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Abstract

Research on Supply Chain Finance (SCF) traditionally looks from the perspective of the buyer and
suppliers that participate in the arrangement. This study covers the arrangement from another
participant’s perspective that is often overlooked; the financial service provider who funds and
implements the arrangement in buyer-centric supply chains. The aim is to construct a theoretical
framework and simulation model that represent the context of SCF solutions and the behaviour within
this system for financial service providers. The type of SCF solution that is used to address this topic
is a Reverse Factoring scheme with a technical platform.
A review on the SCF literature has identified several market factors that impact the adoption
process of SCF solutions. These market factors were the main input of a simulation model with the
System Dynamics methodology — an approach to policy analysis and design. Key market drivers
such as market competition, interest rate differentials, receivables volumes and supply chain working
capital goals were combined to simulate existing market behaviour. As it turns out, SCF solutions can
be very attractive for all participants but require specific market conditions in order for the participants
to fully reap the benefits.
By highlighting several SCF market dynamics, a basic understanding from this explorative study
has been gained on how several factors interact and lead to certain market outcomes in the SCF
market. Finally, the simulation model also demonstrated its versatility as a forecast tool and policy
tool; to assess potential markets and to gauge the impact of business actions for a financial service
provider, respectively.
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Summary

In light of the current trend of globalization and the lengthening of supply chains, new financial
products are required to support the ‘financial supply chain’. This demand has led to the development
of Supply Chain Finance (SCF) solutions — arrangements where favourable financing options in
supply chains are introduced to achieve mutual benefits for all supply chain participants. The SCF
solution that is analysed is Reverse Factoring with a technical platform, where in a buyer-centric
supply chain, the buyer accommodates (key) supplier in obtaining liquidity through a third-party. This
third party is s financial service provider (FSP) who funds and implements the SCF arrangements for
the supply chain.
Given that current SCF research is primarily focused on buyers and suppliers in the
SCF arrangement, this study looks at the arrangement from a FSP’s point of view. The research
question is:
What market dynamics impact the SCF market for financial service providers?
This research question has been broken down into the following research objectives:
1. Identify specific market factors that shape the adoption process of SCF solutions in (emerging)
markets.
2. Distinguish relationships between market factors that influence the adoption of SCF solutions in
(prospective) markets.
The research question is explanatory in nature and aims to provide insight into the market dynamics of
SCF. This will contribute to academic literature on SCF adoption processes from a perspective that is
often overlooked.
Existing research seems to indicate that there are several challenges for all SCF actors in order for
SCF solutions to become widely adopted. Moreover, there is a paucity of prescriptive models on how
to implement SCF arrangements. Ideally, these models should focus on the informational and
organizational prerequisites of SCF arrangements — soft factors that are difficult to quantify but are
highly critical drivers for the adoption of SCF in supply chains.
Based on this research gap, the System Dynamics (SD) methodology has been selected. With this
approach it is possible to capture the dynamic interaction of (soft) market factors that impact the
SCF market for FSPs. Therefore, in accordance the SD methodology, a system boundary was defined;
a conceptual model was created and the model was specified in a simulation model. This simulation
model was continuously verified, validated and tested before experiments were performed and the
strategic actions were defined, which concludes the iterative cycle of a SD study.
Conceptually, the model is based on a SCF life-cycle that shows the sequential stages through
which SCF arrangements evolves from a FSP’s perspective:
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1. Market potential: The SCF market potential represents potential buyer-centric supply chains that
would benefit and (technically) qualify for a SCF solution.
2. Implementation stage: Buyers (and their supplier base) that have agreed to participate in a SCF
arrangement; have selected the FSP; and are now in the process of being on-boarded in the FSP’s
SCF program.
3. Portfolio management stage: The SCF arrangement has been implemented successfully such that
the supply chain can make use of the SCF arrangement.
The market is defined as a set of buyer-centric supply chains that is capable of running SCF programs
and shares similar external conditions (interest rates, payment terms, operational implementation
constraints) from the FSP’s perspective. This can be a geographic region or a particular industry where
similar conditions are present to launch SCF programs. During this life cycle, several external market
factors such as market competition, interest rate differentials, receivables volumes and supply chain
working capital goals affect the SCF arrangements that are going through several stages of
development The FSP is able to assess the market outlook and performance through key indicators
such as; market share, profitability and supply chain benefits for buyers and suppliers.
Several reinforcing loops are also presented that are believed to impact subsequent stages in the
SCF lifecycle. The track record of banking partners has been indicated as important driver why buyers
select particular FSPs to implement a SCF arrangement. The model assumes this to hold by including
reinforcing loops, where the principal factor that drives feedback loops of a system the FSP’s track
record in a specific market for SCF arrangements. Aside as a marketing vehicle to attract new buyers,
a FSP’s track record is believed to produce learning effects for the FSP such that future SCF
arrangement can be offered more effectively and efficiently — reduced operational complexity will
also drive down implementation costs, making future propositions more attractive for the FSP.
The direct benefit for all buyer, suppliers and FSP are based on the quantifiable financial benefits.
These benefits are calculated with commonly used working capital equations and funding costs.
The buyer’s primary direct benefit is the unlocked working capital in the supply chain, while
supplier’s direct benefits also include funding costs savings from selling its receivables through the
arrangement.
From the model’s generated output, a FSP is able to gain a better understanding of how external
influences might impact the market outlook of its (prospective) SCF product. The following results
were found:
Limited to moderate market competition analysis show that market competition should not impede
a FSP from generating a positive return in a SCF market where market competition is likely to
emerge. The main area where market competition seems to impact the SCF market performance is
that expected returns on the total market potential is reduced since fewer buyers are on-board in
the FSP’s SCF program.
Supply chains that suffer from periods of reduced receivables amount will reduce the market
potential of SCF programs. This is caused by reduced buyer and supplier benefits, and ultimately
FSP benefit; the results are lower growth rates in the SCF market. A sudden demand drop in
receivables volume, as witnesses in 2008, will impact the market outlook for SCF solutions
significantly, especially when receivables levels do not recover to pre-crisis levels. Finally, the
experiments show that SCF programs, given their high investment costs, require a minimum
amount of receivables volume in order to be successful from a FSP point of view
With fluctuating interest rates, where all SCF actors face the same base benchmark interest rate
(e.g. LIBOR or EURIBOR), no notable effects on the market performance of the SCF program for
the FSP have been found, when all interest rates changes are updated timely and the interest
arbitrage opportunity remains intact. In exporting regions, where interest rates tend to be
persistently high, a FSP, based in Europe or the U.S. with significantly lower interest rates, is able
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to derive a greater amount of interest income. Exorbitant funding costs for a FSP can pose serious
challenges when suppliers need to be funded in currencies where a FSP lost its competitive
advantage.
Several scenarios where suppliers tend to reduce their propensity to discount their receivables
have been investigated with strong results on the profitability of the SCF program for the FSP.
The effects of selective discount behaviour can be a major issue for the profitability of SCF
programs for FSPs. Continued supplier discount activity can easily be overlooked when
implementing SCF programs and can have serious ramification on the ability of the FSP to recover
the implementation costs. Therefore, guarantying supplier discount activity should be given
serious attention to by a FSP.
In regular market circumstances, reduced growth rates in the FSP’s SCF portfolio can be attributed
by lower receivables levels — less eligible buyer-centric supply chains in the market place. Also,
supply chain actor’s benefits do not always move synchronously: Buyer’s benefit is more robust
than supplier’s and FSP’s benefit since it is derived from working capital gains and less from
funding gains, which tend to be more susceptible to (fluctuating) interest rate conditions. Finally,
the effects of receivables seasonality show that suppliers gain more direct benefits at the start of an
economic cycle instead at an economic downturn, as the traditional SCF model would explain –
SCF as a liquidity tool for during economic down turns.
When exceptional circumstances occur, such as a sudden demand shock in supply chain’s
receivables level, this will lead to a severe reduction in SCF market potential. As the receivables
level start to increase again, and the market effects of the sudden demand shock fades, SCF market
potential starts to grow again, however, at a substantial slower pace than before the demand shock.
Together with lower receivables levels, lower interest rates also diminish the expected return on
the SCF program. Consequentially, there is a prolonged period of time where SCF actors fail to
extract benefits from SCF arrangement, despite the apparent need for such a solution.
Aside from identifying market dynamics, the simulation model can also be used as a forecast tool and
policy tool; to assess potential markets and to gauge the impact of business actions for a financial
service provider, respectively. As a forecast tool, the model shows the ability to improve a FSP’s
decision-making capabilities for by accounting for several parameters that can evolve over time. This
has been highlighted for an automotive supply chain that would benefit from implementing SCF in its
supply chain. In order to demonstrate possibilities as a policy tool, several policy areas were analysed.
As it turns out, operational policies in the implementation phase of the SCF lifecycle seem to have
limited effects on the overall profitability of the SCF arrangements, while SCF interest strategies seem
to offer promising areas for FSP’s to intervene in the SCF should undesirable behaviour arise.
The analysis presented in this study has limitations that need to be considered when interpreting the
SCF market dynamics. This study’s scope was from a rather narrow theoretical point of view,
focussing primarily on direct benefits of the SCF arrangement. Deeper theoretical analysis should also
give attention to the indirect benefits of the SCF arrangement. Finally, this study contributes to
existing body of knowledge by highlighting and identifying several SCF key market dynamics in
theoretical model groaned in existing market models. Consequentially, a basic understanding has been
gained how the market factors in the SCF market potentially interact and lead to certain market
outcomes in the SCF market.

–vii–

Preface

This publication presents the results of a MSc graduation project on the market dynamics of
Supply Chain Finance arrangements. In recent years, interest for solutions that take a holistic view at
managing financial flows in supply chains has grown substantially. Within this context, the
Supply Chain Finance concept might be considered as just another “buzz word” or yet, a new
management fad. But Supply Chain Finance is not new; the underlying mechanisms are no revelation;
in fact, Supply Chain Finance has always been present — though never mentioned as such — as firms
were collaborating in the context of Supply Chain Management.
Whereas Supply Chain Management focuses particularly on the operational and logistic aspects of
transactions between firms, financial flows are often neglected and left mostly to financial managers
who, occasionally, understood the ramifications of their working capital management practices on the
firm’s trading partners.
As a student with a clear interest in Operations Management (OM) and Finance, I was fascinated
with the link between these researches fields that have unfortunately evade each other for so long.
Therefore, I was eager to participate in a research project on Supply Chain Finance, which has several
connections with this OM-Finance interface. Given that it was possible to conduct this research from
the perspective of a financial service provider, that structures the proposition for the supply chain
firms, made this an ideal project.
Within the Supply Chain Finance research field, the role of financial service provider also has
received little attention. Moreover, market dynamics for Supply Chain Finance solutions are also not
yet fully understood. Therefore, it is hoped that readers will welcome this addition to the existing body
of research in the hope that ultimately a fully-fledged Supply Chain Finance paradigm emerges.

Umberto Dello Iacono, Eindhoven, August 2012
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Chapter 1

1.1

Introduction

Background

The global trade finance landscape has changed drastically over the past couple of years. Despite the
sluggish world economy, global trade flows have grown substantially in the last decade and this trend
is expected to continue. Contemporary supply chains require tailored, integrated and innovative
financial services to cater ever-lengthening trade flows but how to implement these new financial
products, services and technology required to support this “financial supply chain” has not yet been
fully explored (Capco, 2011). The demand for increasing the efficiency of the financial supply chains
has led to the development of Supply Chain Finance (SCF) solutions; arrangements where favourable
financing options for supply chain participants are introduced in the supply chain to achieve mutual
benefits for all supply chain participants.
The most common SCF arrangement is reverse factoring — a non-recourse financing technique for
key suppliers of large and strong credit rated (corporate) buyers. Reverse factoring is an approach to
reduce working capital for supply chain participants; buyers, suppliers, and financial service providers.
Despite these opportunities, SCF solutions are not yet adopted massively. Both financial service
providers and firms in the supply chain are hesitant to embark on SCF solutions because it is unclear
how the benefits for the supply chain participant will materialise and how they should implement it
successfully (Seifert & Seifert, 2009).
This study looks at the SCF arrangement from a financial service provider’s perspective by
investigating whether introducing the SCF solution into the market would be feasible. Since SCF
solutions are typically segmented by different factors, the nature of any supply chain has to be
considered before introducing any advanced financing arrangements. Therefore, a graduation project
has been started to study the SCF market possibilities for financial service providers. More
specifically, this study will investigate specifically what market dynamics are likely to impact the SCF
market for financial service providers.

1.2

Problem Statement and Research Objectives

The decision for financial service providers (FSP) to expand their product offering or geographic
presence with SCF solutions requires a basic understanding of market dynamics for SCF solutions.
Since the prospects for the SCF market are still shrouded in uncertainty, and market factors that drive
demand and successful implementation of SCF are not yet fully understood, additional research into
this topic is required.
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The main objective of the MSc project is to conduct research to gain an understanding of the
market dynamics that impact the outlook of SCF solutions for financial service providers. This has
been broken down into the following research question:
What market dynamics impact the SCF market for financial service providers?
This research question has also been decomposed into the following research objectives:
RO 1. Identify specific market factors that shape the adoption process of SCF solutions in (emerging)
markets.
RO 2. Distinguish relationships between market factors that influence the adoption of SCF solutions in
(emerging) markets.
This research set-up will produce insights into prospective markets relevant for financial service
providers. The research objectives are as follows related to each other: RO1 and RO2 are analysed in
an extensive desk research. With an understanding of markets characteristics, a simulation model with
the System Dynamics methodology can be created. Based on the market characteristics from the desk
research, and scenario analysis from the System Dynamics model, several policies for financial service
providers can be explored. This structure allows for the final stage of the implementation analysis to
be grounded in a quantitative model derived from the System Dynamics study. Hence, the actual
implementation will be out of the scope of the project but simply a framework for assessing
prospective markets will be given. A schematic overview is depicted in Figure 1.1.
University Deliverable
Theoretical Analysis
Literature Review on SCF market structure
Modelling and Experiments

Model Construction and Testing

Scenario Analysis and Policy Analysis

Conclusion
Overview of Market Factors and Dynamics

Figure 1.1 – Overview of the Study.

1.3

Significance of the Study

The research question is explanatory in nature and aims to provide insight into the market dynamics of
SCF. The research on the market dynamics will be from a generalized market point of view and will
not have a specific focus on any geographic market. Nonetheless, the research question on market
dynamics fits well within business issues faced by financial service providers examining the strategic
possibilities for the SCF market. Within this light, a System Dynamics study can be considered as a
vehicle to address potential implementation considerations for financial service providers in
quantitative manner. Summing up, the project will contribute both the financial service provider and
academic research on SCF in the follow ways:
1. Assist a financial service provider in formulating a potential strategy to enter (foreign) markets
with an existing or adjusted SCF solution, by indicating key drivers and obstacles in these
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markets. Furthermore, a basic understanding on the market dynamics of SCF will further enhance
future decision-making processes regarding business development for the SCF product within a
financial service provider’s organization.
2. Contribute to academic literature on SCF adoption processes. Since research on market and
institutional factors that determine of a successful SCF implementation is scarce, this project will
contribute to academic literature on the necessary informational and physical structures for
implementing existing and theoretical SCF models.

1.4

Structure of the Thesis

This document describes the study on SCF market dynamics and is structured as follows: First, a brief
literature review is given on the SCF research area in Chapter 2. Second, the methodology used in this
study is outlined in Chapter 3. Based on the understanding of the problem setting and possible
modelling approaches, the System Dynamics methodology is used to conceptualize (Chapter 4),
specify (Chapter 5), and validate (Chapter 6) the SCF market dynamics for FSPs. Several experiments
in Chapter 7 and policy recommendations in Chapter 8 are done based on this simulation model.
Finally, Chapter 9 concludes this study.
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Chapter 2

Literature Review

This chapter describes the theoretical framework of the Supply Chain Finance concept that underlies
this study. This discussion includes key definitions and terminology of relevant Supply Chain Finance
concepts and an identification of a research gap. Finally, the selection of a research methodology is
argued based on the identified research gap and the research objective.

2.1

Overview of Supply Chain Finance Research Field

Although financial products aimed at supporting the financial supply chain — the movement of
financial flows that is in the opposite direction of the goods flow that is associated with traditional
supply chain management — are not new; the discussion of a paradigm that is devoted solely to these
financial flows in supply chains has been a recent development. As such, there is currently no leading
definition of what Supply Chain Finance actually entails (Camerinelli, 2011).

2.1.1 Definition of Supply Chain Finance
For the purpose of this study, Supply Chain Finance (SCF) is viewed as a concept for the “intercompany optimization of financing as well as the integration of financing processes with customers,
suppliers, and (financial) service providers in order to increase value of all participating firms” (Pfohl
& Gomm, 2009, p. 151). A collaborative relationship with suppliers and buyers as well with other
stakeholders is considered to be part of the concept of SCF. Within this context, all supply chain
participants will preserve their legal and economic independence; however, the collaborating
participants are committed to share the relational resources, capabilities, information, and risk on a
medium to long-term contractual basis. The traditional role of a financial service provider in a
SCF arrangement is to offer financial instruments for the supply chain participants.
Both practitioners and academics are responding to the demand for including financial flows in the
supply chain and several methods and solutions have been developed. Examples of these classes of
methodologies that fit within the SCF definition of Pfohl & Gomm (2009) are summarized by
Hofmann et al. (2011):
Finance-oriented supply chain sourcing: This is an inter-firm procurement concept with vertical
and horizontal cooperation for a select group of procurement items in a supply chain.
The objectives of supply chain sourcing include optimizing the processes and reduction of product
costs for the market operators involved.
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Supply chain-oriented supplier financing: In this case, a large buyer accommodates its
low-liquidity suppliers or customers with better conditions through, third parties (banks, factoring
companies, etc.) to obtain financing benefits or provide short-term liquidity.
Collaborative cash-to-cash management: The objective of collaborative cash-to-cash management
(CC2CM) is to optimize the cash-to-cash cycle within a supply chain partnership to mutually
balance strengths and weaknesses and ultimately arrive at a better result for all parties involved.
Supply chain financing platforms: The introduction of a financing platform, which connects all
actors, makes it a long-term strategic project from a SCM point of view. Apart from improving the
buyer’s working capital, supply chain financing platforms safeguard and optimize the CCC of the
suppliers by offering alternative financing options.
The supply chain financing platforms methodology based on reverse factoring is currently extensively
being developed and will also be the focus of the study. For the remainder of the study, the SCF
concept will refer to a reverse factoring scheme with a key role for the technical platform, in line with
the description given above.

2.1.2 Mechanism of Supply Chain Finance
Reverse factoring has the same set-up as classical factoring but has some fundamental differences. In a
reverse factoring setup, there is one financially strong buyer and several smaller suppliers. The factor,
which in this case would be a financial service provider, purchases only selected receivables based on
the credit standing of the buyer. As a result, the suppliers, who do business with large, financially
stronger buyers, are able to obtain more favourable terms from the factors. When the large buyer
receives goods from the supplier, the buyer sends the invoice directly to the factor. The factor, in turn,
pays the supplier directly. The buyer will pay the factor on the due date of the invoice. Figure 2.1
depicts the following listed steps of reverse factoring:
1. A seller sends the buyer an invoice for services / goods delivered. In the current reverse factoring
arrangements, only invoices can be used to obtain financing. Options to obtain financing based on
purchase orders are not so common.
2. The buyer approves the invoice, and thus, creates an irrevocable payment obligation.
3. The seller is now able to present the invoice to the financial service provider in case it desires
early payment for services / goods delivered.
4. The financial service provider pays the seller the value of the services / goods delivered minus a
discount. In turn, the financial service provider takes over all the rights and obligations of the
receivable from the seller.
5. The buyer eventually settles the invoice with the financial service provider at maturity.
At the heart of SCF is optimizing the working capital of a supply chain, eventually in combination
with a changed role or task sharing for supply chain actors (Pfohl & Gomm, 2009). Reverse factoring
enables this by using the financial strength of a buyer and introducing a lower cost of capital (rSCF)
based on the buyer’s credit rating into the supply chain while allowing the buyer to extend their
payment terms (Crowe, 2009; Volcke, 2006). This shows that the key principle of reverse factoring is
interest rate arbitrage — leveraging the difference in cost of capital between large buyers (rb) and their
smaller suppliers (rs) such that suppliers receive a lower cost of capital (rb < rSCF < rs). In order to
connect all parties in the SCF arrangement, a technical platform is necessary (Cronie, 2008).
Hofmann et al. (2011) describes the role of the technical platform in more detail and gives an
overview of technical platforms for SCF.
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4

Financial
Service
Provider

2

3

Technical
Platform
Buyer

Supplier
1

Figure 2.1 – Schematic overview of Reverse Factoring, a widely used SCF arrangement.

A preliminary theoretical framework based on the work of Pfohl and Gomm (2009) identifies three
elements for conceptualizing a SCF arrangement. These three elements describe the assets which are
financed within a supply chain by whom and on what terms. The assets refer to both long-term and
current assets (working capital) of a firm. The supply chain actors in SCF arrangement are the firms,
i.e. buyer and its supplier base and the financial service provider. Finally, the terms specify the three
dimension of financing within SCF; which amount of assets (volume of financing) needs to be
financed for how long (duration of financing), and at which capital cost rate. These three elements are
depicted in Figure 2.2.
Primary Members
Supportive Members

Actors
Assets
Net Working
Capital

SCF
Objects

Levers

Duration
Volume
Capital Cost Rate

Figure 2.2 – A SCF framework Pfohl and Gomm (2009).

