methodology aiming at responding to the re-
search question represents the upgrading of the approach
proposed by [10]. In response to the RQ, a model is devel-
oped; this is followed by numerical analysis and discus-
sion of the findings. The paper closes with a conclusion,
identifying further research directions.

Literature review

Supply chain collaboration

From a strategic management point of view, one of the
most challenging collaboration perspectives is to extend
the concept from collaboration within an organization to
the level between organizations, since they do not exist

in isolation [20-22]. Any organization, whether a large
corporation, public body, or a small business, aims to
meet the needs of its various customers and stakeholders,
will need resources to do this, and will acquire many of its
materials, equipment, facilities and supplies from other
organizations. The performance of an organization is thus
influenced by the actions of the organizations that make
up the supply chain [23-26]. Therefore, focus has moved
from competition between firms at the same level in the
production process to competition between supply chains,
from raw materials to end customers [27; 28]. A compa-
ny’s ability to create trust-based and long-term business
relationships with customers, suppliers, and other stra-
tegic partners becomes a crucial competitive parameter.
Though it is accepted that external relationships in SCM
are strategically important, still many questions concern-
ing operations integration with suppliers and customers
in SC remain unanswered [23; 29-32].

SC collaboration is especially important to manage
external relationships with suppliers and customers

[33]. The empirical results indicate that SC collaboration
considerably improves the collaborative advantage [34],
which in turn, has a significant positive effect on firms’
financial performance (in particular, the mediator role of
collaborative advantage is stronger for small firms than
medium and large firms [35]. Furthermore, a lack of col-
laboration may result in poor performance of the whole
SC [36], with such consequences as: inaccurate forecasts,
low capacity utilization, excessive inventory, inadequate
customer service, inventory turns, inventory costs, time
to market, order fulfillment response, quality, customer
focus and customer satisfaction [37-39], not to mention
the perspective representing the “dark side” of inter-firm
collaboration, which characterizes many buyer-supplier
relationships [40-42].
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It has been well documented by operations management
scholars and practitioners, that communication between
business partners is the essence of organizational life [40;
43]. However, in empirical studies, researchers have typi-
cally considered inter-organizational communication as a
part of a broader construct, or have examined the extent
to which the use of selected communication strategies by
buyer firms enhances supplier firm operational perfor-
mance. Furthermore, the majority of research focuses on
the economic value for buyers or for suppliers; few studies
investigate how the strategic orientations of buyers and
suppliers affect the relative relationship performance for
the individual dyad members [44; 45]. That being said, tra-
ditional perspectives that suppliers and buyers act as inde-
pendent economic agents are being replaced with the un-
derstanding that these exchange partners are co-producers
of value, and thus their performances are interlinked [17;
46-50]. Cachon and Lariviere (2005) published a paper
[51] analyzing the role of revenue sharing contracts in
coordinating a supply chain. The idea is straightforward:
organizations are self-serving entities maximizing individ-
ual profits, but sometimes this might result in a sub-opti-
mal overall performance. However, a focal company can
contractually coordinate the actions of other players in the
supply chain in order to achieve optimal profit.

With this in mind, in the next paragraph we will mainly
leave out of consideration a large body of working capital
and cash management literature which provides solutions
aimed at improving working capital position for a single
company, and which thus neglects the inter-organization-
al perspective of the issue [e.g. 3; 4; 52-55]. Instead, we
will focus on the recent papers outlining approaches to
working capital management in the context of collabora-
tion between business partners in a supply chain.

Working capital management

Finance literature captures financial flows as working
capital (WC). There are two main perspectives regarding
working capital. The first one defines it as the ability of the
company to cover its short-term debt with current assets.
In [56] the author defines the concept of this working
capital perspective and describes it with the equation (1):

Working capital = Current assets — Current liabilities. (1)

According to [56], current assets consist of cash, total
inventory, accounts receivable, securities and cash equiva-
lents. On the other side, current liabilities refer to accounts
payable, accruals, notes payable and short-term debt. A
positive result of working capital means that the amount of
cash the company will receive in the next 12 months is big-
ger than what the company needs to cover its liabilities. A
negative result of working capital means that the company
will not be able to cover its short-term debt (1).

