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Abstract: Supply chain finance has been gaining attention in theory and practice. A company’s
financial position affects its performance and survivability in dynamic and volatile markets. Those that
have weak financial performance are vulnerable when operating in environments that are uncertain
and financially unstable. Companies adopt various solutions and techniques to manage, effectively
and efficiently, the flow of money to and from its suppliers and buyers. Reverse factoring is
an innovative technique in supply chain financing. This paper develops a joint economic lot size
model where a vendor coordinates operational and financial decisions with its multiple suppliers
through the establishment of a reverse factoring arrangement. The creditworthy vendor systematically
informs a financial institution (e.g., bank) of payment obligations to selected suppliers, enabling the
latter to borrow against the value of the relevant accounts receivable at low interest (borrowing) rates.
The paper also presents a numerical example and a sensitivity analysis to illustrate the behavior
of the model and to compare the economic and operational performance of a supply chain with
and without a reverse factoring agreement. The results show that the establishment of a reverse
factoring agreement within the supply chain improves the economic performance and impacts on the
operational decisions.

Keywords: supply chain management; JELS; inventory management; supply chain finance;
reverse factoring

JEL Classification: C61

1. Introduction

European Small and Medium Enterprises (SMEs) have been benefitting from the EU’s economic
recovery. Although those companies operated in uncertain environments with many contradictory
signals, they have expressed a shared optimism with the European Commission regarding their
financial positions because of the economic recovery (Kraemer-Eis et al. 2018). Despite this optimism,
however, there is a strong need to manage liquidity more effectively and efficiently, especially within
SMEs. Such companies continue to have difficulty securing loans to finance their operations. Lenders
consider them high-risk, requiring that they pay higher capital costs to obtain funds, which suggests
that significant asymmetries between small and larger firms exist. Enhancing SMEs’ access to capital
facilitates a country’s transition towards a digital economy, by increasing investment in digitalization,
and providing workers with on-the-job training opportunities. Financing terms and conditions
differ among countries and across financial institutions. This variation is due to the uncertainty
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and instability of the financial markets, which affected many companies in many industries in the
last decades, was behind the development of Supply Chain Finance (SCF) as a research stream.
In this regard, the relationship between industrial companies and the financial sector has become
a subject of great interest to researchers and practitioners (Wuttke et al. 2016). Although it has been
gaining attention, researching its impact, as the literature shows, on supply chain performance is
limited. Understanding the relationship helps companies and banks use their resources effectively
and profitably.

SCF can be defined as “the inter-company optimization of financing as well as the integration of
financing processes with customers, suppliers, and service providers in order to increase the value
of all participating companies” (Pfohl and Gomm 2009). It accomplishes three main goals. First,
to provide visibility and control over all cash-related processes within a supply chain (Observatory for
Supply Chain Finance 2017). Second, to optimize the financial flows at an inter-organizational level
(Hofmann 2005). Third, to implement a set of solutions, either by financial institutions or technology
providers (Caniato et al. 2016). The ultimate objective is to align financial flows with the coordination
of traditional flows within the supply chain (i.e., product and information flows), improving cash-flow
management from a supply chain perspective (Wuttke et al. 2013). The success of SCF depends on the
cooperation between the actors in a supply chain, which can result in several benefits, e.g., lower debt
costs, new opportunities to obtain loans (especially for weak supply chain players), or reduced working
capital within the supply chain. Moreover, an SCF approach often improves trust, commitment,
and profitability throughout the chain (Randall and Farris 2009). SCF focuses on creating liquidity in
a supply chain by exploring various solutions with or without a facilitating technology (Gelsomino et
al. 2016), which is either supplier-based finance, buyer-based finance, or both, where Figure 1 shows
a possible breakdown of supply chain financing mechanisms.
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Figure 1. Supply chain finance solutions.

Among the buyer-based financing mechanisms, Reverse Factoring (RF) is one that has received
considerable attention from both the business and research communities. This interest is because
it allows for the reduction of both the net operating working capital and the cash-to-cash cycle of
a company and to improve supplier financial rating. Many firms use this scheme to induce their
strategic suppliers, who usually are difficult to replace, to grant them flexible, mostly lenient, payment
terms. Recent advancements in technology allowed firms to offer reverse factoring and to effectively
manage it despite the challenging economic conditions (Hurtrez and Salvadori 2010). In reverse
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factoring, a buyer systematically informs a financial institution (e.g., a bank) of payment obligations to
selected suppliers, enabling the latter to borrow against the value of the relevant accounts receivable at
low interest (borrowing) rates (Klapper 2006; Van Der Vliet et al. 2015). In forward factoring, a supplier
makes arrangements with a bank regarding its accounts receivable. Reverse factoring is the opposite.
It is the buyer who arranges to borrow against its accounts payables to fulfil its commitments to its
suppliers. Reverse factoring aims to reduce working capital in supply chains and promote the stability
of cash flows (Dello Iacono et al. 2015).