While typically the focus of academic and non-academic papers is on the buyer and the suppliers,
also referred as the primary members, financial service providers are equally important since they
offer funding and technical expertise to implement the SCF solution in a buyer-centric supply chain.
The financial service provider does not necessarily imply a bank. Other intermediaries are possible,
provided they have the financial capability and expertise to facilitate SCF arrangements. For example,
factoring firms (Volcke, 2006), insurance funds (He, Ren, Shao, Wang, & Dong, 2010) and logistical
service providers (Hofmann, 2009) are considered to be suitable financial service providers in
SCF arrangements as supportive members.
The financial service provider typically supplies the technical platform for the SCF arrangement
although this technical platform can also by procured by a third party specialized in SCF platforms.
This study will look at the SCF arrangement from the perspective of a financial service provider who
both funds and offers the technical platform in a buyer-centric supply chain. Although, traditional
(commercial) banks are typically associated with this set-up, a more neutral term of financial service
providers (FSP) is used throughout this study to indicate their supportive role in the SCF arrangement.

2.1.3 Benefits of Supply Chain Finance
If a SCF solution is correctly implemented, the arrangement should be beneficial for all parties
involved — a tripartite win-win situation for buyers, supplier and financial service providers (Seifert
& Seifert, 2011). These benefits can be separated into direct and indirect benefits for buyers and
suppliers. The direct benefits are typically; funding and liquidity savings for buyer and suppliers;
increased cost transparency and analytics capabilities while the indirect benefits are; enhanced supply
chain relationships and supplier stability for the buyer and funding diversification for the supplier. In
this study, the focus will be on the direct benefits of the arrangement — working capital and funding
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cost reductions. Therefore, the discussion in remainder of this section is devoted to specification of
these direct benefits.
Figure 2.3 gives an overview of typical scenarios before and after implementation of the
SCF arrangement in a buyer-centric supply chain, based on reverse factoring. Initially, the buyer and
supplier agree on Net 30 as payment condition: Payment to the supplier by the buyer is due in full
30 days after the invoice is presented to the buyer (Scenario 1). The supplier finances the receivables
with its own cost of capital (rs). For a myriad of reasons (e.g. deteriorating economic circumstances), a
buyer can extend its payments term with the supplier unilaterally (from Net 30 to Net 60). This forces
the supplier to incur additional financing costs to cover the extension in payment terms (Scenario 2).
The buyer, in turn, can use this trade credit to improve its working capital and, ultimately its cash-flow
position. (Appendix 1 explains the effect of this mechanism on the buyer’s cash conversion cycle and
the relationship with its working capital in more detail.)
If the buyer extends its payment terms, this can undermine the supplier’s viability, which ultimately
can threaten the buyer’s own competiveness, though the effects of the payment extension are not
immediately observed by the buyer. This holds in particular when buyers are dependent on the critical
goods and expertise of their key suppliers for innovation. Consequentially, this makes buyers less
competitive in the market place. In this case, continued sourcing stability is key — especially since
modern business operations are characterized by a high degree of interconnectivity between firms,
where supply chains tend to compete with each other rather than individual firms (He et al., 2010).
Supplier presents
invoice to
Buyer.

Supplier receives
payment from
Buyer.
Supplier receives
payment from
Buyer
after term extension.

Initial payment term of the receivables (€)
with the Buyer

Situation 1
Supplier’s funding costs
without SCF and no
terms extension

Supplier finances at rs
Day 0

Day 30
Buyer’s Payments Term Extension
(working capital improvement)

Situation 2
Supplier’s funding costs
without SCF and
terms extension

Supplier finances at rs
Day 0

Supplier finances at rs
Day 30

Day 60

Supplier’s Payments Term Reduction
(working capital improvement)

Situation 3
Supplier’s funding costs
with SCF and terms
extension and full early
discount

Interest Rate Arbitrage
(Funding Cost Reduction)

Supplier
finances at rs
Day 0

Supplier finances at rSCF

Day 10

Day 60

Supplier presents Supplier receives
invoice
early discount
to FSP.
from FSP.

Buyer settles
invoice
with FSP.

Figure 2.3 – Overview of the funding scenarios for the supplier in a pre- and post SCF arrangement.

SCF can remedy the adverse effects of Scenario 2 by giving the possibility to buyers to extend their
payment terms while offering liquidity and financing solutions to their suppliers. Whereas the buyer
reaps particularly working capital benefits — from the term extension in Scenario 2 — as a direct
benefit from the arrangement, suppliers are able to obtain financing at a lower rate (rSCF) and can free
up additional liquidity by receiving early discount (see Scenario 3 in Figure 2.3). These monetary
benefits can be calculated with working capital and funding formulae based on Hofmann and Belin
(2011) and are listed in Table 2.1.
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Table 2.1 – Calculation of Buyer’s and Supplier’s net benefits of the SCF arrangement adapted from Hofmann and Belin (2011).
Buyer’s benefit
Working Capital improvement Receivables volume × [(payment terms of the Buyer with SCF less payment terms of the Buyer without
SCF)/365] × Buyer’s cost of funding (rb)
= Net direct benefit
Buyer’s benefit of implementing a SCF arrangement which allows the buyer to extend its payment terms
without adverse effects on the supplier’s financial performance (from Scenario 1 to Scenario 3).
Supplier’s benefit
Working Capital improvement Receivables volume × (payment terms reduction/365) × supplier’s funding costs (rs)
+ Funding Cost reduction
Receivables volume × (payment terms reduction/365) × [funding costs of supplier’s receivables without
SCF (rs) less funding costs of supplier’s receivables with SCF (rSCF)]
= Net direct benefit
Supplier’s benefit of participating in a SCF arrangement which allows the supplier to receive early
payment for its receivables, at lower interest rate, than waiting for the buyer to settle at maturity would
occur after an unilateral term extension by the buyer (from Scenario 2 to Scenario 3).

In this study, it is also assumed that the period of ten days is, from an operational point of view, the
fastest period for the supplier to receive early payment from the platform. This period can vary
depending on the time it takes for the buyer to approve the invoice and the FSP to transfer the funds to
the supplier and will also depend on the performance of the technical platform. (Scenario 1 implicitly
assumes these steps to occur within the 30 days payment period.) If a SCF arrangement is structured
correctly, Scenario 3 can be theoretically more favourable than Scenarios 1 and 2.
The FSP’s benefit in the SCF arrangement revolves primarily on remaining a relevant actor in trade
flows that increasingly are conducted on open account (O/A) basis — a trend which threatens to
marginalise the role of FSPs to solely as a conduit of financial transactions in supply chains.
Moreover, the FSP receives a funding fee from the supplier when receivables are funded through the
arrangement. Finally, assets funded through a SCF arrangement have attractive capital requirement
properties; a characteristics that is especially appealing in light of Basel III which is expected to
increase capital requirements for FSPs (Hawser, 2011; Hurtrez & Gesua'sive Salvadori, 2010).
Since the trend of integrating the financial supply chain is on the rise, FSPs can use SCF to satisfy
market demand and to increase client retention by offering ‘tailor made’ solutions to supply actors
(Capco, 2011). This can potentially increase revenue opportunity by cross-selling other financial
products out of the FSP’s product range.

2.1.4 Implementation of SCF
Initially, SCF was established as a domestic trade financing solution, but SCF possibilities have
evolved into an international reverse factoring scheme as a result of new economic realities —
increased sourcing from SMEs around the world and improved IT-capabilities (Hurtrez & Gesua'sive
Salvadori, 2010). A new model for SCF would try to fully integrate the pieces of the financial supply
chain from end-to-end, fully automating the buyers’ procure-to-pay (P2P) and suppliers’
order-to-cash (O2C) cycles (Camerinelli, 2009). Eventually, the integration of procurement, invoicing
and financing within a single platform is envisioned and will be the convergence of working capital
management and trade finance (Hurtrez & Gesua'sive Salvadori, 2010).
As of today, an integrated SCF solution is not yet available. This makes unlocking all the potential
benefits of SCF not entirely possible. There are some SCF initiatives initiated by large Original
Equipment Manufacturers (OEM) and large financial institutions. However, most of the SCF solutions
are still fragmented and aimed at domestic markets (Hurtrez & Gesua'sive Salvadori, 2010).
Furthermore, the benefits of a SCF solution cannot be reaped and can even be loss-making if a SCF
platform is not implemented correctly. Since a SCF arrangement requires a sizable capital outlay (e.g.
technical platform, operational redesign in the supply chain), most firms are reluctant to start a SCF
program since they are still unaware how SCF will affect the role of the supply chain actors.
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In order to successfully launch a SCF arrangement, firms need to understand how it will affect the
role of individual firms. Since these areas are still uncharted, further research might be necessary
within these implementation issues. In one of the few empirical studies on SCF, Seifert and Seifert
(2011) have identified several drivers for successful SCF program implementation:
• Involvement of senior management of both buyer and supplier in the SCF implementation.
• Adequate selection of the financial service provider and the technical platform.
• Inclusion of a sufficient amount of suppliers in the roll-out of the SCF program.
Within the participating firms, radical changes in the business process are also likely to be necessary
since SCF requires integrating information exchanges between both intra-firm and inter-firm
departments. Currently, most firms vary internally and externally in their degree of business
integration due to the use of various supply chain software solutions and inventory management suites,
which can have incompatible data formats and dissimilar data fields for the same information (Bedell,
2007). Therefore, some operational redesign in the supply chain might be necessary.
Financial service providers, too, need to make huge commitments when it is decided that their
product offering needs to be expanded with SCF solutions. Such a decision will depend on the FSP’s
strategic focus, appetite for investment, geographic footprint and IT capabilities (Hurtrez & Gesua'sive
Salvadori, 2010). The most pressing considerations for FSPs are:
1. Strategic focus: Since SCF would help FSP’s to attract new customers from participating suppliers
and establish stronger relationships with buyers, competitors are likely to erode a FSP’s
market share if a bank does not offer SCF. However, having a SCF program might, too, be
detrimental for a FSP’s current product offering. Traditional products offered by banks such as
Letters of Credit (L/C) and other trade finance instruments could be cannibalized by a SCF
solution (Brace, 2011; Schiffers, 2010).
2. Geographic footprint: Despite the current IT possibilities which allow SCF arrangements to be
deployed in multiple countries, FSP’s often encounter implementation issues. Country-specific
knowledge is needed to solve problems due to the funding in local currencies, compliance with
market regulators for the assignment of receivables, withholding tax issues and confrontation with
local financial institutions that might be seen as competitors, as well as partners in the SCF
programs (Cavenaghi, 2011a).
3. IT project delivery capabilities: The technical platform performs a pivotal role in the SCF
arrangement. The exchange of information between the SCF participants takes place through this
platform. Therefore, important decisions regarding the development of the technical platform have
to be made. This includes decisions for adopting the right coverage model and deciding on the
openness of the SCF platform. Finally, it has to be decided whether to outsource the platform or to
develop the platform in-house.
These issues show that there are challenges for all SCF actors and that a wide-scale adoption of SCF
solutions in practice is not likely to emerge spontaneously. This seems to indicate that a clear route
from the SCF concept to a successful implementation in supply chains is still missing. Nonetheless,
the benefits of SCF remain compelling and it is likely that SCF becomes more widely adopted.
However, this appears to occur solely under a specific set of circumstances that warrant further
research on what these conditions are for a FSP that wants to offer SCF arrangements in the market
place.
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Modelling in Supply Chain Finance and Market Adoption

Current SCF models are still in a state of infancy and this is reflected by the lack of
prescriptive models. SCF theory is predominantly defined in conceptual terms and academic research
has not yet indicated how a SCF arrangement can be implemented. This holds for the models
presented by Hofmann (2005) and Pfohl and Gomm (2009).
Lack of prescriptive models on how to implement SCF arrangements could potentially hamper the
widespread adoption of SCF arrangements. Especially, in the current cash-constraint environment,
where SMEs and financial intermediaries conserve cash, investing in SCF arrangement might be
postponed despite the clear benefits a SCF arrangement can offer.
Prescriptive models could focus on the informational and organizational prerequisites for
participants before they introduce financing arrangements in the supply chain. Therefore, detailed
theoretical models of SCF arrangements are also needed, in order to quantify and specify the benefits
and implementation issues for the arrangement and for the SCF participants.
The limited amount of models on SCF focus on different aspects of the SCF arrangement;
information asymmetries issues (Pfohl & Gomm, 2009) and value measurement of the arrangement
(Hofmann & Belin, 2011). Several types of models that are mostly used to address research in SCF
are; game-theory (Meng & Hui, 2011), stochastic dynamic modelling (Miao, Changrui, Qinhua, & Jin,
2011), multi-criteria analysis (Liu, 2009), cost-benefit analysis (Yixue, 2010) and contracting theory
(Li & Xu, 2010).
Little research has been performed on the contextual area of SCF where problems are more
characterized by soft factors — hard to quantify but highly critical drivers for the adoption of SCF.
Aside from the measurable value that SCF solutions can create, several soft factors such as degree of
supply chain participation (Striano, 2010), executive involvement (Seifert & Seifert, 2009),
operational complexity (Orbian, 2011) also impact the adoption of a SCF arrangement.
The soft factors are more of interest for practitioners and many non-academic articles and
white papers are dedicated to address these issues (Au, 2011; Cavenaghi, 2011b; Frohling, 2011;
Hartung, 2011; Hughes, 2010; Jacquot, 2011; Kerle, 2009; Sylverberg & Albrektsson, 2011).
The most common methodologies employed by these studies are surveys and (group) interviews to
gather information on the impact of these soft factors. The earlier cited research by Seifert and Seifert
(2010) is an example of such a study with some scientific rigor. Explanatory research on these soft
factors, grounded in a scientific method, could further expand the research focus of SCF.
From existing articles and whitepapers that form the bulk of non-academic research on SCF,
a comprehensive theoretical model could provide new insights into this field. The challenge
is, however, to integrate the hard and soft factors that influence the adoption of SCF solutions. A well
establishment method that is able to include both hard and soft factors is the System Dynamics
methodology: An approach for policy analysis and design of dynamics problems arising in complex
social, managerial and economic systems (Sterman, 2000).
The issues faced by financial service providers to venture into the SCF market seem to justify the
System Dynamics approach. System Dynamics has been widely used for modelling market adoption
processes (Cui, Zhao, & Ravichandran, 2011; Fisher, Norvell, Sonka, & Nelson, 2000; Otto, 2008;
Sterman, 2000), issues on diffusion of technologies (Lyneis, 2000) and strategic management
(Akkermans, 1995). Especially, the use of System Dynamics in technology diffusion is promising
since the issues facing the SCF concept seems to be congruent with typical technology diffusion
issues. Finally, Kong and Li (2010) have used System Dynamics in SCF setting, demonstrating that a
SCF arrangement can be used to optimize the performance of a supply chain.
Although the System Dynamics methodology is not aimed at achieving an optimal solution, it can
assist in understanding the behaviour of complex systems such as modelling the dynamics in the SCF
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market adoption process. Another advantage of using System Dynamics is that strategic analysis for
financial service providers can be done. This will translate in identifying certain risk areas and
potential policy strategies. Finally, different scenarios can be analysed and also tailored strategies can
be proposed. These considerations seem to warrant the use of the System Dynamics methodology,
which is discussed in more detail in Chapter 3.
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Chapter 3

Methodology

From Chapter 2, a choice for the System Dynamics has been outlined based on the research gap
identified in the literature review and the research objective. The purpose of this chapter is to outline
the System Dynamics methodology that is used in this study in more detail. This includes a discussion
of the overall research design and the data sources of the study.

3.1

Research Design

The objective of the System Dynamics approach is to capture the dynamic interaction of different
factors and to analyse their impact on the system under scrutiny. The System Dynamics method also
assists in the development of strategic actions over a long-term horizon. This is achieved by testing
strategy actions by modifying parts of the modelled system. Within this context, a system boundary
needs to be defined and a model of the system has to be conceptualized and specified. In addition, the
model has to be verified, validated and tested before experiments can be performed and strategy
actions can be defined. These steps are part of a systematic procedural framework for
System Dynamics modelling which consist of the following steps:
1.
2.
3.
4.
5.

Problem Articulation (Boundary Selection)
Formulation of Dynamic Hypothesis
Formulation of a simulation model
Testing
Policy Design and Evaluation

The System Dynamics modelling procedure is based on Sterman (2000). A key property of this
procedure is that all steps are iterative. Therefore, it will be necessary to update the models based on
new insights. The steps in the modelling process are depicted in Figure 3.1.
The structure of this document also corresponds with this procedure. Chapter 2 through Chapter 4
correspond with articulating the problem and formulating the dynamic hypotheses (Step 1 and Step 2).
Chapter 4 and Chapter 5 deal with formulating the system conceptually and in the simulation
environment (Step 3). Chapter 6 and Chapter 7 cover testing of the model (Step 4). Finally, Chapter 8
addresses the policy formulation and evaluation stage of the System Dynamics methodology (Step 5).
The steps will be discussed briefly in the next sections where an overview of the study is presented.
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1. Problem Articulation
(Boundary Selection)

5. Policy
Formulation
& Evaluation

2. Dynamic
Hypothesis

4. Testing

3. Formulation

Figure 3.1 – Overview of the modelling steps for a System Dynamics study (Sterman, 2000).

3.1.1

Problem Articulation

Based on the desk research, the SCF market environment has been chartered. From the literature
review, several risk areas that adversely could impact the implementation of SCF were identified.
These factors might hamper further future adoption possibilities for SCF solutions. Moreover, it is
suspected that several factors are interrelated with each other and further investigation how these
factors interact is required.
A key factor that will be the focus of the study is the market potential of SCF solution in a
particular market. Aside from standard market potential factors such as: market size, adoption rates
and market shares, specific SCF implementation and on-board requirements are also considered.
These specific SCF factors are: supply chain characteristics and transaction characteristics, interest
rate differentials between supply chain actors and other specific on-boarding requirements.

3.1.2 Formulation of Dynamic Hypothesis
Although SCF programs offer great possibilities to reduce the amount of working capital among
supply chain actors, it has not yet been widely adopted. Also, current growth rates in the number of
SCF deals seem to be stagnant, despite the promising outlook in the last years. This is believed to a
result of a myriad of reasons. In short, lack of credit capacity at FSPs and reduced risk appetite of
buyers for large projects — launching a SCF program would easily qualify for such a designation —
are one of the prime obstacles for buyer’s current reluctance to on-board in SCF programs (Kramer,
2011).
Furthermore, the lack of unifying technologies (e.g. open, bank independent technical platforms)
and issues surrounding legal and accounting status of the receivables in the SCF program seem to give
buyers a lukewarm response. These obstacles seem to indicate that the following reasons are
responsible for these trends:
SCF programs require specific market conditions to be attractive that have not been met recently.
SCF programs are susceptible to (sudden) changes in market factors such as interest rates,
collaborative attitudes and receivables volumes in supply chains.
Based on these trends, two hypotheses have been formulated which are the focus of the experiments
(see Chapter 7) with the System Dynamics model for SCF implementation for FSPs:
H1. The attractiveness of offering SCF programs for FSPs exists in specific industries and market
conditions, placing an addition requirement for SCF solutions to be successful for all SCF actors.
–14–

Understanding SCF market dynamics through SD modelling

U. Dello Iacono

H2. The attractiveness for offering SCF programs by FSPs can change due to changes in economic
conditions which can make running projects more challenging since buyers and suppliers can
become hesitant to participate in a SCF program.

3.1.3 Formulation of a simulation model
A general system model, which demonstrates the feedback loops and system boundary assumed to be
existent in the SCF adoption system for financial service providers, is created in this step. This is
depicted in Figure 5.1 in Chapter 5. The system model shows various interactions between the
different subsystems that can affect the market adoption and market profitability of a SCF solution for
financial service providers. Based on this theoretical model (see Chapter 4), the model will be
specified in System Dynamics in the POWERSIM 2005 simulation environment.

3.1.4 Testing
The System Dynamics methodology offers great possibilities to model complex relationships.
However, the challenge is to formulate the relations between various factors. Therefore, it was
necessary to continuously test the model in order to verify whether the model exhibited expected
behaviour. The methods of testing was done with specialists of SCF in order to build confidence in the
models and to create a sense of involvement in the model. As a result, all steps in formulating the
simulation model are iterative. Aside from the testing procedure, other verification and validation
methods that will be used are: parameter and structure sensitivity analysis, dimension analysis and
extreme condition tests.

3.1.5 Policy Design and Evaluation
The final step of the research design was to incorporate various strategic actions in the
System Dynamics model and to test various outcomes of the policy actions on the system.
This includes an overview of decision rules and strategies that can be implemented in
practice. This model can than serve as a starting point for future initiatives to improve the financial
service provider’s strategy and business development process.

3.2 Data Sources for Model Specification
Given the exploratory nature of the research project and that mostly qualitative data was expected to
be found, the following research methods were selected:
1. Desk research
2. Interviews
3. System Dynamics modelling
The desk research and interviews were used to provide the main input data and behavioural structures
that were modelled. The System Dynamics model was constructed to formalize and relate the
identified factors in a quantitative model.
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3.2.1 Desk research
The desk research was used, but was not limited, for the following tasks:
Market sizing – use of official statistics or calculate the market size based on trade flows and
transaction volumes / frequencies.
Trends – use of time series of statistics or commentaries in whitepapers to identify potential future
developments.
Company profiling – use of an overview of supply chain participants active in SCF market which
covered issues such as size, product offering, geographies footprint and performance.
Online databases – Some dedicated databases such as Thomson Reuters Datastream, Bankscope
and Compustat Global were used to acquire specific company / economic data. These databases
were the main sources of raw data to specify the System Dynamics model.

3.2.2 Interviews
The interview data collection format was used to retrieve primary information about the market sizing
and SCF product offerings. Various professionals with product development knowledge and / or
experience in launching and managing products in (emerging) markets were consulted.
These respondents were primarily retrieved from the financial sector and the University. This phase
was performed after the desk research phase in order to establish a sound understanding of the
research domain and to address a range of specific topics found from the desk research. Also,
interviews with SCF experts were conducted to identify relationships between market factors and to
validate modelling output.