Another perspective on working capital which is widely
utilised in most of the studies dedicated to operating
working capital involves considering the total level of
inventory, accounts receivable (A/R) and accounts payable
(A/P). According to [57], the equation is following:
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Working capital = Inventories + AR — AP. (2)

The study [58] included accrued expenses (A/E) in (2)
as a separate component into the working capital cycle
(usually is a part of A/P). The authors [57, 58] state that
the working capital cycle describes the main parts of the
company’s performance associated with financial flows.

The operational approach to evaluate working capital is

a time-based measure of a cash conversion cycle (CCC),
introduced by the authors at [59] for measuring and con-
trolling the effectiveness of working capital management
on the basis of relative ratios. Other authors [3; 60; 61]
have agreed that CCC is an adequate proxy for working
capital management. The CCC (3) presents the length (in
days) of time in which a firm has funds tied up in working
capital, starting from the payment of purchases to the sup-
plier and ending when remittance of sales is received from
the customers. In other words, the CCC is a collection of
three sub-cycles: the cycle time of inventories (DIO) plus
the cycle time of accounts receivable (DRO) minus the
cycle time of accounts payable (DPO).

CCC = DIO + DRO - DPO. 3)

CCC as working capital can be either negative or positive.
Negative CCC means that the company has a low amount
of inventory and the company receives money from its
customers before it has to pay its A/R. In other words, in a
negative CCC scenario, a company receives its A/R before
it should pay A/P. A large number of researchers believe
that the lower the CCC is, the better a company can man-
age its cycles efficiently, although a CCC which is too low
can cause problems with each individual component of
the CCC [62-64].

Considering the problem of identifying the CCC optimal
value, there arises the issue of achieving target rates of
return and, at the same time, maintaining the necessary
level of liquidity [65-67]. In recent years the number

of studies devoted to this issue has boomed, though

the results are controversial and incomparable due to a
number of reasons with research method selection among
them (case studies [46; 68]; regression analysis of annual
financial statements [4; 8; 18; 63]; optimization modeling
[10; 69-71].

As far as it goes, there is mixed evidence concerning the
inverse relation between CCC and its components and
profitability [3; 4; 60; 68; 72] as well as direct relations be-
tween CCC and its components and liquidity [73]. How-
ever, the general conviction on this issue is the following:
an increase of CCC will reduce risk and profitability on
the one hand, and will improve liquidity on the other.

Clearly, each company pursuing its target levels of liquidity
and profitability implements a set of working capital pol-
icies [18] usually referred to as conservative, moderate or
aggressive. The aggressive working capital policy implies
estimation of current assets at the lowest possible level
resulting in lower working capital requirements and higher
risks. Conservative policy, on the other hand, is aimed at
avoiding the maximum possible risks and guarantees the
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smooth operation of the company, though the higher level
of current assets leads to lower profitability. Moderate pol-
icy is assumed to be a tradeoff between the aggressive and
conservative policies providing relatively balanced levels of
profitability and liquidity.

In line with this classification, the contribution [66] sug-
gests the theoretical typology of various financial working
capital management strategies, focusing on maximization
or minimization of CCC components aiming to improve
the financial working capital. Authors claim these strat-
egies are to be pursued during the economic downturn,
which make them possible to apply for companies from
emerging markets. This is appropriate due to the fact that
these companies faced difficulties with access to capital,
limited financial infrastructure and legal, regulatory and
accounting uncertainties well before spreading volatility
in the business environment as well as the enacted Basel
II restrained access to financing from banks and increased
demand for capital from within the SC [10; 12; 14; 54; 66].
For these reasons, the practitioners’ interest in effective
WCM on inter-organizational level has increased dramat-
ically, which resulted in a wave of publications [6; 7; 14;
15; 195 57; 58; 74-77].

The primary motivation behind much of this research
(besides the previously-mentioned post-crisis challeng-
es) is the idea that finance research on WCM has been
focusing on company profitability instead of supply chain
contribution, and consequently companies are seeking to
optimize their individual performance. However, none of
its elements can be truly managed by a company individ-
ually, but only in collaboration with business partners.

It is important to note that individual financial perfor-
mance optimization is to be considered in terms of a more
holistic approach, taking into account each participant’s
interests as well as the ability to collaborate, or, in other
words, taking into account the supply chain orientation of
a company.

3 K
CFC =" FCf, (4)

I=1 k=1

FCf (DIOf ,DROf, DPOf ,INV/", AR}, AP") =

DIOf DRO}

With this in mind, an initial assumption for further opti-
mization is, following [51], collaboration of supply chain
partners already motivated to maximize total profit of the
chain. Alternatively, this motivation can be reformulated
in terms of total financial costs minimization, and specifi-
cally financial costs associated with WCM.

