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ARTICLE INFO ABSTRACT

Article history: Traditional approaches applied in supplyi¢hain management consider only the
Received 00 December 00 physical logistic operations/and ignore the financial aspects of the chain. In this
Accepted 00 February 00 study, a mathematical model has been developed to address the supply chain net-

work design problem with a value=based management approach. This model in-
tegrates both operations and financialaspects to maximize the value created and
measured by shareholdgf value analysis'(SVA) as an objective function. The re-
sults attributed tQ the developed model and the basic model are compared. The
results indicate that,creating mare value for the company and its shareholders is

Keywords:
Supply Chain Network
Design (SCND)

Value-Based Management achievable with.appropriate financial decisions. To validate and show the applica-

Financial Decisions bility of the proposed maudel, it was solved by GAMS software with data provided

Shareholder Value Analysis by literature. Binally, $ensitivity analyses on financial parameters were performed

(SVA) to evaluate the“results. The results clearly reveal the improvement of using the
new, approach Yand convince managers to take advantage of the proposed ap-
proach.

1 Introduction
One of the main goals of supply ¢hain management (SCM) is to maximize the profitability and com-

petitiveness of a company sinceuitprovides an opportunity to enhance synergy [1-3]. The overall finan-
cial performancegof. a cempany can be affected by its strategic decisions and operational actions. The
design of‘the supply chain network, which leads to the identification of the overall structure of the chain,
requires the ‘adoptien of decisions that limit the decisions at lower levels, and therefore have a direct
impaceton the performance of the supply chain, particularly its competitiveness in the market. Financial
decisionsyin supply chain management also can affect future tactical and operational decisions [4].
Therefore, they should be simultaneously considered for optimizing the supply chain network. Many
previous studies have mentioned the importance of financial decisions in supply chain management and
suggested considering them when modeling a supply chain [5]. However, a limited number ofthese
studies have an optimization model that merges supply chain planning with financial decisions such as
investment, financing and dividend decisions. Based on the previous studies, there are two different
approaches in this field of research. In the first approach, financial considerations are considered as
endogenous variables and optimized with other variables. In the second approach, financial aspectsare
applied in objective functions and constraints as known parameters [6-11]
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M This study aims to enrich the literature on supply chain network design by using mathematical
programming techniques and financial considerations to address the problem of designing a
supply chain network. The objective function of the model is to maximize the company value,
measured by Shareholder Value Analysis (SVA), which is one of the most prominent metrics
being used in business today. In order to integrate financial aspects in supply chain network
design, a mixed-integer nonlinear programming (MINLP) model has been developed that con-
siders operational and financial decisions simultaneously for designing a deterministic multi-
echelon, multi-product, and multi-period supply chain network. To show the model applicabil-
ity, the data of a case study were employed and solved using BARON solver ih GAMS soft-
ware. The major contributions of this study can be summarized as follow:

M This study presents a mathematical model to solve a supply chain network design.problem that
considers tactical, strategic and financial decisions at the same time.

M Maximizing the creation of economic value for shareholders measuredshy,sharehalder value
analysis (SVA) as a new objective function instead of traditional approaches such as maximiz-
ing profits or minimizing costs. It has not been yet used insdhe,general madel/in supply chain
network design problems.

M Providing the possibility of opening or closing facilities in‘arder to deal with market fluctua-
tions at any time period of the planning horizon.

M The proposed model considers the amount of loan, bankisepayment and new capital from share-
holders as decision variables, therefore, it provides an accounts payable policy for the company
managers instead of considering that all paymentsshoulddse paid in cash. This is a contribution
to the literature because previous studieseonsider them as parameters.

M At the strategic level, the model specifies thesaumber and location of each facility. At the tac-
tical level, it determines the products guantities t0 be produced and stored to satisfy customers
demand. Regarding to financial /decisionsgthe model specifies the amount of investment and
their sources such as cash, bafik ‘debt orishareholders’ capital as decision variables and it pro-
vides a repayment policyforimanagers.

M Regarding the constraints, in addition to common operational constraints, we also consider
lower limit and/or uppenrlimityvalues for financial ratios (performance, efficiency, liquidity and
leverage), in order te suppertthe financial health of the corporation. To retain a better financial
performance,(the propased model provides a balance between new capital entries, loans and
repayments\With consideration of large cost of new capital entries, the model imposes an upper
bound/en it and to avoid an ever-increasing debt, it considers a lower bound for bank repay-
ments, Besides; these benefits, the proposed model provides an accounts payable guideline for
managexs.

M “Ih,contrast with basic models in previous studies which have too many assumptions, the pre-
sented model uses accounting principles with less assumptions that makes it more realistic. For
example, we use the net liabilities in the analysis of financial statements that balances bank
loans and payments, determines the exact value of deprecation by knowing the lifetime of each
asset in each time period, and applies real cash value instead of pre-determined proportion of
profit.

The remaining sections of this paper are as follows: In section 2, the relevant studies are reviewed.
Section 3 describes the problem and presents a mathematical model for designing a supply chain with
financial considerations. Section 4 explains a numerical example and discusses the results. Finally, in
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Section 5 the conclusions and some suggestions for future studies are given.

2 Literature Review

As mentioned before, the available published studies on supply chain network design which simul-
taneously take operations and financial dimensions into account are still rare. The available published
studies on supply chain network design that simultaneously take operations and financial dimensions
into account are still rare [13-34]. In these studies, Longinidis et al. [5] introduced an MINLP SCN
design model that considers the sale and leaseback (SLB) technique model to find the optimal configu-
ration of an SCN, under uncertainty in product demand. Their model's financial objectives are maxim-
izing net operating profits after taxes (NOPAT) and unearned profit on SLB (UPSLB).
Ramezani et al. [12] presented a financial approach that considers financial and physical flowsito model
a supply chain network design for long-term and mid-term decisions. They applied the*¢hang€ in a
company equity as the objective function instead of traditional approaches such.as,mihimizing cost or
maximizing profit. Mussawi and Jaber [13] formulated a nonlinear program ta findthe optimal order
amounts and the payment time of the supplier by using cash managementintegration.'In their model,
maximizing cash level and loan amount are financial decisions that need to be'made to minimize inven-
tory and financial costs.
Badri et al. [14] proposed a stochastic MILP programmingimodel for aivalue-based supply chain net-
work design. In their model, to maximize the company value'(EVA), degisions on financial flow and
physical flow (raw materials and finished products) are integrateds
Mohammadi et al. [15] developed a MILP model to considerfinancial and physical flows in mid-term
and long-term decisions. The objective functions,ef théir study are maximizing the economic value
added (EVA), shareholders' equity, and corporate value. Saberi et al. [16] considered a trade-off be-
tween funding and its effect on environment iniorder to optimize NPV in a forward supply chain. Brahm
et al. [25] addressed the planning probleprafywhich_considers physical and financial flows at the same
time. In their research, supply chain gentrécts were combined and supply chain tactical planning was
also considered within an uncertain“céondition; budgetary, environmental, and contractual constraints
were also incorporated. They alse develeped and implemented a planning model on a rolling horizon
basis to minimize the impagtwaf,uncertainties.
Yazdimoghaddam [26] presented'a mathematical model that integrated strategic and tactical aspects of
a supply chain as well@sfinangialflows. His study compared the traditional approach (maximize profit)
with a new approach (maximize the change in equity). Goli et al. [27] addressed a supply chain network
design with ungertaimparameters. They presented a model to incorporate the financial flow, constraints
of debts, and,employment under fuzzy uncertainty with three objective functions: maximize the cash
flow,ymaximizeythe reliability of raw materials, and maximize the total jobs created.
Izadikhah, [35] proposed a new variant of two stage DEA models and further evaluates the banks and
financial instittes in Tehran stock exchange by considering the financial ratios.
Saeedi Aghdam et al. [36] developed a mathematical model and prediction of ensemble learning in
order to evaluate crowdfunding projects. Their model determines the cost of funding for the entrepre-
neur and the return investors will receive per period. The results show the designed model improved
performance in predicting the evaluation of success or failure of Crowdfunding projects.
Rezaei et al. [37] proposed a supply chain network design model focusing on the interactions between
logistic and financial considerations. From the logistic point of view, their model determines the optimal
location of production facilities and the assignment of these facilities to customers. From the financial
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point of view, it plans logistics decisions such that a financial indicator is maximized and Adjusted
Present Value (APV) has been applied as the objective function.