3.2.3 System Dynamics methodology
The System Dynamics methodology is an approach to model complex systems that are characterized
by delays, feedback and nonlinearities. However, specific consideration has to be given to the data that
are used to specify the models. Ideally, large (raw) quantitative data are used to specify relationships
between factors. Since the modelling problem is also focussed on the ‘soft’ and ‘novel’ market
insights on the SCF research domain, this makes the specification of the model challenging given that
raw data is largely unavailable. Nonetheless, there were several possibilities to calibrate the model.
For several factors, especially external input factors; raw data is available over a large time period
(e.g. interest, GDP growth rates, working capital figures across industries). For the soft factors, a
methodology known as Participative Business Modelling (PBM) method was employed (Akkermans,
1995). With this methodology, it is possible to quantify soft factors by specifying a set of behaviours
patterns (e.g. S-curves, linear or exponential growth) and to model the relations between the factors in
a graphical function. This was subsequently discussed with SCF practitioners; this represents the
participative aspect of the methodology. This methodology gives the possibility to overcome the
absence of data in the SCF modelling specification with the methods described in this section.
The model was specified with a combination of data from databases and the PBM method.

–16–

Chapter 4

Conceptual Model

This chapter describes the supply chain finance (SCF) market adoption process for financial service
providers (FSP) in brief such that it can be modelled in a simulation model. This phase in the
System Dynamics methodology produces a (graphical) conceptual model that forms the basis of the
qualitative analysis of the market adoption process for the SCF product. The conceptual analysis
presented in this chapter will append insights from the literature review (see Chapter 2) but is
self-contained in order to understand the conceptual foundations of the simulation model and
experiments in the subsequent chapters. For an elaborate discussion of the conceptual model, the
reader is referred to Appendix 2.

4.1

Overview of the SCF product lifecycle

From the literature review has become apparent that research on market factors that determine a
successful SCF implementation is scarce. Furthermore, underlying market dynamics and relations
between various market factors of SCF have not yet been researched. Finally, SCF implementations
are characterized by both qualitative and quantitative elements that often interact and critically
determine a successful implementation (Orbian, 2011). These conditions are a combination of suitable
technology, funding arrangements (interest rate setting and program size) and project management
skills of the SCF actors, especially the FSP. The lifecycle of a SCF arrangement for FSPs in a
particular market can be decomposed in several sequential stages through which a SCF arrangement
evolves:
1. Market potential: The SCF market potential represent potential buyer-centric supply chains that
would benefit, qualify and express interest for a SCF solution. At this stage, prospective buyers are
not yet clients of the FSP and this market potential can diminish due to competition and loss of
interest by buyers and suppliers.
2. Implementation: Buyers that have agreed to launch a SCF arrangement and have selected the FSP
are on-board in the FSP’s SCF program; the SCF arrangement is subsequently implemented with
the buyer and its supply chain.
3. Portfolio management: At this stage, a financial service provider has successfully implemented the
SCF arrangement such that supply chain actors can make use of the SCF arrangement; the buyer
and suppliers are considered to be in the FSP’s SCF program portfolio. Suppliers are able to offer
their receivables for early payment to the FSP.
These stages reflect the route-to-market for FSPs who intend to offer SCF arrangements in prospective
markets. In this case, a prospective buyer goes through the various stages of the SCF life cycle: From a
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potential buyer, to a buyer that is on-board in the FSP’s SCF program, and its suppliers that discount
their receivables with the FSP. This life-cycle occurs in a particular market that needs to be designated
by the FSP.
For the purpose of this study, a market is defined as a set of potential buyers that face similar
condition from the FSP’s perspective. For example, a market can be a geographic region or a
particular industry where potential buyers are present. It is also possible to designate a large
conglomerate with several subsidiaries as a market where each subsidiary represents an individual
buyer that needs to be included in the FSP’s SCF program. It is, however, necessary that all buyers in
this designated market face the same external conditions and implementation considerations from the
FSP’s point of view.
The sequential steps of the stages and the market context are depicted in Figure 4.1 and represent
the system under investigation for this study. In addition, an example of the market sizing is depicted:
According to the FSP’s research, there are in potentially 10 buyer’s eligible for the FSP’s
SCF program in a particular market. For instance, the FSP specifies in the model that in the Dutch
chemical market, at a particular point of time, 3 buyers are already on-board in the SCF program and 2
buyers are currently in the process of being included. The remaining 5 buyers represent the remaining
market potential for the FSP. This market adoption system is continuously influenced by a set external
market factors that is equal for all SCF actors in this market.

External
Market Factors

SCF Market
Potential

Implementation
Execution

SCF Portfolio
Management

5 buyers

2 buyers

3 buyers

R1

Commercial
Attractiveness

Learning Effects

R2
Word of Mouth

Market
(total buyers)
10 buyers

Figure 4.1 – Overview of the SCF life cycle and main relations in the market adoption system.

In the SCF life cycle and market adoption system, external (market) factors set the environment in
which a number of buyer-centric supply chains (=market) operate. Typical examples of these factors
are: interest rate differentials, type of payment systems, legal and accounting procedures (Hofmann &
Belin, 2011). These external market factors determine the SCF market potential, implementation
execution, SCF portfolio management, and commercial attractiveness for FSPs. A key feature of an
external factor is that the FSP cannot influence these factors and has to consider them as exogenous
variables that shape the context of their SCF product. Moreover, these factors are subject to change
and cause dynamics in the SCF system.
The commercial attractiveness for a FSP to offer a SCF program is determined by a combination of
the transaction volume and frequency of transactions within a particular supply chain (Capco, 2011),
bank’s geographic footprint (Hurtrez & Gesua'sive Salvadori, 2010) and other technical capabilities
(Sylverberg & Albrektsson, 2011). Obviously, commercial attractiveness is also influenced by a set of
external market factors such as the interest rate that determine the interest rate arbitrage opportunities
Should a supply chain considered to be attractive to introduce a SCF arrangement, a potential
market for SCF services for FSPs emerges. Conditional on how a FSP executes the implementation of
the SCF solution, a financial service provider will be able to attract buyers and suppliers for its SCF
program (Cavenaghi, 2011a). Existing buyers and suppliers will generate revenues for FSPs by paying
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a platform fee or discounting receivables, respectively (Orbian, 2011; Sylverberg & Albrektsson,
2011).
The main revenue driver for FSPs is the discount activity by suppliers — suppliers actively
discounting receivables determine the commercial attractiveness of the SCF market. This interaction
remains influenced by external market factors. For example, access to other financing options and the
interest rate spread determines whether suppliers will use the SCF arrangement or resort to other
alternatives. Also, suppliers and buyers that are on-board in the SCF program require continuous
support in order to ensure they remain in the program and all operational issues are addressed (Orbian,
2011). Furthermore, there might be other consideration such as the use of SCF solely as a risk
mitigating tool that could induce suppliers to remain in a program (Au, 2011; Cavenaghi, 2011c;
Wong, 2010).
Successful SCF programs will serve as a marketing vehicle to attract new buyers (Seifert & Seifert,
2009). But more importantly, it will allow FSPs to become more proficient in offering
SCF arrangements to clients. The results of the implementation and the SCF portfolio management are
assumed to impact the commercial attractiveness of the product in a particular market.
Consequentially, the lifecycle SCF product exhibits characteristics of two ‘classical’ feedbacks loops.
These loops are ‘word of mouth’ and ‘learning effects’, respectively. These feedback loops are also
depicted in Figure 4.1 and Figure 4.2, where learning effects is represented by reinforcing loop 1 (R1)
and word of mouth by reinforcing loop 2 (R2).
The SCF implementation, like any other product, would benefit from increased user base and
learning effects. This has also been indicated in literature and is widely used in market dynamics
modelling; a setup that corresponds with the Bass diffusion model (Sterman, 2000). This innovation
model is typically used to model the diffusion of consumer products. Although, SCF solution are
destined for Business-to-Business (B2B) markets, the Bass diffusion model has properties that are
applicable for SCF arrangement — the importance of worth of mouth adoption is a basis of the Bass
diffusion model. This seems to correspond with a FSP’s track record for selecting a banking partner by
firms.
Given the fact that relationships and track records are important drivers in the financial services
industry (Hughes, 2010), this is expected to hold also for SCF programs. Therefore, the principal
factor that drives both feedback loops is a FSP’s track record in a specific market for
SCF arrangements. Successful programs will provide learning effects such that future SCF
arrangements can be offered more effectively. Reduced operational complexity will also drive down
implementation costs, making the proposition more attractive. Together, these factors will open up
new markets since these become also less operational complex from a FSP’s perspective.
Commercial attractiveness is, therefore, determined by the FSP’s implementation and portfolio
management track record through learning effects and FSP’s track record effects, closing the loop in
the SCF product life cycle.
Modelling the SCF life-cycle around a well studied research field, grounds the conceptual model in
existing research and makes intuitively sense from a product management point of view. Especially,
given that product diffusion through word of mouth adoption is nearly always present for most
products (Sterman, 2000). Although the SCF product, as a financial product, has some of its specific
intricacies, it is not expected that the SCF product diverge from this type of behaviour. Hence, it is
sensible to base the SCF implementation and life-cycle on this archetypal structure.
After a SCF arrangement is in place ideally suppliers will offer their receivables for early discount
to the FSP. Given that external factors continue to influence the SCF portfolio of FSPs, it is possible
that changes in the external environment could impact the supplier discount activity. This can be
adversely or positively; more or less discounting activity, respectively. Although, no example of a
discontinued SCF programs have been seen, it is possible that SCF programs might be terminated.
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From a FSP’s perspective it can be no longer attractive to offer a SCF solution should the costs
outweigh the (prospective) benefits, especially when FSPs scale down their risk weighted asset
(RWA) exposure (Cavenaghi, 2011a), especially in light of capital adequacy requirements such as
Basel III. Other potential reasons why SCF programs might be terminated or scaled down are loss /
change of strategic relationships focus in supply chains, buyer bankruptcy and other macro-economic
events influencing the working capital needs. While the SCF concept is fairly new and such behaviour
has not occurred yet, it is likely that SCF programs that are terminated become a possibility as the
concept matures. This behaviour is, however, not assumed in this study.

4.2

Overview of Causal Relationships for the SCF product life cycle

Based on the SCF product lifecycle, the conceptual model can be expanded with more detailed factors
that define the relationships between the various life-cycle stages in more detail. This causal model of
the life-cycle of a SCF product is depicted in Figure 4.2. The principal relationship in the SCF
life-cycle revolves on the following set of factors: Commercial attractiveness for FSPs – SCF market
potential – Buyers in the SCF program – Suppliers in the SCF program – SCF discount activity –
Success rate of SCF programs – FSP’s track record – Operational complexity and again, Commercial
attractiveness for FSPs. This sequence of events is also depicted in the life-cycle of the SCF product
for a FSP as discussed earlier (see Figure 4.1). Moreover, these set of factors form the two principle
feedback loops that is expected to drive the SCF implementation. These loops are also depicted for
reference purposes.
The main principle behind these reinforcing loops is that successful SCF programs result in
sufficient proficiency in implementing SCF arrangement and will attract new buyers — through
reduced operational complexity — where the product can be offered. This will lead to an increase in
market potential since more buyers and their suppliers can be included in the SCF program. This is
typically a re-enforcing loop. Moreover, this behaviour has become apparent from leading (global)
banks in the SCF market, who have gradually taken the bulk of SCF market in various geographic
regions.
The next sections discuss the conceptual link between the SCF life-cycle stages in Figure 4.1 and
the causal model in Figure 4.2. Each factor in Figure 4.2 is discussed in relation with the relevant
life-cycle stage and is italicized. Moreover, additional factors are included that relate to the external
factors and the FSP’s business model for operating SCF arrangements in order to complete the
casual model — that represents the conceptual foundation of the study.

4.2.1 Commercial Attractiveness
The principal reason for FSPs to offer the SCF arrangements is the commercial attractiveness of the
product. The commercial attractiveness of the SCF proposition is based on a combination of SCF
possibility for supply chains, operational complexity to implement the SCF arrangement in the
supply chain, supply chain receivables volume (Capco, 2011; Sylverberg & Albrektsson, 2011). SCF
possibility for supply chains refers to supply chain characteristics to accommodate the SCF solution.
Together with the operational complexity, this determines whether it is technical feasible to implement
the existing SCF arrangement in the supply chain. From a FSP’s perspective, the amount of
receivables volume is also an important driver for commercial attractiveness and expected profitability
(Capco, 2011).
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Figure 4.2 – Causal Diagram1 of the SCF product life-cycle.

Supply chain suitability for SCF arrangements depends on a range of factors. Common cited
factors that determine successful supply chains for SCF are lengthy buyer payment terms, executive
accessibility and involvement in the program, industry fit, supply chain working capital goals, buyer
strength in supply chains and the possibility of cross-functional deployment with the organizations in
the supply chain (Cronie, 2008; Hofmann & Belin, 2011; Seifert & Seifert, 2011). Since these factors
are too detailed for the purpose of the study and too challenging to quantify, only supply chain
working capital goals and supply chain payment days are included. These factors can be easily
quantified and provide sufficient analysis possibilities in latter stages of the study. Given that the key
cornerstone of SCF is the interest rate arbitrage, the interest rate differential in the supply chain also
has to be taken into account to determine the commercial attractiveness for banks.

4.2.1 SCF market potential
The commercial attractiveness for introducing SCF in a particular supply chain or market leads to a
certain market potential. The SCF market potential is further determined by existing competition of
both other SCF market players and other trade finance and working capital instruments that are present
in the (prospective) market. For example, strong (entrenched) SCF competitors would lead to a low
market potential despite a commercial attractive market. Based on these factors, a SCF market
potential can be considered as a function of the commercial attractiveness of a market. This includes
all the elements of the commercial attractiveness such as supply chain suitability and operational
complexity.
1

Causal loop diagrams aid in visualizing how interrelated factors affect one another. Moreover, causal loops can give insight in particular
system behavior and can help to formulate policies to address particular issues in the system. The relationships between these factors are
represented by arrows, labeled as positive or negative. Positive causal link indicate that the two factors change in the same direction, i.e. if
the originating factor increases or decreases, the other factor will also increase or decrease, respectively. Negative causal links indicate that
two factors change in opposite directions, i.e. if the originating factor increases or decreases, the other factor will decrease or increase,
respectively. The overall effect of a loop can be determined by multiplying the signs. A negative loop exhibits balancing behavior – a steady
state will be achieved. Whereas a positive loop exhibits reinforcing behavior – unlimited growth will continue.
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Implementation

Based on a prospective market, a FSP’s marketing effort and a track record, a FSP would be able to
attract buyers in its SCF program. Buyers tend to select financial partner primarily for financial
services based on relationship and technical capability — both reflected by a FSP’s track record within
a market. Also, effectiveness of the marketing effort by FSPs to pursue business opportunities
determines whether FSPs will be able to on-board buyers in its SCF program.
Given the anchor role of the buyer in a SCF setting, a SCF program is first implemented with the
buyer. Subsequently, the buyer’s suppliers are included in the SCF arrangement. The implementation
of the SCF arrangement is the most complex operation of the entire program since it requires to set up
a platform which tackles a wide of array of issues on IT connectivity, legal and accounting
frameworks (Hofmann & Belin, 2011).
After the buyer has determined the key suppliers for which the SCF arrangement can be used, the
suppliers can be included. The supplier on-board process is also a complex and intensive process given
that each supplier has to be contacted individually (Cavenaghi, 2011a). Moreover, each supplier has its
own set of criteria in order to determine whether it will join the arrangement or not. A key
consideration for suppliers is the overall attractiveness of the SCF offering. The attractiveness is
determine by the funding size of the program, whether the platform is compatible with supplier’s daily
operations and the support it receives from the FSP offering the SCF arrangement (Richman, 2010).
Other important considerations for the suppliers to participate is whether suppliers are willing to
change existing contracts with the buyer, the geographic proximity of the suppliers and the strength of
buyer-supplier relationship. Together with the (perceived) benefits of the SCF program, the interest
rate advantage also determines the degree to which suppliers are willing to on-board in the
SCF arrangement. Again, for simplicity purposes, only the interest rate spread is included in order to
determine the attractiveness for suppliers.
The on-board process for both buyers and their supplier base is a complex confluence of
quantitative factors (working capital gains and interest cost savings) and a set of qualitative factors
(power relationships in the supply chain and implementation capabilities of the supply chain
participants)(Cavenaghi, 2011a; Richman, 2010). This makes offering successful offering of
SCF solution a fine art — something that has only been mastered by a few (global) FSPs. These global
FSPs have made use of their first mover advantage and are clearly leveraging their experience with
SCF product range.
A successful SCF program is characterised by sufficient supplier enrolment and SCF discount
activity in the arrangement (Orbian, 2011). Successful SCF programs greatly enhance a FSP’s track
record and can be used as a showcase to demonstrate a FSP’s current SCF capability. Therefore, a
relation can be expected between the number of (successful) SCF programs, FSP’s track record and
the number of buyers it is able to attract in the SCF program.
Through the learning curve, the FSP’s track record also influences the operational complexity for
future SCF implementations. Increased SCF capability will allow FSPs to take on more challenging
supply chains — opening up new markets and effectively increasing the market potential.
Furthermore, sufficient experience in running SCF programs also helps to speed-up the
implementation of future suppliers, a development that would further benefit new SCF programs and
ultimately the success rate the overall SCF project of the FSP.

4.2.4 External Factors
In the SCF product life-cycle, there are several key factors that tend to change over time and critically
influence the SCF market. Among the most important factors are the supply chain suitability options
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and all associated factors, degree of competition with in a particular market and the interest spread
between buyer’s and supplier. This includes the supply chain actor’s funding costs, supply chain
working capital goals and supply chain payment days.

4.2.5 Financial service provider’s operating model
From a FSP’s perspective, the principle performance indicator of the FSP’s SCF program is the SCF
program success rate. Though, profitability is also of paramount importance, this performance
indicator includes operational aspects that are also important for the long-term viability of the FSP’s
SCF program — profitability is, nonetheless, derived from this performance measure through the SCF
discount activity. FSP’s SCF revenues originate mainly from suppliers who sell their receivables to the
FSP (Sylverberg & Albrektsson, 2011). Given this (prospective) stream of revenues, SCF programs
costs of the platform and implementation costs by the buyer is typically borne by the FSP. Also, the
cost of supplier on-boarding is often not borne by the suppliers. These costs, however, need to be
recovered by the FSP. This is typically done by the supplier through the mark-up on the Supplier’s
SCF funding rate. This included in the supplier SCF funding rate in the program which is based on
primarily on the buyer’s cost of capital but is funded with the FSP’s funding costs.
The SCF discount activity refers to the amount of receivables being offered to the FSP for early
payment by the suppliers in the arrangement (Orbian, 2011). At the heart of any SCF solution is the
interest arbitrage mechanism, where the buyer introduces a lower cost of finance in the supply chain.
However, whether the supplier will use this arrangement depends on the fact whether first there is a
(direct) need for liquidity (Cavenaghi, 2011a). Second, the cost to attract financing needs to be lower
than the supplier’s own cost of capital. Otherwise, the supplier would be better off attracting financing
from the market on its own; this condition is based on the assumption that FSPs remain willing to offer
funding to the supplier. Although not strictly necessary, the supplier also would needs some sort of
working capital objective. This will augment the possibility that the supplier will make use of the SCF
facility.
The process that will decide whether suppliers would make use of SCF arrangement has not yet
been investigated. But it is believed that use is not solely about interest rate arbitrage, but also about a
set of soft criteria that induces a supplier to make use of the arrangement. In an extreme example, it
has occurred that suppliers will only make use of the SCF arrangement only in the last quarter of their
fiscal year for accounting purposes (Millar, 2008). For the purpose of the model, a combination of
both interest rate arbitrage and supplier working capital goals is what ultimately determines the
SCF discount activity for the suppliers.
A supplier’s cost of capital refers to the cost a supplier faces when it attracts capital from the
financial market. In the typical SCF arrangement, the supplier cost of capital is typical higher than the
buyer’s cost of capital. Careful attention is given to the supply chain selection during the selection
process by FSPs when the arrangement is introduced. However, this is only a snapshot at a particular
point in time. Given that interest rates are susceptible to changes over time, the interest arbitrage
potential can change over time, affecting the SCF discount activity through the change in interest
spread and ultimately the FSP’s ability to recover the implementation costs of the SCF arrangement in
the supply chain. In this study, the cost of capital for all supply chain actors is considered to be
exogenous.
The supplier’s SCF rate is typically based on the buyer’s cost of capital; a result of SCF’s
buyer-centric approach. However, platforms costs and FSP’s funding costs also determine the SCF
funding rate a supplier is offered to in an arrangement. In the basic setup, cost incurred by FSPs to
arrange the SCF set-up also recovered through the SCF supplier funding rate. If the supplier’s SCF
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funding rate is not competitive enough versus its own cost of capital, the supplier would not be
induced to offer its receivable via the platform.
The setting of the supplier rate is an aspect that has received some attention in especially an
academic setting (Pfohl & Gomm, 2009). This is not surprising given the importance of the SCF rate
on SCF discount activity. From a practical setting, FSPs also segment the interest rate based on
supplier properties. For instance, larger, more credit worthy suppliers are offered a lower rate than
smaller supplier. Hence, the SCF supplier rate is an instrument FSPs have to enhance platform’s
attractiveness.
The FSP’s operating model interacts with overall implementation model primarily through reduced
operational complexity which reduces the FSP’s SCF program costs, thus enhancing the profitability
of the SCF programs. Also, lower implementation costs lead to FSP’s ability to offer more competitive
SCF rates to enhance a platform’s attractiveness. This is ultimately reflected by higher SCF discount
activity. The SCF discount activity is, aside from supplier on-board time and percentage of supplier
base enrolled, a key indicator of SCF arrangement’s success but more importantly crucial for a
profitable, bankable SCF solution.