Collaborative working capital
optimization model

Base model

Building on earlier research, this study attempts to address
the gaps from the extant body of WCM literature by sug-
gesting an upgrading of the collaborative cash conversion
cycle (CCCC) model originally introduced by [10]. Authors
denote CCCC as a sum of the cash conversion cycles of all
exchange partners. They show, by means of optimization
modeling, that a reduction of the cash conversion cycle

for a single company in a chain (possibly on the expense

of suppliers or customers) does not add value to other SC
partners. While resulting in short-term balance-sheet im-
provements, it eventually triggers a higher risk supplier base
and, consequently, an increased total cost of running busi-
ness in long-term. The study provides clear argumentation
as to, why the true optimization approach to the problem of
finding optimal cash conversion cycle length lies in the area
of collaborative actions of all affiliated members.

As such, for the purposes of our study we consider a
collaborative wholesaler’s three-stage SC with N suppliers
and M retailers at the first and third stages respectively
(see Fig. 1).

To capture the financial costs associated with each SC
stage, we consider the formula (5) introduced by [78].
Consequently, the objective function of our model is
collaborative financial costs (CFC), which sums financial
costs of all supply chain participants (4):

DPO}
(5)

= NV} (1+clk)365 ~1|+ ARF (1+c,k) 365 _1 |- APF (1+c{‘) 365 1.

As mentioned before, our approach to solving the prob-
lem of working capital optimization is grounded within
the supply chain collaboration stream of research. We
imply that minimization of total financial costs associated
with certain supply stages is of common interest for all
SC members, and they are financially motivated toward
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collaborative actions. The rationale behind such a collab-
oration (6) is that the financial costs of each participant
operating in collaboration (FClk ) do not exceed their
values while operating independently ( FC,O ky:

FCf < FC*. (6)
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Figure 1. Collaborative supply chain
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For this SC structure, and following [10], we define col-
laborative cash conversion cycle (CCCC, 7) as the sum of
the CCCs of all participants (8):

3 K
ccee=Y" Y cecf, 7)
=1 k=1

CCCf = DIO} + DROf — DPOY. (8)

Concerning the liquidity-return trade-off, we suppose
companies in a focal supply chain are pursuing a moder-
ate approach to working capital management. Our aim is
to ensure that companies’ current ratios are higher than
the industry average rate of return and at the same time
is below the value at which the relation between liquidity
and rate of return becomes inverted [63; 65]. Hence, we
denote individual cash conversion cycles ( CCClk ) to con-
fine to a recommended industry specific stability interval
CCC,,, , CCC" providing favorable balance between
return and liquidity (9):

ccae,, <CCcf <ccc™. (9)

Introducing constraints on CCCC components (10 and
11), we aim to incorporate the inward-oriented approach
to optimization stemming from two assumptions [10].
First, we assume the nature of relations between the ex-
change partners in the supply chain (Fig. 1). We are fully
aware of an underlying simplification of the focal supply
chain structure, as real-life supply chains (or rather multi-
dimensional networks) show a greater degree of complex-
ity. However, we denote internal payment periods among
SC players do not have impact on CCCC:
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DIO}

DIO}

Retailer 1 DRO %

DIoS
Retailerj | ppo 7
DIoM
Retailer M DROM
DIo}
DROf = DPOY.,, where 1 =1,2,k =1,K,. (10)

Secondly, we assume that companies pursuing inward-ori-
ented optimization will restrain from exploiting the
capacities of contractors outside the specified supply
chain perimeter (11). As such, we denote values of days of
payables outstanding at the suppliers stage

( DPOF ) and days of receivables outstanding at the
retailers stage ( DROY ) after optimization should equal
their values before optimization ( DPO* and DROY*
consequently):

DPOF = DPO |k = (1, N),

DROY = DROY |k = (1, M). (an
Although the literature suggests that the shorter the in-
ventory holding period is, the better the liquidity position
of the company will be, we aim to limit the dramatic
reductions in inventory as a result of optimization proce-
dures possibly leading to decreased customer service due
to stock-outs and an increased bullwhip effect [18]. Hence
we assume that each company in a chain pursues indi-
vidual inventory management policies with specific stock
level requirements (12):

DIOf > DIO,,,. (12)

Furthermore, we suppose CCCC components to be non-
negative and continuous (13):

DIOf ,DROf ,DPOf >0.  (13)

Table 1 provides the notations of our model.
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Table 1. Model parameters

! Stage; =13 (1 - supplier stage, 2 — wholesaler stage, 3 — retailer stage)
N,l=1,

k Company; k=1,K,, K, =< 1,/ =2,
M,1=3.

