
Chapter 2
Financial Issues in the Design
of Supply Chains

Abstract Traditionally, approaches available to address the design and operation of
supply chains concentrate on the process operations side and neglect the financial
part of the problem. In this chapter, a framework whose main focus is the inclu-
sion of financial considerations at the strategic decision-making level is presented.
The approach adopts the corporate value of the firm as the performace metric to
be maximized, and also evaluates the feasibility of the strategic decisions from
the financial point of view by ensuring liquidity control. The main advantages of
the new approach presented, which takes into account the incorporation of financial
issues, are highlighted by means of a motivating retrofit case study, whose solu-
tion is compared with the conventional treatment of the problem. It is shown that
the integrated solution ensures the feasibility of the strategic financial decisions and
offers superior economic performance, due to its greater ability to create value for
the company.

2.1 Integrating Process Operations and Finances

Nowadays, business environment calls for a greater awareness among managers
of the financial dimension of decision-making. Recent advances in PSE have
focused on devising enterprise-wide modeling and optimization strategies that inte-
grate decisions of different business functions into a global model. Nevertheless,
despite the effort made in this topic, most models developed to date focus on the
process operations side and ignore decisions involving investment planning, corpo-
rate financial decisions, as well as marketing campaigns, and many others aspects of
enterprise planning related to the management of the supply chain (Shapiro 2004).
Traditionally, the overall problem is addressed in a sequential fashion through the
optimization of traditional Key Performance Indicators. The use of these traditional
sequential procedures is mainly motivated by the functional organizational struc-
ture of firms. Nowadays, companies still have separate departments for production,
supply, logistics, service to customers, among others. In an environment like this,
the plan of each functional area is considered sequentially as input to the others
according to a hierarchy. Thus, the models supporting the decision-making operate
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32 2 Financial Issues in the Design of Supply Chains

in an isolated way. They optimize partial sets of decision variables, but they do not
lead to actual integration of relationships despite promoting the sharing of informa-
tion between different business entities Romero et al. (2003). This partitioning of
decision-making in companies has been reflected in the goals of the studies and the
optimization models developed to support them.

The supply chain models currently applied usually assist practitioners in deter-
mining the location of the facilities embedded in the network, as well as the tasks
that should be accomplished at each moment in order to optimize a given crite-
ria. Moreover, a large proportion of these models optimize costs, profit or NPV.
Table2.1 shows the results of a review of a small sample of works in the PSE field
to analyze the Key Performance Indicators (KPI) so far applied in modeling the
supply chain. As can be seen, profit and cost have been the most exploited indi-
cators. Such models are useful but no longer enough. They are not sufficient to
help companies create and maintain a competitive advantage. To this end, the mod-
els should include the sustainable creation of value as objective (Klibi et al. 2010),
which requires including as part of their scope financial as well as operation planning
decisions.

Importantly, a key component in financial modeling is the effective control of
cash. Its steady and healthy circulation throughout the entire business operation has
repeatedly been shown to be the basis of business solvency (Howard and Upton
1953). Indeed, the availability of cash governs the production decisions taken in
a company. For this reason, models of operations of the supply chain should not
consider cash as an infinite resource. A production plan cannot be implemented if
it violates the minimum cash flow imposed by the firm (i.e., if the amount of raw
materials and/or utilities required cannot be purchased due to a temporary lack of
cash).

Consequently, supply chain managers should extend their analysis to include
the financial implications of their decisions, which also leads to the utilization
of the more comprehensive objective of maximizing the firm’s value as opposed
to the common optimization of traditional KPIs such as cost or profit. Calculat-
ing the firm’s value involves a number of complex issues, although there is con-
sensus, as to Buffet’s view, that the valuation of a business is determined by the
discounted free cash flows occurring from its operation over its lifetime (Buffet
1994). Therefore, the challenge faced by SC managers, who are seeking to enhance
corporate value, is to identify supply chain strategies that improve free cash flow
generation.

Fact-based strategic planning is increasingly desired and pursued by firms, but
many issues remain about how to do it (Shapiro 2004). Optimization models seem
to offer an appealing framework for supporting corporate financial decisions, as well
as for integrating them with process operation decisions (Shapiro 2006). Currently,
with the recent advances in optimization theory and software applications there is
no apparent reason why models for SCM that merge concepts from diverse areas of
the firm cannot be constructed.

This chapter proposes a general framework for the design of SCs based on the
development of holistic models, which cover two areas of the company, the process
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operations and the finances. To achieve this goal a mathematical formulation, which
utilizes mixed integer modeling techniques and merges variables and constraints
belonging to each of the abovementioned disciplines, is derived. The presented strat-
egy considers the financial performance as a design objective, and not merely as
a constraint on operations. The corporate value (CV) of the firm is adopted as the
objective to be maximized as an alternative to the commonly used profit or cost.
The resulting model can be used as a decision-support tool for strategic planning.
The main advantages of this approach are highlighted through a case study in which
the integrated strategy is compared with the traditional approach that computes the
maximum profit or net present value (NPV) design without financial considerations.

2.2 Problem Statement

The intent of the supply chain network design problem is typically to determine
the optimal manufacturing and distribution network for the entire product line of a
company. The most common approach is to formulate a large-scale mixed-integer
linear program that captures the relevant fixed and variable operating costs for each
facility and each major product family. The fixed costs are usually associated with
the investment and/or overhead costs for opening and operating a facility, or with
allocating a product family in a facility. The variable costs include not only the
manufacturing, procurement and distributions costs, but also the tariffs and taxes
that depend on the network design. The network design problem focuses on the
design of two or three major echelons in the SC for multiple products. Due to the
nature of the problem being solved, network design is typically solved every two to
five years (Graves and Willems 2003).

With regard to the financial area, it is widely recognized that financial assets bear
a strong and direct relation to core aspects of SCs, such as inventories, capacity
expansion, and allocation and purchase of raw material and services. Most of SC
modeling approaches account for fixed assets when the economic performance of
the available alternatives is assessed in the design phase. However, in the planning
formulation, they usually ignore the networking capital (NWC),which represents the
variable assets associated with the daily operations. NWC is constituted by material
inventories, accounts receivable (physical distribution), accounts payable (procure-
ment), and cash. Clearly, all of these components are directly affected by decisions
associated with supply chain operations. NWC can be understood as the capital tied
up within the cash conversion cycle, which measures how efficiently an enterprise
converts its inputs into cash through final product sales (Fig. 2.1). The less the capital
is tied up by supply chain operations, the better the performance will be in terms of
the business’s bottom line. Note that the NWC is not a static figure, in fact, is very
likely to change from period to period throughout the planning horizon, according
to the SC decision tactics.

The proposed approach endeavors to model the corporate value (CV) considering
each of the components that are specified in Fig. 2.2. Among these components,
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Accounts Cashreceivablle

Raw 
material 
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Process
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Fig. 2.1 Cash conversion cycle
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Fig. 2.2 Corporate value components

the NWC and its change is explicitly considered. Note that the CV of the firm is
calculated bymeans of the discounted-free-cash-flow (DFCF)method and is adopted
as the objective to be maximized.

The deterministic design/planning problem of a multi-echelon SC with financial
considerations can be stated as follows.
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The following information is given:

Process operations data

• A fixed time horizon.
• A set of products.
• A set of markets where products are available to customers and their respective
demands.

• A set of potential geographical sites for locating manufacturing plants and distri-
bution centers.

• A set of potential equipment for manufacturing the different products at the set of
plants.

• Lower and upper bounds for capacity expansion of equipment and distribution
centers .

• Product recipes (mass balance coefficients and consumption of capacity).
• Suppliers capacity.
• Minimum utilization rate of capacity.

Financial data

• Direct cost parameters such as production, handling, transportation, and rawmate-
rial costs.

• Product prices at each market during the time horizon.
• Coefficients for investment and sales of marketable securities.
• Discount factors for prompt payment and amount purchased to suppliers.
• Relationship between capital investment and capacity of plants and distribution
centers.