Goli and Kianfar [38] developed a bi-objective mathematical model and Fuzzy e-constraint method for
a closed-loop mask supply chain design with the objectives of increasing the total profit and reducing
the total environmental impact is presented. In their problem, there are some potential locations for
collection, recycling and disposal centers and the model should decide about location of the established
centers as well as the amount of produced masks and raw materials. Izadikhah [39] applied the modified
ERM model to evaluate 15 private bank branches in Markazi province. For this purpose, His study
followed the primary goal that was maximizing the shareholders’ satisfaction level andichose two fi-
nancial bank efficiency measurement approaches, i.e. the production approach and the user cost ap-
proach. The approaches led to finding four regions for all branch performances.

Based on the above-mentioned works, this study suggests a mathematical model that simultaneously
considers physical and financial aspects in a supply chain planning problem. As=deterministic Mixed
Integer Nonlinear Programming (MINLP) model is developed to specify the numberand location of
facilities and the links between them. The model also determines thesgquantities toie produced, stored
and transported in order to meet customers' demands as well as“maximize shareholder value analysis
(SVA). As financial decisions, we consider the amount to invest, the'sedrce of the money needed (cash,
bank loan, or new capital from shareholders), and repayments to the bank.

Based on the above-mentioned works, this study suggests@mathematical model that simultaneously
considers the physical and financial aspects of a supply chain planning problem. We develop a deter-
ministic Mixed Integer Nonlinear Programming (MINLP)'modehto specify the number and location of
facilities and the links between them. The model @lSo determines the quantities to be produced, stored
and transported in order to meet customers' demandsyas well as maximize shareholder value analysis
(SVA). In financial decisions, we consider the;amount to'invest, the source of the money needed (cash,
bank loan, or new capital from shareholders); aneyrepayments to the bank.

3 Problem Definition and Assumptions
In this study, a multi-echelon, multi-period, and multi-product supply chain was discussed. Its seman-

tic configuration is shown in_Figure 1. The supply chain consists of plants, warehouses, distribution
centers and customer zones. Thejproblem incorporates operational and financial decisions simultane-
ously, therefore, the mathematical formulation needs proper variables and parameters.

Possible Lo- Possible Locations Possible Locations Customer Zones
cations for, for Warehouses for Distribution Cen- (Fixed Location)
Plants ters

¥
N N
”~ \ < N
~ 7/
AN ’
4 //, \\\ 7’ S -
—— N - \
~ L

—— > Product or Material Flow

-------- »Product or Material Flow it Plant/Warehouse/Distribution Center is Estabfished
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Figure 1: The Schematic of the Proposed Supply Chain Network

The objective function and financial constraints are calculated based on the studies by Jin et al. [40],
Brealey et al. [45] and Borges et al. [46]. The goals of the proposed model are to determine:

M Strategic decisions about the facilities (plants, warehouses and distribution centerS)to be estab-
lished (opening or closing) in given locations and the supply routes among themfer’each time
period.

M Tactical operation decisions regarding the quantity produced for each produgt at'€ach fastory,
the materials flow between facilities and the levels of inventory that consistief maximum in-
ventory at plants, products safety stock and max and min inventory of produets atwarehouses
and distribution centers.

M Financial decisions for determining the amount of bankdloans)new,capital entries and total
investments to establish the network and the quantity of repayments to‘the bank for each time
period.

These three kinds of decisions were made for maximizingithe value @f the company at the end of
planning horizon that was measured by SVA as an indicator of the corporation’s profitability. As pre-
sented in the previous sections, supply chain strategicsdegisions and their operation impact corporate
finances and consequently financial value created for sharehalders [43]. SVA is a method that values
the whole equity in a company. This method assumes thatithe value of a business is the net present
value of its future cash flows, discounted at th¢ appropriate cost of capital. Once the value of a business
is calculated, the next step is to calculate the,shareholder value by the equation:

shareholder value = value of busifess ;- debt

This method was first presented by Alfred Rappaport in the 1980s. That shows how well the com-
pany utilizes its propertiesgn orderte create value. This method is one of the most accepted lines of
thought on how the corporate perfermance relates to the shareholder value [44].

Moreover, the assumptioRs of the proposed model can be summarized as follows: In each duration,
the demand of eachycustemer zone is clear. To satisfy customers' demands, the company can decide
what kind'ef facilitieste-be involved at a particular time. Products can be kept at the company as in-
ventory or distributed among warehouses. There is not any back-order. Transportation of products
among-different facilities has capacity limitations. Cost and revenue are derived from the operation of
firm. Fixedyand variable expenses are related to transportation and production. The establishment of
facilities has fixed costs. Financial considerations are defined regarding capital cost, financial ratios,
tax and depreciation rates and long-term borrowing.

3.1 Mathematical Model
The proposed model considers both supply chain operation and financial decisions in the supply

chain. mixed-integer nonlinear programming (MINLP) was used for designing a deterministic multi-
echelon, multi-product, and multi-period supply chain network. The indices, parameters and decision
variables applied in the mathematical model of this study are defined in Table 1:
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Table 1: Notations

Sets and Indices
E Resources of production indexed by e
| Products indexed by i
] Locations of plant, indexed by j
K Locations of DC, indexed by K
L Locations of CZ, indexed by 1
M
T

Locations of WH, indexed by m
Planning periods indexed by s and t

Parameters
A}’t Plant market price j during the TP t, withj € Jandt € T
AW Warehouse market price 7z during the TP t, with . € Mandt € T
AD, Distribution center market price i at TP t, with X € Kandt € T
clf;+ Cost for establishing a plant at location j during the TP t, withj € Jand t € T

cwe Cost for establishing a WH at location 7z during the TP t, with 72 € Mand t € T
cbr Cost for establishing a DC at location ¥ at TP t, with X € Kandt € T

Cj"t‘ Cost for closing a plant at location j during the TP t, with j € J andt €T

(ki Cost for closing a WH at location 2 during the TP t, with m € Mand t € T
(o Cost for closing a DC at location ¥ during the TP t, with X € Kandt €T

cit Fixed production cost for product i at plantj at TP t, with &I, j € ], andbeT

Ci‘j’f*’ Unit production cost for product i at plantj at TP t, withi €1,%€ ], and t € T

ciFj'rfnPtW Fixed transportation cost of product i from plant j to WH 7. at TP tpwithi€l, je€], m e M, andte T

CYTPW  Unit transportation cost of product i from plant j to WH#m at TR, withi €1, j€],m € M, andt € T

ijmt

FTWD Fixed transportation cost of product i from WHin t0B.C ¢ at TP t, withi €[, m € M, X e Kandte T

yIWD Unit transportation cost of product i from WeH #2te D.CK at TP t, withi€l, m € M, X e Kandte T
cflePC Fixed transportation cost of product i from DC K\to CZ1at TP t,withi€l, X €K, l€Landte€ T
cyape Unit transportation cost of product #from DI€ K40 CZ1at TP t,withi€l, K €K, leLandte T

ci‘jf; Unit inventory cost of product jgat plaht j at\TP t, withi € .j € Jand t € T

ciw. Unit inventory cost of productiiat WH%#@at TP t, withi€ . m € M. andte T

cb, Unit inventory cost of pfoduct i st BC K at TP t, withie . X e K. andte T
DRex Maximum capacity,of,DC K with K € K
ppin Minimum capacity of D, with € € K

[ Maximum inventoryalevel af product i being held at plant j at the end of TP t, withi €. j€J. andt e T
(O Demand of\producti from customer zonelat TP t, withi e ,1€ L, andt e T
pyex Maximtim praduction capacity of product i at plant j withi € Iendj €]
Pi‘].“i“ Mipimum preduction capacity of product i at plant jwithi € Iendj €]
PR; ¢ Unit selling price of productiat CZlat TP t,withi € [,L1€L, andt€ T
QW Maximumlimit of products that can be transferred from plant j to WH ., with j € Jend m € M
QWD Maximum limit of products that can be transferred from WH s to D.C X, with m € M end X € K
QRt Maximum limit of products that can be transferred from DC X to C.Z 1, with X € Kend1 € L
Rje Available quantity of resource e at plant j,withe € Eandj € ]

wpax Maximum capacity of WH m, with m € M

Wwmin Minimum capacity of WH sz, with m € M

SSR. Safety stock of product i at DC X, during the TPt withj € ], X e K,andt € T
SSW. Safety stock of product i at WH m, during the TP twithie L.m e M,andte T
CR; Lower bound for cash ratio during the TP t, witht € T