4.3

From a Conceptual Model to a System Dynamics Model

The conceptual overview shows that numerous hard and soft factors underpin a successful SCF launch
across supply chains. Given the challenges of incorporating all the factors in a System Dynamics
model, a selection of key factors have been chosen to be incorporated in the simulation model.
Otherwise, numerous assumptions have to be made, which ultimately would defeat the purpose of the
simulation model — identifying key market dynamics in the market for SCF solutions.
While a detail causal diagram is discussed in Appendix 2, an adjusted casual loop diagram has been
constructed, which incorporates only the important, most commonly cited factors that affect the SCF
market for FSPs (see Figure 4.1). Though only two feedback loops are highlighted, there are several
other feedback loops that can be identified. Nonetheless, the two discussed feedback loops are
believed to be the principal loops that affect system behaviour. Moreover, the other feedback loops
seem to be derivatives of these two feedback loops. The simulation model is specified in Chapter 5
and is ultimately based on these factors and these loops.
In the abridged casual loop diagram, the implementation of the SCF arrangement in a supply chain
by a FSP can still be decomposed in several functional areas that interact with each other, and form the
SCF life-cycle in a market as discussed in Section 4.1. The characteristic aspect of the SCF product is
that SCF products are continuously influenced by a set of (qualitative and quantitative) set of external
factors (e.g. interest rate, trade volumes and working capital goals of supply chain actors). This can
potentially have a profound effect on the attractiveness of SCF solutions in the market — the degree to
which a SCF arrangement progresses through the SCF life-cycle in a particular market. This set-up
allows for analysing a (potential) market performance of a FSP’s SCF program. Ultimately, the point
of interest for the financial service providers is the (overall) profitability of SCF programs.
Based on the conceptual model, the identified factors can be decomposed by their nature;
exogenous or endogenous factors that interact and produce typical system behaviour. Furthermore, the
identified factors can be classified for their purpose in the system; as external factors that are altered in
the experiments phase in Chapter 7, policy levers that can be adjusted during the policy analysis phase
in Chapter 8 and the performance indicators that are used to gauge the system performance during
these phases. These factors are also used to construct the system diagram in Section 5.2 and the
simulation model in Section 5.3.
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Chapter 5

Model Specification

In this chapter, the formulation of the System Dynamics (SD) model is presented based on the
conceptual model. The model properties that will be specified are: model purpose, model boundary,
model structure and parameters. This is based on the assumptions and theoretical structure described
in the conceptual model (see Chapter 4) and the literature review on SCF implementation issues (see
Chapter 2), unless indicated otherwise.

5.1

Model Purpose

The model represents the institutional context for a FSP offering SCF products in a particular market.
The definition of this market can be chosen arbitrarily. For example, a specific supply chain with a
large buyer and several subsidiaries can be chosen or a geographic region where several buyers are
based can be chosen. The requirement for the market representation is that it can be characterized by a
set of parameters for running SCF programs in this market. Based on the model’s insights, a FSP is
able to gain a better understanding how external influences might impact (prospective) market
outlooks for its SCF product. Therefore, the model should show the effects of market factors on the
SCF product. Finally, the model should offer further directions on which actions or strategies a
financial service provider should follow under different circumstances in a specific market.

5.2

Model Overview and Boundary Selection

From the conceptual model, several stages from the SCF lifecycle were identified; market potential,
implementation, portfolio management. These will be specified in the SD model as sub-models.
Therefore, the SD model follows the same structure as the conceptual model, with the addition of
sub-systems for the financial service provider’s operating model and the supply chain’s working
capital benefit calculation. External market factors are included for the relevant sub-models and are
similar as those identified in Section 4.2. Figure 5.1 gives an overview of the model and the
relationship between the sub-systems; this diagram is also known as the system diagram. This includes
the system’s external factors, decisions parameters (policy levers) and the performance indicators.
In light of the model’s purpose, the model boundary has been chosen such that external factors that
directly influence the SCF lifecycle are included. Furthermore, factors that directly can be controlled
and are relevant for a FSP are included — so-called policy levers which are discussed in more detail in
Chapter 8. These policy levers are assessed by the above listed performance indictors together with an
evaluation of the impact of the external factors during the experiments phase in Chapter 7.
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The theoretical background for including these factors can be found in the literature review in
Chapter 2 and the conceptual model presented in Chapter 4.
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Figure 5.1 – System diagram for the implementation of SCF solutions for financial service providers.

The direct market factors for SCF arrangements are both interest rates and working capital goals
that drive the SCF actor’s behaviour, and thus, system behaviour. The principal policy lever for FSPs
is the SCF interest rate — aimed at inducing supplier discounting behaviour and an important driver of
the SCF platform’s attractiveness. Furthermore, implementation specific issues such as buyer and
supplier on-board time are also included to reflect the progress of a SCF program roll-out. Finally, the
model is assessed by several performance indicators that originate from key sub-models that give a
holistic overview of the SCF market and life-cycle; supply chain actor’s benefits, portfolio
management and FSP’s operating model.
The model boundary has been selected such that only factors that directly impact the behaviour of
the actors are included. Given that the tenets of SCF revolve on working capital and interest rates, this
has been done for all participants, especially for the buyer and supplier — represented by the working
capital calculation sub-model. Also, only the direct effects in terms of implementation costs have been
included for the FSP.
The system diagram in Figure 5.1 and the subsequent model specification correspond with the
theoretical framework as outlined by Pfohl and Gomm (2009) and discussed in Section 2.1 and
depicted in Figure 2.2. This framework identifies three elements for conceptualizing the
SCF arrangement; actors, objects and levers. The model specification includes components from all
three elements, improving the theoretical comprehensiveness of the model.
With respect to all supply chain actors, the performance indicators, decision parameters and
external factors are included for buyers, suppliers and FSP — the primary and supportive members in
the SCF arrangement. The relevant object in SCF arrangement is the receivables volumes between the
buyer and the suppliers. For the sake of simplicity, this considered to be equal to the working capital
gains of the buyers and suppliers by participating in the SCF arrangement. Finally, all three relevant
levers are included: The supply chain actor’s funding costs, which reflect actors’ direct benefit in the
SCF arrangement, are incorporated together with duration of the receivables volume. This element of
the SCF arrangement is primarily represented in the supply chain working capital calculation
sub-model of the system diagram in Figure 5.1.
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Model Parameters and Structure

The following list briefly describes the model structure and associated parameters (italicized) based on
the system diagram in Figure 5.1. This discussion will revolve on the principal sub-models
(underscored) with the purpose to present the main model properties. For a detailed description of the
simulation model, model equations and underlying assumptions, the reader is referred to Appendix 3.
Market Potential and Implementation: The market potential and implementation sub-system
represent the adoption process in the SCF lifecycle. In a SCF context, potential buyers initiate
SCF arrangements. Subsequently, the buyer’s suppliers are included in the SCF program.
The main stocks through which a SCF program develops are; SCF Market Potential, Number of
Running SCF Programs and Number of Suppliers On-board. This corresponds with the conceptual
model presented in Chapter 4.
Commercial Attractiveness: The SCF possibility for a supply chain is based on a (expected)
interest income component which is directly linked to suppliers discounting their receivables and a
cost component based on the variable interest costs and the expected fixed program costs.
The commercial attractiveness is subject to changing market conditions primarily driven by
interest rates and working capital goals in the supply chain for all supply chain actors.
Furthermore, the supply chain of this receivable volume impacts the commercial attractiveness
through the supply chain benefit calculation. It is assumed that only when there is a positive
outlook for offering SCF by the FSP, a market potential exists. The check whether an attractive
market for the FSP exists will translate back into the SCF market potential, reflecting the evolving
market conditions of the SCF product. The actual adjustments occur in the market potential
sub-model.
Portfolio Management: In the portfolio management sub-model, the focus is on the receivables
that are offered to the FSP for early discounting by suppliers participating in the SCF program.
The degree to which suppliers discount their receivables in the FSP SCF portfolio is reflected by
the SCF discount activity ratio. The receivables offered for discount is based on the benefit
suppliers derive from early discounting their receivables in the program. It is assumed that
suppliers only offer their receivables when this is beneficial for them in terms of working capital
improvement at a price that warrants participation in the SCF program.
Supply Chain Benefit Calculation: The direct benefits the buyer and suppliers derive from
participating in the SCF program are calculated in this sub-model. Both buyer and suppliers
working capital benefits are calculated with standard working capital formulae widely used in
proposals by financial service providers (see Table 2.1).
Financial Service Provider’s Operating Model: The revenues of the SCF program for the FSP are
derived from the interest rate spread between the FSP’s funding cost and the SCF interest rate at
which suppliers in the SCF portfolio discount their receivables.
Each sub-model was created based on a modular approach. Collectively, the sub-models represent the
SCF product life-cycle as discussed in Chapter 4 and determine the impact of SCF market factors;
these originate primarily from the supply chain working capital benefit calculations sub-model.
By including a basic market model for the SCF product, the development of the SCF portfolio for the
FSP is also incorporated. This set-up allows for a manageable model. Also, the need for including
(numerous) model assumptions can so be avoided. Finally, this level of aggregation and parameter
selection fits well within the model’s purpose and the conceptual model as currently present in
literature.
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Model Initialization

For tractability purposes, the initial model parameters are based on numerical examples found in the
literature review that describe a typical supply chain that would benefit from the implementation of a
SCF program (Citi Global Transactions Services, 2012; Hofmann & Belin, 2011; Orbian, 2011; RBS,
2012; Wells Fargo, 2012; Xu & Kontogianis, 2010). Table 5.1 lists the numerical values of the base
scenario.
Table 5.1: List of base values of the exogenous model parameters.

External Factor

Initial Value

Unit

Market Potential and Implementation
Market Competition
Average Number of Suppliers per Buyer
Buyer On-Board Capacity
Supplier On-Board Capacity
Portfolio Management and Supply Chain Working Capital Calculation
Buyer Interest Rate
Supplier Interest Rate
SCF interest Rate
Buyer DPO
Supplier DSO
Buyer Working Capital Goals → new supplier DSO

0
100

%
supplier / buyer

2
25

buyer / year
supplier/month

3
9
6

%
%
%

30
30 → 60
60

days
days
days

Supplier Working Capital Goals
10
Commercial Attractiveness and Financial Service Provider’s operating model
Average Supply Chain Receivables Volume
100.000.000
FSP’s Funding Costs
1,5
On-board cost per Buyer
100.000
On-board cost per Supplier
1000

days

5.5

euro/year/buyer
%
euro/buyer
euro/supplier

Time Horizon, Numerical Integration Method and Time Step

The time horizon for the study will be ten year to highlight a full market development for
SCF products. This period corresponds roughly with two economic bust-and-boom cycles with each a
duration of five years, which allows to determine how the SCF market evolves under various
economic cycles. Based on the smallest time unit (=10 days) in the model, a time step of one-tenth of
this time unit is selected which corresponds with one day. Given the occurrence of IF-THEN-ELSE
structures in the model, the selected integration method is EULER. This procedure is in line with the
modelling practice outlined by van Daalen and Thissen (2004). The model sensitivity to these
parameter selections is discussed in Chapter 6.
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Chapter 6

Model Validation

This chapter discusses how the System Dynamics (SD) model is verified and validated. The goal of
this phase in the overall modelling process is to ensure the model has been specified correctly and
represents the system under investigation for its intended purpose. First, the objectives of this phase in
the modelling methodology will be discussed. Second, various verification and validations strategies
are presented that will be used for the verification and validation phase of the project. Finally, the
procedure and results for conducting the verification and validation steps will be discussed.
Appendix 4 provides a detailed overview of the model validation phase, including full procedure
descriptions and model output.

6.1

Model Verification and Validation

The verification and validation phase is an important part of the SD study. Typically, several types of
tests are used to verify and validate the SD model. The goal of this phase is to assess the overall
usefulness of the model with respect to its intended purpose (Barlas, 1996). Since the aim of the model
is to gain insight how market factors impact the attractiveness of the SCF product for financial service
providers, it is more relevant to understand what and why certain behaviour occurs in the SCF market
rather than quantitative optimise a certain objective. The selection of the adequate verification and
validation procedures accounts for this purpose.

6.1.1 Verification
Although, the principal objective — establishing confidence in the model — during the verification
and validation phase lies primarily in the validation part of this step, the model needs to be verified
before the validation actually can occur. Model verification for the purpose of this study consists of
determining whether the model has been coded and specified correctly (van Daalen & Thissen, 2004).
This includes checks on whether units in the model have been used consistently. Also, the model
syntax needs to be without errors. Finally, the selection of the proper integration method for solving
the SD model is also assed in the verification phases. This procedure has been followed and the model
can be considered to be specified correctly; all units were (dimensionally) correct and nor integration
method or time step sensitivities were found.
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6.1.2 Validation
The key aspect in this stage of the modelling process is to establish the validity of the structure of the
SD model. Although accuracy is also desired, confidence that the model produce meaningful results
also needs to be addressed. Notwithstanding the ability to produce meaningful results, the SD
model also needs to produce the ‘right output for the right reasons’ (Barlas, 1996). The setup for the
validation process starts with the following set of tests:
1. Direct structure tests which assess the validity of the model equation individually by comparing
them with available knowledge derived from the desk research. No direct simulation runs were
conducted in this instance.
2. Structure-oriented behaviour tests which assess validity of the structure indirectly by applying
behavioural tests on the model generated patterns. In this series of tests, the model is run
extensively to tests for validity.
Should the model fail one type of tests, the model needs to be re-specified. A model that has passed
all validation tests and has the confidence that it will fulfil its intended purpose is considered
to be verified and validated and eligible for policy analysis — the next modelling step in the
System Dynamics study

6.2

Results of the validation tests

The following tests were conducted in this phase of the validation tests:
1. Structure and parameter test
2. Extreme condition test
3. Sensitivity analysis.
These outcomes of the test are discussed in short in the upcoming sections.

6.2.1 Structure and parameter test
For the structure and parameter test, the simulation model is assessed on a sub-model level. The
sub-models that were subjected to the tests were:
1. Market Potential / Implementation.
2. Supply Chain Working Capital Calculation.
3. Commercial Attractiveness.
All key sub-models have shown expected behaviour based on theory and examples from the literature
review. The remaining sub-models were not tested specifically as these were sets of equations that
entail simple addition and subtraction operations and serve as ancillary models for the above listed
sub-models. Direct inspection of these models showed no errors and produced expected behaviour.
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Extreme condition test

For key factors in the model, extreme conditions were used as input parameter. Prior to running these
conditions, a hypothesis was specified of the expected model behaviour. The extreme condition tests
did not produce any contradicting results.

6.2.3

Sensitivity test

Similar as in the extreme conditions test, the initial value of several key factors (factors that were
related to each sub-model had their parameters changed within a range of -10% and 10% from the
initial value. The aim was to find key sensitivities in the model behaviour based on these values.
The sensitivity test seems to indicate that model behaviour is fairly robust. There are, however, some
sensitivities in the benefits the SCF actors can derive from the SCF arrangement. This should not
come as a surprise since there are SCF benefits are directly related to several external factors such as
working capital goals, interest rates and receivables volumes. Overall, model behaviour remain
consistent during the sensitivity analysis.

6.2.4 Final remarks on the model validation and verification phase
In order to test the model, correct model specification and consistency was first ensured, and then the
model’s capability to produce reference patterns and expected behaviour was assessed. Furthermore, a
series of validation tests consisting of extreme conditions tests and sensitivity test were also conducted
to safeguard the model’s robustness. Given that no problems were encountered during these tests, the
model has passed both the internal and external validation requirements to proceed to the experiments
and policy analysis phases in the next chapters.
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Chapter 7

Experiments

This chapter describes the results of the experiments with the System Dynamics (SD) model for a
financial service provider (FSP). First, several model scenarios are defined to assess the impact of the
market factors as identified from the conceptual analysis in Chapter 4. Based on these scenarios,
experiments are conducted to model complex market behaviour. The results from the experiments are
subsequently used to identify key market dynamics in the SCF market for financial service providers.

7.1

Model Scenarios

A key characteristic of the SCF product is that it is a type of lending product that continuously is
influenced by a set of (qualitative and quantitative) external factors (e.g. interest rate, trade volumes
and working capital goals among the supply chain actors). Changing market developments can have
potentially a profound effect on the attractiveness of SCF solutions for the FSP. To investigate the
profitability of the SCF product under various market conditions, several key drivers have been
identified that impact the SCF market outlook:
1. Market competition. The degree of market competition can impact the market potential and the
ability of the FSP to recover the costs of running SCF programs. Market competition can arise
from direct competitors in the market or from related trade finance and working capital products
that may exist or enter the SCF market.
2. Average supply chain receivables volume. The actual amount of receivables in a supply chain
determines the theoretical volume that can be offered to the FSP for early discount.
Consequentially, the amount of receivables also impacts the ability of the FSP to recover the costs
of running SCF programs. For example, smaller amount of receivables would entail for more
receivables need to be offered to the FSP for early discount, effectively extending the pay-back
time.
3. Interest rates. The interest rate spread between the FSP’s funding cost and the interest rate offered
to suppliers in SCF programs is where the FSP generates its revenues from running SCF
programs. (Other revenues drives such as subscription fees are not included.) These interest rates
are based on reference interest rates (e.g. LIBOR or EURIBOR) and the buyer’s credit rating. Interest
rates are subject to (substantial) changes that may positively or adversely impact the ability of the
FSP to recover the costs of running SCF programs.
4. Working Capital Goals. In order for buyers to on-board in SCF programs and suppliers to actively
discount their receivables in the SCF program, both need to have some (collaborative) working
capital goals. Aside from other considerations for embarking on a SCF program, the working
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capital goals of the suppliers are important since their discount behaviour will determine the FSP’s
revenues. Working capital goals can also be subject to changes as a result of market conditions.
Based on the abovementioned market drivers, several scenarios were formulated and tested.
The composition of the scenarios is done based on observed market behaviour from the desk research.

7.1.1 Market Competition
The amount of competition in the SCF market can be moderate to high. Moreover, the amount of
market competition is expected to change over time. For example, a market which has not been served
by trade finance instruments and FSPs can, after entrants have emerged, exhibit signs of increased
market competition. Furthermore, a market can already be present and the FSP is trying to penetrate
the market but has to take into account that a certain percentage of the market cannot be gained.
These two generic market condition lead to the following scenarios:
S1. Limited to moderate market competition. In a specific market, no competitors are initial active. As
the FSP is one of the first-movers in the market, market competition will steadily increase to a
level such that 50% of the remaining market potential remains available to the FSP.
S2. Moderate to high market competition. In a specific market, several competitors are already active
in the market. As a result, a fluctuating (limited) amount of the market potential will remain
available to the FSP.

7.1.2

Average supply chain receivables volume

The market where the supply chains are situated is subject to changes in the economic conditions.
This refers specifically to changes in the average amount of receivables in the supply chain — serving
a proxy for economic growth. Two generic market scenarios that reflect the changing market
conditions and affect the average supply chain receivables volume are as follows:
S3. Normal boom-and-bust cycle. The supply chain is subject to shifts in economic outlook (=change
in receivables volume) such that the supply chain experiences two periods of growth and two
periods declining economics conditions within the simulation horizon of 10 years — each
boom-and-bust cycle duration is five years, starting with a bust in year 0 and ending with a boom
in year 10.The choice to start with a bust cycle is given by the notion that SCF programs are
currently marketed in a bust cycle.
S4. Sudden demand shock. The supply chains suddenly face a dramatic change in economic
conditions. This scenario extends the normal boom-and-bust-cycle but with a sudden change in
external demand similar to the recent financial crisis.

7.1.3. Interest rates
Most SCF programs are implemented for domestic supply chains where all actors face the same
interest rate conditions. Any change in the benchmark interest rate is passed through each actor in the
arrangement since all actors are characterized by separate risk premiums, effectively maintaining the
interest rate arbitrage, irrespectively of the level of the benchmark interest rate. A scenario that
potentially could arise is that changes in the base interest rate are not passed on to the buyer and
suppliers in the SCF program:
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S5. Diverging domestic interest rates. The interest rate fluctuates with economic condition.
Furthermore, the FSP cannot (timely) observe the interest rates of all SCF actors.
Given that most trade flows involve several currencies, multi-currency SCF programs are also
becoming more widely available. These multi-currency SCF programs can lead to several challenging
outcomes for FSPs since the interest rate conditions for all SCF actors are no longer tied. For example,
funding constraints for FSPs can arise if no funding for a particular currency can be obtained at a
reasonable cost — endangering the viability of the SCF program. The following interest scenarios can
arise in case of multi-currency SCF solutions:
S6. Diverging interest rate foreign supplier. In this multi-currency SCF programs, both FSP and buyer
face the same base interest rate while suppliers face another foreign benchmark interest rate.
S7. Diverging interest rate buyer and foreign supplier. Whereas in the previous scenario, only the
suppliers were outside the benchmark interest rate area of the FSP, in this scenario this also holds
for the buyer. The FSP in this case needs to fund the SCF program with an interest rate where it
(potentially) does not has a (comparative) advantage.