Figure 2 classifies solutions by their impact on the working capital, the degree of innovation,
and the extent of digitalization (Observatory for Supply Chain Finance 2016). Traditional solutions
to supply chain finance can further be improved when firms make better use of digital technologies.
Advanced use of those technologies will result in innovative solutions and more benefits to the supply
chain. For instance, unlike traditional Reverse Factoring, Advanced Reverse Factoring makes use of
full and better use of the exchange of information between an entity closer to the market in a supply
chain and a financial institution to improve suppliers’ access to credit. Most innovative solutions have
great potential and exciting opportunities for growth in the future; however, currently, they are still far
from widespread adoption.

Int. J. Financial Stud. 2020, 8, x FOR PEER REVIEW 3 of 17 

 

forward factoring, a supplier makes arrangements with a bank regarding its accounts receivable. 
Reverse factoring is the opposite. It is the buyer who arranges to borrow against its accounts payables 
to fulfil its commitments to its suppliers. Reverse factoring aims to reduce working capital in supply 
chains and promote the stability of cash flows (Dello Iacono et al. 2015). 

Figure 2 classifies solutions by their impact on the working capital, the degree of innovation, 
and the extent of digitalization (Observatory for Supply Chain Finance 2016). Traditional solutions 
to supply chain finance can further be improved when firms make better use of digital technologies. 
Advanced use of those technologies will result in innovative solutions and more benefits to the 
supply chain. For instance, unlike traditional Reverse Factoring, Advanced Reverse Factoring makes 
use of full and better use of the exchange of information between an entity closer to the market in a 
supply chain and a financial institution to improve suppliers’ access to credit. Most innovative 
solutions have great potential and exciting opportunities for growth in the future; however, currently, 
they are still far from widespread adoption. 

 
Figure 2. Classification of the main supply finance solutions (Observatory for Supply Chain Finance 
2016). 

The increased interest in Supply Chain Finance (SCF) defined it as a niche research area in 
supply chain management. The traditional SCF research, as shown in the literature, assumes there is 
an entity (a company) in a supply chain that plays a pivotal role in determining and implementing 
the financial mechanisms that affect operational decisions. Those studies in the literature investigated 
the production and/or inventory models using the Economic Order/Production Quantity (EOQ/EPQ) 
models and their variations within a firm’s boundary. However, the link to other supply chain 
management topics and moving to a supply chain perspective beyond a firm’s boundary is still 
under-investigated (Xu et al. 2018). One stream of supply chain management research that enjoyed 
increased popularity in recent years is the Joint Economic Lot Size (JELS) model, which studies the 
coordination of order and production quantities in supply chains. This paper contributes to the 
literature by developing a JELS model consisting of two-levels (suppliers–buyer) where the players 
in the supply chain financially collaborate using reverse factoring. In this model, a group of decision-
makers representing the players in the supply chain determines the production and inventory 
policies that increase supply chain profitability. Specifically, the present study relates the operations 
and inventory management and the financial strategy, while the existing literature dealt with both 
topics independently. The proposed model is particularly useful in the current manufacturing 
context since the average purchase costs of materials, components, and services across manufacturing 
firms frequently exceed 60% to 70% of the total cost of operations (Wagner 2006).  

This paper has four remaining sections. The next section, Section 2, gives an overview of the 
existing literature on the main topics relevant to this study. Section 3 lists the notations and 
assumptions and develops the two mathematical models, with and the other without reverse 

Figure 2. Classification of the main supply finance solutions (Observatory for Supply Chain Finance
2016).

The increased interest in Supply Chain Finance (SCF) defined it as a niche research area in supply
chain management. The traditional SCF research, as shown in the literature, assumes there is an entity
(a company) in a supply chain that plays a pivotal role in determining and implementing the financial
mechanisms that affect operational decisions. Those studies in the literature investigated the production
and/or inventory models using the Economic Order/Production Quantity (EOQ/EPQ) models and their
variations within a firm’s boundary. However, the link to other supply chain management topics
and moving to a supply chain perspective beyond a firm’s boundary is still under-investigated (Xu
et al. 2018). One stream of supply chain management research that enjoyed increased popularity in
recent years is the Joint Economic Lot Size (JELS) model, which studies the coordination of order and
production quantities in supply chains. This paper contributes to the literature by developing a JELS
model consisting of two-levels (suppliers–buyer) where the players in the supply chain financially
collaborate using reverse factoring. In this model, a group of decision-makers representing the players
in the supply chain determines the production and inventory policies that increase supply chain
profitability. Specifically, the present study relates the operations and inventory management and the
financial strategy, while the existing literature dealt with both topics independently. The proposed
model is particularly useful in the current manufacturing context since the average purchase costs of
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materials, components, and services across manufacturing firms frequently exceed 60% to 70% of the
total cost of operations (Wagner 2006).