CURy Lower bound for current ratio during the TP t, witht € T

CCR¢ Lower bound for cash coverage ratio during the TP t, witht € T

Vol. xx, Issue xx, (20xx) Advances in Mathematical Finance and Applications [7]
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ATR; Lower bound for assets turnover ratio during the TP t, witht € T
CP; Upper bound for new capital entries during the TP t, witht € T
LTDR; Upper bound for long-term debt ratio during the TP t, witht € T
TDR; Upper bound for total debt ratio during the TP t, witht € T
ROE; Lower bound for return on equity ratio during the TP t, witht € T
PMR; Lower bound for profit margin ratio during the TP t, witht € T
ROA; Lower bound for return on assets ratio during the TP t, witht € T
QR; Lower bound for quick ratio during the TP t, witht € T
ACDPRg;  Rate of accumulated depreciation of a facility opened at TP s and closed during the TP t, withsandt € T
t ate of Long-term interest during the TP t, with t €
IR Rate of L t interest during the TP ith T
TR; Rate of tax atthe TP t, witht € T
It Rate of capital cost during TP t, witht € T
st ate of depreciation of a facility at the end o t,withsandt e
DPR Rate of d iation of a facility at the end of TP ith dteT
Qeij Coefficient relating resource utilization rate of e to produce product i in plant j, with e €, 1g)l, andj,& ]
Ye Coefficient relating loans during the TP t, witht € T
T Coefficient relating payables outstanding at TP t, witht € T
o Coefficient relating revenues outstanding at TP t, witht € T
Decisions and Auxiliary Variables
qf].t Inventory level of product i being held at plant j at TP t, with i €1, € J. \and t €&
aw. Inventory level of product i being held at WH 72 at TP t, withi € I. 7€ M. and t € T
ab Inventory level of product i being held at DC K at TP t,/withi € . X e Khandt € T
Pijt Product quantity i produced at plantjat TP t,withi € I,j efjandt € T
xi‘j’m Product quantity i transferred from plant j to WH 7 in TR t, Withhe,l,j €], m €M, andt€ T
X Product quantity i transferred from WH m to DC K in‘TP t,Withdi'e I, m € M, X € Kandt e T
xh< Quantity of product i transferred from DC X to,€.Z0uring\TP t,withi € [. X e K. 1€ Landt€ T
y].};+ {1 if a plant at location j is opened at'TP;
0 otherwise.
withj € Jandte T
y].}:— {1 if a plant at locationg is\clésed at TP ¢;
0 otherwise.
withj€JandteT
yVth’f {1 if a W. H atdecationsn is‘opened at TP t;
0 otherwise.
with m € Mrand t'€Z
yW- {1 if aW. H at location m is closed at TP t;
0 , otherwise.
with'm,e Mandte T
y]?t+ {1 ifa D.C atlocation X is opened at TP ¢t;
0 otherwise.
with X € Kandte T
y]?t— {1 ifa D.C at location X is closed at TP ¢;
0 otherwise.
withK € Kandte T
Ujjt

{1 if product i is produced at plantjat TP ¢ ;
0 otherwise.

withi € L.j€J.andte T

[8] Vol. xx, Issue xx, (20xx)
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Zm {1 if plant j supplies W.Hm at TP ¢;
0 otherwise.

withj€]. m e Mandte T

Zm?t {1 if W.H m supplies D.CK at TP ¢;
0 otherwise.

withm € M.KX € Kandte T

D¢ {1 if D.C KX supplies C.Zl at TP t;
0 otherwise.

with X €K. 1€ Landte T

le; {1 if plant j was opened at TP s and closed at TP t
0 otherwise.

with j€]Jandsandte T

W].‘;r {1 if plant j was opened at TP s and is still open at TP t
0 otherwise.
with Xj€Jandsandt €T

wws {1 if W.H m was opened at TP s and closed at
0 otherwise.

with m e Mandsandt e T

wwE {1 if W.H m was opened at time period s and is nat TPt
0 otherwise.

with m e Mandsandt e T

W]E'S’; {1 if D.C K was opened at TP s is s at TP t;
0 otherwise.

with X e Kandsandte T

D— {1 if D.C X was open@%osed atTP t;

0 otherwise.

ncpy New capital entries duringthe TP t, witht € T
Pt the TP t,witht e T

CA¢ t,withte T

b i

period t, witht € T
ime period t, witht € T

Divestment of fixed assets during the TP t, witht € T
Intergst paid(interest expense) during the TP t, witht € T
IC; of holding inventory during the TP t, witht € T
LTD, Long-term debt during the TP t, witht € T
IV, Value of inventory at TP t, witht € T
NOI, Non-operating income during the TP t, witht € T
PC; Cost of production during the TP t, witht € T
NFA¢ Net fixed assets during the TP t, witht € T
REV, Revenues from sales during the TP t, witht € T
TC; Cost of transportation during the TP t, witht € T

(DC: Distribution Center, WH: Warehouse, CZ: Customer Zone, TP: Time Period)
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Objective Function
As presented in the previous sections, strategic and operational decisions in supply chain manage-

ment impact company's financial performance and, consequently, the financial value created for share-
holders. Shareholder value is the value delivered to the equity owners of a corporation; it is created
when earnings exceed the total costs of invested capita. In accordance with it, in this work, the share-
holder value analysis (SVA) as an objective function has been applied in order to maximize shareholder
value created with the supply chain network configuration.

SVA calculates the shareholder value (or equity value) by deducting the long-term liabilities value
at the end of the project lifetime (LTDT) from the firm value for the time period under analySis. Equation
(1) shows the objective function.

maxSVA = DFCF — LTDy 1)

Now, we explain DFCF, LTDT and other components involved to calculate them.

As given by equation (2), the discounted free cash flow (DFCF) is obtained by.addingithe summation
of the discounted free cash flows (FCFFt) to the terminal value of a firm (VT), owver theplanning period.

FCFF, Vr )
DFCF = Z +
— A+r)t A+

Note that T shows the number of time periods of the planning horizon. (r7) ‘is a parameter to show
the discount rate and cost of capital and represents the timejwalue of mopey and investment risk. Vi
shows the final value of the firm, that is, the value of total future cash flows, beyond the planning
horizon. In this study, V; is calculated by the growing perpetuity madel, which presumes that free cash
flows grow at a fixed rate (g) constantly. Equation (8),8hows how the terminal value of the firm is

calculated.
vy = L VteT
rr—g
Because we estimate FCFF ., basedonan adjustment to FCFF from the last period of the planning
horizon, making it grow at the fixed rate‘g, (seé Equation (4)), therefore modification in the FCFF is
needed since we have assumed stability, beyond the planning horizon. This means that non-operating
income is considered zero and newsinvestments will be offset by depreciation.

FCFFy., = [(REV; — CS; — DPV)(1 — TRy) — AWCH](1 — g) 4
¢ Free Cash Flow T0 The Firm/(FCFF)

The free cash flowito the firm represents the quantity of cash flow from operations after accounting
for depregiation expenses;taxes, working capital, and investments. It is calculated by equation (5) which
deducts thenpet fixed asset investment (FAIt — DPVt) and the changes in working capital (AW Ct)
fromithe operating in€ome after taxes. In this equation, (REV't) is the revenue, the non-operating income
(NOI), the cost of sales (CSt), and depreciation (DPV't).

Note thateperating earnings are a taxable revenue; it means that in order to get net income, taxes
must be subtracted from incomes. The tax rate (TRt) is according to current tax laws.

As shown in equation (5), depreciation is considered a cost because it decreases taxable income, and
it is not related to a real payment (cash outflow). This means that in order to calculate the (FCFF;),
depreciation has to be added again.