Objective function

CFC Collaborative financial costs

Parameters

INVf Level of inventory of company k at stage [ at year-end [

AR Level of accounts receivable of company k at stage [ at year-end .

APF Level of accounts payable of company k at stage [ at year-end [

wcy Working capital position of company k at stage /

COGSf Value of annual cost of goods sold of company k at stage /

Rf Value of annual revenue of company k at stage /

ct Annual cost of capital for company k at stage

cccf Cash conversion cycle of company k at stage [

ccc,,,, ccc

Target stability levels of cash conversion cycle of company k at stage /

FCf Financial costs of company k at stage [

FCX* Financial costs of company k at stage [ at year-beginning

DIO,,, Minimal stock level

Variables

DIOf Days of inventory outstanding for company k at stage [

DROf Days of accounts receivable outstanding for company k at stage [
DPOf Days of accounts payable outstanding for company k at stage !

We construct the optimization model as follows: to min-
imize collaborative financial costs (4) under constraints
(6), (9) - (13). Therefore, we find the optimal cycle times
of inventories (DIOlk ), accounts receivable (DROlk )
and accounts payable ( DPO} ) minimizing the overall
financial costs of a supply chain under specific liquidity,
profitability, and inventory constraints for its members
over a planning period of one year.
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The objective function and constraints are separable
functions; hence for solving this nonlinear separable
programming problem we employ a general algorithm of
gradient method [79]. As the developed model represents
a nonlinear programming problem, it is impossible to
receive its solution in closed form and the next section
provides numerical analysis of the model applied to a case
of an ICT supply chain from Russia.
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Figure 2. The financial flows of a focal SC

DIO Dio,

Numerical analysis

In this section, we present our findings of optimization
modeling by an illustrative numerical example. The choice
of a SC operating in the information and communica-
tion technology (ICT) industry for numerical analysis is
motivated by the fact that it is characterized by a highly
integrated business environment and fast technology
development [57]. It is service-oriented, and has a large
variety of end products and customers. Worthy of note is
that even though individual companies in the ICT indus-
try have been used in many case studies, and the SCs of
single products have been examined, the ICT chains at the
industry level have been rarely addressed [80].

DPO, Supplier DRO, =DPO,

We consider a chain consisting of a single supplier, whole-
saler and retailer (Fig. 2).

The focal company of the chain (the ‘Wholesaler’) is

a Russian public telecommunication services provid-

er holding licenses for local, long-distance and mobile
telephone services, data, TV and value-added solutions

to residential, corporate and governmental subscribers
and third-party operators across all regions of the Russian
Federation, Europe and Asia. According to the Wholesal-
er’s strategy, it aims to move from fixed line operator to
integrated digital service provider based on technologi-
cal, service and efficiency enhancement aspects. For the
latter goal, optimization of capital expenditure with focus
on return on investment is one of the main directions
considered. As such, the company is applying operational
efficiency upgrading programs, procurement optimization
being one of them. Thereby, the Wholesaler orients itself
towards transparency, freedom from discrimination and
unwarranted competition-blocking for all its potential
suppliers, including small and medium enterprises, pursu-
ing procurement on electronic communications networks.

The ‘Supplier’ (Fig. 2) is one of the large domestic system
integrators, involved in the Wholesaler’s procurement
process5, operating in Russia, the CIS countries and Eu-
rope. The Supplier’s business profile is oriented toward re-
alization of large scale, socially significant projects on the
implementation, development and outsourcing of telecom
infrastructure, information security systems, energy and
engineering systems, and industrial application platforms.

The ‘Retailer’ in the considered SC (Fig. 2) is a mobile
phone company integrated with the Wholesaler, providing
a wide range of services, including a high-speed mobile
internet service, across the Russian Federation. The Re-
tailer’s business is based on a unique and efficient model:
high-quality services at low costs. Cost control and focus
on highly demanded products help the company outpace
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DIO4

Retailer
DRO,

the growth of other mobile operators showing consid-
erable growth rates of the subscriber base. However, the
Retailer’s financial performance is weak due to extremely
high leverage resulting from recent telecom network
construction.