This paper has four remaining sections. The next section, Section 2, gives an overview of the
existing literature on the main topics relevant to this study. Section 3 lists the notations and assumptions
and develops the two mathematical models, with and the other without reverse factoring. The supply
chain’s total profit is the performance measure. A numerical example to illustrate the behavior of the
model and the benefits of reverse factoring are in Section 4. The paper concludes in Section 5 with
a summary, main findings, and suggestions for future research.

2. Literature Review

2.1. Supply Chain Finance and Reverse Factoring

The work of Modigliani and Miller (1958) has been a cornerstone paper in corporate finance.
It stated that the market value and financial decisions of a firm are independent of its capital structure
and its dividend policy. This statement implies that a firm’s capital structure does not affect its
operations decisions. However, this theorem assumed a perfect capital market, while in reality, this is
not true since entities are dependent.

In the last decade, the management of financial flows has received more and more attention within
the concept of supply chain management (Pfohl and Gomm 2009). Gelsomino et al. (2016) reviewed the
SCF literature and classified it, according to their perspective, into two groups: finance-oriented and
supply chain-oriented. The studies of the first group have usually focused on a set of financial schemes
aiming at optimizing accounts payable and receivable along the supply chain. The latter focuses more
on the collaboration of the supply chain actors than on the financial products. However, those studies
considered financial schemes to optimize working capital, including inventories, and to improve supply
chain performance. Xu et al. (2018) proposed a different categorization. They identified four research
clusters, including deteriorating inventory models under trade credit policy based on the EOQ/EPQ
model, inventory decisions with trade credit policy under more complex situations, the interaction
between replenishment decisions and delay payment strategies in the supply chain, and the role
financial services play in supply chains. From the review, seven research directions emerged. The first
is to study multi-level SCF. The second is to relax existing assumptions for modelling. The third is to
adjust and extend the research models to adapt to a more turbulent environment for SCF. The fourth
is to study the impact of different financial factors (e.g., tax or exchange rates). The fifth is to link
SCF with supply chain management (SCM) topics such as sustainability. The sixth is to study SCF in
a specific industry (e.g., agricultural sector). The seventh and last is to investigate different research
methods more focused on case studies. The linkage between supply chain finance and sustainability
has recently received the attention of scholars since suppliers and retailers have begun to care about
the environmental and social sustainability of their supply chains. For instance, Marchi et al. (2018)
proposed a model to evaluate how the cooperation among members of a supply chain on investment
decisions allows a chain to overcome, or at least mitigate, the several barriers currently existing for the
implementation of energy efficiency measures. Aljazzar et al. (2018) investigated delay-in-payments
as a means of reducing carbon emissions in supply chains. Their findings showed that adopting
delay-in-payments leads to improvements in both the environmental and economic performance of
the supply chain. Zhan et al. (2018) proposed a model to introduce the role of financing mechanisms
in promoting supply chain sustainability and efficiency.

Reverse Factoring (RF) is one of the most addressed financing schemes in the literature. Several
qualitative studies have highlighted the relevance of RF for suppliers driven by high working capital
requirements and, contextually, have high costs or difficulties accessing other forms of working capital
financing, such as direct factoring (Gelsomino et al. 2016). Tanrisever et al. (2015) investigated how
RF can influence operational decisions. They found that RF generates value and is affected by the
spread in external financing costs, the extension of the payment period, the operational characteristics
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of SMEs (i.e., volatility in their cash flows and working capital policy), and the risk-free interest rate.
Van Der Vliet et al. (2015) developed a periodic review base-stock model with alternative sources of
financing. They focused on the duality between discounts and extending payment terms, and found,
using simulation, that suppliers experienced non-linear cost. Lekkakos and Serrano (2017) studied the
implications of RF on the buying firm’s capital investment decision in the face of deadweight costs for
external financing. They found that the implementation of RF with extended payment terms allows
higher investment to the benefit of the integrated supply chain. Recently, Wu et al. (2019) proposed
a comparative study of three supply chain finance schemes (i.e., early payment, delayed payment,
and RF). They focused on the financial performance of the supplier and retailer to provide more
insights that better help them understand the benefits, the applicable conditions, and the influential
factors of each financial scheme.

2.2. Joint Economic Lot Size Models

JELS models have been studied extensively in the literature. They represent a fundamental
reference for supply chain management, illustrating how inventory replenishment decisions and
related actions influence the profit and costs of the entire supply chain. The concept of JELS was
first introduced by Goyal (1977), who considered an instantaneous replenishment lot size model with
a vendor and a buyer coordinating to minimize their joint costs. Later on, Banerjee (1986) modified
the work of Goyal (1977) by assuming a finite production rate and a lot-for-lot inventory policy.
The literature has a large number of studies on JELS. Conducting a comprehensive review of those
studies is, therefore, not within the scope of this paper. However, we present a brief overview of JELS
models relevant to the work at hand. The reader may refer to Glock (2012) for a structured literature
review of JELS model.