• Relationship between indirect expenses and equipment capacity of plants, and
distribution centers.

• Pledging costs.
• Tax rate and number of depreciation time periods.
• Interest rate for the long- and short-term debt.
• Salvage value.
• Shareholders risk premium data.

The goal is to determine:

• The facilities to be opened.
• The expansion of equipment capacity at each potential plant and distribution center.
• The assignment of manufacturing and distribution tasks to the network nodes.
• The amount of final products to be sold.
• The investments and sales of marketable securities.
• The amount of accounts receivable pledged at each period.
• The schedule of payments to suppliers at each time period.
• The long and short term debt acquired and repaid at each time period.

such that the corporate value evaluated at the end of the planning horizon is
maximized.
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2.3 Mathematical Formulation: A Holistic Model

The mathematical formulation derived to address the problem described earlier is
presented later. The model variables and constraints can be classified into four
groups. The first includes the process operations constraints given by the supply
chain topology. The equations that allow integrating the operations and financial
models are included in the second group. The third group deals with the financial
area. Finally, the equations and variables required to compute the corporate value
are incorporated in the fourth group. These sets of equations are described next in
detail.

2.3.1 Design–Planning Formulation

The structure of the SC that is taken as reference to develop themathematicalmodel is
illustrated in Fig. 2.3. The design/planning mathematical formulation is based on the
work of Hugo and Pistikopoulos (2005) in which the authors presented a mathemati-
calmethodology that included life cycle assessment criteria as an additional objective
to be optimized at the strategic level of the SCM. The model has been enhanced to
allow the storage of products, and to include distribution center nodes in the supply
chain network. The model equations are described in detail in the next sections.
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Fig. 2.3 Supply chain model structure
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2.3.1.1 Material Balance Constraints

The material balance must be satisfied in each of the nodes that integrate the supply
chain network.

Manufacturing Sites

Equation (2.1) represents the material balance for each raw material r consumed
at each manufacturing site s in every time period t. This equation states that the
purchases of raw material r provided by suppliers e (Er) together with the initial
inventory kept at the site must equal the inventory at the end of period t plus the
quantity consumed by themanufacturing tasks. Note that this equation should be only
applied to those products consuming raw material r and manufactured in equipment
j of plant s (i ∈ (Ij ∩ Ir)) .

∑

e∈Er

Purcherst + SIrst−1 = SIrst +
∑

j

∑

i∈(Ij∩Ir)

αrijPijst ∀ r, s, t (2.1)

The mass balance for final products i in each manufacturing site s is enforced
via Eq. (2.2). This expression states that the amount of final product manufactured
at each site during a given time period t and the initial stock of the product must
equal the final inventory of the product and the amount delivered from the site to the
distribution centers w.

∑

j∈Ji

Pijst + SOist−1 = SOist +
∑

w

Qiwst ∀ i, s, t (2.2)

Distribution Centers

Equation (2.3) states the material balance for distribution centers w. This equation
makes the total amount of final product i coming from all sites s plus the initial
inventory of the product kept at the distribution centermust equal to thefinal inventory
plus the sales in final markets m.

∑

s

Qiwst + SWiwt−1 = SWiwt +
∑

m

Salesiwmt ∀ i, w, t (2.3)

Marketplaces

This model assumes that a portion of the Demand can actually be left unsatisfied due
to limited production capacity. Thus, Eq. (2.4) forces the sales of product i that take
place in market m during time period t to be less than or equal to the Demand.
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∑

w

Salesiwmt ≤ Demimt ∀ i, m, t (2.4)

The ability of responding to customer requirements turns out to be one of the
most basic functions of supply chain management (Guillén-Gosálbez et al. 2005b)
Therefore, customer service level (CSL) should also be taken into consideration
when formulating a supply chain model (Chen et al. 2003). As proposed by Guillén-
Gosálbez et al. (2005b), constraint (2.5) can be considered,which explicitly takes into
account the Demand satisfaction strategy of the enterprise. This equation imposes a
minimum target for the Demand satisfaction (Min CLS), which must be attained in
all time periods t.

∑
i
∑

w
∑

m Salesiwmt∑
i
∑

m Demimt
≥ Min CLS ∀ t (2.5)

2.3.1.2 Capacity and Facilities Location Constraints

These constraints are also inspired in the work by Hugo and Pistikopoulos (2005).
Twodifferent variables are defined,FSjst andFWwt , which represent the total capacity
of equipment j in manufacturing sites s and distribution centers w during time period
t, respectively .

Furthermore, variables FSEjst and FWEwt denote the capacity expansion of the
different facilities of the network during time period t. The establishment of a facility
takes place in the first time period in which these variables become a nonzero value.
It is worth noting that the model is sufficiently general to address not only the design
of a new supply chain, but also the retrofitting of an existing network. In the latter
case, the problem should be formulated by fixing at time period t = 0 the value
of the variables representing the facilities capacity according to the initial network
topology.

Capacity Expansion

Equations (2.6) and (2.7) are added to control the changes in facilities capacities over
time. These constraints include the binary variables Vjst and Xwt , which take a value
of 1 if the facility being represented (either the equipment j at manufacturing site s
or the distribution center w) is expanded in capacity and zero otherwise. Notice that
the capacity increments are bounded in the range [FSEL

jst, FSEU
jst], which represents

the realistic physical interval in which they must fall.

VjstFSEL
jst ≤ FSEjst ≤ VjstFSEU

jst ∀ j, s, t (2.6)

XwtFWEL
wt ≤ FWEwt ≤ XwtFWEU

wt ∀ w, t (2.7)
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Equations (2.8) and (2.9) are added to update the total capacity (FSjst and FWwt)
by the amount increased during planning period t (FSEjst and FWEwt).

FSjst = FSjst−1 + FSEjst ∀ j, s, t (2.8)

FWwt = FWwt−1 + FWEwt ∀ w, t (2.9)

Establishing of New facilities

Equations (2.10)–(2.12) are included to determine the planning period t when a man-
ufacturing site s initiates its operation. SBst is a binary variable that takes the value
of 1 if the facility is opened at period t and 0 otherwise. Equation (2.10) enforces
the necessary conditions to define the new binary variable. If the binary variable
that represents the capacity increment of any equipment j at site s in period t (Vjst)
equals one, the summation of the new binary variable from the initial period to the
current one must also equal one. Equation (2.12) is the reformulation of the previ-
ous logic condition and it is obtained by replacing the implication by its equivalent
disjunction (see Eq. (2.11)). Equation (2.13), which is similar to constraint (2.12), is
applied to enforce the definition of the binary variable SW wt , which must equal 1 if
the warehouse w is opened in period time t and 0 otherwise.

Vjst = 1 ⇒
t∑

t′=1

SBst′ = 1 ∀ j, s, t (2.10)

[¬Vjst] ∨ [
t∑

t′=1

SBst′ = 1] ∀ j, s, t (2.11)

1 − Vjst +
t∑

t′=1

SBst′ ≥ 1 ∀ j, s, t (2.12)

1 − Xwt +
t∑

t′=1

SWwt′ ≥ 1 ∀ w, t (2.13)

Capacity Utilization

Equation (2.14) forces the total production in each plant to be greater than aminimum
desired production (βsjFSjst−1) and lower than the available capacity (FSjst−1). In
this equation, θij represents the capacity utilization of equipment j by product i and
βsj is the minimum percentage of utilization of equipment j at site s.
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βsjFSjst−1 ≤
∑

i∈Ij

θijPijst ≤ FSjst−1 ∀ j, s, t (2.14)

Equation (2.15) is analogous to constraint (2.14). Here, υi and γw constitute the
specific volume of product i and the minimum percentage of capacity utilization of
distribution center w, respectively.