The model parameters we consider are based on data
(Tab. 2) retrieved from the Wholesaler’s Annual Report
and interviews with the Supplier’s and the Retailer’s finan-
cial managers.

Table 2. Year-beginning data (before optimization)

Supplier Wholesaler Retailer ~ Total (SC)
INV, 1,342.0 11,593.0  972.0 13,907.0
AR 1,374.0 458.1 119.0 1,951.1
AP? 901.0 4256.1  85.0 5,242.1
wcy 1,815.0  7,795.0 1,006.0 10,616.0
COGS)  6,345.0 22,9810 55280 X

R} 74190 29,7920 65880 X

¢/ 8.2% 4.7% 3.4% X

DIO) 772 184.1 64.2 X

DRO! 676 5.6 6.6 X

DPO) 518 67.6 5.6 X

cce) 93.0 122.1 65.2 280.3
FC) 32.5 2377 5.7 276.0

We investigate two modeling scenarios. In the scenario

of initial performance within the CCC stability range,

we assume the members of the supply chain each have
achieved the target levels of CCC providing suitable bal-
ance between return and liquidity in a prior time period.
In the scenario of initial performance outside the CCC
stability range, the members of the supply chain each have
the target CCC values to be achieved in current planning
period. However, we assume that in both scenarios each
supply chain member has sufficient motivation to proceed
to working capital optimization on the grounds of total
financial costs minimization. Our results demonstrate
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significant benefits of working capital re-allocation on the
grounds of financial costs minimization.

Initial performance outside the CCC
stability range

Without changing the inventories levels

The base model implies the optimization of collaborative
CCC components for supply chain members directly
inside the specified SC perimeter. For this reason, we

are testing the consequences of not changing the initial
levels of inventories in the scenario of companies per-
forming outside the CCC stability range. This condition
and outlined model parameters provided us with a result
of missing feasible solution, meaning that for this case
optimization based solely on changing payment terms for
supply chain partners is impossible.

However, optimization is possible (Tab. 3a and Tab. 3b)
if the range of CCC providing acceptable return-liquidity
trade-off is broadened from (-16.18, 61.50) as recom-
mended by [65] for companies from ICT industry to
(-16.18, 116.53). The results also illustrate inadequate
results, as the obtained marginal reduction in working
capital requirements demands harsh changes to payment
policies at the expense of the Retailer. It is highly ques-
tionable that, being the weaker member of the chain, he
will tolerate this approach to repayment.

Table 3a. Year-end data (after optimization)

L Supplier ~ Wholesaler Retailer  Total (SC)
INVE 13420  11,593.0 972.0 13,907.0
AR} 1,3740 0.0 119.0 1,493.0
AP} 901.0 42561 0.0 5,157.1
wcf 1,815.0 73369 1,091.0  10,242.9
COGSf 63450 22,9810 55280 X
Rf 7,419.0 29,7920 6,588.0 X
c 8.2% 4.7% 3.4% X
DIOf 772 184.1 64.2 X
DROf 676 0.0 6.6 X
DPOf  51.8 67.6 0.0 X
ccer o 93.0 116.5 70.8 280.3
FCf 325 237.4 5.8 275.7
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Table 3b. Comparative change

I Supplier  Wholesaler Retailer Total (SC)
INVE 0% 0% 0% 0%

ARf 0% -100% 0% -23%
APF 0% 0% -100% 2%
wcy 0% -6% 8% -4%
DIOf 0% 0% 0% X
DROf 0% -100% 0% X
DPOF 0% 0% -100% X
ccel 0% -5% 9% 0%
FCf 0% 0% 1% 0%

Changing the inventories levels

Building on earlier results of modeling, we observed the
requirement for the collaborative inventories manage-
ment of all SC partners as well as payment terms in order
to achieve satisfying and practically reasonable working
capital re-allocation along the supply chain. However, the
result obtained (Tab. 4a and Tab. 4b) is hardly practically
achievable even through usage of all the spectrum of SCF
solutions and instruments. The optimization here requires
reallocation of roughly 80% of the inventories to the 3PL
provider facilitating inventories financing instruments.
Moreover, it demands a delay in payment to customers
downstream. Technically, this will lead to a significant
improvement both in overall working capital position as
well as in total financial costs decline, though the solution
does not take into the account costs of such an inventory
financing scheme and the possible outcomes of the pay-
ment re-scheduling.