7.1.4 Working Capital Goals
At the on-set of the SCF arrangement, both buyer and supplier have expressed collaborative working
capital goals in order signal to the FSP that a market potential in their supply chain exits for
SCF solutions. Although the stated working capital goals can be genuine and part of other supply
chain considerations (e.g. supplier risk management for buyers, diversifying financing sources for
suppliers), the working capital goals of suppliers are critical for the FSP since these impact the
discount activity — the main principal revenue driver for FSPs. While it is believed that suppliers will
offer their receivables in the SCF program for early discount, this assumption may not be so obvious.
There is spectrum of supplier discount behaviour in SCF arrangements from auto-discounting to
selective supplier discounting. For example, suppliers only discount their receivables when economic
conditions deteriorate; the SCF arrangement is solely utilized as a liquidity tool in poor economic
conditions and not necessarily when markets are buoyant. Alternatively, suppliers can only makes use
of the SCF arrangement for balance sheet enhancement — reducing the receivables exposure on a
single buyer only in the last fiscal quarter (‘window dressing’) or meeting certain receivables levels as
part of a merger / loan covenant process. Thus, a possible scenario that can occur with respect to
supplier working capital goals is as follows:
S8. Selective supplier discounting. In this scenario, suppliers are willing to ‘leave money on the table’
and only discount their receivables in selective periods as tool meet particular working capital
goals.
Although, many other market developments are possible for the SCF arrangement, the above listed
scenarios represent the most common scenarios, based on the direct benefits for the SCF actors, a FSP
could encounter when offering SCF programs. These scenarios are implemented in the model and the
results are discussed in the next section.

7.2

Hypotheses

Despite the clear benefits of the SCF arrangement for all SCF actors, the proposition has not yet
received main-stream adoption. Also, current growth rates in the number of SCF deals seem to be
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stagnant, despite the promising outlook in the last years. The obstacles mentioned in Chapter 4 seem to
indicate that the following reasons are responsible for this market outcome:
SCF programs require specific market conditions to be attractive that have not been met recently.
SCF programs are susceptible to (sudden) changes in market factors such as interest rates,
collaborative attitudes and receivables volumes in supply chains.
Based on these trends, two hypotheses have been formulated which are the focus of the experiments
with the System Dynamics simulation model for SCF implementation by FSPs:
H1. The attractiveness of offering SCF programs for FSPs exists in specific industries and market
conditions, placing an addition requirement for SCF solutions to be successful for all SCF actors.
H2. The attractiveness for offering SCF programs by FSPs can change due to changes in economic
conditions which can make running projects more challenging since buyers and suppliers can
become hesitant to participate in a SCF program.
These hypotheses are tested based on the scenarios which have been discussed in the previous
section. These scenarios are implemented in the simulation model and analysed vis-à-vis the base
scenario, as specified in Chapter 5 and analyzed in Appendix 5.

7.3

Results from the experiments

The performance indicators that are used to assess the various scenarios are based on the direct
benefits supply chain actors derive from participating in the arrangement. For FSPs, this refers
specifically to the market development and the profitability of its SCF program (see the system
diagram in Figure 5.1 for the selection of the relevant performance indicators). Buyer’s benefit is
based on the working capital gains they derive from extending their payment terms. Supplier’s
benefits have been decomposed to include both working capital benefits and funding costs benefits.
The latter approach is often presented by FSP’s to prospective suppliers (Citi Global Transactions
Services, 2009). Finally, the supplier’s benefits are for the entire buyer’s supplier base and not an
individual supplier.
Moreover, it is assumed that when buyers intend to launch a SCF arrangement, payment terms can
be extended unilaterally with their supplier base to fully capture the working capital benefits of the
SCF arrangement and to reduce operational complexity through standardizing their payment terms
with their supplier base. Such a set-up for the buyer can be required in order to make the effort of
launching a SCF arrangement equally attractive for the buyers as it would be for the other SCF actors.
Consequentially, the direct benefits for the suppliers based on differences between the situations
where suppliers are faced with a payments terms extension without and with a SCF arrangement.
This corresponds to Situation 2 and Situation 3 from Figure 2.3 in the literature review, respectively.
The underlying assumption is that buyers are able to extend payment terms unilaterally with their
entire supplier base. Buyer’s direct benefit stems from the unlocked working capital a payment term
extension would provide — the working capital improvement from Scenario 1 to Scenario 3 in
Figure 2.3. Finally, all monetary values are expressed in nominal terms, excluding the effects of the
time value of money and inflation.

7.3.1

Results from the base scenario and individual scenario analysis

During the individual scenarios analysis, the SCF system for a FSP has been analysed based on the
main factors that drive this system. (For a detailed analysis of each scenario, the reader is referred to
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Appendix 5.) These factors were: market competition, receivables volume, interest rates and supplier
working capital goals. By changing each factor individually and analysing the market performance
with respect to the base scenario, the impact of each factor and the type of behaviour changing this
parameters produced was assessed. The main results are summarized in the remainder of this section.
Limited to moderate market competition analysis results show that market competition should not
impede a FSP from generating a positive return in a SCF market where market competition is likely to
emerge. The main area where market competition impacts the SCF market performance is that
expected returns on the total market potential is reduced since fewer buyers are left to be on-board in
the FSP’s SCF program.
Supply chains that suffer from periods of reduced receivables amount (e.g. demand seasonality or
economic fluctuations) will impact the market potential of SCF programs, caused by reduced buyer
and supplier benefits. This is a direct result from the fact that SCF programs, given their high
investment costs, require a minimum amount of receivables volume in order to be successful from a
FSP point of view. A sudden demand drop in receivables volume, as witnesses in 2008, will impact
the market outlook for SCF solutions significantly, especially when receivables levels do not recover
to pre-crisis levels.
With fluctuating interest rates, where all SCF actors face the same benchmark interest rate
(e.g. LIBOR or EURIBOR), no notable effects on the market performance of the SCF program for the
FSP have been found. In particular, when interest rates are updated in a timely manner and the interest
differentials between SCF actors remain significant such that suppliers continue to discount their
receivables.
In exporting regions, where interest rates tend to be persistently high, a FSP based in a developed
region with significantly lower interest rates, is able to derive a greater amount of interest income. The
resulting higher interest rate differential could also serve as buffer for any adverse movement in the
FSPs base interest rate under normal marker circumstances Moreover, higher interest income
prospects might also offset any higher implementation cost to on-board suppliers in remote regions.
Exorbitant funding costs for a FSP can pose serious challenges when suppliers need to be funded in
currencies where FSP lost its competitive advantage. Though such situations are not expected to occur
often and not for prolonged periods of time, funding capabilities in foreign currencies need to be
covered especially when multi-currency SCF programs are offered by the FSP.
The discount behaviour that suppliers will exhibit after a SCF solution is implemented remains a
clear risk area for the success of the FSP’s SCF program. Continued supplier discount activity can
easily be overlooked when implementing such a SCF arrangement but can have a serious impact on
the ability to recover the implementation costs. Several scenarios where suppliers tend to reduce their
propensity to discount their receivables have been investigated with varying results on the profitability
of the SCF program. Guarantying supplier discount activity should be given serious attention to
by FSP’s.

7.3.2 Modelling existing market circumstances
During the individual scenarios analysis, several external factors were changed, while keeping all
other factors constants. This allows for analysing the individual effects of each factor on the overall
system. In reality, however, the effect of the factors manifest simultaneously and often interplay with
each other which, in turn, leads to certain market behaviour.
In order to reflect these market realities, the scenarios that were used for the experiments will be
modelled together; using these individual scenarios as building blocks for composite scenarios that
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reflect market conditions more realistically. Based on the literature review and past market
developments, the following scenarios were compiled:
1. Regular market circumstances. In this scenario, a FSP will offer SCF arrangements in a market
that exhibits market competition, interest rates and receivables volume fluctuations and selective
supplier discount behaviour.
2. Foreign entry in regular market circumstances. Whether a particular (foreign) market offers
possibilities for SCF programs will be assessed with this scenario. This scenario reflects market
characteristics that has moderate to high market conditions from existing competitive forces such
as market players and related financial products; is subject to interest rates and receivables volume
fluctuations; and where suppliers show selective discount behaviour.
3. Exceptional market circumstances. Current market conditions show that extreme market
behaviour is possible. Hence, this scenario addresses those conditions where a sudden demand
shock occurs and where financial markets show signs of distress. With respect to market
competition and supplier discount behaviour, no changes are made and are equal as in the regular
market circumstances.
The abovementioned discussed composite scenarios are implemented in the model and analysed
vis-à-vis the base scenario and the observations from the individual scenarios analysis. The initial
values are similar for the values listed in Table 5.1, with the exception of specific factors that are used
to model composite scenarios.

Regular market circumstances
In the regular market scenario, which tries to emulate the pre-crisis situation of 2008, the following
individual scenarios are used:
Normal boom-and-bust cycle: The receivables volume in the supply chains within the potential
SCF market shows fluctuations such that two periods of growth and two periods declining
economics conditions are reflected.
Fluctuating domestic interest rates: Domestic interest rates fluctuate together with
macro-economic conditions; lower interest rates during bust periods and higher interest rates
during boom periods.
Selective supplier discounting: Suppliers participate in the SCF arrangement primarily during
selected periods when funding problems arise as a result deteriorating economic conditions.
Market performance
The FSP reaches an equilibrium amount of seven buyers in the SCF program as a result of market
competition in the market after six years. However, similar as in the scenarios with fluctuating interest
rates and receivables volumes, there are some reduced growth rates in the FSP’s SCF portfolio.
There are two clear discernable periods where market potential for the SCF solution was severely
reduced (see Figure 7.1a).
The first drop seems to coincide with a drop in receivables volumes while the second drop seems
to overlaps with the period when suppliers’ discount activity became reduced; a result of the
assumption that when economic conditions improve substantially, suppliers no longer seem motivated
to make use of the SCF arrangement consistently. Especially, the latter drop in market potential seems
to be more prolonged. Consequentially, the growth rate in the SCF portfolio is significantly lower than
during the previous market potential reduction.
This behaviour seems to indicate that supplier’s working capital goals, though often unobserved
by FSPs, especially when not already on-board in the SCF arrangement, can impact the market
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potential and possibility to recover the implementation costs significantly. Drops in market potential
are further explained by the notion that in order for a SCF arrangement to function, all three parties
need to derive positive benefits from the participating in the arrangement. Figure 7.1b and
Figure 7.1c shows the development of the SCF actor’s benefits over time. In addition, the total supply
chain benefit and supplier’s benefit based on solely funding costs reductions are included.
During four periods, one or more SCF participant could not derive any benefit from participating
in the SCF arrangement. The first and third instances clearly overlap with periods of lower receivables
volume while the second and fourth instance happen together with reduced supplier incentive to
discount their receivables. The first and second drops also seem to explain the reduced market
potential in the previous observation. Given that the first and second drop occurs before all potential
buyer are on-board in the SCF arrangement, the absence of any subsequent drops in market potential
in Figure 7.1a can be explained by the fact that the market for the FSP was already saturated, with no
market potential remaining to drop further.
Figure 7.1 - Overview of scenario output for the regular market scenario.
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(b) SCF actor’s benefits with selective discounting.
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(c) SCF actor’s benefits with supplier auto-discount.

Supply chain benefits
The SCF proposition is often portrayed as a win-win situation for all supply chain participants.
This does necessarily holds for a FSP. In situations where the FSP incurs the bulk of the
implementations cost of the SCF arrangement, this set-up can translate in a loss for the FSP. While
under normal situation, the FSP can recover these costs from the interest rate income, it does pose a
risk for the FSP. In all four situations where there were no benefits possible for the SCF actors, the
FSP and the suppliers were among those actors that could not derive any benefit. In contrast, the buyer
was in only two periods among the SCF actors — when receivables level dropped significantly — that
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could not derive any significant benefits from the arrangement. Moreover, the benefit curve for the
buyer does not move synchronously with its supplier base and the FSP.
The previous observation that the buyer’s benefit curves are fairly robust should not come
unexpected as the SCF arrangement is inherently a buyer-led initiative. Since the FSP derives its
benefit from suppliers who discount their receivables, it also does not come as a surprise that both
suppliers’ and FSP’s benefit curves move together. The behaviour of the supplier’s benefit curve does,
however, deviate somewhat from FSP’s benefit curve. This behaviour can be explained by the
supplier’s working capital goals. Suppliers benefit mostly from the SCF arrangement during periods
when receivables amount grow till a certain level, corresponding with start-up phase when working
capital consumption is high. This is represented by the steep slope and the apex of the supplier’s
benefit curve at the start of a boom cycle.
For the traditional role of SCF — as funding source during financial difficult times — suppliers
derive, indeed, benefits from participating in the SCF program. However, given the steeper slope of
the supplier’s benefit curve and the overall higher amount of benefit during the start of a boom period,
it seems that suppliers derive more benefits during periods when receivables volume start to rise again.
This seems to indicate that at the start-up phase of a new boom cycle, suppliers participate more in the
SCF arrangement; this phase is also usually regarded as a working capital intensive period.
The effects of receivables seasonality show that suppliers gain more benefits at the start of cycle
rather than at an economic downturn, as the traditional SCF model would explain. This can be
explained primarily by the joint effect of lower receivables levels and lower interest conditions. While
deteriorating economic conditions might lead to more supplier discount activity, the discounted
receivables produce less profit for the FSP since the amount of receivables that is offered is also
reduced. While this has to be viewed in relation to the overall revenue of the suppliers, for the effect
on their actual discount behaviour, it is important realize that fewer receivables volumes also lead to
less revenues for a FSP.

7.3.3 Foreign entry in regular market circumstances
To assess the possibility for the SCF arrangement in prospective markets, the previous market scenario
is extended with foreign market conditions. Hence, the interest rate fluctuations and the working
capital goals are adjusted such that foreign market realities are more accurately reflected. This has
been done in case the buyer is located in the same region as FSP and when both buyer and supplier are
located in another region than the FSP.
Since this study also takes an emerging market’s perspective, interest rate and working capital
conditions are also based on these markets. Suppliers from export-oriented regions are known for
working capital intensive (e.g. manufacturing) industries and are often faced with restrictive access to
funding. Therefore, it is highly likely that supplier’s working capitals goals are set such that these
suppliers will auto-discount, i.e., no selective discounting occurs.
Finally, given that those export-orienting countries have pegged their currency to (a basket of)
global currencies, interest rate conditions are assumed to be rather fixed, and often interest rates are
substantially higher than in Europe and the United States — their principal export markets. Based on
these market conditions, the foreign entry-market is composed of the following scenarios:
Moderate to high market competition: There is a significant presence from local and global active
FSPs that offer SCF products in this region.
Normal boom-and-bust cycle: The receivables volume in the supply chains within the potential
SCF market will show fluctuations such that two periods of growth and two periods of declining
economics conditions are reflected.

–40–

Understanding SCF market dynamics through SD modelling

U. Dello Iacono

Fluctuating domestic interest rates and fixed foreign interest rate: The domestic benchmark rate
for the FSP tends to fluctuate with economic conditions, while the foreign benchmark rate can be
considered to be fixed.
Supplier auto-discounting: Suppliers that participate in the SCF arrangement always offer their
receivables for early discount. Given that this assumption not always holds, instances where
supplier no discount timely are also included to gauge the effect of supplier working capital goals
on the system.
Market Performance
The FSP reaches its equilibrium amount of 5 buyers at the end of the simulation. It will take the FSP
almost ten years to reach its full market potential, twice the time it would normally take to on-board
that amount of buyers, with current, unchanged buyer on-board capacity of the FSP’s.
Significant market competition seems to result in a reduced buyer on-board rate. This buyer on-board
behaviour has been found in instances when only suppliers and both buyers and suppliers are located
in regions outside the traditional home market of the FSP. Similar as in the regular market
circumstances, there are also drops in market potential as a result of receivables seasonality (see
Figure 7.2a). Aside, from the effects of market competition, the market develops in a similar manner
as in the regular market circumstances.
Supply chain benefits
SCF programs that are offered in different (monetary) regions, traditional SCF links between interest
rates are decoupled. Consequentially, benefits for all SCF actors can differ significantly. While the
SCF funding rate to the supplier base still remains based on the buyer rating, supplier’s cost of capital
can diverge from the buyer’s and FSP’s cost of capital. When only suppliers and both buyers and
suppliers are located in foreign markets, benefits for all SCF actors seem to develop synchronously in
case when supplier auto-discount their receivables. Once supplier’s working capital goals fluctuate,
supplier’s benefit seems to develop more capriciously, though still roughly in line with the
development of the buyer’s benefit curve. Since the FSP’s benefit comes from the suppliers, FSP’s
benefit curve exhibit similar behaviour. This type of behaviour is also observed in the regular market
circumstances.
The slopes of the supplier’s benefits curve in case suppliers are located in a foreign region are
steeper than when buyers and suppliers are located in the same region. This can be explained by higher
interest rates that suppliers face which automatically lead to higher benefits. For the supplier on-board
process and supplier’s propensity to discount their receivables, steep upward slopes may be desirable
since these can overcome any reservation suppliers might have to participate. Furthermore, when
suppliers, and buyer’s face upward sloping benefit curves, it is highly like that they will be more
receptive to the (monetary) benefits of the SCF arrangement. In case suppliers are located in the same
region, suppliers face fewer direct benefits than both buyers and the FSP. It is, therefore, likely that
other considerations also need to be brought forward by both buyer and FSP in order to induce
suppliers to participate in the program. For instance, a stronger focus on the working capital benefits
that the SCF arrangement can offer should be brought forward during the supplier on-board process.
The benefits buyers obtain from the arrangement is in all situations identical, reflected by
unchanged benefit curves. This is not surprising since buyers receive their primary benefit from the
working capital gains. Given that on-board costs seem to be marginal with respect to the working
capital gains, buyers face relatively little risk in the SCF set-up.
A similar observation can also be made to the suppliers. Since supplier face little costs (except for
sign-up fees) in participating in the program, a (rational) supplier would also face little risk in
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participating since the supplier can also reap the working benefits and interest rate savings from the
program which would offset any direct costs; this excludes any implications on the selling price to the
buyer for the supplier’s goods by participating in the SCF program.
Figure 7.2 - Overview of scenario output for foreign entry.
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Implementation considerations for FSPs
Suppliers, often heterogeneous in nature, may not necessarily share the perceptions of the buyer and
the FSP. While participating in the SCF arrangement can (theoretically) be mandated by the buyer,
supplier discount behaviour is based on their (evolving) working capital needs. After implementation,
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this can lead to a benefit curves depicted in Figure 7.2c and Figure 7.2e, where benefits for the FSP
can be significantly lower than initially expected, depicted by Figure 7.2b and Figure 7.2d. Moreover,
a FSP can be faced with additional costs to induce suppliers to discount their receivables – lowering
the SCF interest spread, or more after-on-board activities (supplier workshops, follow-up meetings) to
instruct suppliers on the use and benefits of the SCF program.
Based on the benefits diagrams of the SCF actors under various scenarios, several divisions of the
win-win proposition have been found. Interesting is that the buyer’s benefit curves, under all scenarios
seem to most robust. While initially, the FSP also was among the SCF actors that would receive
significant benefits, this outcome is, however, not so obvious. Suppliers on the other hand, initially do
not seem to benefit significantly from the arrangement, when only funding cost reductions are
considered. Should also working capital improvements explicitly be considered by the suppliers, their
benefit curves improve dramatically.
In the SCF arrangement, suppliers basically hold an at-the-money option when they participate in
a SCF arrangement. The decision whether to exercise this option, which is represented by offering
their receivables to the FSP, can be done at any time of their likening. Especially, this type of
behaviour can put additional risk in a FSP’s SCF program since a FSP interest lays primarily with
suppliers that discount their receivables continuously and not necessarily with the buyer throughout
the SCF arrangement’s life time. Based on the observations, that supplier’s working capital benefits
are typically greater than the possible funding cost reductions, a FSP should stress this notion to the
suppliers during the on-board process and continuously during the SCF arrangement’s life-time,
ultimately inducing suppliers to exercise their option.
A FSP that is attracted to the prospective benefits of offering a SCF solution for a buyer should
bear in mind that although buyer and suppliers have expressed their interest, this does not necessarily
remain constant throughout the duration of the program. Buyers reap their direct benefits directly at
inception of the program, while the FSP and the suppliers have a long time horizon before they are
able to reap the benefits of the SCF arrangement. Consequentially, careful attention should be given to
the working capital goals of suppliers since FSP’s revenues are derived from the supplier discount
activity.
Foreign entry in regular market circumstances for a FSP is especially interesting when only
suppliers are located in a foreign location. Since interest rate differentials between importing and
exporting countries are generally high, this will yield significant benefits for FSPs and suppliers.
In this situation, suppliers are expected to be more receptive to cost reduction and access to the finance
possibilities a SCF arrangement can offer. For a FSP, higher interest income can also be gained given
that the SCF interest rate is based on the buyer’s credit rating. Given that these are already higher in
foreign markets, the FSP can obtain a higher margin since its base interest rate is significantly lower
— a condition that holds in normal market circumstances.
In spite of the clear benefits foreign buyer and supplier programs offer, a FSP needs to guard for
reduced suppliers discount activity throughout the program duration since this can produce significant
less revenues than initially envisioned at the inception of the program. Also, when running
multi-currency SCF programs where the buyer and suppliers are located in a foreign market, funding
capabilities need to be sufficient.