γwFWwt−1 ≤
∑

i

υiSWiwt ≤ FWwt−1 ∀ w, t (2.15)

Suppliers Limitations

The model assumes a maximum availability of raw materials by using Eq. (2.16). It
forces the amount of rawmaterial r purchased from supplier e at each time period t to
be lower than an upper bound given by physical limitations (Aert). In this expression,
Re denotes the set of raw materials provided by supplier e.

∑

s

Purcherst ≤ Aert ∀ e, r ∈ Re, t (2.16)

2.3.2 Integration Between Models

The integration between the operational and financial formulations is carried out
through the revenue, direct costs, fixed cost associated with the operation of the
network, and the total capital investment.

2.3.2.1 Revenue

Revenue is calculated by means of net sales which are the income source related to
the normal supply chain activities. The total revenue incurred in any period t can
be easily computed from the sales of products executed in period t as it is stated in
Eq. (2.17).

ESalest =
∑

i

∑

w

∑

m

SalesiwmtPriceimt ∀ t (2.17)

Additionally, the cash collected from sales executed in any period t and maturing
in period t′ (ASalestt′ ) can be easily computed from the sales of products executed
in period t, the fraction of these sales that will be collected in period t′ and the prices
of the products sold, as it is stated in Eq. (2.18). Here, δmtt′ denotes the fraction of
sales carried out in market m in period t that will be paid in period t′.
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ASalestt′ =
∑

i

∑

w

∑

m

Salesiwmtδmtt′Priceimt ∀ t, t′ > t (2.18)

2.3.2.2 Direct Cost

The external purchases from supplier e at every period t (EPurchet), which are
computed through Eq. (2.19), include the purchases of rawmaterials and distribution
services and production utilities.

EPurchet = Purchrm
et + Purchtr

et + Purchprod
et ∀ e, t (2.19)

Raw Materials

The external raw material purchases to supplier e at every period t (EPurchet) can
be then computed through Eq. (2.20).

Purchrm
et =

∑

r

∑

s

Purcherstψert ∀ e, t (2.20)

Quantity Discount

Furthermore, Eqs. (2.21)–(2.23) can be added to model quantity discounts, i.e., price
reductions offered by the suppliers to induce large orders. Certainly, the relationship
between the discount factor offered by external supplier e for raw material r (DFerd)
and the amount of raw material purchased can be modeled as a piecewise linear
function (see Fig. 2.4). The inclusion of these constraints allows the potential benefits

Purch ert1 Purchert2 Purchert3 Purchert4

DFer1

DFer2

DFer3

DFer4

Fig. 2.4 Piecewise linear function of the discount factors
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of reduced purchase prices and fewer orders to be traded off against the increase in
inventory costs. Specifically, one defines a set of discounts intervals Der for each raw
material r for which supplier e offers quantity discounts (r ∈ DRe). Each interval
corresponds to a different discount factor DFerd . The limits of interval d ∈ Der are
denoted as Purch

rm
ertd−1 and Purchertd . We introduce a new set of binary variables

Fertd that take the value of 1 if the amount of raw material r purchased from supplier
e in period t by all the sites falls into discount interval d, and 0 otherwise:

Fertd =
{

1 if Purchrm
ert ∈ [Purch

rm
ertd−1, Purch

rm
ertd]

0 otherwise

To enforce the above definition, the following linear constraints are applied
(Tsiakis et al. 2001):

∑

d∈Der

Fertd = 1 ∀ e ∈ DRe, r, t (2.21)

Fertd−1Purch
rm
ertd−1 ≤ Purchrm

ertd ≤ FertdPurch
rm
ertd ∀ e ∈ DRe, r, t, d ∈ Der

(2.22)
Purchrm

ert =
∑

d∈Der

Purchrm
ertd ∀ e ∈ DRe, r, t (2.23)

Constraint (2.21) forces each order to fall into a single interval, i.e., only one
of the variables Xertd (say, for d = d∗) takes a value of 1, with all others being
zero. Constraint (2.22) allocates each of the orders to its corresponding interval
using the defined binary variableFertd . Such equation forces the auxiliary continuous
variable Purchrm

ertd to equal 0 for all d �= d∗, while also bounding Purchertd∗ in the
range [Purch

rm
ertd∗−1, Purch

rm
ertd∗ ]. Finally, constraint (2.23) expresses the condition

for which the summation of the auxiliary variable Purchrm
ertd over d must equal the

variable Purchert . This implies that Purchrm
ert = Purchrm

ertd∗ and, therefore, Purchrm
ert ∈

[Purch
rm
ertd∗−1, Purch

rm
ertd∗ ], as desired. Note that similar constraints could be easily

derived to account for other types of quantity discounts, i.e., in utilities, transportation
services and so forth.

Taking into account the discounts offered by the suppliers e for raw material r for
a set of discount intervals d, which are denoted by DFerd , the total amount of money
to be invested in raw materials is the following:

Purchrm
et =

∑

r

∑

d∈Der

Purchrm
ertdψertFertd(1 − DFerd) ∀ e ∈ DRe, t (2.24)
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Distribution and Production Costs

On the other hand, “purchase” of distribution services and production utilities are
determined through Eqs. (2.25) and (2.26). Here, ρtr1

eiws and ρtr2
eiwm denote the unitary

distribution cost associated with sending products from plants to warehouses and
from warehouses to markets, respectively. Furthermore, τ ut1

ijse represents the unitary

production cost associated with the plants, whereas τ ut2
rse , τ ut3

ise , and τ ut4
iwe represent

unitary inventory costs.

Purchtr
et =

∑

i

∑

j

∑

s

Qiwstρ
tr1
eiws +

∑

i

∑

w

∑

m

Salesiwmtρ
tr2
eiwm ∀ e, t (2.25)

Purchprod
et =

∑

i

∑

j

∑

ijs

Pijstτ
ut1
ijse +

∑

r

∑

s

SIrstτ
ut2
rse +

∑

i

∑

s

SOistτ
ut3
ise

+
∑

i

∑

w

SWiwtτ
ut4
iwe ∀ e, t (2.26)

2.3.2.3 Indirect Cost

The total fixed cost of operating a given SC structure in every time period t can be
computed by means of Eq. (2.27) as the sum of the fixed costs associated with the
current plant equipment j already installed in every site s (FCFSjstFSjst−1) and the
sum of the fixed costs of each distribution center w (FCFWwtFWwt−1).

FCostt =
∑

j

∑

s

FCFSjstFSjst−1 +
∑

w

FCFWwtFWwt−1 ∀ t (2.27)

2.3.2.4 Capital Investment

The total investment in capital or fixed assets is computed through Eq. (2.28). This
equation includes the investment made to expand the capacity of equipment j in
manufacturing site s in period t (PriceFS

jst FSEjst), the investment required to open a

manufacturing plant, in case it is opened at period t (IS
stSBst), the investment required

to support distribution center w capacity expansion (PriceFW
wt FWEwt), and the invest-

ment required to establish a distribution center if it is opened at period t (IS
stSBst).
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FAssett =
∑

s

⎛

⎝
∑

j

PriceFS
jst FSEjst + IS

stSBst

⎞

⎠

+
∑

w

(
PriceFW

wt FWEwt + IW
wt SWwt

)
∀ t (2.28)

2.3.3 Financial Formulation

In the presented approach, the cash management associated with the supply chain
operation is analyzed by extending the mathematical formulation developed by
Guillén-Gosálbez et al. (2006a). Such formulation is connected to the process opera-
tions variables by the equations presented in Sect. 2.3.2. As a result of the application
of this integrated model, optimal supply chain design and financial decisions can be
computed simultaneously. Therefore, payments to providers, short and long term
borrowing, pledging decisions and the buying/selling of securities are planned in
conjunction with manufacturing and distribution tasks. The financial side of the
problem is then tackled through the inclusion of a set of constraints that accommo-
date the aforementioned economical issues. Such constraints are described below in
detail.