FCFF, = (REV, + NOI, — CS; — DPV,)(1 — TR,) — (FAl, — DPV,) — AWC,. Vt€T (5)

©)

Next, the free cash flow components will be explained in more detail.
e Revenues

[10]  Vol. xx, Issue xx, (20xx) Advances in Mathematical Finance and Applications
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The revenues (REV;) coming from selling products/providing services are calculated as shown in
equation (6):

REV, = z PR Oy VteT (6)
ielleL
¢ Non-Operating Income

The non-operating income (NOI,) is the portion of a firm's income that is derived from activities not
related to its core business operations including gains/losses from property or property sales [41]. There-
fore, in a period that physical assets are not sold, the non-operating income will be zero. ln,this model,
we have assumed that if there is a decision to close a facility, it will be sold. As shown in equation (7),
the NOI, consists of three income components derived from the sale of plants, warehouses,er distribu-
tion centers. The profit or loss from selling a plant is the difference between the cash_inflow resulting
from alienation and calculated by the market price of the plant for the period (A}’t) minus the

: ()
NOI; = Z(A§’t - Ci)yi - Z CfiH(1 — ACDPRy )W)y
j€] S=1
+ X mem(@Afe — CHe)yme — X§=1 Cing (1 — ACDPRg WS
+ Zkex (AR — CRO)yRE — 21 Cke (1 — ACDPRs)Wiq- WVt € T

¢ Cost of Sales
As expressed in equation (8), the cost of sales (CSt) representsyall the expenditures that are needed

for producing and delivering products to customers. It gonsistsyf four parts: costs of production (PCt),
costs of transportation (TCt), costs of inventogy halding (ICt), and changes in inventory value
UV = IVey).

CSt:PCt+TCt+ICt_(IVt_IVt_1) VtET (8)
Production costs have a fixed and variable part, asgfollows:
PCe= ) > (e piye + CifPuy e 7 )
i€l jej

In equation (9), C/ir” and C/;®%represefit the variable and fixed cost of production, respectively, at
plant j, in time period t. Also, p;z isthe quantity of product i produced in plant j at time period t and
u;j¢ is a binary value whieh has the value 1 if the product i is produced in plant j at the time period t and
zero otherwise.

Equation (10) shows thetftransportation costs which include three parts with fixed and variable costs;
these, costsare ineurreddduring transporting products from plants to warehouses, distribution centers,
and‘eustomer zgnes.

TC =W > D (CHI it + CIIY o (10)
i€l jE] meM
+ Yiel Xmem ZREK(C;;;LFIIC/I{DxiMr/n?ct + Clnie” Zmiee
+ Yier Drex Tk L(Clirt CXhie + Cliat < zis vteT

Equation (11) shows the total inventory holding costs and it has three parts related to the average

quantity held at each facility (plants, warehouses, and distribution centers) during the time period.
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Ic, = ZZ <CLI]Pt qut qut 1) Z Z (Cl%./t ime + qlmt 1) (11)

i€l jej lEl mEM

+
N Z Z (C{;Z Qe qlkt 1> Vie T

i€l keK

Based on accounting principles, the value of inventory is calculated by historical cost; in this case,
equation (13) shows the production price for each product at each time period.

12
Ve = Z Z Z Z ClrP(afie + abmet+ahie) VteT (12)

i€l j€] meM keK
e Depreciation
The value of fixed assets such as plants, warehouses, and distribution centers should be’'madified for

devaluation. Based on this accounting rule, the total depreciation value at the time periodyt (DPV,) is
calculated by the summation of the depreciated value of plants, warehouses, and distribution centers
that are operating during the time period t [42]. In this model, we assume that fixed assets existing
before the planning horizon have been completely depreciated.

13
DPV, = ) Z DPRCLTWES + ) Z DPR, CY il (13)
s=1 s=1
JjE€J meM
+ Ykek Li=1 DPRStCk wer VteT
In equation (13), Wjé’j, W+ and W rare binary variaplesset to 1 if a facility opened at the time

period s is still open at the time period t.
¢ Fixed Assets Investment
Fixed assets are long-term tangible propertiesithat affirm owns and utilizes in its operations to gen-

erate income [52]. In our model, (FAIt) represents fixed assets investment at the time period t which is
the needed finance to establish facilities (plants, warehouses, and distribution centers) in the time period

FAIL, = Z CRtyRt + Z C Wk W | z cd+yD+  wrerT (14)
Jj€EJ meM keK
e Changes In Working Capital
The changes in working’capital (Al4/Ct) are obtained by the difference between the working capital

in two successive periads. The working capital is calculated by adding receivable accounts to the value
of inventory and deducting payable accounts. It is assumed that the accounts receivable and the accounts
payable are a portion ofithe revenues and of the operational costs, respectively, at the end of time period
t. Therefore, AWZC; cambe obtained as follows:

AWCt = (O(tREVt D (xt—lREVt—l) + (IVt - IVt_l) (15)
—[ue(PC; + TCc +  ICy) — pe—1(PCry + TC_y +1C_4)] VteT
Note thatwer; and p. represent the amount of revenues and payments (in percentage), respectively,
which are outstanding in the current time period and defined by the company policy on payables and
receivables.

e Long-Term Liabilities Calculation
Long-term liabilities are represented by long-term debt (LT D,) which is incurred to finance fixed

assets investments, and calculated by equation (16). This is a function of the previous period debt value
and current period loans (B;) and bank repayments (RP;).
LTDt = LTDt—l + Bt - RPL- Vt € T (16)
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3.2 The Model Constraints
The model constraints can be categorized into two groups that should be satisfied as financial constraints

and operational constraints.

3.2.1 Financial Constraints
Financial ratios are one of the beneficial parts of financial statements which prepare standard tools to
evaluate the overall financial condition of a company's performance, efficiency, liquidity, and leverage.
The financial constraints enforce financial ratios in order to support the financial health gf'the corpora-
tion. This study used the ratio categories defined by Jin et al. [40] ,Breally et al. [45] andiBerges at al.
[46] and sets upper/lower limits value for them.
3.2.1.1 Performance Ratios
Performance ratios measure the financial performance of the company [47]. In this study we considered
two common measures, that is, return on equity (ROE) and return on assets (RQA). Equatiens (20) and
(21) present the least values of ROE; and ROA, that have to be satisfied in gachtime duration.

e Return on Equity (ROE)

Return on equity illustrates the marginal investment income ofishareholders”and is calculated by
dividing the net income by shareholders’ equity. The net inGeme (N1;) iS\what the business has left over
after all expenses. Also, (EBIT;) is named earnings before ipterests and taxes. They are calculated by
equations (17) and (18):

EBIT, = REV, + NOI, — CS, — DPV, ViLeT (17)
NI, = (EBIT, — IR, * LTD,)(1 — TR,) yte T (18)
E, = E,_, + (EBIT, — IR, * LTD,)(1 — TR{) + NCP} VteET (19)
According to the previous descriptions, the RQEsequation can be written as:
(EBIT, — IR, * ELTDt)(l ~TR:) o8 X e (20)
t

e Return on Assets (ROA)

The return on assets (ROA) isia measure of financial performance and represents the percentage of
how profitable a company'Siassets are for generating revenue. It is calculated by equation (21). Note
that in this equation, (NOPAT),( NFA;) and (CA;) are the net operating profit after taxes, net fixed
assets, and the current assets, respectively.