7.3.4 Supplier funding scenarios
In order to induce suppliers to participate in the SCF arrangement who are primarily interested in the
funding cost reductions, it is necessary to demonstrate that the SCF arrangement offers significant
funding advantages to the suppliers. The FSP needs to demonstrate that under various situations,
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the SCF arrangement produces the best likely outcome for the supplier. Therefore, various situations
have been analysed based on the situations discussed in Chapter 2:
Situation 1: Suppliers face original Net 30 payment terms without SCF and no terms extension.
Situation 2: Suppliers face renewed Net 60 payment terms without SCF and terms extension.
Situation 3: Suppliers face renewed Net 60 payment terms with SCF and terms extension and full
early discount.
In addition to these situations, the following situations have also been included to demonstrate various
other possibilities that can occur in the SCF arrangement:
Situation 4: Suppliers face original Net 30 payment terms with SCF and no terms extension.
Situation 5: Suppliers face renewed Net 60 payment terms with SCF and terms extension but
discount to the original Net 30 payment terms to emulate the original Net 30 situation.
These situation have been implemented in regular market circumstances for domestic markets.
Figure 7.3 - Overview of different funding costs in pre- and post SCF arrangement situations for an individual supplier.
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Figure 7.3 shows similar developments of the supplier’s funding benefits in different scenarios for
both domestic and foreign markets. The highest funding costs are incurred when suppliers are faced
with an unilaterally enforced payment extension and no SCF arrangement is in place (Situation 2).
The lowest financing costs are obtained when SCF is offered and no payment term extension is
evolved — buyers are willing to forfeit on the potential working capital gains a term extension can
provide. The second best funding cost reduction can be obtained when SCF is offered and a term
extension is agreed (Situation 4). This situation is considered to be more realistic since it would
transfer some of the direct benefits to the buyer, which depending on its intention for participating in
the SCF arrangement, should obtain some of the benefits since it is a buyer-led arrangement.
The outcome of these supplier’s funding costs in various situations and under various market
circumstances should strengthen the case for FSP’s to convince suppliers to participate in the
SCF arrangement since there are significant funding cost reductions possible, even if original payment
terms are left intact and supplier does not participate. The supplier should, however, strive for
receiving payment as soon as possible in order to reap the full benefit of the arrangement; otherwise
the cost reduction is not significant (Situation 5). Although, the above mentioned analysis focuses on
solely on funding benefits, it should enable a FSP to convey the positive possibilities of the SCF
arrangement to the buyer’s supplier base. This should ultimately enhance the on-board process with
the supplier.
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7.3.5 Extreme market circumstances
The 2008 financial crisis has shown that extreme market behaviour is possible. In order to fully
understand to possible consequences of such events on the SCF market, this scenarios will look into
these occurrences. This scenario will deviate from the previous market circumstances by introducing a
sudden demand shock at the beginning of the SCF program lifetime (this occurs at year 4).
Furthermore, the effects that these circumstances have on the interest rate in the SCF market is also
included. This shall be done for domestic markets and markets with the buyer and suppliers located
elsewhere. Finally, market competition is omitted which should simplify the analysis of the
exceptional market circumstances effects. Based on these changes, this scenario is composed of the
following scenarios:
Sudden demand shock: The receivables volume in the supply chains within the potential SCF
market shows initially the same receivables fluctuations as in the normal boom-and-bust cycle.
However, a sudden drop in demand of 75% of the initial receivable amount will occur in the
beginning of the SCF market lifecycle. The receivables volume will show some recovery but
remains stagnant.
Fluctuating domestic interest rates: Domestic interest rates fluctuate together with
macro-economic conditions; rising when receivables volumes soar and declining when receivables
volumes drop. After the demand shock, benchmark interest rate levels remain slashed.
Fluctuating foreign interest rates: Similarly, as in the domestic interest rate situation, foreign
interest rates fluctuate together with macro-economic conditions; rising when receivables volumes
soar and declining when receivables volumes drop. After the demand shock, foreign interest rates
level are also reduced but not as so severely as in the domestic interest rate situation.
Selective supplier discounting: Suppliers participate in the SCF arrangement primarily during
selected periods, when funding problems arise as a result deteriorating economic conditions. After
the demand shock, however, suppliers will auto-discount given the fragile state of the economy,
and their expected funding need to weather poor economic conditions.
The parameters settings of these selected factors, as described by the aforementioned individual
scenarios, roughly depict the behaviour as it unfolded after the 2008 Lehman Brother’s bankruptcy.
This event sparked a sudden drop in consumer demand and a substantially reduction of interest rates
across global markets. Unfortunately, current demand levels (in most industries) have not yet returned
to their previous levels. In the simulation, the demand drop occurs at the beginning of the simulation at
year 4. This has produced the following results for domestic SCF programs.
Market performance
A sudden demand shock in supply chain’s receivables level will lead to a severe reduction in
SCF market potential. Since receivables level will be substantial lowered, it might not be economical
for any of the SCF actors to start a SCF program. Moreover, buyers might not necessarily have the risk
appetite to start such a large implementation project, despite the potential benefits of having such an
arrangement in place for its supplier base. As the receivables level start to increase again, and the
market effects of the sudden demand shock fades, SCF market potential starts to grow again, however,
at a substantial slower pace than before the demand shock.
Supply Chain benefits
An economic downturn is usually followed by a reduction in interest rates. The main rationale for
central banks to reduce interest rates is to spur investments by lower financing costs. These lower base
reference rate are, however, not necessarily passed on the real economy; FSPs actually have to provide
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funding, and might not necessarily be inclined to do so despite lowered financing costs. In addition,
lower benchmark rates have implications for the (perceived) benefits a SCF program can have for the
SCF actors. Together with lower receivables levels, after the sudden demand shock, lower interest
rates also diminish any expected return on the SCF program. Consequentially, there is a prolonged
period of time where SCF actors fail to extract benefits from SCF arrangement, despite the apparent
need for such a solution. When receivables volumes start to pick up again, SCF become beneficial
again for the SCF actors, though the levels seen before the demand shock are not seen, potentially
lowering the overall interest for the SCF proposition as such.
Figure 7.3 - Overview of scenario output in extreme marker circumstances.
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SCF actor’s benefits curves.

Main findings from the experiments

The selected factors in the experiments are the primary external drivers that impact the performance of
the FSP’s SCF programs. Eventually, the aim of the experiments was to find market dynamics that can
explain SCF market behaviour. Within this context, the intention was to find reasons why current
SCF programs are not as widely adopted in spite of the lucid benefits and the clear interest in this
topic.

7.3.1 Attractiveness of SCF
Based on the results with the simulation model, some market dynamics have been found that seem to
point that the stated hypothesis seem plausible. With respect to the first hypothesis which states,
in short, that the attractiveness of SCF programs exists in specific industries and market conditions.
The following observations seem to point toward this direction:
The attractiveness of a SCF arrangement for all SCF participants, a necessary assumption for a
SCF arrangement to function, has shown to be fluctuating with changing receivables levels;
interest rates and supplier working capitals goals. While buyer’s working capital benefits seem to
be robust, except for declining receivables level, both buyer and FSP benefits are more susceptible
market conditions, especially interest rates, changing working capital goals, and in a similar
fashion as the buyer, lower working capital benefits from reduced receivables levels.
Reduced supply chain receivables and lower interest rates diminish potential positive (monetary)
returns a supply chain can reap from the SCF arrangement. Given the costs and the associated
operational risks of implementing a SCF solution, buyers might become hesitant to on-board in
SCF program. This seem to indicate that SCF solutions undeniably require a minimum amount of

–46–

Understanding SCF market dynamics through SD modelling

U. Dello Iacono

annual receivables level, with specific interest rate conditions, in order to be interesting for buyers
and ultimately bankable for FSPs.
From a minimum amount of receivables point of view, the SCF product is, indeed, a niche product
— suitable for large companies and not directly for market-wide adoption. Aside from the other
strategic and operational conditions for SCF programs, SCF solutions are a niche product in terms
of putting a high requirement on supplier’s motivation to continuously discount their receivables
through the arrangement. This requirement is crucial for the FSP. Otherwise, the FSPs runs the
risk of implementing a SCF arrangement, which initially qualified for all strategic and operational
conditions, benefiting both buyer and supplier, but fails to deliver the required interest income to
recover the initial implementation costs and necessitates costly capital requirements.
The traditional method to assess supply chains for SCF arrangements often focuses on working capital
benefits and operational requirements. While these are key focus areas when considering the
implementation of SCF programs, a holistic view should also put emphasis on the persistence of
supplier working goals throughout the SCF arrangement’s lifetime. This can probably be challenging
since it requires a prediction on future behaviour. Moreover, this component also has behavioural
components that are difficult to predict.
To counter for undesirable outcomes, specific supply chains can be selected where such behaviour
are not likely to occur. For example, suppliers in industries that traditionally face low margins and
where financial markets are not so developed and capital access, despite apparent lower interest rates,
are not accessible. This additional prerequisite for supplier’s discount behaviour also show that FSPs
need to monitor supplier working capital goals continuously and have to remedy any potential loss of
interest of the suppliers in the program. This places an added requirement for SCF solutions to be
successful for all SCF actors.

7.3.2 SCF sensitivity to market circumstances
As a financial product, SCF differs substantially from other financial instrument that offers
working capital solutions in supply chains; SCF’s distinguishing characteristics is that it is mainly
technologically driven. As such, SCF solutions require investments in IT infrastructure, and possible
operational redesign within the supply chain. This capital outlay can be recovered when sufficient
amount of receivable volumes are passed through the platform and offered for discount to the FSP.
This places a substantial operational challenge on the SCF arrangement since market conditions can
suddenly change, rendering the infrastructure investment obsolete if suppliers do no longer offer their
receivables.
The current market conditions can be characterized by the period after a sudden demand shock and
where economic growth is still stagnant. This will have several consequences for the SCF market
outlook:
Lower economic growth and reduced external demand entails that fewer supply chains are eligible
for a SCF solution; a direct result from the observation that SCF requires a minimum amount of
receivables. Consequentially, buyer on-board rates are severely reduced since demand for SCF
solution is substantially lowered.
In an effort to spur general lending, current interest levels in the Eurozone are slashed. Together
with fewer receivables, perceived benefits for all SCF actors are also reduced and potentially less
appealing for SCF actors, despite the other non-quantifiable benefits a SCF solution can offer.
These observation seem to point to the likelihood of the second hypothesis, which states that
SCF programs are susceptible to changes in economic conditions which can make running projects
more challenging.
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As a financial product with high set-up costs, continuous supplier discount activity for a bankable
SCF program is crucial. A combination of reduced receivables levels, elevated FSP’s funding costs,
and diverging interest rates differentials across (geographic) markets are casting a shadow on
the SCF market outlook; a result from current volatile market conditions. This might unfortunately
hamper supply chains to profit from the interest rate arbitrage possibilities in supply chains —
the theoretical key foundation of SCF arrangements.
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Chapter 8

Model Use

The main purpose of the simulation model is to assess potential markets where the financial service
provider (FSP) can offer SCF solutions. The model represents the external market environment
context for the FSP and is able to shows how market factors impact the attractiveness of the SCF
product for FSPs. Hence, the model can be used for two purposes:
1. As a forecast tool, to assess potential markets, characterized by several market factors and
expected market behaviour, by evaluating the potential success rate of the FSP’s SCF product.
2. As a policy tool to gauge the potential impact of SCF product strategy actions, in response to
changing market behaviour, on the success rate of the FSP’s SCF product.
This chapter demonstrates the model capabilities for its primary intended model purpose — assessing
prospective SCF market possibilities — and the ability to test various outcomes of the policy actions
on the SCF market.

8.1

Model as a forecast tool for assessing prospective SCF markets

In order to demonstrate the model capability to forecast the attractiveness of offering SCF solutions in
particular markets, the model is run with parameters from an existing supply chain. For demonstration
purposes, an automotive supply chain, where buyers are based in Europe and suppliers are based in
emerging markets, is used2. The automotive example is frequently used as a case in point for SCF
given that it fulfils both strategic and operational requirements for running SCF programs.
According to a large Automotive Group’s purchasing department, it purchased goods to the value
of 70 billion euro in 2010. Given the sheer size of this automotive group, it is assumed that this group
can be viewed as a “market” for the analysis since it would typically face similar market conditions.
In addition, SCF solutions are typically implemented for several subsidiaries, instead of group-wide
adoption. Finally, SCF arrangements are usually also implemented for specific product ranges (e.g.
only engine parts).
Given that typical SCF programs sizes currently range below 1 billion euro, including the entire
procurement in the SCF market size amount does not seem realistic. Therefore, by assumption only
1% of the procurement amount is deemed eligible and divided across several subsidiaries throughout
the Automotive Group. This translates to a total market potential of 5 buyers with each approximately
150 million euro receivables amount.

2

The demonstration of the model forecasting capability is based on publicly available information but references are omitted in the final
version of this document for confidentiality reasons of the companies.
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Based on the top 10 suppliers of the Automotive Group, a reference supplier has been found where
a SCF arrangement would be beneficial and would fit in the scope of the study. This supplier is based
in India and has a DSO of approximately 70 days. This figure is significant higher than observed DSO
figures for the automobiles and parts industry, which indicates that DSO figures of 60 days are quite
common (Hofmann & Belin, 2011). Should this figure be representative for (prime) suppliers in the
emerging markets in South Asia, there is a substantial working capital possibility present, especially
given that the Automotive Group’s DPO is currently approximately 30 days.
The Automotive Group’s last know short-term credit rating is set at A-2 level, with a cost of debt
and a cost of capital of 3.5% and 7.0%, respectively. One of their top Indian supplier has a cost of
capital of 8%. This shows that, based on the cost of capital differentials, there is an interest rate
arbitrage opportunity of 1% between the automotive group and their prime Indian supplier. A FSP
could offer minimally a SCF interest rate of 0,1% on top of the Automotive Group’s cost of capital to
this supplier while higher SCF interest rates to other Indian suppliers could be possible depending on
their credit rating and receivables volume.
While this Indian supplier may not be a representative example for financially constraint suppliers
that typically are envisioned for a SCF solution, it does offer a yardstick for smaller suppliers in this
region. For example, Indian prime interest rate — the interest rate charged by banks to their most
creditworthy customers — historically averaged around the 12%, which shows that funding costs in
this region can be very expensive. This should make it very likely that smaller suppliers in India will
participate in the SCF arrangement. Nonetheless, the interest rate of this top-notch supplier will be
used to demonstrate at least the lower boundary for introducing SCF solutions for the Automotive
Group. This shall be done based on the supplier’s benefit based on working capital reduction and
funding cost reduction arguments.
Table 8.1: List of values of the exogenous model parameters in for the forecasting scenario.

External Factor

Initial Value

Unit

Market Potential and Implementation
Market Competition
Average Number of Suppliers per Buyer

50
50

%
supplier / buyer

100
2
25

%
buyer / year
supplier/month

7
8
0,5

%
%
%

30
70
60

days
days
days

Supplier Working Capital Goals
10
Commercial Attractiveness and Financial Service Provider’s operating model
Average Supply Chain Receivables Volume
100.000.000
FSP Funding Costs
0,5
Learning Effect
25
On-board cost per Buyer
100.000
On-board cost per Supplier
1000

days

Supplier Participation Rate
Buyer On-Board Capacity
Supplier On-Board Capacity
Portfolio Management and Supply Chain Working Capital Calculation
Buyer Interest Rate
Supplier Interest Rate
SCF interest Rate
Buyer DPO
Supplier DSO
Buyer Working Capital Goals → new supplier DSO

euro/year/buyer
%
%
euro/buyer
euro/supplier

Given the foreign location of the suppliers, the principal funding currency will be
US dollars (USD). Current 3-month LIBOR USD funding for European banks is set at 0,5%
(Thomson Data Stream). The implementation costs will be similar as in the base scenario, but given
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that the SCF arrangement is implemented at a single Automotive Group, a stronger learning effect is
expected; a reduction of 25% is deemed possible.
The above listed parameters exhibit all elements of a traditional business case calculation that is
typical in business decision-making. Given that simulation model is made in System Dynamics,
expected market behaviour can also be included in the analysis. The following market behaviour is
included, which could possibly reflect the development of the SCF market for the Automotive Group’s
supply chain for the next ten years:
Receivables level is expected to grow 10% CAGR, while fluctuating within a 10% bandwidth.
FSP’s funding costs will rise linearly and return to pre-crises levels of 3,5%.
Both buyer and supplier funding cost levels average at current levels, but will fluctuate within a
Normal probability 95% interval level with a standard deviation of 1%.
Suppliers will randomly discount their receivables between 10 and 30 days when they participate
in the arrangement.
Should the market potential produce a substantially positive outcome for the above-mentioned
scenarios and the parameters in Table 8.1, the potential market at the Automotive Group’s is deemed
interesting and eligible for introducing SCF arrangements by the FSP.
Although some punitive market circumstances were assumed in the model, introducing SCF
solutions for the Automotive Group’s should be profitable proposition; the expected profit is
17 million euro. While this is the expected profit of total SCF program after 10 years in nominal terms,
the FSP can, based on this simulation and other strategic and operational considerations, decide
whether such a venture would be worthwhile.
Based on the actual supply chain data and assumptions about prospective market behaviour, it was
possible to run a business case for the FSP that can demonstrate potential trends and outcomes for its
SCF program at the Automotive’s Group. While traditional business estimations would be simple
snapshots in time, the System Dynamics model showed how potential SCF programs can substantially
improve decision-making capabilities for FSPs, by accounting for several parameters that can evolve
over time. In Appendix 6, a management dashboard has been created to facilitate parameter input for
scenario analysis by the FSP, and to present key performance indicators (KPI) on the SCF market in a
graphical manner. This can be a first step to the development of a decision support system (DSS) for
the FSP.

8.2

Model as a policy tool for assessing policy actions

From the experiments analysis, several market dynamics have been found that impact the SCF market
performance for a FSP. Under certain conditions, several market dynamics can have undesirable
outcomes on the success rate of the FSP’s SCF program. In order to prevent these outcomes from
occurring, several policies are explored that should enable the FSP to remedy some of the adverse
market behaviour.
A key factor that warrants close attention by a FSP is the supplier’s working capital goals in a
SCF arrangement. Together with interest rate setting and receivables volumes, these factors impact the
profitability of the SCF arrangement. Whereas receivables volume of a supply chain constitutes an
external factor that cannot be influenced by the FSP, supplier working capital goals can potentially
be shaped by means of the SCF interest rate and other policy actions undertaken by the FSP, despite
being directly influenced by external factors. This still assumes that suppliers are sensitive to the direct
benefits of the SCF arrangement; unlocking working capital and reducing funding costs.
In the current set-up of the SCF product, a FSP has three groups of instruments at its disposal to
intervene in the SCF arrangement. The instruments groups are:
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1. SCF interest-rate. This is the discount rate offered to the suppliers in the SCF arrangement.
Traditionally, this is a fixed mark-up on top of the buyer’s credit rating that suppliers pay for
receiving early discount. Several pricing strategies can be employed, under various market
circumstances, to motivate suppliers to offer their receivables to the FSP as soon as possible.
2. Operational delivery of the SCF program. The execution of the on-board process can also be used
to improve the likelihood of success of the SCF program. This part has received less attention in
the simulation model and is primarily reflected by two factors in the model. Firstly, buyer and
supplier on-board capacity can be increased such that buyers and suppliers are on-board in the
program within a shorter span of time to prevent loss of potential buyers as result of market
developments. Secondly, the bank marketing effort can be increased to spur more demand for the
SCF program.
3. SCF arrangement structuring. Another aspect that is not addressed specifically is the deal
structuring of the SCF arrangement. Firstly, the terms under which buyer and FSP agree upon to
structure the SCF arrangement can also be used to remedy any potential adverse effects on the
SCF program’s success rate for the FSP. Although, the focus in this phase is typically on the legal
and accounting side of the arrangement, the SCF funding size is also a consideration for both
parties. Second, the effects of reducing or changing the cost division in the SCF arrangement can
also be analysed.
Based on the previous case study of the Automotive Group’s, these policy options are explored such
that the FSP can potentially remedy any adverse outcomes in this prospective market.

8.2.1 SCF interest rate
In the current situation, the current SCF interest rate setting is primarily driven by the buyer’s credit
rating, and a funding fee set by the FSP. The key assumption is that a buyer has a lower credit rating
than its supplier base. For the price setting of the SCF interest rate in a SCF program, any interest rate
below the supplier’s cost of funding, but above the buyer’s credit rating would produce a positive
benefit for the supplier.
Segmenting the SCF interest rate to different suppliers is already commonplace in
SCF arrangements since supplier’s cost of capital may differ substantially between suppliers,
warranting a different SCF interest rate. Within this context, any SCF fee within the interest spread
between buyer and the suppliers could be set since suppliers would gain direct benefits from early
discounting.
In the Automotive Group’s supply chain, the interest rate spread between the Automotive Group
and the Indian supplier was only 1%. This is can be considered to be too minimal for a SCF
arrangement to function since regular market fluctuation in interest rates, as modelled in the previous
scenario, can easily erode this spread; this will make participating in the SCF program easily
unattractive for the supplier. In order to ensure that suppliers will continue to trade their receivables
with the FSP, several interest rates policies can be used depending on the market conditions. The aim
of these interest rate policies is to increase the incentives of suppliers to participate and continue to
early discount their receivables. The following interest policies are possible:
1. Bargain SCF interest rate. A FSP will offer a SCF interest that is almost equal to the buyer’s cost
of capital. In this case, almost the entire interest spread is passed on to the supplier base. This price
setting is an aggressive pricing strategy aimed at penetrating a market where interest spreads are
expected to remain minimal and it is not likely that suppliers are easily persuaded to participate in
the SCF arrangement based on working capital arguments.
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2. Low-to-high SCF interest rate. A FSP will offer a discount SCF interest rate in order to let
suppliers to get accustomed to the SCF concept, funding diversification and working capital
benefits the SCF arrangement can offer. Over time, the SCF interest fee is increased such that it
will approach the upper-end of the interest rate arbitrage, but still presents a benefit for suppliers
when receivables are offered for early discount, especially from a working capital point of view.
3. Contra-seasonal SCF interest rate. In this case, suppliers are discouraged to stop discounting their
receivables as soon economic conditions improve. By offering lower interest rates, during the
boom cycles, the SCF arrangement should remain attractive.
The analysis of these interest rate policies is done based on two situations from the supplier’s
perspective: Supplier’s benefits based on working capital improvements and funding cost reductions,
and supplier’s benefits solely based on funding cost reductions. (See Chapter 2 and Figure 2.3 for an
overview of these differences.)
This distinction will enrich the analysis for FSPs since suppliers may differ in how they view the
benefits of the SCF arrangements. For instance, suppliers might be more susceptible, in specific
markets, to solutions that reduce their financing costs instead of solutions that free tied up working
capital. These considerations can play a significant role in how FSPs would approach (emerging)
SCF markets, especially in the supplier on-board process. Philipps and Seerapu (2008) discuss several
other SCF specific differences between regions and industries.