2.3.3.1 Cash Management Model

The financial variables and constraints of the model should be determined according
to specific applicable rules (e.g., depreciation), legislation (e.g., taxes), etc. This may
lead to different formulations depending on the case being analyzed. To overcome
this issue, a set of general equations which intend to reflect a general case have been
developed. Nevertheless, the mathematical formulation can easily be extended to
other particular cases.

The financial model considers the same t planning periods applied in the strategic
supply chain formulation that cover the whole time horizon. This assumption allows
an easy integration of both sets of constraints into a single holistic model.

The cash balance for each planning period is the following:

Casht = Casht−1 + ECasht + NetCLine
t −

∑

e

t∑

t′=1

Payet′t − FCostt + NetMS
t

− FAssett + Capitalt + NetLDebt
t + Othert ∀ t (2.29)

The cash at each period t (Casht) is a function of the available cash at period
t − 1 (Casht−1), the exogenous cash from sales of products or, in general, from
any other cash inflow (ECasht), the amount borrowed or repaid to the short-term
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credit line (NetCLine
t ), the raw materials, production and distribution service pay-

ments on accounts payable incurred in any previous or actual period t (Payett′ ), the
fixed cost (FCostt), the sales and purchases of marketable securities (NetMS

t ), the
amount invested on facilities (FAssett), the capital supported by the shareholders of
the company (Capitalt), the amount borrowed or repaid to the long-term credit line
(NetLDebt

t ) and finally other expected cash outflows or inflows (Othert).

Pledging and Receivables

A certain proportion of accounts receivable may be pledged at the beginning of
a period. Pledging is the transfer of a receivable from the previous creditor (i.e.,
assigner) to a new creditor (i.e., assignee). Therefore, when a firm pledges its future
receivables, it receives in the same period only a part, normally 80%, of their face
value. Thus, it can be assumed that a certain proportion of the receivables outstanding
at the beginning of a period is received during that period through pledge, as stated
by Eq. (2.30).

t′∑

t′′=t−d̃max
M

Pledtt′′ ≤
t′∑

t′′=t−d̃max
M

ASalest′′t ∀ t,∀ t − d̃max
M

≤ t′′ ≤ t (2.30)

In this equation the variable Pledtt′ represents the amount pledged within period t′
on accounts receivable maturing in period t, while ASalest′t represents the accounts
receivable associated with the sales of products executed in period t′ and maturing
in t. Here, the parameter d̃max

M
denotes the maximummaturing period at the markets.

d̃max
M

= max
m

{
d̃m

}
(2.31)

Note that pledging represents a very expensive way of getting cash that will only
be used when no more credit can be obtained from the bank.

Finally, the exogenous cash is computed by means of Eq. (2.32) as the difference
between the amount of sales maturing in period t and executed in previous periods t′
(ASalest′t) minus the amount of receivables pledged in previous periods on accounts
receivable maturing in period t, plus the amount pledged in the actual period on
accounts receivable maturing in future periods. In this expression, φt′t represents the
face value of the receivables being pledged.

ECasht =
t∑

t′=t−d̃max
M

ASalest′t −
t−1∑

t′=t−d̃max
M

Pledtt′ +
t+d̃max

M∑

t′=t+1

φt′tPledt′t ∀ t (2.32)
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Payment to Suppliers

With regard to account payable, which are due to the consumption of raw materi-
als, production and distribution services, note that the formulation assumes that the
financial officer, at his/her option, may stretch or delay payments on such accounts.
Discounts for prompt payment can be obtained if purchases are paid in short time
and cannot be taken if the payments are stretched. Thus, Eq. (2.33) forces the pay-
ments executed in period t′ on accounts payable to supplier e incurred in period t to
equal the total amount due. In this expression, technical coefficients (Coef ett′ ) that

multiply the payments executed in periods t
′
on accounts payable incurred in t, are

introduced in the formulation in order to take into account the terms of rawmaterials,
production and transport credits (i.e., 2 percent-one week, net-28 days).

t+d̂e∑

t′=t

Payett′Coefett′ = EPurchet ∀ e, t ≤ T − d̂e (2.33)

The payment constraints belonging to the last periods of time are formulated as
inequalities (Eq. (2.34)), as it is not reasonable to require that total accounts payable
to be zero at the end of the planning period.

t+d̂e∑

t′=t

Payett′Coefett′ ≤ EPurchet ∀ e, t > T − d̂e (2.34)

Short Term Financing

A short-term financing source is represented by an open credit line with a maximum
limit imposed by the bank (Eq. (2.35)). Under an agreement with the bank, loans
can be obtained at the beginning of any period and are due after one year at a given
interest rate (irSD

t ), which depends on the specific agreement reached with bank.
Equations (2.36) and (2.37) make a balance on borrowings, considering for each
period the updated debt (CLinet−1) from the previous periods, the balance between
borrows and repayments (NetCLine

t ) and the interest of the credit line (irSD
t CLinet−1).

Moreover, the bank regularly requires a repayment greater than or equal to the inter-
ests accumulated in previous periods, as it is stated by Eq. (2.38).

CLinet ≤ CLinemax ∀ t (2.35)

CLinet = CLinet−1(1 + irSD
t ) + Borrowt − Repayt ∀ t (2.36)

NetCLine
t = Borrowt − Repayt ∀ t (2.37)

Repayt ≥ irSD
t CLinet−1 ∀ t (2.38)
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Long-Term Financing

Equation (2.39) balances the investment with the capital supported by shareholders
(Capitalt) and the amount borrowed to banks as long term debt (LBorrowt) at each
time period t.

FAssett = LBorrowt + Capitalt ∀ t (2.39)

Equations (2.40)–(2.42) reflect the payment conditions associated with the long-
term debt. Note that these constraints are similar to those associated with the short-
term credit line, as in practice both types of debts can be treated in a similar way.
Nevertheless, in the case of long term debt, the amount repaid in each time period
LRepayt usually remains unchanged along the planning horizon.

LDebtt = LDebtt−1(1 + irLD
t ) + LBorrowt − LRepayt ∀ t (2.40)

NetLDebt
t = LBorrowt − LRepayt ∀ t (2.41)

LRepayt ≥ irLD
t LDebtt−1 ∀ t (2.42)

Marketable Securities

Equation (2.43) makes a balance for marketable securities. The portfolio of mar-
ketable securities held by the firm at the beginning of the first period includes several
sets of securities with known face values maturing within the time horizon (SMS

t ).
All marketable securities can be sold prior to maturity at a discount or loss for the
firm, as stated by Eq. (2.43). Revenues and costs associated with the transactions in
marketable securities are given by technical coefficients (DMS

tt′ and EMS
tt′ ). YMS

t′t is the
cash invested at period t on securities maturing at period t′. ZMS

t′t is the cash income
obtained through the security sold at period t maturing at period t′.

NetMS
t = SMS

t −
T∑

t′=t+1

YMS
t′t +

T∑

t′=t+1

ZMS
t′t +

t−1∑

t′=1

(
1 + DMS

tt′
)

YMS
tt′

−
t−1∑

t′=1

(
1 + EMS

tt′
)

ZMS
tt′ ∀ t (2.43)

Equation (2.44) is applied to constraint in each period t the total amount of mar-
ketable securities sold prior to maturity to be lower than the available amount (i.e.,
those belonging to the initial portfolio and the ones purchased in previous periods
minus those sold before period t).
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t′∑

t′′=1

ZMS
tt′′

(
1 + EMS

tt′′
)

≤ SMS
t +

t′−1∑

t′′=1

(
1 + DMS

tt′′
)

YMS
tt′′ ∀ t, t′ < t (2.44)

Liquidity

Equation (2.45) limits the cash in each period (Casht) to be larger than a minimum
value (MinCash). Aminimumcash is usually required to handle uncertain events, like
delays in customer payments, thus ensuring enterprise liquidity. The bank requires
a compensating balance, normally higher than the 20% of the amount borrowed.
Therefore, the minimum cash (MinCash) has to be higher than the compensating
balance imposed by the bank.