Few works in the literature consider a Multi-Vendor Single-Buyer (MVSB) supply chain.
Kim and Goyal (2009) were one of the first to investigate an MVSB supply chain in a JELS model.
They studied two delivery policies. The first allows for lumpy deliveries, where all vendors ship their
lots at the same time to the buyer. The second one has them spaced (or phased) where the buyer
receives a shipment from a vendor when its inventory level reaches zero. Glock (2011) considered
the option where the buyer selects vendors from a pool of pre-selected ones. Glock and Kim (2014),
on the other hand, assumed that the buyer group vendors to enable shipment consolidation to save on
transportation costs. Jaber and Goyal (2008) proposed a JELS model for a three-level supply chain with
multiple suppliers and buyers and a vendor in between.

Another research stream, which is of interest to this paper, considers the JELS model where
players financially collaborate to improve profitability. Currently, the focus is mainly on the integration
of the opportunity to delay payments offered by the suppliers to the buyers through trade credit.
Ouyang et al. (2009) discussed a supplier and a buyer supply chain problem with order-size dependent
trade credit. Aljazzar et al. (2017) developed a three-level supply chain with a delay in payments
where its length (given by the supplier to the vendor and by the vendor to the buyer) is a decision
variable. Marchi et al. (2016) investigated different SCF solutions, i.e., the joint financing of investments
across the supply chain. Specifically, it considered a two-level supply chain consisting of a vendor
and a buyer and assumed that the vendor has the option to invest in increasing its production
rate. Due to different abilities in accessing capital, the vendor and the buyer may also share the
investment and the uncertain outcome through revenue sharing mechanisms. It becomes evident now,
from the above-surveyed studies, that JELS and RF are central topics in supply chain management
and have never been considered jointly in the literature. Marchi et al. (2020) extended the inventory
theory by proposing a JELS model under two different coordination policies, combining the operation
management with two specific financial techniques that may allow the commodity risk mitigation; i.e.,
the warehouse financing practice, and the use of futures contracts.
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3. Model Development

Before embarking on developing the mathematics, we list the notation used in the models.

Vendor’s notation:

j part index, j = 1, 2, . . . , k;
u j number of units of part type j that go into one unit of the finished product, j = 1, 2, . . . , k (unit);
Av vendor’s fixed order cost ($/order);
av, j cost for placing a purchase order for the jth part ($/order);
c0 unit cost ($/unit);
D annual demand rate (unit/year);
hv,PF unit holding cost of finished product per year, consisting of two components, one physical (hv,PF,p) and

the other financial (hv,PF, f ) ($/unit/year);
hv, j unit holding cost of part j at the vendor’s warehouse per year, consisting of two components,

one physical (hv, j,p) and the other financial (hv, j, f ) ($/unit/year);
k number of part types in the finished product;
pv product unit selling price ($/unit);
Pv vendor’s production rate (unit/year);
q lot size quantity (unit);
ρv interest rate the bank offers to the vendor (%/year);
S vendor’s setup cost ($/setup).

Suppliers’ notation:

s supplier index, s = 1, 2, . . . , m;
m total number of suppliers;
As, j setup cost that supplier s incurs when producing the jth part, j = 1, 2, . . . , k ($/setup);
cs, j unit production cost of part j for supplier s ($/unit);
hs, j,0 unit holding cost per unit of time for part j supplied by supplier s, when there is no coordination of the

financial flow. It consists of two contributions, one physical (hs, j,p) and the other financial (hs, j, f ,0)
($/unit/year);

hs, j holding cost per unit of time for jth part supplied by supplier s, consisting of two contributions,
one physical (hs, j,p) and the other financial (hs, j, f ) ($/unit/year);

ns, j number of shipments for part j supplier s sends to the vendor;
Ps, j production rate of supplier s for part j (unit/year);
ps, j supplier s unit selling price for part j ($/unit);
ρs interest rate the bank offers to supplier s when there is collaboration of financial flows in a supply chain

(%/year);
ρs,0 interest rate the bank offers to supplier s when there is no financial collaboration (%/year);
Ys, j binary parameter assuming value 1 if the part j is supplied by supplier s; 0 otherwise.