EBIT. A SNTRON, poa, VtET 21)
+CA;

Equation (22) shows how the current net fixed assets (NFA,) are calculated from those of the previ-
ous periodpwhich are increased/decreased in an amount equal to the value of the investment (FAI})
/divestment (FAD;) in fixed assets of depreciation in time period t, as follows:

NFA, = NFA,_, + FAl, — FAD, — DPV, VtET (22)

Investment expresses the ownership of fixed assets, while divestment represents sales fixed assets.
In this study, we have assumed that before the planning horizon, existing assets were completely de-
preciated, also ( FAD;) shows the net value (accounting value of the asset after depreciation) of the
assets bought during the planning horizon and until-time period t:
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FAD, = %¢1[Zjes Cis* (1 — ACDPRs)Wgr + Xmem Cs' (1 — ACDPRs)Win'ep (23)
+ Yrex Cpst (1 — ACDPR)WEY] VtET
DPV, and FAI, reffer to equations (13) and (14) . Current assets are any assets that can be expected
to be sold, consumed, or exhausted by the operations of a business. In this study, current assets (CA;)
consist of : cash and banks (C;); accounts receivable, here represented as a percent of the revenues
(a¢REV}), and inventory value (IV,):
CA; = C, + oREV, + IV, VtET (24)

Equation (25) represents the cash function at each time period (C;). The cash at timegperiod t is the
available cash in the previous period, cash inflows, and cash outflows. Cash inflows come from different
sources:

Customer and receivables(a;_; REV;_4) and product sales((1 — a;)REV;),
e Fixed assets sales,
e New capital entries (NCP;),
Loans of the period to finance investments (B;).
Also, cash outflows come from different sources:
e Repayments of debt to the bank (RP;),
e Costs of interest; are calculated by multiplying/an, interest rate by the debt of the period
(IR,LTD,),
e Accounts payable (p,_, (PCi_y + TC,_; +IC,_4) and payments to suppliers ((1 — p,)(PC; +
TC; + ICy)),
e Payment of income taxes of the previous period;
e The amount invested in new assets.
C; = Ci_q + a,_;REV,_; + (1 — a,)REV, (25)
+[Zje](14ﬁ - lez_)yjt_ + Y men(Ame— Gt )ymi + Zkex(ARe — Cllc)t_)yﬁ_]
+NCP; + B, — RP, — IR D, gy (PC;_1 + TC;_q +1C_4) — (1 — p,)(PC, +
TC¢+ ICy) — TRe_; (EBIT,_; 4 IR,_§LTD,_,) — FAI, VtET

Note that (REV,) is definedimequation (6) and income taxes are due only if there is a taxable income.

3.2.1.2 Efficiency Ratios
Efficiency ratiosgmeasure how well the company utilizes its different assets. These ratios allow the
companyto evaluate'its efficiency. In this study, we considered profit margin (PMR) and asset turnover
(ATR) as efficiency,ratios [48].
e Profit Margin (PMR)

Profitimargin'measures the proportion of sales that finds its way into profits. It is defined as the ratio
of net income to sales and must attain a minimum value at each time duration (PMR,); its ratios are
given by equation (26):

EBIT, — IR{LTD)(1 — TR 26
(BBIT, —IRLTDI(A=TR) _ o e T (26)
REV,

e Asset Turnover (ATR)
Asset turnover displays the incomes generated per monetary unit of total assets, measuring how hard
the firm’s assets are working. It is given by the ratio of sales revenue to total assets in time period t.
Equation (27) shows asset turnover ratios.
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REV, (27)
—— > ATR VteT
NFA; + CA; = t

3.2.1.3 Liquidity Ratios
Liquidity ratios determine how quickly assets can be converted into cash. The liquidity ratios anal-
ysis helps the company to evaluate its ability to keep more liquid assets [49].
e Current Ratio (CUR)
Current ratio is the ratio of current assets to its current liabilities and must attain a minimum value
(CURy). Equation (28) shows current ratio constraint:
Ay
STD,
As in our model, short-term loans are negligible, thus short-term debt (STD;) is-dug,to aecounts
payable and taxes, as follows:
STD; = u,(PC; + TC, + IC,) + (EBIT, — IR.LTD)TR, VteT (29)

(28)

> CUR, VteT

e Quick Ratio (QR)
Quick ratio is the ratio of current assets (except inventory) to its eurrent liabilities which must satisfy
a threshold value (QR;) as follows:
Cot wlbe J;;giEVt >QR, VteT (30)
e Cash Ratio (CR)
The cash ratio is the ratio of its current liabilities,whieh must satisfy a threshold value (CR;) as fol-
lows:
Ce
STD,

(1)

>CR, VteT

3.2.1.4 Leverage Ratios
Leverage ratios assess the firm’s @bilityato meet the financial obligations [50].
e Long Term Debt to Equity Ratjo (LTDR)
It provides an indication on haw much debt a company is using to finance its assets. This ratio must
be below a given limit:

TD, (32)

> LTDR; g VOE T
t

o ‘Total Debt Ratio (TDR)
The total debt ratio.provides an indication on the total amount of debt relative to assets; it is obtained
by dividing total\debt by total assets and must be lower a given limit:
STD; +LTD, 33
m = LTD, VteT (33)
e Cash Coverage Ratio (CCR)
The cash coverage ratio measures the firm’s capacity to meet interest payments in cash, thus it must
satisfy a given lower limit:

EBIT, + DPR, (34)
—————>CCR, VteT
IR.LTD, ~ °F

3.2.1.5 Other Financial Constraints
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Equation (35) shows that new capital entries are limited to the quantity that company partners desire to
invest in the company:

NCP, < CP, VteT (35)
Commonly, banks constrain the repayment (RP,) to be at least the interest costs to barricade a grow-
ing debt:
RP, > IR.LTD, VtET (36)

Furthermore, because repayments (RPt) are part of the debt, in each period they must satisfy the
constraint (37):
RP, > LTD; VtET (37)

For each time period, the company may limit the amount borrowed to the percentage,of thewalue of
investments, as follows:
By <y FAIL VteET (38)

3.2.2 Operational Constraints
3.2.2.1 At The Plant Level
Equations (39) and (40) show that production constraints enforce theyproductionguantities in each time
period, each plant and for each product to be in a specifiedyrange.

(39)
pije < Pi;“axz wht VieLje]. andte T

(40)
Dijt < Pmmz:wlSt Vi€ Lj € Jhahd€e T

Productlon quantltles are also collectively limited byathe available quantity of each time period, each
resource, and each plant (constraint (41). Netethat the availability of the resources is fixed over time.
(41)

Z PijePijt < Rje VjE ].edgEfandte T
1EIISecause production has a fixed, cost, ‘inrequation (42), a binary variable (uijt) is used to show the
existence of production that assumesithe value 1 whenever some non-zero quantity is produced.

pijt < Muje VielLje]. andteT (42)

Plants might send'all or part of the products to the warehouses that have been established. This is
stated by€quations (43) and (44):

43)
Z Z l]mt MZWJS'E Vi€]. andteT
iel meM

(44)
ZZ 1]mt<MZWmst VmEeM. andt€e T
i€l jej

The total productlon guantity sent by each plant to each warehouse must satisfy the transport capac-
ity, which is shown by equation (45) (Note that M is a sufficiently large number).

Z Xt < Qim' - Zimt ViE].mEM. andte T
iel

Equation (46) is for inventory balance at each plant and each product in each time period. The avail-

able inventory is calculated by the available inventory in the previous period, plus the produced quantity

(45)
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in the current period minus the quantity sent to warehouses.

e = Qhje—1 + Pije — Z Xime Vi€ELj€E] andteT
meM
Equation (47) shows that at each plant and in each time period, inventory for each product is lim-
ited.

qf, < I VielLj€J. andteT (47)

(46)

Finally, the proper auxiliary variables associated with the closing/remaining open status of the facil-
ities should be set to confirm the accuracy of the opening and closing decisions in the model. During
the whole planning period, if a plant was not initially open, it can only be opened at most once (equation

(48)).
Yokt vi€) (48)

teT
Throughout the planning period, a plant can be closed at most once if it was openedibefore(equations

(49) and (50)).

Q=1 vj€] (49)
teT 1
) 50
Vit SZ Vish Vje€JandteT (50)
s=0
It is impossible for a plant to be opened and closed in the sameg,time period (equation (51)).
Yi v <1 Vj€JandteT 51)

Equation (52) illustrates that if a plant was opened ‘i the time period s and then closed in the time
period t, therefore all decision variables: opening (yj‘;*), closing (y]-‘i‘), and closing status (wjpsg) should
be set to 1.