Casht ≥ MinCash ∀ t (2.45)

2.3.4 Objective Function: Using a Valuation Method

While the more common objectives used are maximum profit and minimum cost,
the finance community has been making financial business decisions for years by
taking into account other indicators such as market to book value, liquidity ratios,
leverage, capital structure ratios, return on equity, sales margin, turnover ratios and
stock security ratios, among others.

Nevertheless, nowadays themaximization of the shareholder’s value (SHV) seems
to be the main priority of the firms and what really drives their decisions. The use
of SHV as the objective to be maximized is mainly motivated by the fact that it
reflects in a rather accurate way the capacity that the company has to create value.
The SHV of the firm can bee indeed improved by maximizing its CV. According to
Weissenrieder (1998), the market value of a company is a function of four factors: (i)
investment, (ii) cash flows, (iii) economic life, and (iv) capital cost. Specifically, this
model applies the discounted-free-cash-flow method (DFCF) to compute the CV of
a company.

2.3.4.1 The Discounted-Free-Cash-Flow Method (DFCF)

This method has recently become the most preferred approach for the valuation
of companies given its capacity of properly assessing the four main factors that
contribute to create the market value of a firm. In fact, the DFCF method is well
entrenched in finance theory, and its use is gaining wider acceptance in industrial
scenarios. The DFCF method values a project or an entire company by determining
the present value of its future cash flows and discounting them taking into account the
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appropriate capital cost during the time horizon for which it is defined (i.e., economic
life) Grant (2003).

According to financial theory, the enterprise market value of a firm is given by the
difference between the discounted stream of future cash flows during the planning
horizon and the net total debt at the beginning of its life time (NetDebt0), as it is
stated by constraint (2.46). The initial total debt includes both, the short and the
long-term debt and also the available cash (Eq. (2.47)).

CV = DFCF − NetDebt0 (2.46)

NetDebt0 = CLine0 + LDebt0 − Cash0 (2.47)

In the calculation of the DFCF, one must discount the free cash flows of each
period t and the salvage value (SV ) at a rate equivalent to the capital cost (see
Eq. (2.48)). The salvage value could be calculated as a percentage of the total invest-
ment or by any other applicable method. The capital cost reflects the time value
of the money and also the risk of the investment. In fact, the capital cost can be
regarded as the expected return required to attract funds to a particular investment
(Pratt 2002).

DFCF =
T∑

t=0

FCFt

(1 + WACCt)
t + SV

(1 + WACCt)
T (2.48)

The Weighted Average Capital Cost (WACC)

The capital cost can be determined through the weighted average method. This
method considers the total capital structure of the company, including the overall
equity and the debt, as it is shown in Eq. (2.49). In this expression, λt denotes the
proportion of equity over the total capital investment.

WACCt = λtE(ROE) + irt(1 − λt)(1 − trate) ∀ t (2.49)

To compute the expected return on equity, which is denoted byE(ROE), Eq. (2.50)
is applied. In this expression, E(ROE) is computed as the sum of a risk free rate
r0 and a risk premium (ϕRe). The former term represents the rate of return of an
investment free of default risk available in the market and is usually equal to the
yield tomaturity offered by a government security. The latter, represents the expected
amount of return above the risk-free rate in exchange for a given amount of variance
(Pratt 2002, Applequist et al. 2000). One of the most commonly employed methods
to estimate the risk premium is the Capital Asset Pricing Model (CAPM). For more
details regarding this topic the reader is referred to Sharpe (1999).

E(ROE) = r0 + ϕRe (2.50)
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Free Cash Flows

Free cash flows at every period t (FCFt) are given by the profit after taxes, net
change in investments and change in net working capital. Specifically, the free cash
flows are the difference between the net operating profit after taxes (NOPAT) and the
increase in capital invested. From this definition it follows that there will be value
creation if the incoming value (Profitt (1 − trate)) is greater than the consumed value
(�NWCt + NetInvestt) as shown in Eq. (2.51).

FCFt = Profitt (1 − trate) − NetInvestt − �NWCt ∀ t (2.51)

Net Operating Profit

Equation (2.52) is applied to compute the profit at each period t from the incomes
associated with the sales of final products (ESalest), the production costs, the cost of
the distribution services (EPurchet), fixed costs (FCostt) and the change in inventory
(�Invt).

Profitt = ESalest −
(

∑

e

EPurchet + FCostt − �Invt

)
∀ t (2.52)

Net Investment

The net investment at each period t represents the monetary value of the fixed assets
acquired in that periodminus the depreciation. Asmentioned before, the depreciation
term should be computed according to the specific applicable rules (e.g., Straight
Line, Sum-of-years Digits, Declining Balance)

NetInvestt = FAssett − Dept ∀ t (2.53)

Net Working Capital

The change in net working capital associated with period t (NWCt) is computed from
the change in accounts receivable, plus the change in inventory, minus the change in
accounts payable, plus any other financial expenses or incomes (FExt), as stated by
Eq. (2.54).

�NWCt = (
�ARect + �Invt − �APayt + FExt

) ∀ t (2.54)

Equation (2.55) computes the accounts receivables corresponding to period t from the
sales executed in the actual or any earlier period and maturing in periods beyond the
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current minus the receivables pledged in previous periods, including those associated
with the current period. Equation (2.56) determines the change in accounts receivable
at time period t.

ARect =
t∑

t′=t−d̃max
M

+1

t′+d̃max
M∑

t′′=t+1

ASalest′t′′ −
t+d̃max

M∑

t′=t+1

t∑

t′′=t′−d̃max
M

Pledt′t′′ ∀ t (2.55)

�ARect = ARect − ARect−1 ∀ t (2.56)

Equation (2.57) expresses changes in inventory including raw material stocks in
manufacturing sites, as well as final product stocks in distribution centers and
manufacturing sites. IuRM

rt and IuFP
it represent the inventory values for each raw

material r and product i at each planning period t, respectively.

�Invt =
∑

i

IuFP
it

[
∑

s

(SOist − SOist−1) +
∑

w

(SWiwt − SWiwt−1)

]

+
∑

r

∑

s

IuRM
rt (SIrst − SIrst−1) ∀ t (2.57)

The accounts payable (APayt) are determined as the difference between all the
purchases executed in previous periods (EPurchet′ ) minus all payments done until
the current period (Payet′′t′ ), as stated in Eq. (2.58). This constraint takes also into
account the discounts for prompt payments (Coefett′ ). The change in accounts payable
at time period t is thus represented by constraint (2.59).

APayt =
∑

e

t∑

t′=1

EPurchet′ −
∑

e

t∑

t′′=1

t∑

t′=t′′
Coefett′Payet′′t′ ∀ t (2.58)

�APayt = APayt − APayt−1 ∀ t (2.59)

Finally, Eq. (2.60) computes other financial expenses and incomes (FExt) asso-
ciated with the supply chain operation at every time period t. This term includes
pledging costs ((1 − φt′t)Pledt′t), discounts for prompt payments to suppliers(
Payet′t

(
Coefet′t − 1

))
and also the earnings (DMS

tt′ YMS
tt′ ) and expenses (EMS

tt′ ZMS
tt′ )

associated with the transactions of marketable securities.

FExt =
t+d̃max

M∑

t′=t+1

(1 − φt′t)Pledt′t −
∑

e

t∑

t′=1

Payet′t (Coefet′t − 1)

+
∑

t′
EMS

tt′ ZMS
tt′ −

∑

t′
DMS

tt′ YMS
tt′ ∀ t (2.60)
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The overall problem can therefore be mathematically posed as follows:

Maximize
X ,Y

CV

subject to
Eqs. (2.1)−(2.60)
X ∈ {0, 1};Y ∈ R

Here, X denotes the model binary variables set, while Y represents the model
continuous variable set.