3.1. Problem Description and Assumptions

This paper deals with the coordination of inventory and financing decisions in a two-level supply
chain with multi-suppliers and a vendor. Replenishments follow an equal-sized shipment policy.
Hence, the vendor orders a lot size of u jq for every part j at regular time intervals and starts its
production process at a rate of Pv manufacturing lot of size q. The suppliers manufacture lots of
size ns, ju jq at a finite production rate Ps, j with a single setup that is delivered to the vendor in ns, j
shipments of equal size u jq. The suppliers incur a setup cost for each production run, while the vendor
incurs an ordering cost for each order placed. A vendor may receive one or more (product) parts from
a supplier to assemble the product that it sells to costumers. Figure 3 shows the behavior of inventory
overtime for the suppliers and the vendor for different produced and shipped parts. The vendor,
whose role is central to the supply chain, adopts a reverse factoring agreement through a financial
institution (e.g., a bank) to manage its accounts payables with its suppliers at the least possible cost.
Figure 4 is a schematic representation of the supply chain consisting of multi-suppliers and a vendor,
with a bank (third party) managing the financial flows.
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Reverse Factoring (RF), specifically, is a financial solution where the vendor (who is ordering)
contacts its bank to arrange for early payments to its supplier to finance their accounts receivables
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(from purchases) at interest rates lower than the market (Van Der Vliet et al. 2015). The vendor is
assumed to have a better financial position (liquidity and solvency) than its suppliers. Once the
vendor receives invoices of orders, it immediately notifies its bank to make payments to its suppliers
without delay or by the due date specified in the trade agreement. At the same time, the bank provides
an approved-invoice-based financing solution to the suppliers through early payments, as shown
in Figure 5. This arrangement furnishes the necessary capital for its suppliers to start production
with minimal financial risks since mostly they are carried by the vendor (Lekkakos and Serrano 2016).
RF reduces the unit cost of borrowing for the suppliers since the vendor leverages the cost of capital
(Lekkakos and Serrano 2017).
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The following straightforward JELS assumptions are made in addition to the properties already
described (Jaber and Goyal 2008):

• Deterministic demand and constant over time which is lower than the production rate of the
vendor Pv;

• The final product requires k different parts;
• Shortages are not allowed;
• Lead time is assumed to be zero;
• An infinite time horizon is considered.

The JELS with reverse factoring is developed in Section 3.2. A reference case model, JELS without
reverse factoring, is presented in Section 3.3. The two models are then compared.

3.2. Model Development

3.2.1. The Vendor’s Annual Profit Function

The vendor’s annual revenue from selling the final product to the end customer is pvD. Its annual
cost components are explained next. The ordering cost of parts (components) from its suppliers is(
Av +

∑k
j=1 av, j

)
D/q. The purchasing cost of raw materials and components required to produce the

final product is
∑m

s=1
∑k

j=1 u jps, jDYs, j. The production setup cost is SD/q. The transforming cost of
purchased components of a unit of the final product is c0D. The costs of stocking raw materials and
components at the vendor’s warehouse are

∑k
j=1 hv, ju jqD/2Pv and hv,PF(1−D/Pv)q/2, respectively.

Furthermore, due to the establishment of the reverse factoring agreement, the vendor pays interests
to the bank for each unit of raw material and component paid in advance by the financial institution
to the suppliers. The interest rate of the vendor (ρv) is applied to the value of the purchased parts in
each production cycle, ps, ju jq, multiplied by the advance period,

∑ns, j

i=1

[
u jq/Ps, j + (i− 1)q/D

]
. The total

annual profit of the vendor, TPV, is thus the sum of the revenues minus the costs as defined in
Equation (1).
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TPV(q) = pvD− c0D−
m∑

s=1

k∑
j=1

u jps, jDYs, j −

(
S+Av+

∑k
j=1 av, j

)
D

q −

k∑
j=1

hv, j
u jqD
2Pv

−hv,PF
q
2

(
1− D

Pv

)
−

m∑
s=1

k∑
j=1

ns, j∑
i=1

p jD
ns, j
ρv

[
u jq
Ps, j

+ (i− 1) q
D

]
Ys, j

(1)

where hv consists of two components, physical,hv,p, and a financial hv, f . The financial holding
component is linked to the value of the material stored and to the vendor’s capital cost and is
determined as hv,PF, f = ρv

(
c0 +

∑m
s=1

∑k
j=1 ps, ju jYs, j

)
, while hv, j, f = ρvps, j.

3.2.2. The Suppliers’ Annual Profit Function

The total annual profit of each supplier, TPS,s, is given by the sum of the revenues from selling the
parts to the vendor which are paid in advance from the bank (

∑k
j=1 ps, ju jD), minus the production costs

(
∑k

j=1 cs, ju jD), the costs for the setups required to produce the ks parts (
∑k

j=1 As, jD/ns, jq), and the holding

costs to stock the parts’ inventories in the warehouse (
∑k

j=1 hs, ju jq
[(

1− u jD/Ps, j
)
ns, j + 2u jD/Ps, j − 1

]
/2).

The formulation of TPS,s for a generic supplier s is given as:

TPS,s
(
ns, j

)
=

k∑
j=1

{(
ps, j − cs, j

)
u jD−

As, jD
ns, jq

− hs, j
u jq
2

[(
1−

u jD
Ps, j

)
ns, j +

2u jD
Ps, j

− 1
]}

Ys, j (2)

where hs, j consists of two components, physical, hs, j,p, and financial hs, j, f . The financial holding cost is
the production cost of unit j manufactured by supplier s, cs, j, multiplied by the discounted interest rate
that the supplier receives when reverse factoring, ρs, in applied and it is hs, j, f = cs, jρs.