Table 4a. Year-end data (after optimization)

I Supplier  Wholesaler Retailer Total (SC)
INVE 01 2,7055  203.4 2,908.9
ARf 1,938.1 29547  119.0 5,011.8
APF 901.0 6,003.4 5483 7,452.7
wcy 1,037.2  -343.2  -2259  468.1
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Table 5a. Year-end data (after optimization)

1 Supplier Wholesaler Retailer Total (SC)
" 1 Supplier =~ Wholesaler  Retailer Total (SC)
COGS;  6,345.0 22,981.0 5,528.0 X
INVlk 878.8 7,591.7 636.5 9,107.0
le 7,419.0 29,792.0  6,588.0 X
Ale 1,276.0 0.0 119.0 1,395.0
cf 8.2% 4.7% 3.4% X .
AP, 901.0 3,952.5 0.0 4,853.5
k
DIO,| 0.0 43.0 13.4 X wcy 1,253.8  3,639.2 7555  5,648.5
k
DRO; 954 36.2 6.6 X COGS} 6,345.0  22,981.0  5,528.0 X
DPOf 518 95.4 362 X Rf 7,419.0 29,7920  6,588.0 X
k
ccct 435 162 -162 112 < 82%  47%  34% X
. DIOf 50.6 120.6 42.0 X
FC; 30.1 -44.7 -1.5 -16.1
DROf 62.8 0.0 6.6 X
The 11'lustrat1've exar.np%es l'ead'us to the. conclusion that DP Ozk 518 62.8 0.0 X
working capital optimization is complicated for the case
of relatively high stock levels. k
CC¢, 61.5 57.8 48.6 167.9
Table 4b. Comparative change
FCf 16.9 85.4 2.5 104.8
1 Supplier Wholesaler  Retailer Total (SC)
‘ Table 5b. Comparative change
INV; -100% -77% -79% -79%
I Supplier Wholesaler  Retailer Total (SC)
k
AR/ 41% 545% 0% 157% v s 35% 350 -35%
AP* 0% 41% 545%  42% ARF 7% -100% 0% -29%
wck -43% -104%  -122%  -96% AP} 0% 7% -100% 7%
k
DIOf  -100%  -77% 79% X we, -31%  -53% -25%  -47%
DIOf -35%  -35% -35% X
DROF  41% 545% 0% X ! ° ’ ’
. DROf 7% -100% 0% X
DPO, 0% 41% 545% X
DPOf 0% 7% -100% X
CCClk -53% -113% -125% -96%
cccyf -34%  -53% -25%  -40%
FClk -7% -119% -126% -106%
FCf -48%  -64% -56%  -62%

However, the scheme of proportional reduction of inven-
tories for at least one business partner in conjunction with

usage of SCF instruments has a potential of providing

optimal solutions to the problem of working capital re-al-

location (Tab. 5a and Tab. 5b).
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For example, proportional reduction of inventories cycles
for all members of the focal chain by at least 35% and the
speed-up of the DRO cycle for suppler and distributor
by 7.13% provides a decrease of total financial costs by
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62%. In other words, for the case of high initial levels of
inventories one of the members of the chain is to take the
initiative of managing and coordinating the inventories
along the whole chain, keeping them at lowest cost pos-
sible. At the same time, managing the inventories along
the chain implies the task of synchronization of individual
inventory management and supply chain strategy.

Initial performance within the CCC
stability range

Assuming the supply chain partners have already reached
the levels (Tab. 6a) whereby each company’s current ratio

is higher than the industry average rate of return and at
the same time is below the value at which the relation
between liquidity and rate of return becomes inverse [65],
we found out that working capital reallocation through
the use of SCF instruments can entail a decrease in the

total financial costs of the whole supply chain.

Table 6a. Case of year-beginning data within the CCC
stability range (before optimization).