2.4 Motivating Example

The capabilities of the proposed integrated approach are illustrated by solving a
retrofitting problem of a supply chain comprising several manufacturing sites, distri-
bution centers, andmarkets located in different European countries. A set of potential
technologies are assumed to be available in the manufacturing sites. Furthermore,
several potential locations for the manufacturing sites and the distribution centers,
from which the products should be transported to the final markets, are also con-
sidered, as is depicted in Fig. 2.5. The potential locations for the plants embedded

S1

S3
S2

W1

W2

W4

W3

Manufacturing sites

Distribution centres

Markets

Fig. 2.5 Supply chain structure of case study
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in the SC (S1, S2 and S3) are Barcelona (B), Budapest(Bu), and Milan (Mi). These
plants can manufacture three different products (P1, P2 and P3) with four different
technologies (TA to TD). These final products must be transported to the distribution
centers prior to being sent to the final markets (M1 to M5), where they become avail-
able to customers. It is assumed an existing installed capacity of TA in S1 and S3 of
10 × 103 c.u. and 50 × 103 c.u., respectively. The investment cost associated with
the establishment of a manufacturing site is equal to 8.8 × 106 m.u. The potential
locations for the distribution centers (W1 to W4) are B, Bu, Manchester (M) and
Lisbon (Li), whereas for the final markets are B, Bu, London (L), Li, and Toulouse
(T). It is also assumed that at time zero W1 has an installed capacity of 4× 103 m3.
The investment needed to open a distribution center is equal to 2.5 × 106 m.u.

The initial inventories are supposed to be equal to zero for all products and raw
materials. The upper bound imposed to the capacity increment of technologies at
each manufacturing site is equal to 0.5 × 106 c.u. and the lower bound is 50 × 103

c.u. The lower and upper bounds imposed to the capacity expansion of distribution
centers are 2×103 and 30×103 m3, respectively. The capacities of the facilities can
only be increased every two years. The salvage value is considered negligible at the
end of the planning horizon. The availability of utilities is assumed to be unlimited.

With regard to financial matters, it is assumed that the firm has at the beginning
of the planning horizon an initial portfolio of marketable securities. Specifically, the
firm owns 15× 103 m.u. in marketable securities maturing in period 2 and 18× 103

m.u. maturing in period 3. The initial cash is assumed to be equal to the minimum
allowed cash, which is 125×103 m.u. Under an agreement with a bank, the firm has
an open line of short-term credit at a 15% annual interest with a maximum allowed
debt of 4 × 106 m.u. The initial debt is assumed to be equal to zero and the value
of the materials kept as inventories at the end of the time horizon are assumed to
be a 85% of their market prices for final products and 100% of their cost for raw
materials.

The supply chain under study has three external suppliers, the first one provides
raw materials, the second one transportation services and the third one labour. Lia-
bilities incurred with the raw materials supplier must be repaid within one month
according to the terms of the credit (2 percent-same period, net-28 days for the raw
materials supplier). The supplier of raw materials offers discounts for large orders.
A 3% discount is applied for orders of raw material R1 greater than 45×103 kg, and
a 5% for orders above 80 × 103 kg. The payments associated with the distribution
services and labor tasks cannot be stretched and must be fulfilled within the same
time period in which the purchase incidence takes place. The technical coefficients
associated with the set of marketable securities that the firm has agreed to purchase
and sale have been computed by considering a 2.8% annual interest for purchases
and a 3.5% for sales. It is considered outflows of cash equal to 5.0, 7.5 and 10.0
millions m.u. in the periods 13, 15 and 17 due to wages, rents, and dividends. It is
also assumed that the ratio between the long-term debt and the equity must always
be kept equal to 0.41. With regard to the long-term debt, it should be noticed that
the firm can access a long term credit at a 10% annual interest. Shareholders expect
an annual ROE of 30%. The taxes rate is 30%. Depreciation is calculated by means
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of the straight line method applied over a time horizon of ten years. The rest of this
case study data is found in Appendix B.

Sixty-one monthly planning periods are considered. The implementation in
GAMS Brooke et al. (1998) of the integrated formulation leads to a MILP model
with 40,306 equations, 46,916 continuous variables, and 252 discrete variables. It
takes 185 CPU seconds to reach a solution with a 0% integrality gap on a AMD
Athlon 3000 computer using the solver CPLEX (version 10.0) for the MIP problem.
The integratedmodel is firstly solved bymaximizing the CV of the firm. To explicitly
show the trade-off between the CV and the standard KPIs that neglect financial con-
siderations (i.e., NPV and profit) a two-objective optimization is applied is applied
(see Appendix A.5), taking into account in each case the above commented objec-
tives, CV and NPV and CV and profit, respectively, at the same time. The objective
of this analysis is to further explore the compromises between an integrated holistic
solution and a sequential one. The NPV and the profit are computed by applying
Eqs. (2.62) and (2.63), respectively.

FFt = (
Profitt − FAssett

)
(2.61)

TProfit =
∑

t

FFt (2.62)

NPV =
T∑

t=1

FFt

(1 + RR)t
(2.63)

The optimal network configurations are summarized in Tables2.2, 2.3 and 2.4.
The Pareto curves obtained by applying the ε-constraintmethod are shown in Fig. 2.6.
Numerical results show that the solutions computed by maximizing profit or NPV as
single objectives are far away from the optimal solution using the corporate value as
objective. The maximum CV solution is almost 300% higher than the one computed
bymaximizing profit and 267% higher than the one accomplished whenmaximizing
NPV. On the other hand, the maximum profit and NPV solutions are quite similar.
Moreover, from these results, it is clear that in both cases a conflict exists between the
different objectives (i.e., maximum corporate value and maximum profit or NPV).
Numerical results show that an improvement in profit or NPV is only possible if the
decision-maker is willing to compromise the firm’s CV. Certainly, SC configurations
with better profits or NPVs can only be achieved at the expense of a reduction in the
firm’s CV.

It is worth to mention that this case study represents a very specific situation
where there is one market (M2) in which the product prices are slightly higher in
comparison with the others (1.87%). At such market, accounts receivable are due
within a large time period. Under this assumption, the design-planning model that
accounts for the maximization of a biased KPI (either profit or NPV) that neglects
the financial side of the problem decides to configure a supply chain network capable
of easily fulfilling the Demand of market M2 as much as possible (see Fig. 2.7).The
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Table 2.2 Maximum profit network design

Total profit 121,653,714.87 m.u.

Net present value (NPV) 47,476,865.35 m.u.

Corporate value (CV) 36,392,463.16 m.u.

Time period (t)

0 1 24 48

Manufacturing sites

s j Capacity increment (c.u.)

S1 TA 10,000.0 0.0 0.0 0.0

TB 0.0 0.0 0.0 0.0

TC 0.0 0.0 0.0 0.0

TD 0.0 0.0 0.0 0.0

S2 TA 0.0 500,000.0 0.0 0.0

TB 0.0 407,796.6 0.0 0.0

TC 0.0 500,000.0 0.0 0.0

TD 0.0 500,000.0 0.0 0.0

S3 TA 50,000.0 0.0 0.0 0.0

TB 0.0 0.0 0.0 0.0

TC 0.0 496,610.2 0.0 0.0

TD 0.0 478,813.6 0.0 0.0

Distribution centres

w Capacity increment (m3)

W1 4,000.0 0.0 0.0 0.0

W2 0.0 2,000.0 0.0 0.0

W3 0.0 0.0 0.0 0.0

W4 0.0 0.0 0.0 0.0

profit and the NPV are indeed blind KPIs in the sense that they are not capable of
properly assessing the financial cost associated with net working capital. As a result,
accounts receivables increase in certain periods of time in which the firm has to face
important payments. The cash management model is then forced to pledge them,
mainly during month 18–36 (quarters 6–12). Pledging is indeed a very expensive
way of getting cash and because of that the firm reduces its capacity of creating
value when applying it.