Bargain SCF interest rate
In the Automotive Group’s supply chain there was a relatively low interest rate spread.
Furthermore, supplier discount activity was expected to vary significantly. Hence, it would be sensible
to offer a bargain SCF interest rate SCF, if the result would be that supplier activity would be
increased such that suppliers will continuously auto-discount their receivables. This strategy has been
simulated by reducing the interest spread from 0,5% to 0,1%, effectively passing 0,9% of the arbitrage
spread to the supplier base. This has led to the following results for the Automotive Group’s
supply chain:
1. Supplier discount activity increased with 10% from approximately 60% to 70%.
2. Overall profitability of SCF program improved with 50% from approximately 8 million euro to
12 million euro for the entire program life time.
In case suppliers would also consider the working capital benefits in the arrangement, the following
results were found for this strategy:
3. Supplier discount activity increased from 70% to 100% in case only financing costs were
considered.
4. Overall profitability of the SCF program improved with 7 million euro from 12 million euro to
19 million euro.
By reducing the SCF interest rate and the assumed effects this might have on the supplier’s discount
behaviour, a more profitable improvement for the SCF program can be reached by the FSP.

Low-to-high SCF interest rate
Instead of continuously offering a low SCF interest rate, the FSP will steadily increase the
SCF interest rate such that the interest spread that is passed on to suppliers is steadily reduced.
The main rational for this strategy in this context would be to captivate suppliers in the
SCF arrangement. The assumption is that as suppliers become accustomed to the benefits of the SCF
arrangement, they eventually become price takers of the SCF interest rate, although the spread is not
as high as initially when suppliers started to on-board. This has strategy been simulated by linearly
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increasing the interest spread from 0,1% to 0,9 over the course of the SCF program life time and has
led to the following results for the Automotive Group’s supply chain:
1. Supplier discount activity is also increased with 10% from approximately 60% to 70%, but as the
interest spread diminishes, so will the SCF discount activity.
2. Overall profitability of SCF program improved with 40% from approximately 8 million euro to
11 million euro for the entire program life time, but is lower than in the bargain strategy which
attained an overall profitability level of 12 million euro.
In case suppliers would also consider the working capital benefits in the arrangement, the following
results were found for this strategy:
3. Supplier discount activity increased from 70% to 100%.
4. Overall profitability of the SCF program doubles from 11 million euro to 22 million euro.
In case only financing costs are considered, a low-to-high strategy does not produce better results than
the bargain SCF interest rate. However, when also working capital benefits are also considered, the
low-to-high strategy is superior.

Contra-seasonal SCF interest rate
By encouraging that suppliers will continue to discount their receivables even when positive economic
conditions do not require early funding for suppliers, continuous supplier discount activity is aspired.
In this case, suppliers are offered more attractive SCF rates when receivables level climb and regular
SCF rates during when receivables levels drop. This has strategy been simulated by gradually
decreasing the SCF interest rate from 0,5% to 0,1 when receivables level are increasing and gradually
the SCF interest rate from 0,1% back to 0,5, when receivables level decline. This has led to the
following results for the SCF programs for the Automotive Group’s supply chain:
1. Supplier discount activity increased with 10% from approximately 60% to 70%, similar as in the
other interest rate strategies
2. Overall profitability of SCF program improved with 40% from approximately 8 million euro to 11
million euro for the entire program life time, similar as for the low-to-high scenario.
In case suppliers would also consider the working capital benefits in the arrangement, the following
results were found for this strategy:
3. Supplier discount activity increased from 70% to 100%.
4. Overall profitability of the SCF program almost doubles from 11 million euro to 21 million euro.
The contra-seasonal SCF interest rate strategy does not seem to produce any better results than the
other strategies that were explored. This holds for both instances; when suppliers only consider
financing costs reductions and when both financing costs reductions and working capital
improvements arguments were considered in unison.

Results from SCF Interest Rate Strategies
Both the contra-seasonal and low-to-high SCF interest rate strategies seem to produce similar
outcomes in terms of overall expected profitability of the SCF arrangement in the Automotive Group’s
supply chain when only financing reductions are considered. Surprisingly, the interest rate strategy
that produced the most profitable outcome for the FSP was the bargain interest rate strategy. In case,
also working capital benefits were considered, the low-to-high SCF interest rate strategy seems to
produce the highest interest income for the FSP. Table 8.2 gives an overview of both the SCF discount
activity and the FSP’s profit level under various interest strategies.
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Although differently from what the name might imply, the bargain strategy does not erode
dramatically in the interest income of the FSP. With a FSP raising funds at almost the benchmark rate
level, sufficient interest rate margin remain for the FSP, even at almost the buyer’s credit rating.
This seems to indicate that for a profitable SCF program, significant amount receivables volume
matter significantly more than a large interest spread.
From a risk-return perspective, there does not seem to be any substantial impediments to
implement such a strategy. Given that the FSP has enforceable recourse on the buyer for their
supplier’s receivables, any SCF funding rate that is not lower than what can be justified by the buyer’s
credit rating is eligible. This has also been reflected in the above discussed interest rate strategies.
Table 8.2 – Overview of SCF Interest Rate Strategies under various supplier’s SCF participation considerations.
Supplier's benefit based on
Supplier's benefit based on
funding
working capital and funding
Regular SCF Interest Rate
Supplier Discount Activity
60%
100%
Total FSP Net Interest Income
€ 8.000.000,00
€ 17.000.000,00
Bargain SCF Interest Rate
Supplier Discount Activity
70%
100%
Total FSP Net Interest Income
€ 12.000.000,00
€ 19.000.000,00
Low-to-high SCF Interest Rate
Supplier Discount Activity
70%
100%
Total FSP Net Interest Income
€ 11.000.000,00
€ 22.000.000,00
Contra-seasonal SCF Interest Rate
Supplier Discount Activity
Total FSP Net Interest Income

70%
€ 11.000.000,00

100%
€ 21.000.000,00

In case suppliers also look specifically at the working capital benefits of the SCF arrangement,
any interest rate strategy that is somewhat below the suppliers’ cost of funding will produce the
highest interest income for the FSP. Moreover, this result also seem to indicate that (theoretically) any
rational supplier can become a price-taker of (any) SCF interest rate, as long it can be justified by the
working capital benefits and to a lesser extent the (additional) financing costs.

8.2.2 Operational delivery of the SCF program
Although, the primary focus of the simulation was not on the operational aspects of the
implementation of SCF programs, several operational policy actions can still be explored with the use
of the simulation model. The following policies were investigated:
1. Buyer and supplier on-board capacity and learning effects.
2. Cost divisions between the SCF actors
3. Stretching the buyer’s payment terms.
These operational policy actions are aimed at influencing the main causal loop (R1: ‘learning effects’)
in the SCF system (see Figure 4.2). This causal loop is responsible for the SCF market potential and
the execution of the on-board process. By influencing this loop through policy actions, more
favourable system behaviour can be aimed by the FSP.

On-board capacity and learning effects
The main rationale for increasing the FSP capacity is to on-board buyers and suppliers as soon as
possible, should less favourable market conditions arise, this market potential will not be lost due to
diminished interest in SCF solutions. Increasing FSP capacity will require additional resources by an
FSP and also additional costs. Given that with increased capacity, buyers also are on-board sooner, the
time that supplier will trade their receivables also becomes longer such that more revenue can be
extracted from the SCF program.
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Cost divisions between the SCF actors
The benefits that SCF actors gain from the SCF arrangement varies between the SCF actors. Buyers
typically would benefit more than individual suppliers and the FSP, especially when all SCF actors are
based in the same region. This should not come as a surprise given that it is a buyer-led initiative.
In order to come to a more even division of the benefits, buyers could also be asked to bear the bulk of
the implementation costs of the SCF solutions. Suppliers, on the other hand, can be charged a
subscription fee that will cover their on-board costs in the SCF arrangement. This cost set-up will
reduce the costs for the FSP, effectively reducing its role to a funder rather than an arranger as in the
initial set-up was assumed.

Program size and stretching buyer’s payment terms
A SCF program funding size is typically based on the receivables amount of the buyer that is eligible
for inclusion in the SCF program and the amount of days the buyer is willing to stretch its
Days Payables Outstanding (DPO) to its supplier base. While large deal sizes entails more risk for the
FSP — and the possible need to syndicate the deal amount with added costs — longer buyer DPO
might lead to increased probability that suppliers will auto-discount their receivables in the program
since longer (imposed) buyer payment terms may become strenuous for suppliers; this increases the
likelihood that suppliers actually will make use of the SCF arrangement through auto-discounting.
This is an important trade-off that the FSP has to consider when structuring the deal with the buyer.
Again, this assumes that the buyer is able to impose unilaterally a payment terms extension after the
SCF arrangements is put in place in the supply chain.

Results from operational policies and SCF arrangement structuring
All policy actions have also been implemented in the simulation model that represents the Automotive
Group’s supply chain:
1. Doubling both buyer and supplier on-board capacity and increasing the marketing effects do not
seem to affect SCF market performance significantly. Both profitability and supplier discount
activity showed similar characteristics as in the initial situation.
2. By changing the cost division, the FSP merely acts as funder in the SCF programs, this effect has
become primarily apparent on the overall profitability which rose with 10 % to approximately
9 million euro from the initial 8 million euro, in case only financing costs were considered.
3. Extending the DPO increases the working capital benefit for the Automotive Group.
However, the actual effect on the suppliers discount activity could not be determined.
Since supplier’s receptiveness to buyer’s strategy to further stretch payment terms is unknown, it
is assumed that by increasing the buyer’s DPO with 10 additional days, supplier discount activity
reduces to randomly between 10 days till 20 days from randomly 10 days till 30 days, initially.
Based on this assumption, overall profitability for the FSP rose with 40% to approximately
11 million euro from the initial 8 million euro, in case only financing costs were considered.

8.3

Recommendations based on experiments and policy analysis.

Although the operational requirements for successfully offering SCF solutions cannot be understated,
a successful implemented SCF solution is not bankable if suppliers do not offer their receivables for
early discount to the FSP — otherwise, possibilities for the FSP to recover the implementation costs
will become limited. While many reasons are possible why suppliers do not offer their receivables for
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early discount to the FSP, the assumption remains that direct benefits from the SCF arrangement,
primarily passed on the buyer’s supplier base by the FSP through the SCF interest rate, provides a
strong impetus for suppliers to participate actively in the arrangement. This is achieved through
funding costs reductions and working capital gains for suppliers.
As it turns out, operational policies in the implementation phase of the SCF lifecycle seem to have
limited effects on the overall profitability of the SCF arrangements. SCF interest rate setting, on the
other hand, seems to be more promising as an instrument to spur suppliers to discount their receivables
based on direct benefits considerations.
Several interest rate strategies are possible, but the most promising strategy is to offer a
SCF interest rate that passes a substantial part of the arbitrage spread to the buyer’s supplier base –
effectively introducing almost the same cost of funding of the buyer to the supplier base.
Especially, when the arbitrage spread is minimal (smaller than 1%), this strategy produces the highest
expected profitability for the FSP in case suppliers emphasize financing costs benefits over working
capital benefits. In case, working benefits are also considered, higher SCF interest rates are possible.
Depending on how market conditions subsequently evolve, the SCF interest spread can gradually
be increased or left unchanged. In either case, it is important to lower the threshold for the supplier
base such that they will become familiar with the SCF program and accustomed to new working
capital realities the SCF arrangement can offer. The main rationale behind this strategy is that although
offering a lower SCF interest rate offers lower interest rate income, generating sufficient transaction
volume in the SCF arrangement at all times is crucial to offset the initial capital outlay and generate
interest income for the FSP, especially when suppliers tend to focus only on financing cost reductions
of the SCF arrangement.
Based on the use of the simulation model as a policy tool, several strategies for adjusting several
factors in existing and prospective SCF programs were assessed. As a FSP would become more
proficient in running SCF programs, and the underlying reasons market behaviour becomes more
clear, the simulation model can be refined. Nonetheless, the simulation model demonstrates its use as
policy tool to test various market strategies. This should ultimately also substantially improve the
decision capabilities for FSPs.
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Chapter 9

Conclusion

This study set out to construct a model for identifying market dynamics in the SCF market for
financial service providers. As an often hailed win-win proposition for all participants in a
SCF arrangement, the role and considerations for financial service providers — the main funders and
arrangers in the SCF arrangement — are often overlooked. In this study, the aim was to shed light on
the financial service provider’s perspective and to construct a theoretical framework and
simulation model that depict the context of the SCF solution and the behaviour in this system. In order
to construct this model, it was necessary to conduct an extensive desk research and to unite several
research fields since research on SCF, especially from a financial service provider’s perspective is
rather scarce, and emanates particularly from non-academic sources.
The conceptual analysis showed that it was possible to delineate market factors that potentially
could affect the market outlook for prospective and existing SCF solutions in supply chains.
Although, several market factors have been found and their interactions has been made plausible,
quantifying these factors for readily use in a simulation model proved to be challenging since not all
factors can easily be quantified without imposing (unrealistic) assumptions. As it turns out,
a sustainable SCF solution is characterized by several hard and soft factors in order to come to a
successful SCF proposition for any aspiring financial service provider.
Despite these challenges, it was feasible to construct a simulation model based on the direct
(monetary) benefits that a SCF solution can offer to all SCF actors in the supply chain; buyers,
suppliers, and the often ignored, but equally crucial, financial service providers. By incorporating
the direct factors that drive the benefits of these actors, a simulation model in System Dynamics has
been created which has uncovered several interacting market dynamics that impact the SCF outlook
for all SCF participants. This model has been tested by assessing the model specification and
consistency as well as the model’s capability to produce reference patterns and expected behaviour.

9.1

Main findings

By combing several scenarios, each representing a key market driver such as competition, interest rate
differentials, receivables volumes and supply chain working capital goals, existing market behaviour
was simulated. This has given a rich analysis of the SCF market dynamics. Several results are found
that indicate that SCF programs, indeed, are only attractive under specific market conditions and that
sudden economic changes can make running SCF projects less attractive from a financial service
provider’s point of view.
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Although, the SCF proposition is typically presented as a win-win situation for all SCF actors, this
is not always the case. Furthermore, the benefit a SCF actor might reap from participating in the SCF
arrangement might change over time. Changes in the SCF benefits are primarily driven by; natural
economic and sudden demand changes in supply chain receivables’ levels and supplier working
capital goals in particular. Interest rate differentials can also potentially affect the market outlook,
though not as severe as the previous market factors, especially if benchmark interest rates changes can
be passed on to the SCF actors. Finally, market competition seems to have an effect in the overall
profitability and a potential slower buyer on-board rate.
The effects of receivables seasonality, due to changing economic circumstances, show that
suppliers gain more benefits at the start of cycle rather than at an economic downturn, as the
traditional SCF model initially would explain — SCF as tool to ensure supply chain (financial)
stability. While this argument can be used to persuade buyers, supplier discount activity and supplier
receivables level is ultimately that drive financial service provider’s interest rate income, and the most
positive outlook for this to occur is at the start of economic cycle when working capital usage is high
in supply chains.

9.2

Significance of findings

The market factors and their interactions that have been identified in this study assists in the
understanding of the dynamics that are present in the SCF market for financial service providers.
A financial service provider that is considering to introduce a SCF arrangement in supply chains
should consider that although buyer and suppliers have expressed their interest, supplier discount
behaviour does not necessarily remain constant throughout the duration of the program. Traditional
methods to assess supply chains for SCF market potential represent only snapshots in time and focus
primarily on working capital benefits and operational requirements. A holistic approach should also
focus on the persistence of supplier working goals throughout the SCF program’s lifetime. Specific
industries, which traditionally face lower margins, or are prone to funding difficulties, can be
considered to be viable industries, since it is likely that in those industries, supplier discount disciple is
ensured. Nonetheless, careful attention should be given to the working capital goals of suppliers since
supplier discount activity is what generate interest rate income and makes the SCF arrangement
ultimately bankable.
Aside from the findings that the attractiveness of the SCF product is susceptible to market factors,
the model also has demonstrated its use as a forecast tool, to assess potential markets, and as a policy
tool, to gauge the potential impact of SCF product strategy actions by the FSP. As a forecast tool, the
System Dynamics methodology allows to analyse and infer potential market outcomes in a dynamic
way, rather than the traditional static methodology by examining supply chains at an arbitrary point in
time. For the use of the model as policy tool, several strategies for a FSP to increase the likelihood of
successful SCF programs were analysed. Taken together, these findings suggest promising areas to
improve the decision capabilities for FSPs. As a starting point, a preliminary decision support system
has been developed to demonstrate its potential use in practice.

9.3

Limitations and future research

The analysis presented in this study has certain limitations that need to be considered when
interpreting the SCF market dynamics. This study has focused on a phenomenon that is very broad and
complex. The literature review in Chapter 2 and conceptual model in Chapter 4 showed that the field
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of SCF has various theoretical perspectives underlying it. This thesis has studied this extensive
phenomenon from a rather narrow theoretical point of view, focussing primarily on the most readily
quantifiable market factors, including a limited amount of the soft, but highly critical factors that
shape the SCF adoption process. Therefore, other (indirect) benefits are not included in the benefit
calculations. Furthermore, deeper theoretical analysis should also give attention to these
considerations. For example, the behaviour of supplier discount behaviour on economic conditions and
lengthening buyer payment terms was explicitly excluded from the model. An indication how supplier
discount behaviour is shaped by these external factors would further enrich the understanding of the
SCF market dynamics and would provide actionable information for FSP to ensure supplier discount
activity remains sufficient such that the proposition can truly become a win-win for every SCF actor.
Another objective of this study was to contribute to academic literature on SCF adoption processes,
especially from a financial service provider’s point of view. The limited scope of the study should be
regarded in the light of the explorative nature of the research question. But by highlighting several
SCF market dynamics, a basic understanding has been grasped on how several factors potentially can
interact and lead to certain market outcomes in the SCF market. Further research is, therefore,
encouraged on the other areas identified in this study.
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A1

Overview of working capital management in supply chains

A firm’s financial manager is concerned with the planning and control of the firm's financial
resources. For example, financial managers use financial derivatives to protect against adverse
movements in a firm’s input and output prices. Alternatively, when a firm expands production, an
option to alter the product mix or to shut down the project is included in the project in order to reduce
the cost of failure (Brealey et al., 2008). Finally, by adjusting a firm’s financing sources, operating risk
is spread over a larger equity base. These examples show that financial management focuses on how a
firm should attract financing, which investment decisions a firm should take and how a firm should
manage its financial resources. This is also reflected in the balance sheet of firm (Ross, Westerfield, &
Jaffe, 2004):
i. Left hand side of the balance sheet: In what long-lived assets should the firm invest? – Capital
Budgeting.
ii. Right-hand side of the balance sheet: How can the firm raise cash for required capital
expenditures? – Capital Structure.
iii. Net working capital = current assets – current liabilities: how should short operating cash flows
be managed? – Financial Management.
The latter is usually associated with (short-term) financial management. For an overview of financial
management in general, the reader is referred to Atrill (2006) while Maness and Zietlow (2005) and
Van Horne and Wachowicz (2008) are among the few who treat working capital management
specifically.
The difference between a firm’s current assets and current liabilities is the firm’s net working
capital (Maness & Zietlow, 2005). Current assets consist of inventory, accounts receivables,
marketable securities, and cash balances. The current liabilities contain accounts payable, notes
payable, as well as other current liabilities. Working capital is a financial metric which represents
operating liquidity available to a firm. The importance of working capital comes from the fact that is
needed to run the firm on a day-today basis. The management of a firm’s current assets and liabilities,
i.e., its working capital, is what is typically considered to be as Working Capital Management (WCM)
(Maness & Zietlow, 2005). The time horizon for WCM is usually one year or less.
The amount of working capital is also a measurement of a firm’s efficiency. WCM is also an
important building block for managing a financial supply chain and a basic understanding of the main
WCM techniques and their ramifications is necessary to understand Supply Chain Finance. Whereas
Supply Chain Finance tries to optimize working capital for all parties in a supply chain, WCM is
focusing on a single company.
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McCosker (2000) provides an overview of working capital level across industries. The optimal
working capital level varies per industry but typically a 2:1 ratio of current assets to current liabilities
is advised (Khan & Jain, 2005). An important observation is that this prescribed working capital level
is derived for a single firm’s point of view and not for a supply chain. A related concept in corporate
finance is the matching principle which states that short (long) term needs should be financed with
short (long) term debt (Berk & DeMarzo, 2007).
WCM aims at the minimization of capital tied up in a firm’s assert turnover by reducing Accounts
Receivables (A/R), i.e., lowering the amount due by a firm’s debtors, and the amount of inventory,
while extending Accounts Payable (A/P), i.e., increasing the amount owed to a firm’s creditors.
Another important and widely used measure for WCM is a firm’s cash cycle (Berk & DeMarzo,
2007). A firm’s cash cycle is the length of time between when the firm pays cash to procure inventory
and when it receives cash from the sale of the products, i.e., a firm’s operating cycle. A measurement
of firm’s cash cycle is the Cash Conversion Cycle (CCC):
CCC = Inventory Days + Accounts Receivables Days – Accounts Payables Days

(A1.1)

This can also be expressed as:
CCC = DIH period + DSO period – DPO period

(A1.2)

where:
Days Sales Outstanding (DSO) = The number of days that a company takes to collect payments
from its customers.
Days Inventory Held (DIH) = The time in which the stock of raw materials, work in progress
(WIP) and finished goods are converted into revenues.
Days Payables Outstanding (DPO) = The number of days it takes a firm to pay its suppliers.
A firm’s operating cycle is the length of time between when the firm procures inventory and when it
receives cash from the sale of the products. In general, it holds that the longer the cash-to-cash cycle,
the more working capital is needed since it takes longer to convert inventories and A/R into cash
(Kremers, 2010).
Company
buys
inventory

Company
pays for
inventory

Company
receives
payment

Company
sells
product

Inventory

Accounts Receivables

Accounts Payables
Cash Outflow

Cash Inflow

Cash Cycle
Operating Cycle

Figure A1.1 – The cash and operating cycle for a company (Berk and DeMarzo, 2007).