Vi v s wii +1 Vie] §=0. W& 1. andt=s+1... T (52)

If only a closing decision was madejithe clesing status variable would be set to 1:

Whe ¥ Vi€l S=@0. ..T1. Andt=s+1... 7T (53)
Also, the opening status/variable (w]-PS;‘) would be set to 1 if an opening decision was made:

wit < yit Vj€ ] s.E THandt=s... T (54)

If a plant was opened in the time period s and is yet open in the time period t, in any of the periods
in the internal sl and t,"a’closing decision would be impossible:
: (55)
Wi — vt * Z Y5 <0  Vj€ls=0..T-1landt=s+1..7T

3.6.2.2 At The Warehouse Level
Equations (56) and (57) show that the stored quantities in each warehouse for each product and time
period to be within a pre-specified range.

N (56)
Zq‘i/yntswrlr?ax wW VvmeEMandt €T
iel s=

0
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(57)
qumt>wmmzwr¥1vs,¥ VmeMandteT

Actlve Warehouses might send all or part of their products to distribution centers in operation as
stated by equations (58) and (59).

Z Z Lmkt < Mz WDE. VmeMandt €T (58)

i€l kex

Z Z Lmkt = MZ kst VkeKandteT (59)
s=0

iel meM
Equation (60) shows that the total quantity sent by warehouses to distribution centerSyinseach time

period, if any, must satisfy the transport capacity.
Z lmkt Q mkt VvmeMkeKandteT (60)

lEIIEquation (61) is for inventory balance at warehouses and shows that for each wakehouse and each
product in each time period, the available inventory is calculated by the available,inventory in the pre-
vious period plus the quantity received from the plants in the currént pesiod‘minus the quantity sent to
distribution centers.

gV, =qW, 1+Z xW, =) X2 viel.m e MNGE K and B T (61)
j€] keK
Moreover, for each product, safety stock is defined in each timeyperiod at each warehouse (see equa-
tion (62)).
w . (62)
qimt>551mtz AVAS Viel.mgEM.lneKandt €T
Now the propers' a(zjxmary variables associated with'the closing / remaining open status of the facili-
ties should be set to confirm the accuracy,ef.the,opening and closing decisions in the model. Equations
(63) to (66) show that during the whole planning period, firstly, if a warehouse was not initially open,
it could only be opened at most ongel Secondly, it also could be closed at most once if it was opened
before. Finally, a warehouse cannot be‘@pened and closed in the same time period.

Z Yme <1 yAnE M (63)
teT
Z yme <1 v AmeM (64)
teT 1
) 65
Ymi < Vint' Vm € Mand t € T (65)
s=0
Vet yw < 1 Vm € Mandt €T (66)

Equation (67)illustrates that if a plant was opened in the time period s then closed in the time period
t, therefore alf’ decision variables: opening (y&s"), closing (y¥y), and closing status (w\s;) should be

setto 1.
yWF +yWo <wwa+1l VmEM.s=0..T—landt=s+1...T (67)

If only a closing decision was made, a closing status variable would be set to 1:
WV <yWe  VmEeEM.s=0...T—landt=s+1...T (68)

The opening status variable (Wyst) would be set to 1 if an opening decision was made:
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WWE < yWe VvmeM.seT.andt=s+1...T (69)

If a warehouse was opened in the time period s and is yet open in the time period t, in any of the
periods in the internal s+1 and t, a closing decision is impossible:
: (70)
WWE — yWe 4 Z yWo <0 VmeEM.s=0...T—landt=s+1...T

v=s+1

3.6.2.3 At the Distribution Center Level
Equations (71) and (72) show that the stored quantities in each distribution center for each product and
time period must be within a pre-specified range.

qukt<Dmaxz w2t vk € Kandt € T

i€l

Z Qikt = Dmmz kst Vke Kandt eT

i€l
Active dlstrlbutlon centers might send all or part of their products t0 custemer zones as stated by

equation (73).

(71)

(72)

‘ 73
Z X <M OWkst VkeKandt eT (73)
i€l IEL 5=

Equation (74) shows that the total quantity sent by distribution €enters to customer zones in each

time period, if any, must satisfy the transport capacity:
z lklt < Qll:()]CZklt Vke K. l€ L "and t e (74)

i€l
Note that customer zones do not hold inventery, s the total product received by each customer zone
from the distribution centers has to be the same, as‘the market demand (see equations (75)).

Z Xiie = Oire. vie e MhandteT (75)
keK
Equation (76) is for inventorygbalance”at distribution centers. It shows that for each distribution

center and each product in gachtime period, the available inventory is calculated by the inventory avail-
able in the previous peried,plus the quantity received from the warehouses minus the quantity sent to
the customer zones.

qhe = @b it z x}ﬁ"n‘,’{t—Zxﬁﬁt ViElL meM. andt €T (76)
meM k€K . . . . .
Also, at eaeh warehouse, safety stock is defined for each product and time period (see equation (77)).
qh 2SSE, ViEl. mEMkeK. andt €T (77)

Now the'proper auxiliary variables associated with the closing / remaining open status of the facili-
ties should be set to confirm the accuracy of the opening and closing decisions in the model. Equations
(78) to (81) show that during the whole planning period, firstly, if a distribution center was not initially
open, it could only be opened at most once. Secondly, it could also be closed at most once if it was
opened before. Finally, a distribution center cannot be opened and closed in the same time period.

z yor <1 vk e K (78)
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Z yer <1 vk € K (79)
teT

t—1 (80)
Y]?t_SZYESJ' VkeK. andteT

s=0
Vie +yie <1 Vke€K. andt €T (81)

Equation (82) illustrates that if a plant was opened in the time period s then closed in the time pe-
riod t, therefore, all decision variables: opening (y2s'), closing (y2™), and closing status (wis;)

should be set to 1.
Ved +y Swpp+1l  VkEK. s=0...T—landt=s+1....T (82)

If only a closing decision was made, a closing status variable would be set to 1:
Wit < VB VkeK. s=0...T—landt=s+1....T (83)

Also, an opening status variable (wket) would be set to 1 if an opening decision was made:
Whet < yiof VkeK. s=1..T.andt=s....T (84)

If a distribution center was opened in the time period s and is yetiepen in theime period t, in any of
the periods in the internal s+1 and t, a closing decision would be impossible:
: (85)
Wha < v+ Z Voo <0 Vk€EK. s=0...T—1ldndt=s+1....T

v=s+1
4 Model Implementation and Numerical,Regults

4.1 Case Study Description
In order to evaluate the applicability and efficiency of the developed model presented in the previous

section, we applied the data of a real company which is located in the UK and studied by Longinidis
and Georgiadis [5]. Note that, because 6f Seme data incongruity and missing data, their case study could
not be directly applied and we haye cansidered the following assumptions regarding the missing infor-
mation:
» This company has threeiplants,in three different locations and four possible locations for ware-
houses and six potential locations for distribution centres.
» Each plant is able toproduce six of seven products within its limitations of production capacity.
Each plantialsotholds about two times the average annual demand as initial inventories.
> “meachitime duration, each warehouse and also distribution centres have an upper and lower
bound, handling capacity and need safety stock.
> Initial inventories are considered about two times the average annual demand.
> Safety stock for each product at each facility is equal to the total quantity transferred from the
facility during a period of 15 days.
Product flows among plants, warehouses, distribution centres and customer zones have upper
bounds.
Prices and demands of products in each customer zone are known.
The company has a 4-year planning horizon.
Before the planning horizon, balance sheet data are integrated into the optimization process.
All tangible assets have been deprecated. Short-term liabilities (accounts payables and taxes of
previous profits) should be paid in one year.

v

YV V VYV
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» The real value of cash has been calculated, instead of considering it as a percent of net income.

4.2 Comparison Between Basic Model And Developed Models
Now, in order to display the improvements in the proposed model, we compared the results of the basic

model presented by Longinidis and Georgiadis [5] with our developed models which have a new ob-
jective function, accurate calculations, and additional financial considerations. All the problems were
solved by Branch and Reduce Optimization Navigator (BARON) solver in GAMS software on a per-
sonal computer with core i5 CPU 2.50 GHz and 8 GB of RAM on Windows 8.

4.2.1 Basic Model with Traditional approach

The basic model was considered with the same decision-making assumptions and objectiveyfunction
presented by Longinidis and Georgiadis [5]. Its objective is to maximize the company’simet cr€ated
value which is measured by Economic Value Added (EVA) index. The model_for the problem was
solved and the total value created amounts to 85,855,590 monetary units. The optimal results of the
basic model will be used to compare them with results obtained from other developed models. In this
way, it is possible to show the advantages of the proposed approach cleakly.