On the other hand, the integrated approach that accounts for the maximization
of a suitable financial objective function (i.e., corporate value) is able to properly
assess the trade off between the increment in profit that can be achieved by fulfilling
Demand at market M2 and the increment in net working capital that is required to
carry out this decision. Hence, the integrated approach computes a configuration
that does not fulfill the Demand in M2 due to the poor payment conditions asso-
ciated with its customers. Consequently, the net working capital needed is reduced



60 2 Financial Issues in the Design of Supply Chains

Table 2.3 Maximum net present value network design

Total profit 121,464,749.10 m.u.

Net present value (NPV) 47,623,655.11 m.u.

Corporate value (CV) 39,557,152.26 m.u.

Time period (t)

0 1 24 48

Manufacturing sites

s j Capacity increment (c.u.)

S1 TA 10,000.0 0.0 0.0 0.0

TB 0.0 0.0 0.0 0.0

TC 0.0 0.0 0.0 0.0

TD 0.0 0.0 0.0 0.0

S2 TA 0.0 500,000.0 0.0 0.0

TB 0.0 0.0 0.0 0.0

TC 0.0 500,000.0 0.0 0.0

TD 0.0 500,000.0 0.0 0.0

S3 TA 50,000.0 329,830.5 0.0 0.0

TB 0.0 0.0 0.0 0.0

TC 0.0 496,610.2 0.0 0.0

TD 0.0 478,813.6 0.0 0.0

Distribution centres

w Capacity increment (m3)

W1 4,000.0 0.0 0.0 0.0

W2 0.0 2,000.0 0.0 0.0

W3 0.0 0.0 0.0 0.0

W4 0.0 0.0 0.0 0.0

significantly thus increasing the value accumulated during the whole planning hori-
zon. This can be seen in Tables2.5, 2.6 and 2.7, which depict the behavior of the
corporate value and the structure of the consumed value during the planning horizon
for each optimum SC network configuration. For the purpose of facilitating their
interpretation, the planning periods (months) have been aggregated into quarters in
these tables. In Fig. 2.8, financial Gantt charts for each optimal SC configuration
are shown. They describe how the cash is composed and utilized during the first 25
planning periods.

To Demonstrate the advantages of using CV and its robustness to assess strate-
gic decisions under different scenarios, the previous case study has been modified
and solved. Two modifications have been done: (i) prices payed by market M2 are
equal to those of the other markets and (ii) the due time of account receivables in
market M2 has the same conditions as that offered by market M4. The optimal SC
network configurations obtained are quite similar to those resulting in the previous



2.4 Motivating Example 61

Table 2.4 Maximum corporate value network design

Total profit 105,955,397.81 m.u.

Net present value (NPV) 42,068,183.09 m.u.

Corporate value (CV) 145,023,155.58 m.u.

Time period (t)

0 1 24 48

Manufacturing sites

s j Capacity increment (c.u.)

S1 TA 10,000.0 500,000.0 0.0 0.0

TB 0.0 395,796.6 0.0 0.0

TC 0.0 500,000.0 0.0 0.0

TD 0.0 500,000.0 0.0 0.0

S2 TA 0.0 0.0 0.0 0.0

TB 0.0 0.0 0.0 0.0

TC 0.0 0.0 0.0 0.0

TD 0.0 0.0 0.0 0.0

S3 TA 50,000.0 0.0 0.0 0.0

TB 0.0 0.0 0.0 0.0

TC 0.0 496,610.2 0.0 0.0

TD 0.0 478,813.6 0.0 0.0

Distribution centres

w Capacity increment (m3)

W1 4,000.0 0.0 0.0 0.0

W2 0.0 2,000.0 0.0 0.0

W3 0.0 0.0 0.0 0.0

W4 0.0 0.0 0.0 0.0

case study. In Table2.8, the values of each KPI are shown for each optimal configu-
ration. Even for this second case, it can be observed that the maximum CV solution
is 62% better than the one computed by maximizing profit and 32% superior than
the one suggested when maximizing NPV. It is clear from these two examples that
the integrated model introduced in this chapter has a great potential when address-
ing the challenge of designing a SC capable to preserve and improve the firms’
value.

2.5 Final Considerations

This chapter has addressed the design and retrofit of supply chains taking into account
financial concerns. The proposed framework applies mixed integer modeling tech-
niques to develop holistic mathematical models that are able to optimize the strategic
operations decisions in conjunction with those of finances.
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Fig. 2.6 Corporate
value–profit Pareto curve.
a Corporate value versus
profit. b Corporate value
versus NPV. c NPV versus
profit

1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22
x 10

8

4

6

8

10

12

14

x 10
7

Profit (m.u.)

C
or

po
ra

te
 v

al
ue

 (
m

.u
.)

4.2 4.3 4.4 4.5 4.6 4.7 4.8
x 10

7

4

6

8

10

12

14

x 10
7

Net present value (m.u.)

C
or

po
ra

te
 v

al
ue

1.215 1.2155 1.216 1.2165
x 10

8

4.746

4.748

4.75

4.752

4.754

4.756

4.758

4.76

4.762

4.764
x 10

7

Profit (m.u)

N
et

 p
re

se
nt

 v
al

ue
 (

m
.u

)

(a)

(b)

(c)



2.5 Final Considerations 63

Fig. 2.7 Sales carried out in
each market for each optimal
SC network configuration
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Themain advantages of this approach have been highlighted through a case study,
in which the integrated model has been compared with the traditional method. The
proposed approach pursues the maximization of a suitable financial key performance
indicator that is able to properly assess the expenses associated with the shortages of
cash and the penalty associatedwith changes in networking capital (i.e., the corporate
value of the firm at the end of the time horizon). Instead, the conventional strategy
accounts for the maximization of a biased key performance indicator that is unable
to assess the costs of financing fixed and variable assets. Numerical results show that
the integrated solution not only ensures the feasibility of the strategic decisions from
the financial viewpoint but also leads to a superior economic performance given its
higher capacity of creating value for the firm.

The framework suggested in this book is thus in consonance with the new trends
in PSE, which are going toward an enterprise wide optimization framework that aims
to integrate all the functional decisions into a global model that should optimize an
overall key performance measure. Here, it is proposed the corporate value measured
through the discounted free cash flow method as a suitable first approach to this
posed requirement.

It is worth emphasizing that it is not enough to have a static planning model
reviewed only in certain periods. It will be necessary to maintain continuously
updated an enterprise modeling system. This modeling system must include the
financial management of capital investments at the strategic level. The bottom level
must incorporate a realistic cash flow management including net working capital
analysis and also short term budget. The maximum corporate value as target and the
holistic model itself constitute a significant advancement in creating this ongoing
planning system. To the best of our knowledge, a system based on an integrated
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Planning periods (months) Total
(m.u)0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Incoming cash
due to sales

+90703303.6

Pledging +24592440.5

Short  term
credit borrow

+7116796.5

Short term
credit repayment

-4182484.4

Payment
to suppliers

-87635519.2

Fixed cost -5356067.8

MS sales +32942.9

MS investment 0.0

Investment on
fixed asset

-30351256.2

Shareholders
support

+12416341.5

Long term
credit borrow

+17934914.7

Long term
credit repayment

-2646412.1

Dividends -22500000.0

Planning periods (months) Total
(m.u)0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Incoming cash
due to sales

+92208582.9

Pledging +23320118.4

Short  term
credit borrow

+7353315.5

Short term
credit repayment

-4416389.5

Payment
to suppliers

-88085487.2

Fixed cost -5186949.1

MS sales +32942.9

MS investment 0.0

Investment on
fixed asset

-29831967.7

Shareholders
support

+12203906.7

Long term
credit borrow

+17628061.0

Long term
credit repayment

-2601133.9

Dividends -22500000.0

Planning periods (months) Total
(m.u)0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Incoming cash
due to sales +131934519.7

Pledging
+1244752.3

Short  term
credit borrow -4000000.0

Short term
credit repayment -4153383.2

Payment
to suppliers -90700937.6

Fixed cost
-5465267.8

MS sales
+32942.9

MS investment
-134228070.6

Investment on
fixed asset -30344381.2

Shareholders
support +12413529.0

Long term
credit borrow +17930852.2

Long term
credit repayment -2645812.7

Dividends
-22500000.0

(a)

(b)

(c)

Fig. 2.8 Financial Gantt charts. a Optimal profit. b Optimal NPV. c Optimal CV
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Table 2.8 KPI values of optimal SC network configurations for second case study (m.u.)