3.2.3. The Supply Chain’s Annual Profit Function

The supply chain total profit function is determined by adding the profit of the vendor to the ones
of the multiple suppliers as:

TPSC
(
ns, j, q

)
= TPV +

m∑
s=1

TPS,s (3)

TPSC
(
ns, j, q

)
=

pv − c0 −
m∑

s=1

k∑
j=1

cs, ju jYs, j

D

−

(
S+Av+

∑k
j=1 av, j+

∑m
s=1

∑k
j=1

As, j
ns, j

Ys, j

)
D

q −

k∑
j=1

hv, j
u jqD
2Pv

−hv,PF
q
2

(
1− D

Pv

)
−

m∑
s=1

k∑
j=1

hs, j
u jq
2

[(
1−

u jD
Ps, j

)
ns, j +

2u jD
Ps, j
− 1

]
Ys, j

−

m∑
s=1

k∑
j=1

ns, j∑
i=1

p jD
ns, j
ρv

[
u jq
Ps, j

+ (i− 1) q
D

]
Ys, j

(4)

3.2.4. Solution Procedure

This section presents a solution procedure to find the optimal values of the decision variables.
We start by finding the first and second partial derivatives of Equation (4) with respect to q. As can be
seen from Equation (6), the total supply chain profit function is concave in q for given values of ns, j ≥ 1.
A closed-form solution for q is then determined by setting the first partial derivative of Equation (5)
equal to zero and solving for q to get Equation (7).
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∂TPSC
∂q =

(
S+Av+

∑k
j=1 av, j+

∑m
s=1

∑k
j=1

As, j
ns, j

Ys, j

)
D

q2 −

k∑
j=1

hv, j
u jD
2Pv
−

hv,PF
2

(
1− D

Pv

)
−

m∑
s=1

k∑
j=1

hs, j
u j
2

[(
1−

u jD
Ps, j

)
ns, j +

2u jD
Ps, j
− 1

]
Ys, j

−

m∑
s=1

k∑
j=1

ns, j∑
i=1

p jD
ns, j
ρv

[
u jq
Ps, j

+ (i− 1) q
D

]
Ys, j

(5)

∂2TPSC

∂q2 = −
2
(
S + Av +

∑k
j=1 av, j +

∑m
s=1

∑k
j=1

As, j
ns, j

Ys, j

)
D

q3 < 0 (6)

q∗ =

√
N0

N1 + N2 + N3
(7)

where

N0 = 2

S + Av +
k∑

j=1
av, j +

m∑
s=1

k∑
j=1

As, j
ns, j

Ys, j

D

N1 =
k∑

j=1
hv, j

u jD
Pv

+ hv,PF
(
1− D

Pv

)
N2 = hv,PF

(
1− D

Pv

)
+

m∑
s=1

k∑
j=1

hs, ju j

[(
1−

u jD
Ps, j

)
ns, j +

2u jD
Ps, j
− 1

]
Ys, j

N3 = 2
m∑

s=1

k∑
j=1

ns, j∑
i=1

p jD
ns, j
ρv

[
u j

Ps, j
+ (i− 1) 1

D

]
Ys, j

The optimal values of the number of supplier’s shipments for every part are determined by
following the steps below. The optimal values of the number of shipments, ns, j∀ s ε [1, m] and ∀ j ε [1, k],
are complex to be analytically obtained in a closed-form expression. Therefore, these values were
numerically determined using Excel Solver enhanced with Visual Basic for Applications (VBA) code,
with nested search loops (Jaber and Goyal 2008). However, the tool is limited, as it does not guarantee
a globally optimal solution.

3.3. Reference Case without Reverse Factoring

To evaluate the trade-off between costs and benefits of introducing a reverse factoring, the model
developed in this paper is compared to a reference model (case) with no financial schemes. The total
profit of the vendor for the reference case is given as:

TPV,0(q) =

pv − c0 −
m∑

s=1

k∑
j=1

u jps, jYs, j

D−
(
S+Av+

∑k
j=1 av, j

)
D

q −

k∑
j=1

hv, j
u jqD
2Pv

−hv,PF
q
2

(
1− D

Pv

) (8)

Moreover, since without a reverse factoring agreement, the suppliers have higher financial risks,
they face a higher capital cost, and, consequently, a higher holding cost (hs, j, f ,0 = cs, jρs, j,0). The annual
total profit of the suppliers is, therefore, given as:

TPS,s,0
(
ns, j

)
=

k∑
j=1

{(
ps, j − cs, j

)
u jD−

As, jD
ns, jq

− hs, j,0
u jq
2

[(
1−

u jD
Ps, j

)
ns, j +

2u jD
Ps, j

− 1
]}

Ys, j (9)