4.2.2 The First Developed Model With New Objective Function

According to what is explained in section 2, SVA is one of the,most accepted methods to measure the
value of a company. SVA determines the financial value ©f a cempany by looking at the returns it
provides for its stockholders and is based on the view that the objective of company managers is to
maximize the wealth of company stockholders. SWA calCulates the shareholder value by deducting the
value of long-term liabilities at the end of planningyhorizan from the value of the firm for the time
period. In this study, the final value of the company,is‘abtained by discounted free cash flow (DFCF)
method with a fixed growth rate (0.5%).

Now, in the first stage of developing the’'model, Shareholder Value Analysis (SVA) is applied as an
objective function in the basic model. Theameodel was solved and the total value created amounts is
86,855,590 monetary units. Theyoptimalnetwork structure is shown in Figure 3. The total production
quantities for the whole planning herizon’is only 1407 units: plant 1 and plant 3 produce 809 and 598,
respectively; plant 2 does not produce at all. Therefore, reducing inventory was clearly shown and had
these results: i) decreaSing preduction quantities to reduce the product quantities in stock. ii) the large
flows lead to establishing a new distribution center to meet customers’ demands. In order to reduce the
need for working capital,"SVA tends to reduce the inventory. Therefore, the produced quantity by SVA
model is smaller'than the'EVA model.

This featurexof SVA model also makes a large number of flows between warehouses and distribution
centerstand between distribution centers and customer zones. The total quantities transported from
plants to warehouses for both models are compared in Table 2.
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P =809

Table 2: Total Products Transport nts to Warehouses

w1 W2 ‘W4 w1 W2 W3 w4
Plant 1 7901 Plant 1 7471
Plant 2 Plant 2 1498
Plant 3 502 Plant 3 3201
Developed.Model tive Function Basic Model with Traditional Approach

, by SVA model, warehouse 1 receives more products supplying distribution
cent . Similarly, warehouse 2 receives more quantity, therefore it supplies distribution centers
by EVA model, warehouse 2 just supplied distribution center 2.

Table 3: Total Products Transported From Warehouses to Distribution Centers

DC1 DC2 DC3 DC4 DC5 DCé6 DC1 DC2 DC3 DC4 DC5 DC6
w1 5298 2543 W1l 7471
W2 105 2303 508 3321 W2 1498
w3 161 3298 w3 3201
w4 W4
Developed Model with New Objective Function Basic Model with Traditional Approach
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As shown in Tables 3 and 4, by applying the model with SVA as the objective function, inventory
was stored in five distribution centers (all distribution centers except 4), therefore, total flows between
distribution centers and customer zones are much larger than total flows transported when EVA was
the objective function.

Note that since distribution center 6 has the lowest inventory cost among others, it received most of
the inventory transferred from warehouses to distribution centers. It receives 5864 units but it only
supplies customer zone 6 with 531 units and 5333 units are kept as inventory. Also, the model with
SVA as the objective function tends to reduce the inventory quantities to decrease the need.for working
capital. Only 878 units stay at the plants as inventory.

Table 4: Total Products Transported from Distribution Centers to Customer Zones (SVA Base_.Model)

CzZl1 CzZ2 (CZ3 Cz4 CZ5 Cze6 Cz7 CZ8 CZ1 CZ2 CZ3 Cz4 '€Z5 "€z6° CZ7 CZ8
DC1 1349 114 1672 123 904 1443 DC1 1349 20180, 1241, 1413 1458
DC2 1516 728 DC2 1498
DC3 1498 346 620 816 DC3 1498 1559
DC4 DC4
DC5 508 DC5
DC6 531 DC6
Developed Model with New Objective Function Basic Model with Traditional Approach

4.2.3 The Second Developed Model With with a Value-Based Approach

Now, in the second phase of model development, we add“mew:financial aspects to the previous version
of the model to make it similar to real conditions.\hese/new features include the possibility of closing
and opening facilities at any time period of the planning-horizon, repayments obligation to the bank,
adding the possibility of new capital entries from shareholders, and adoption of an accounts payable
policy. To better understand the effect ofsthese‘aspects, we explained them separately.

First, to test the possibility of closingyand opening facilities at any time period, we considered two
times of the establishment price of gach facility'as selling prices (Table 9). The value created for share-
holders is 87,397,697 monetary/units which is 0.88% larger than the value created by the basic model
which is the gains resultingsfrem selling‘the plants. Then the new model with the obligation of bank
repayments created 89,407,636 monetary units, which is 3.02% larger than the value created by the
model with SVA as gbjectiveyfupction. The network structure remains the same. By repaying to the
bank every year, long=term debt is reduced and a lower amount is deducted from the free cash flow that
was genefated ever the planning horizon, creating more value for shareholders.

Next, in‘arderte,consider an account payable policy, it is assumed that 60% of payments to suppliers
are“made in cash and 40% are made in credit. In this situation, the value created for shareholders is
88,549,322 monetary units, that is, 0.96% smaller. Because more amount of money (working capital)
is needed toisupport operating expenses and pay suppliers, the free cash flow decreases and the value
created is 858,314 monetary units lower.

Finally, we add the possibility of raising new capital from shareholders and also set a per-year limit
of 60,000 monetary units for the new capital entries. This limit shows the maximum that shareholders
are willing to invest in the company to receive dividends in the future. The new developed model was
solved optimally and the value for shareholders increased to 92,460,308 monetary units, which is 3.18%
larger than the value without these financial considerations created and 6.3% larger than the value cre-
ated by the basic model. The optimal networks for time periods are shown in Figs. 4 to 7 (see appendix).
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These Figures display the network structure during the planning horizon. As it can be seen, the flows
between facilities and the quantities transported change during the time.

According to Figures 4 to 7, plants only produce during the first two years and their total quantity is
1394 units. The total quantity produced by the SVA model is much lower than the quantity production
when EVA was the objective function. Therefore, the need for working capital and payments to suppli-
ers is smaller. These changes lead to an increase in the value created for shareholders. Also, by using
EVA as the objective function, the value of the company improves by creating higher inventories (which
are a part of current assets) .

Plant 2 closes at the start of the second year with a final inventory of 3341 units, redyCing its initial
inventory by 76%. Plant 1 and plant 3 are closed at the beginning of third year, with the final’inventory
of 1971 and 881 units. This means an inventory reduction of 245% and 285%, respectively:iNote that
products 2, 4, and 7 at plant 1 which were not sold within the planning horizon are €onsidered as the
final inventory. Also, products like 3 and 6 at plant 1 that were produced in the yearsit and 2, have no
final inventory. As explained before, in accordance with the evolution of the numbegof flows among
facilities, the product quantities transported from plants to warehouses increasefrom year 1 to year 2.
Table 6 presented the operating costs (production, transportationgand mventory holding costs) that re-
sulted from the decisions described above. As we can see, the largest portion Ofrthe operating costs is
transportation costs (50.58%), then inventory holding costs, (40.27%);5and production costs (9.15%).
There are production costs in the first and second years. Also, due to highjinventory at the beginning of
the planning horizon, there is no production in the years three andifour. In these two years, from plants
to warehouses and from warehouses to distribution centres, there are no transportation costs because
plants are closed and the warehouses are not operatings/As shown in Table 5, inventory costs decrease
over time. The inventory costs at plants in in years three and#four refer to products that were already in
inventory at the beginning of the planning horizon and the'ones customers didn't request. It is important
to note that although the final inventory atsthe distribution centres is equal to zero, there is an inventory
cost since inventory is calculated based anits average during a year.

Table 5: Production, Transportationyand Inventory Costs for each Year Obtained by the Developed Model with the
Value-Based Approach

Year 1 Year 2 Year 3 Year 4 Total
Production Costs 1013 90,102 0 0 91,115
Transportation Costs 162,717 209,856 60,417 71,303 504,293
Inventory Costs 141,402 109,542 89,502 60,991 401,437

According to financial decisions made by the final model, managers are provided with an accounts
payable policynin Table 6. It shows that the company has enough cash (based on the initial balance
sheet) and does not need bank loans. Therefore, all capital entries are captured from shareholders. As
we can see,jproduction costs by the developed model are low, since high levels of inventory and money
are available for investment. Therefore, the company is in a good condition for repayments to the bank,
decreasing debt and maximizing the value of the corporate which is measured by SVA.