Network configuration KPI

Total profit NPV CV

Optimal total profit 116,597,744.59 45,374,556.23 89,386,052.53

Optimal NPV 116,377,423.52 45,516,838.30 110,018,635.40

Optimal CV 105,955,397.81 42,068,183.09 145,023,155.58

model that takes into account a detailed financial analysis had not been implemented
so far. Next chapters will discuss additional extensions of the concept of integration
to the benefit of supply chain management.

2.6 Notation

Indices

e Suppliers
d Discount interval
i Products
j Plant equipment
m Markets
r Raw materials
s Manufacturing sites
t Planning periods
w Distribution centers

Sets

Der Discounts intervals for each rawmaterial r forwhich supplier e offers quantity
discount

DRe Raw materials for which supplier e offers quantity discounts
Er Set of suppliers e that provide raw material r
Ij Products that can be processed in plant equipment j
Ir Products that consumed raw material r
Ji Equipment that can process product i
Re Set of raw materials provided by supplier e
τ Planning periods in which investments on facilities are allowed
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Parameters

Aert Maximum availability of raw material r in period t associated with
supplier e

CLinemax Upper bound of short term credit line
Coefett′ Technical discount coefficient for payments to external supplier e exe-

cuted in period t′ on accounts incurred in period t
d̂e Maximum delay on payments of supplier e
d̃m Maximum delay in receivables at market m
d̃max

M
Maximum delay in receivables at all markets

DMS
tt′ Technical coefficient for investments in marketable securities

DFerd Discount factor associated with discount interval d for raw material r
offered by external supplier e

Demimt DemDemand of product i at market m in period t
discerd Discount offered by supplier e for raw material r at interval d
EMS

tt′ Technical coefficient for sales of marketable securities
E(ROE) Expected return on equity
FCFSjst Fixed cost per unit of capacity of plant equipment j at site s in period t
FCFWwt Fixed cost per unit of capacity of distribution center w in period t
gert Cost of raw material r provided by supplier e in period t
irLD

t Interest rate of long term debt
irSD

t Interest rate of short term debt
IS
st Investment required to open site s in period t

IW
wt Investment required to open distribution center w in period t

IuRM
rt Value of inventory of raw material r in period t

IuFP
it Value of inventory of product i in period t

MinCash Lower bound of cash
MinCSL Lower bound of customer service level
Othert Other expected outflows or inflows of cash in period t
NetDebt0 Net total debt at initial period
Priceimt Price of product i at market m in period t
PriceFS

jst Investment required per unit of capacity of equipment j increased at site
s in period t

PriceFW
wt Investment requiredper unit of capacity of distribution centerw increased

in period t
rf Risk free rate of return
rp Risk premium rate
RR Return rate
SMS

t Marketable securities of the initial portfolio maturing in period t
trate Tax rate
T Length of planning horizon
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Binary Variables

Fertd 1 if the amount of raw material r purchased from supplier e in period t is
within discount interval d, 0 otherwise

SBst 1 if site s is opened in period t, 0 otherwise
Vjst 1 if the capacity of equipment j is increased at site s in period t, 0 otherwise
WBwt 1 if distribution center w is opened in period t, 0 otherwise
Xwt 1 if the capacity of distribution center w is increased in period t, 0 otherwise

Continuous Variables

APayt Amount of accounts payable in period t
ARect Amount of accounts receivable in period t
ASalestt′ Sales executed in period t and receivable in period t′
Borrowt Total amount borrowed from the short term credit line in period t
Capitalt Capital supported by shareholders in period t
Casht Cash in period t
CLinet Short-term debt in period t
CSL Customer service level calculated at the end of the planning horizon
CV Corporate value at the end of the planning horizon
Dept Depreciation in period t
DFCF Sum of discounted free cash flows at the end of the planning horizon
ECasht Exogenous cash in period t
EPurchet Economic value of purchases executed in period t to supplier e
ESalest Economic value of sales carried out in period t
FAssett Increment in fixed assets in period t
FCFt Free cash flows in period t
FCostt Fixed cost in period t
FExt Other financial expenses and incomes in period t
FFt Funds flow in period t
FSjst Total capacity of plant equipment j during period t at site s
FSEjst Capacity increment of plant equipment j during period t at site s
FWjst Total capacity at distribution center w during period t
FWEjst Capacity increment at distribution center w during period t
LBorrowt Total amount of money borrowed from the long-term credit line in

period t
LDebtt Long term debt in period t
LRepayt Total amount repaid to the long-term credit line in period t
NetCLine

t Total amount of money borrowed or repaid to the short term credit line
in period t

NetLDebt
t Total amount of money borrowed or repaid to the long-term credit line

in period t
NetMS

t Total amount received or paid in securities transactions in period t
NetInvestt Net investment in period t
NPV Net present value computed for whole planning horizon
Pijst Production rate of product i in equipment j at site s in period t
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Paytt′ Payments to external supplier e executed in period t′ on accounts payable
incurred in period t

Pledtt′ Amount pledged within period t’ on accounts receivable maturing in
period t

Profitt Profit achieved in period t
Purchrm

et Amount of money payable to supplier e in period t associated with
consumption of raw materials

Purchtr
et Amount of money payable to supplier e in period t associated with

consumption of transport services
Purchpr

et Amount of money payable to supplier e in period t associated with
consumption of production utilities

Purcherst Amount of raw material r purchased to supplier e at site s in period t
Purchrm

et Amount of raw material r purchased in period t
qerdt Amount of material r within discount interval d purchased to supplier

e in period t
Qiwst Amount of product i sent from site s to distribution center w in period t
Repayt Total amount repaid to the short-term credit line in period t
Salesiwmt Amount of product i sold from distribution center w in market m in

period t
SIrst Amount of stock of raw material r at site s in period t
SOist Amount of stock of product i at site s in period t
SV Salvage value of facilities at the end of planning horizon
SWiwt Amount of stock of product i at distribution center w in period t
TProfit Total profit achieved at end of planning horizon
WACCt Weighted average cost of capital in period t
YMS

tt′ Cash invested in period t′ in marketable securities maturing in period t
ZMS

tt′ Security sold in period t′ maturing in period t
�APayt Change in amount of accounts payable in period t
�ARect Change in amount of accounts receivable in period t
�Invt Change in inventory value in period t
�NWCt Change in net working capital in period t

Greek Symbols

αrij Fixed coefficient for consumption of raw material r by product i
βsj Minimum utilization of plant equipment j capacity allowed at site s
γw Minimum utilization of distribution center w capacity allowed
δmtt′ Fraction of sales carried out in period t that are receivable in period t′ in

market m
θij Capacity utilization of plant equipment j by product i
λt Proportion of equity over total capital investment in period t
ρtr1

eiws Unitary transport costs of product i from plant s to warehouse w payable to
external supplier e

ρtr2
eiwm Unitary transport costs of product i from warehouse w to market m
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τ ut1
ijse Cost associated with product i manufactured with equipment j in site s and

payable to external supplier e
τ ut2

rse Cost associated with handling the inventory of raw material r in site s and
payable to external supplier e

τ ut3
ise Cost associated with handling the inventory of final product i in site s and

payable to external supplier e
τ ut3

iwe Cost associated with handling the inventory of final product i in warehouse
w and payable to external supplier e

υi Specific volume of product i
φtt′ Face value of accounts maturing in period t pledged in period t′
ψert Price of raw material r offered by external supplier e in time period t

Superscripts

L Lower bound
U Upper bound
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