Evaluating the first and second partial derivatives of the annual total profit of the supply chain
(TPSC,0 = TPV,0 +

∑m
s=1 TPS,s,0) in q it is possible to detect that a closed-formulation for the optimal
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order lot size can be obtained. Then, setting the first derivative equal to zero, where the optimal lot
size quantity is given as:

q∗ =

√√√√√√√√√ 2
(
S + Av +

∑k
j=1 av, j +

∑m
s=1

∑k
j=1

As, j
ns, jYs, j

)
D∑k

j=1 hv, j
u jD
Pv

+ hv,PF
(
1− D

Pv

)
+

∑m
s=1

∑k
j=1 hs, j,0u j

[(
1−

u jD
Ps, j

)
ns, j +

2u jD
Ps, j
− 1

]
Ys, j

(10)

The optimal values of the supplier’s number of shipments for every part are determined using
the same solution algorithm proposed in the previous subsection.

4. Numerical Example

This section presents a numerical study to illustrate the behavior of the model presented above.
The parameters used for the modeling of the vendor process were adapted from the literature (Jaber
and Goyal 2008) and are listed below: Av = 100 $/order, c0 = 15 $/unit, D = 1000 unit/year, hv,p = 2
$/unit·year, pv = 200 $/unit, ρv = 1%, and S = 200 $/setup. The vendor purchases three types of
materials/components from two suppliers to produce one unit of the final product. Table 1 lists the
input data on the suppliers and the related components.

Table 1. Input data.

Supplier Part
Units for One
Part of Final
Product (uj)

Order
Cost
(av,j)

Setup
Cost
(As,j)

Unit
Production
Cost (cs,j)

Production
Rate (Ps,j)

Selling
Price
(ps,j)

Physical
Holding

Cost (hs,j,p)
ρs ρs,0

1 1 5 10 400 10 5500 15 1
2% 15%

1 2 2 10 400 20 3500 25 2

2 3 1 5 300 30 1500 40 2 3% 20%

The model with reverse factoring presented, in Section 3.2, i.e., Equations (1)–(4) and (7), is solved
using the procedure described in Section 3.2.4. The reference model, without the reverse factoring
agreement, i.e., Equations (8)–(10), is also solved for the above data using the solution procedure
described earlier.

The results of the numerical example are reported in Table 2. The results show that for the input
parameters in Table 1, with reverse factoring, the supply chain total annual profit, TPSC, increases by
3.23% (from 57,313 to 59,161) and the lot size quantity by 8.4% (from 202 to 219).

Table 2. Results of the numerical example.

Case q n1,1 n1,2 n2,3 TPV TPS,1 TPS,2 TPSC ∆TPSC

with RF 219 5 3 3 $17,602 $32,438 $9120 $59,161 +3.23%
without RF 202 4 2 2 $17,849 $31,015 $8450 $57,313

The results in Table 2 show that not all players benefit from reverse factoring. The vendor’s profit
reduces by 1.38% (from 17,849 to 17,602), while those of Suppliers 1 and 2, respectively, increase by
4.6% (from 31,015 to 32,438) and 7.93% (from 8450 to 9120). Although the vendor is the one who pays
off the interest charges to the financial institution resulting in lower total profit, it should be noted
that it achieves additional intangible economic and operational benefits from managing its supply
chain and its relationship with the bank. For example, reverse factoring helps the vendor in reducing
the complexity of purchase and payment transactions and the default risk associated with strategic
partners. It also allows the vendor to build long-term and transparent relationships with its suppliers
based on trust and collaboration and in enabling an economically sustainable supply chain. Supplier 2,
which furnishes the third part, experiences a significant increase in its total annual profit, compared
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to Supplier 1. This increase has to do with the high purchase cost of the third component and to
the supplier’s weak financial position (i.e., a high cost of capital, ρs,0), significantly increasing the
financial holding cost and, consequently, a better chance of making a reverse factoring agreement work.
The results in Table 2 show that the production lot sizes for the suppliers increase with reverse factoring.
For example, lot sizes for parts 1 and 2 furnished by the first supplier, n1,1q and n1,2q, increases by
36% (from 807 to 1093) and 63% (from 403 to 656), respectively. The lot size for part 3 furnished by
Supplier 2, n2,3q, increases by 63% (from 403 to 656). These results have to do with the suppliers
receiving a lower interest rate, thus reducing their financial holding cost, which allows them to carry
more inventory.

The relatively limited increase in the total profit due to the introduction of the reverse factoring
agreement is due to the high share of non-differential cost components (i.e., revenues, production,
and purchasing costs). Hence, hereafter, it presents an analysis with a focus on the only differential
costs. Table 3 shows that the vendor is subject to an 11.5% increase in the differential costs due to the
high impact of the interest charged by the bank. On the contrary, suppliers face a significant decrease
in differential costs (i.e., −35.8% and −43.2% for Supplier 1 and Supplier 2, respectively). The supply
chain on the overall is subject to a 24.05% reduction of these costs.