Table 6: Financial Decisions For Each Year Obtained by the Developed Model With the VValue-Based Approach

Financial decisions Year 1 Year 2 Year 3 Year 4 Total
Loans 0 0 0 0 0

New Capital Entries 60,000 60,000 60,000 60,000 240,000
Investment 300,000 0 0 0 300,000
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Financial decisions Year 1 Year 2 Year 3 Year 4 Total
Repayments 540,000 270,000 135,000 67,500 1,012,500

4.3 Influence of Results According to Variation in Financial Parameters
In this section, the performance of proposed model was tested by changing some important financial
parameters. These parameters are important because they are suggestive of the economic environment
and in many cases are accepted conditions that the company has no impact on them. The cost of capital
rate at time period t (ry) is an important parameter. Also, one of the important financial parameters
affecting the company’s wealth is the tax rate (Tr;). Moreover, we selected the depreciation (DPRg;)
rate as a financial parameter for the sensitivity test.

Table 7 presents the effects on the proposed model by changing these parameters from&15% to
+15%. The results illustrate that the model with new financial considerations is resistant to'the changes
of these financial parameters.

Table 7: Sensitivity Analysis of The Objective Function by Changing in Financial,Parameters

Change (%)

Parameter 15 -10 5 2 +2 +5 +10 +15

Cost of Capital
Rate at Time 105,947,496 101,350,940 96,869,752 94,204,964 " 90,717,780 88,114,172 83,796,384 79,838,788
Period t (ry)
Tax Rate (Tr,) 99,756,840 97,326,664 94,896,184 93,435,236 |,91,484,468 90,020,784 87,580,196 85,139,760

Depreciation

93,832,792 93,377,628 92,919,880  92,644{304 92275,780 91,998,608 91,534,324 91,070,724
Rate (DPR;)

4.4 Results and Discussions

In the previous section, the optimal resultS ofia basicanodel were used to compare them with the results
obtained from other developed modelsitoshow the advantages of the developed models. We carried out
two phases of development in order tQ,improve the basic model: i) applying a new objective function,
which maximizes the value of the compapy measured by the SVA method, ii) adding new financial
aspects to the previous versioftoef the;model to make it more realistic.

In the first step, SVA was applied‘as a new objective function instead of EVA. The model with the
new objective was solved and‘thestotal value created for shareholders was incresed by 86,635,307 mon-
etary units.

In the'seconid stepyithe new financial aspects were integrated into the previous version of the model.
The total value created by the complete version of the model was 92,460,308 monetary units which is
0.7%larger than,the/SVA obtained without financial aspects and 0.93% larger than the value created in
the basieymodel: The main reasons for an increase in value creation for shareholders are due to new
operationaland financial aspects, which mainly show the possibility of closing facilities and bank-debt
repayments. Bank repayments which reduce debt and new capital enables the company to choose better
operational options. The value created by each model is reported in Table 8.

Table 8: Value Created for Shareholders by Each Model

Value Created
Model (Monetary Units)
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The Basic Model with Traditional Approach 85,855,590
The First Developed Model with New Objective Function 86,635,307
The Second Developed Model with a Value-Based Approach 92,460,308

The main reasons for an increase in the value created are due to both operational and financial as-
pects such as the possibility of closing facilities and bank repayments.

In terms of the type of objective function in this study instead of EVA, which is based on conven-
tional accounting principles, SVA is applied as an objective function that is one of the most accepted
methods of measuring how corporate performance relates to shareholder value. As mentioned before,
the SVA for a company is calculated by adding the present value of cash flows to their teégminal value,
which represents the value of the company discounted at the proper cost of capital. The EVAfor meas-
uring a company's financial performance deducts its cost of capital from its net operating, profit,after
taxes. As explained in the previous sections, since EVA is based on accounting principles, making
unreasonable decisions is possible. For example, increasing current assets by higheriaventeries in order
to make more EVA.

5 Conclusions and Future Research
One of the main purposes of a supply chain is to fulfill demand, improve responsiveness and profit-

ability and build a good network to facilitate the financial su¢eess of a company. Many of the previous
studies emphasize that strategic decisions such as supply chain‘decisions have a significant impact on
shareholder value creation. Investment decisions also shouldibe considlered as critical inputs to financial
planning. Since these kinds of decisions for supply chain networks'play a key role in financial health of
companies, therefore, financial considerations shauld alse besegarded when modeling supply chains.

However, studies on supply chain models integrating financial aspects are limited. In these studies,
financial aspects have been considered as endagenous variables or known parameters in objective func-
tions and constraints.

In view of the above concerns, this'Study suggests a mathematical model that considers the physical
and financial aspects of a supply ehaimyplanning problem, simultaneously. A deterministic Mixed-Inte-
ger Nonlinear Programming (MINLP) madel was developed to specify the number and location of fa-
cilities and the links betweén them. Bhe model also determines the quantities to be produced, stored,
and transported in orderto meet customers’ demands as well as maximize the shareholder value meas-
ured by SVA method..In financial"decisions, the amount of investment, the source of the money needed
(cash, bank loanger,new,capital from shareholders) and repayments to the bank were considered. To
show the applicabilityyand efficiency of the developed model, data of Longinidis and Georgiadis [5]
wereused. The results,show that with appropriate financial decisions, creating more value for the com-
panyand its shakeholders is achievable. The model could be used by supply chain managers as an ef-
fective deeisionstool, supporting their decisions with figures and indexes convenient for financial man-
agers. The major contributions of this study can be summarized as follow:

This study presents a mathematical model to solve a SCND problem that considers tactical, strategic

and financial decisions simultaneously.

Maximizing the creation of economic value for shareholders measured by shareholder value analysis

(SVA) as a new objective function instead of traditional approaches such as maximizing profits or

minimizing costs.

The proposed model considers the amount of loan, bank repayment and new capital from sharehold-

ers as decision variables, therefore, it provides managers an accounts payable policy , instead of
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considering that all payments should be paid in cash. Previous studies of the literature consider them

as parameters.

At the strategic level, the model specifies the location of each facility. At the tactical level, it deter-

mines the products quantities to be produced and stored to satisfy customers demand. Regarding

financial decisions, the model specifies the amount of investment and their sources such as cash,
bank debt or shareholders’ capital as decision variables and it provides a repayment policy for man-
agers.

Regarding the constraints, in addition to common operational constraints, lower limitand/or upper

limit values for financial ratios in order to support the financial health of the corporation, To retain

a better financial performance, the proposed model provides a balance among new capital entries,

loans and repayment. With consideration of large cost of new capital entries, thesmodel“imposes

upper bound on it and avoid an ever-increasing debt; it considers lower bound for bank repayments.

Besides, these benefits of our model provides managers with an accounts payable,guideline.

Providing the possibility of opening or closing facilities in order to deakwith market fluctuations

during the planning horizon.

In contrast with basic models in previous studies which have t@e many assamptions, the presented

model uses accounting principles with less assumptions that made ‘it more realistic. For example, we

use the net liabilities in the analysis of financial statements, that balances bank loans and payments,
determines the exact value of deprecation by knowing the lifetime of €ach asset in each time period,
and applies real cash value instead of pre-determined proportionief profit.

This study can be expanded in the following directions: in ofder to make the model similar to real
conditions, future studies can consider uncertainty in some_parameters such as product prices and de-
mand. Applying financial ratios as objective funetionsyin the proposed model in order to find a way to
increase and improve the firm soundness. Thewgreen\supply chain with a closed-loop structure can be
the other research trend for the model cansideringeenvironmental, social, technological and economic
facets; such facets can be included in‘the'supply chain network design. The problem would get more
complicated with such developmehts. Therefore, other solutions, such as metaheuristics, can be consid-
ered as other suggestions for futures research.
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Figure 4: Network Structure for the Complete Model in Year 1 and for the Developed Model with New Finan-
cial Aspect

Figure 6: Network Structure in Year 3 and for the Developed Model with New Financial Aspects
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