1 Supplier  Wholesaler Retailer Total (SC)
wcf 1,187.7 1,888.8 876.3 3,952.8
COGSf 63450 22,9810 55280 X
Rf 7,419.0 29,7920 6,588.0 X
cf 8.2% 4.7% 3.4% X
DIOf 500 90.0 50.0 X
DROf  60.0 0.0 6.6 X
DPOf 518 60.0 0.0 X
ccef 582 30.0 56.6 144.8
FCf 15.2 36.2 3.5 54.9
Table 6c. Comparative change
1 Supplier  Wholesaler Retailer Total (SC)
INVE 0% 0% 0% 0%
ARf 0% -100% 0% -38%
AB* 0% 0% -100%  -3%
wcy 0% -30% 21% -14%
DIOf 0% 0% 0% X
DROf 0% -100% 0% X
DPOf 0% 0% -100% X
ccef 0% -25% 21% 0%
FCf 0% -3% 4% -2%

However, Table 6b and Table 6¢ illustrate the decrease
observed is comparatively insignificant and can only be
achieved with unrealistic change in trade credit terms

1 Supplier  Wholesaler Retailer Total (SC)

INV) 869.2 56665 7573 7,293.0

AR} 1,219.6  816.2 119.0 2,154.8

AP’ 901.0 3,777.7 1515 4,830.2

wcy 1,187.7 2,7051 7248  4,617.6

COGS) 63450 229810 55280 X

R} 7,419.0 29,7920 65880 X

c 8.2% 4.7% 3.4% X

DIO)  50.0 90.0 50.0 X

DRO}  60.0 10.0 6.6 X

DPO} 518 60.0 10.0 X

cce) 582 40.0 46.6 144.8

FC) 15.2 37.2 3.4 55.8
Table 6b. Year-end data (after optimization).

1 Supplier ~ Wholesaler Retailer Total (SC)

INVFE 8692 5,666.5  757.3 7,293.0

AR} 12196 0.0 119.0 1,338.6

APF 901.0 3,777.7 0.0 4,678.7
38

requiring immediate repayments.

Discussion and conclusions

The main goal of this paper was to develop a model of
working capital optimization in collaborative supply
chains and to describe how companies can benefit from
collaboratively managing their financial flows at the sup-
ply chain level. The study indicates that companies do not

Higher School of Economics



Journal of Corporate Finance Research / KopnopaTtvgHbie duHaHChl

2018 | Vol. 12| # 4

yet use available opportunities adequately. By identifying
possible ways of implementing CFC optimization within
and outside the stability intervals of CCCs, the research
illustrates approaches and targets for companies to over-
come existing challenges by simultaneously using SCF
instruments and inventory management practices.

The research contributes to existing SCM literature by
focusing on financial flows and studying their optimiza-
tion. The research integrates financial and supply chain
perspectives on the involvement of WCM on the supply
chain level.

Managerial actions towards working capital in col-
laborative supply chains are critical at the operational
level for such operations as supply chain management,
production, procurement and finance. The examined
companies have gained knowledge of how to assess the
cycle time of working capital at the intra-organizational
level, but estimation of this at the inter-organizational
level still causes difficulties for the companies involved in
collaborative supply chains. This paper provides insights
into a collaborative approach to WCM using an optimi-
zation CFC model by accurately assessing the length of
the cycle time of working capital and the total financial
costs associated with it. The paper provides mathematical
justification of collaborative minimization of CFC on the
grounds of using SCF solutions and implementing thor-
ough inventory management strategies, bearing in mind
that each company in a chain performance is constrained
by liquidity and return target levels. The paper provides a
basis for further research on the behavior of supply chain
partners implementing specific SCF solutions by address-
ing the questions of strategic cooperation in pursuing
shared objectives of total cost minimization and effective
coalition structure.

There are two main theoretical implications of the paper
that correspond to the main objectives justified by the
empirical study. Current studies outline the importance
of working capital management in supply chains because
companies need to adjust their operations to the volatile
economic and financial environment. First, the gap in
research that connects the CCC approach and the three-
stage collaborative supply chains is filled by the develop-
ment of the CFC concept. Secondly, the authors contrib-
uted to an improvement in the methodology of working
capital assessment in collaborative supply chains by
introducing the optimization model that provides a holis-
tic view to the collaborative supply chains. The developed
methodology is suitable for a three-stage collaborative
supply chain and is applicable for usage for business, con-
sultancy, 3PL or bank as an intermediary or the decision
maker. Despite the fact, that the model provides a static
solution to the problem of collaborative working capital
management, it has the potential for further development
of a dynamic algorithm.

Future research should seek to extend the context of this
paper by investigating the possible imputation options
for gained costs reduction on the grounds of cooperative
games with a coalition structure, as there is a power asym-

39

metry among players leading to possible lack of motiva-
tion to cooperate in the process of collaborative working
capital management.
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