Table 3. Analysis of the differential costs with and without a reverse factoring agreement.

Vendor Supplier 1 Supplier 2

Case SETUP
COST

Order
Cost

Holding
Cost

Interest to
the Bank

Setup
Cost

Holding
Cost

Setup
Cost

Holding
Cost

with RF $915 $572 $585 $327 $976 $1585 $457 $423
without RF $992 $620 $539 - $1488 $2498 $744 $807

Figure 6 shows the behavior of the supply chain total annual profits, TPSC
(
ns, j, q

)
, from Equation

(4), and TPSC,0, from Equations (8) and (9), with and without a reverse factoring agreement, respectively,
for different values of q. The profit functions show, as in Equation (6), a concave behavior in q.
The results in Figure 6 show that the supply chain has higher profits for a wide range of q when
reverse factoring is adopted. They show that since the total annual profit of the supply chain is
concave in q, an optimal value of the lot size q exists. Interestingly, TPSC

(
ns, j, q

)
is less sensitive to

q than TPSC,0 is. For example, between q = 175 and q = 400, ∆TPSC
(
ns, j, q

)
= |58,063.78−59,015.96| =

952.18 and ∆TPSC,0= |55,437.95−57,235.69| = 1797.74, or ∆TPSC
(
ns, j, q

)
/∆q = 4.23 and ∆TPSC,0/∆q =

7.99, respectively. With reverse factoring, the supply chain has more flexibility in setting its order
quantity. That is, for any reason, if the vendor has to order off its optimum quantity, for instance to
q = 175, then the cost of doing so, ∆TPSC

(
ns, j, q

)
, is about 53% of ∆TPSC,0, which represents the cost

when reverse factoring is not considered. This differential cost is easy to absorb by the supply chain,
and the players can easily find ways to do that. However, it becomes more difficult to absorb and
encounter when the cost is significantly high.

The interest rates of the vendor and the suppliers are the relevant parameters of this study. Figure 7
shows the sensitivity of the supply chain profit and the lot size quantity for changes in the values of the
interest rates. The input parameters in Table 1 were used to produce the results in Figure 7. The interest
rates were varied one at a time. The figure has three parts (a, b, and c) that plot changes in the supply
chain total annual profit, ∆TPSC, and the corresponding lot sizes with and without reverse factoring
against the percentage variation in the interest rates of the vendor and the suppliers with and without
reverse factoring, ∆ρv, ∆ρs, and ∆ρs,0. Figure 7a shows that increasing ∆ρv reduces ∆TPSC, making
a reverse factoring agreement less appealing as the interest gap between the vendor and the supplier
is narrow. An increase in ρv reduces the lot size, q, for both the scenario, but with a higher impact
on the case with reverse factoring. ∆TPSC in Figure 7b shows similar behavior to that in Figure 7a
when ∆ρs is varied instead of ∆ρv. The lot size with RF, however, shows a non-linear decrease rather
than linear due to variations of the optimal number of shipments. Figure 7c shows that ∆TPSC and q
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have opposite behavior for changes in ∆ρs,0 (without reverse factoring), where increasing ρs,0 increases
∆TPSC and reduces q.
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Figure 6. Supply chain total annual profit as a function of the lot size for the cases with and without
a reverse factoring agreement.
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the vendor ρv, (b) of the supplier with reverse factoring ρs, and (c) of the supplier without reverse
factoring ρs,0.
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5. Summary and Conclusions

This paper proposed a joint economic lot size model in which a vendor coordinates operational
and financial decisions with several suppliers through a reverse factoring arrangement with a bank as
a third player. In particular, the vendor systematically informs a financial institution (e.g., a bank) of its
payment obligations to its suppliers. In this way, the latter can access cheaper interest rates. Numerous
numerical results were generated to illustrate the behavior of the developed model. The results
showed that the establishment of a reverse factoring agreement between the players in the supply chain
increases the supply chain’s total annual profit and affects the operational decisions (i.e., optimum lot
size and the number of shipments for each component).

A reverse factoring agreement has the potential of success and to bring additional benefits to
a supply chain, especially when financially weak suppliers face increases in demand. Start-ups are
a reality of modern markets. They, for instance, could be suppliers for vendors in supply chains that
struggle initially because of slow demand, which could be due to limited production capacity that
usually grows with time and experience (learning). Such companies have weak financial positions and
critical economic performance that restrict them from accessing cash at low rates as banks consider
them risky investments. A possible extension of this study is to consider the maximization of the
annuity stream instead of the total annual profit, which helps in identifying the revenues and costs
arising from time shifts between payments. Other future research may deal with different supply chain
settings affecting the financial flow of the companies (Ramezani et al. 2014). For instance, it could
be interesting to assess the effect of the reverse factoring agreement in reverse-flow and closed-loop
supply chains.
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