At this point, WCM from a single firm’s point-of view should be straightforward based on the
aforementioned WCM concepts. An efficient short-term financial management can impact a firm’s
value by reducing working capital; changing the length of the cash conversion cycle; changing
accuracy and timeliness of critical information about inventory, receivables and payables. Any firm
should pursue a working capital optimization strategy by reducing its CCC. However, such an
approach could eventually have a detrimental on the overall supply chain performance. For example, a
capital constrained customer may impose pressures on a supplier by extending its A/R period.
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Consequentially, the supplier incurs capital costs by forgoing on investment opportunities, received
interest or servicing debt interest (He et al, 2010). On the other side, capital shortage of a buyer may
impede it from ordering the optimal order quantity from the supplier. As a result, the customer would
be forced to incur higher inventory costs as compared by ordering the optimal order quantity. In both
cases, the supply chain suffers: explicit in cost, and implicit in supplier-buyer relationships according
to He et al. (2010).
Any reduction in the CCC of a firm has consequences for the upstream and downstream firms in
the supply chain. A reduction of DSO results in a reduction of DPO of the customers, and an increase
in DPO results in an increase in DSO of the suppliers (Hofmann et al., 2011). Thus, a reduction in the
CCC by means of the optimization of DSO and DPO implies an increase in the CCC of any upstream
and downstream firms in the supply chain. This is the major shortcoming of traditional WCM. This
has been also mentioned by Seifert & Seifert (2008).
A major consequence of single firm WCM is that the financial supply chain might be impaired.
Especially, in today’s business environment, where firms no longer tend to compete with each other
but where supply chains actually are competing with each other (He et al, 2010). Hence, a single
firm’s WCM might be optimal in the short run but non-optimal in the long run. Therefore, a new
WCM paradigm is required and Supply Chain Finance can potentially assist in remedying the
traditional flaws of single WCM and ultimately optimize the WCM for supply chains.
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A2

Detailed Overview of Causal Relationships in the SCF life-cycle

The main product life cycle of a SCF product is depicted in Figure A2.1. The principal relationship in
the SCF lifecycle revolves on the following set of factors: Commercial attractiveness for FSP – SCF
market potential – Buyers in the SCF program – Suppliers in the SCF program – SCF discount
activity – Success rate of SCF programs – FSP’s track record – Operational complexity and again,
Commercial attractiveness for FSPs. This sequence of events represents the natural product portfolio
growth of the SCF product for a FSP. Moreover, these set of factors form the two principle feedback
loops that is expected to drive the SCF implementation. Other loops are also depicted for reference
purposes.
The main principle behind these reinforcing loops is that successful SCF programs will result in
sufficient proficiency in implementing SCF arrangement and will attract new buyers and will open up
new possibilities — through reduced operational complexity — where the product can be offered.
This will lead to an increase in market potential since more buyers and their suppliers can be included
in the SCF program. This is typically a re-enforcing loop. Moreover, this behaviour has become
apparent from leading (global) banks in the SCF market, who have gradually taken the bulk of SCF
market in various geographic regions.
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Figure A2.1 – Detailed Overview of the SCF product life cycle.

Commercial Attractiveness
The principal reason for FSPs to offer the SCF arrangements is the commercial attractiveness of the
product. The commercial attractiveness of the SCF proposition is based on a combination of supply
chain suitability for SCF solutions, operational complexity to implement the solution, amount of
supply chain receivables volume and the FSP’s risk appetite (Capco, 2011; Sylverberg & Albrektsson,
2011). Supply chain suitability refers to supply chain characteristics to accommodate the SCF
solution. Together with the operational complexity, this determines whether it is technical feasible to
implement the existing SCF product in the supply chain. From a FSP’s perspective, the amount of
receivables volume is also an important driver for commercial attractiveness and expected profitability
(Capco, 2011). Finally, a FSP’s risk appetite determines whether the market is suitable from a risk and
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strategic perspective to venture into this market or whether it falls outside a bank’s strategic scope
(Hurtrez & Gesua'sive Salvadori, 2010).
Supply chain suitability for SCF solution depends on a range of factors. Common cited factors that
determine successful supply chains for SCF are lengthy buyer payment terms, executive accessibility
and involvement in the program, industry fit, supply chain working capital goals, buyer strength in
supply chains and the possibility of cross-functional deployment with the organizations in the supply
chain (Cronie, 2008; Hofmann & Belin, 2011; Seifert & Seifert, 2011). Given that the key cornerstone
of SCF is the interest rate arbitrage, the interest rate differential in the supply chain also has to be
taken into account to determine the commercial attractiveness for banks.

SCF market potential
The commercial attractiveness for introducing SCF in a particular supply chain or market leads to a
certain market potential. The SCF market potential is further determined by existing competition of
both other SCF market players and other trade finance and working capital instruments that are present
in the (prospective) market. For example, strong (entrenched) SCF competitors would lead to a low
market potential despite a commercial attractive market. Based on these factors, a SCF market
potential can be considered as a function of the commercial attractiveness of a market and its
characteristics. This includes all the elements of the commercial attractiveness such as supply chain
suitability and operational complexity. Moreover, a SCF market potential from an individual FSP’s
point of view is also determined by the market properties such as competitors and existing trade /
working capital practices in the market.

Implementation and execution
Based on a prospective market, a FSP’s marketing effort and a track record, a FSP would be able to
attract buyer in its SCF program. Buyers tend to select financial partner primarily for financial services
based on relationship and technical capability — both reflected by a FSP’s track record within a
market. Also, effectiveness of the marketing effort by FSPs to pursue business opportunities
determines whether FSPs will be able to on-board buyers in its SCF program.
Given the anchor role of the buyer in a SCF setting, a SCF program is first implemented with the
buyer. Subsequently, suppliers are included in the buyer-led SCF arrangement. The implementation of
the SCF arrangement is the most complex operation of the entire program since it requires to set up a
platform which tackles a wide of array of issues on IT connectivity, legal and accounting frameworks
(Hofmann & Belin, 2011). A successful implementation will accommodate the SCF program in the
buyer’s daily operations. After the buyer has been set-up in the technical platform, the suppliers can
subsequently be included on the platform.
After the buyer has determined the key suppliers for which the SCF arrangement can be used, the
suppliers can be included. The supplier on-board process is also a complex and intensive process given
that each supplier has to be contacted individually (Cavenaghi, 2011a). Moreover, each supplier has its
own set of criteria in order to determine whether it will join the arrangement or not. A key
consideration for suppliers is the overall attractiveness of the SCF offering. The attractiveness is
determine by the funding size of the program, whether the platform is compatible with supplier’s daily
operations and the support it receives from the FSP offering the SCF arrangement (Richman, 2010).
Other important considerations for the suppliers to participate is whether suppliers are willing to
change existing contracts with the buyer, the geographic proximity of the suppliers and the strength of
buyer-supplier relationship. Together with the (perceived) benefits of the SCF program, the interest
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rate advantage also determines the degree to which suppliers are willing to on-board in the
SCF arrangement. Again, for simplicity purposes, only the interest rate spread is included in order to
determine the attractiveness for suppliers.
The on-board process for both buyers and their supplier base is a complex confluence of
quantitative factors (working capital gains and interest cost savings) and a set of qualitative factors
(power relationships in the supply chain and implementation capabilities of the supply chain
participants)(Cavenaghi, 2011a; Richman, 2010). This makes offering successful offering of
SCF solution a fine art — something that has only been mastered by a few (global) FSPs. These global
FSPs have made use of their first mover advantage and are clearly leveraging their experience with
SCF product range.
A successful SCF program is characterised by sufficient supplier enrolment and SCF discount
activity in the arrangement (Orbian, 2011). Successful SCF programs greatly enhance a FSP’s track
record and can be used as a showcase to demonstrate a FSP’s current SCF capability. Therefore, a
relation can be expected between the number of (successful) SCF programs, FSP’s track record and
the number of buyers it is able to attract in the SCF program.
Through the learning curve, the FSP’s track record also influences the operational complexity for
future SCF implementations. Increased SCF capability will allow FSPs to take on more challenging
supply chains, thus opening up new markets, effectively increasing the market potential. Furthermore,
sufficient experience in running SCF programs also helps to speed-up the implementation of future
suppliers — a development that would further benefit new SCF programs and ultimately the success
rate the overall SCF project of the FSP.

External Factors
In the SCF product life cycle, there are several key factors that tend to change over time and critically
influence the SCF product life-cycle. Among the most important factors are the supply chain
suitability options and all associated factors, degree of competition with in a particular market and the
interest spread between buyer’s and supplier. This includes the supply chain actor’s funding costs,
supply chain working capital goals and supply chain payment days.

Financial service provider’s operating model
From a FSP’s perspective, the principle performance indicator of the FSP’s SCF program is the SCF
program success rate. Though, profitability is also of paramount importance, this performance
indicator includes operational aspects that are also important for the long-term viability of the FSP’s
SCF program, profitability is, nonetheless, derived from this performance measure through the SCF
discount activity. FSP’s SCF revenues originate mainly from suppliers who sell their receivables to the
FSP (Sylverberg & Albrektsson, 2011). Given this (prospective) stream of revenues, SCF programs
costs of the platform and implementation costs by the buyer is typically borne by the FSP. Also, the
cost of supplier on-boarding is often not borne by the suppliers. These costs, however, need to be
recovered by the FSP. This is typically done by the supplier through the mark-up on the Supplier’s
SCF funding rate. This included in the supplier SCF funding rate in the program which is based on
primarily on the buyer’s cost of capital but is funded with the FSP’s funding costs.
The SCF discount activity refers to the amount of receivables being offered to the FSP for early
payment by the suppliers in the arrangement (Orbian, 2011). At the heart of any SCF solution is the
interest arbitrage mechanism, where the buyer introduces a lower cost of finance in the supply chain.
However, whether the supplier will use this arrangement depends on the fact whether first there is a
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(direct) need for liquidity (Cavenaghi, 2011a). Second, the cost to attract financing needs to be lower
than the supplier’s own cost of capital. Otherwise, the supplier would be better off attracting financing
from the market on its own; this condition is based on the assumption that FSPs remain willing to offer
funding to the supplier. Although not strictly necessary, the supplier also would needs some sort of
working capital objective. This will augment the possibility that the supplier will make use of the SCF
facility.
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Figure A2.3 – Detailed overview of financial service provider’s business model.

The process that will decide whether suppliers would make use of SCF arrangement has not yet
been investigated. But it is believed that use is not solely about interest rate arbitrage, but also about a
set of soft criteria that induces a supplier to make use of the arrangement. In an extreme example, it
has occurred that suppliers will only make use of the SCF arrangement only in the last quarter of their
fiscal year for accounting purposes (Millar, 2008). For the purpose of the model, a combination of
both interest rate arbitrage and supplier working capital goals is what ultimately determines the
SCF discount activity for the suppliers.
A supplier’s cost of capital refers to the cost a supplier faces when it attracts capital from the
financial market. In the typical SCF arrangement, the supplier cost of capital is typical higher than the
buyer’s cost of capital. Careful attention is given to the supply chain selection during the selection
process by FSPs when the arrangement is introduced. However, this is only a snapshot at a particular
point in time. Given that interest rates are susceptible to changes over time, the interest arbitrage
potential can change over time, affecting the SCF discount activity through the change in interest
spread and ultimately the FSP’s ability to recover the implementation costs of the SCF arrangement in
the supply chain. In this study, the cost of capital of for all supply chain actors is considered to be
exogenous.
The supplier’s SCF rate is typically based on the buyer’s cost of capital — a result of SCF’s
buyer-centric approach. However, platforms costs and FSP’s funding costs also determine the SCF
funding rate a supplier is offered to in an arrangement. In the basic setup, cost incurred by FSPs to
arrange the SCF set-up also recovered through the SCF supplier funding rate. If the supplier’s SCF
funding rate is not competitive enough versus its own cost of capital, the supplier would not be
induced to offer its receivable via the platform.
The setting of the supplier rate is an aspect that has received some attention in especially an
academic setting (Pfohl & Gomm, 2009). This is not surprising given the importance of the SCF rate
on SCF discount activity. From a practical setting, FSPs also segment the interest rate based on
supplier properties. For instance, larger, more credit worthy suppliers are offered a lower rate than
smaller supplier. Hence, the SCF supplier rate is an instrument FSPs have to enhance platform’s
attractiveness.
The FSP’s operating model interacts with overall implementation model primarily through reduced
operational complexity which reduces the FSP’s SCF program costs, thus enhancing the profitability
of the SCF programs. Also, lower implementation costs lead to FSP’s ability to offer more competitive
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SCF rates to enhance a platform’s attractiveness. This is ultimately reflected by higher SCF discount
activity. The SCF discount activity is, aside from supplier on-board time and percentage of supplier
base enrolled, a key indicator of SCF arrangement’s success but more importantly crucial for a
profitable, bankable SCF solution.

Relation between different models
Financial service providers who offer SCF products to certain supply chains that would benefit of the
SCF arrangement. Moreover, the supply chain would need to be suitable to accommodate such a
solution. Whether the SCF arrangement actually will be used is reflected by the supplier discount
activity. This highlights the importance and recurrence of the SCF discount activity factor in all
sub-models.
First, the SCF discount activity reflects whether suppliers need to offer their receivables to improve
their financial position. This can be a result of a buyer extending their payment terms or other working
capital goals of the suppliers. Second, the discount activity is the principal revenue driver of the SCF
arrangement for financial service providers. Sufficient amount of SCF discount activity with adequate
receivable volume is needed to recover the implementation cost of the SCF arrangement, mostly borne
by the financial service provider and buyer upfront. Finally, the SCF discount activity is one of the key
indicators that reflect a successful implementation.
Based on the above depicted causal conceptual model, the abridged casual loop diagram has been
constructed, which incorporates only the important, most common factors that affect the SCF market
for FSPs. This causal diagram is also what is discussed in Chapter 4. The adjusted casual loop diagram
is depicted in Figure 4.2 and integrates the causal models depicted in Figure A1.1 and Figure A1.2.
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A3

Detailed Model Specification

Model Purpose
The model developed in this study represents the institutional context for a FSP offering SCF products
in a particular market. The definition of this market can be chosen arbitrarily. For example, a specific
supply chain can be chosen or a geographic region which corresponds to a set of parameters for
running SCF programs in this market. Based on the model’s insights, a FSP is able to gain a better
understanding how external influences might impact (prospective) market outlooks for its
SCF product.
Given that the SCF product depends on several (external) qualitative and quantitative factors, any
FSP needs to assess how changes in these market factors might affect the attractiveness of their SCF
product. Therefore, the model should show the effects of market factors on the SCF product. Finally,
the model should offer further directions on which actions or strategies a financial service provider
should follow under different circumstances in a specific market.

Model Overview
In light of the model’s purpose, the model boundary has been chosen such that external factors that
directly influence the SCF lifecycle are included while policy lever were identified that can be
addressed by the model. System behaviour can be assessed based on several performance indicators.
Given this model structure, the discussion will focus on the main elements of the model overview in
Figure A2.1.
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Figure A3.1 – System diagram for the implementation of SCF solutions for financial service providers.

Market potential and Implementation
The sub-models market potential and implementation constitute of the following endogenous
parameters:
1. SCF Market potential. This stock variable describes the number of (potential) buyers that are
present in the (prospective) market. This stock needs to be initialized by the model user. Changes
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in this variable occur via the flow variable change in market potential, which dynamically adjusts
the market potential based on the commercial attractiveness of the SCF product at a specific
moment in time.
Number of running SCF programs. This stock variable represents the number of buyers the FSP
has currently as a client in its SCF product suite. Given that that SCF programs are buyer-driven,
this variable corresponds with the number of SCF programs.
Buyer on-board rate. Buyers are included in the program by the buyer on-board rate which stand
for the rate at which buyer are included in the FSP’s SCF program. This flow factor is determined
by a FSP’s selling ability and the time it takes to implement the SCF program at a particular buyer.
FSP Track Record. This flow variable is one of two flow variables that determine the FSP’s
selling ability for its SCF program to potential buyers. FSPs are often selected based on their in
experience in running SCF programs.
FSP Marketing. This variable is the second flow variable that determines the FSP selling ability
for its SCF program to potential buyers. This factor represents the marketing effort by the FSP to
attract new buyers for the SCF program.
Potential buyers. Based on the market potential and the number of running SCF programs, the
potential buyers flow variable determine the remaining amount of buyers that can join the SCF
program.
Number of suppliers on-board. The stock variable represents the number of suppliers that are able
to offer their receivables for early discount to the FSP. Typically, suppliers participate in the SCF
program after the buyer is on-board in the SCF program.

Commercial Attractiveness
The sub-model commercial attractiveness comprises of the following endogenous parameters:
1. Commercial Attractiveness. This flow variable represents the key part of this sub-model.
It signifies whether a commercial attractive supply chain can be translated into market potential
for SCF products.
2. SCF Possibility for Supply Chain. Not all supply chains have properties that fulfil the
requirements to introduce SCF products. This flow variable indicates whether a profitable outlook
lies in offering SCF products in a particular supply chain from a FSP perspective.
3. Supplier Payment Days. Given the importance of early discounting for the profitability of the SCF
product, this flow variable shows the amount of days a typical early discount offering contains.
Aside from the interest-rate potential, this variable is also a critical factor for the profitability for
the FSP.
4. Expected Fixed Program Costs. This flow variable shows the current cost structure for the running
SCF programs by the FSP. This is based on the buyer costs and expected supplier on-board costs.
5. Operational Complexity. This flow variable corresponds to whether the SCF program can be
implemented in terms of capability of the FSP. More operational complex supply chains will result
in higher expected SCF program costs, while more experience in the running SCF programs will
result in lower expected costs — a direct result of the learning effect.

Portfolio Management and Supply Chain Working Capital Calculation
The sub-models portfolio management and supply chain working capital calculation are made up of
the following endogenous parameters:
1. SCF discount activity. This flow variable is a performance indicator for the success of the SCF
program. It represents how often suppliers have offered their receivables for early discount.
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2. Total Discounted Receivables. This stock variable accumulates all discounted receivables over the
course of the SCF program.
3. Yearly Discounted Receivables. This flow variable changes the stock variable of total amount of
discounted receivables and is recorded on a yearly basis. It represents the amount of receivables
the entire supplier base has offered to the FSP in a particular year.
4. Receivables offered for discount. In this variable, actual receivables are offered by the supplier to
the FSP. The receivable will only be offered to the FSP if it will be beneficial to the supplier.
5. Total SCF Program Receivables. This stock variable represents the total size of all SCF programs
that are run by the FSP.
6. SCF Receivables Volume. This flow variable changes the stock variable of total SCF Receivables
volume and is recorded on a yearly basis. It represents the amount of receivables that are eligible
for early discount by the supplier base in the FSP’s SCF program.
7. Buyer and supplier benefit. Both buyer and supplier benefit represent variables that determine the
benefits for both actors in participating with the SCF program. This is placed on working capital
gains and cost savings derived from the interest rate potential.

Financial Service Provider’s Operating Model
The sub-model financial service provider’s operating model comprises of the following endogenous
parameters:
1. Total FSP Sales. This stock variable accumulates all revenues generated from offering SCF
products over the course of the FSP’s SCF program.
2. Yearly FSP Sales. This flow variable changes the stock variable of total FSP sales and is recorded
on a yearly basis for the amount of revenues the FSP extracts from its SCF program.
3. Total Variable FSP Costs. This stock variable accumulates all variables generated from offering
SCF products over the course of the FSP’s SCF program. This refers to the interest costs a FSP
has incurred to attract funding for the discounted receivables.
4. Yearly Variable FSP Costs. This flow variable represents the yearly interest costs a FSP has
incurred to attract funding for the discounted receivables.
5. Fixed Program Costs. Similar to the expected costs in the commercial attractiveness sub-model,
this flow variable shows the total cost that has been incurred for the running the SCF programs by
the FSP. This is based on total buyer costs and supplier on-board costs.
6. FSP Profit. The FSP profit variable is a flow variable that records the profit a FSP has obtained
from running the SCF program.
7. Cost-income ratio. This is a performance measure widely used in financial services industry to
indicate the profitability of the SCF program by the FSP.
The endogenous model parameters are determined by a set of exogenous model parameters that
constitute an external factor or a policy lever for the FSP.

Model Structure
The aforementioned model parameters are transferred in a System Dynamics (SD) modelling approach
based on the theoretical constructs of the causal diagram model. Figure A.3.1 gives an overview of the
entire model in the POWERSIM 2005 programming environment. The discussion of the model structure
will be done on a sub-model basis.
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Market Potential and Implementation
The market potential and implementation sub-system represent the adoption process in the SCF
lifecycle. The model structure is based on the Bass Diffusion model adapted from Sterman (2000).
The main structure of this generic model is that potential adopters lead to adopters through two
adoptions channels; ‘advertising’ and ‘word of mouth’.
In a SCF context, potential buyers initiate SCF programs and subsequently the buyer’s suppliers
are included in the SCF program. The main stocks through which a SCF program develops are; SCF
Market Potential, Number of Running SCF Programs and Number of Suppliers On-board. Figure A1.2
shows the adaptation of the Bass diffusion model in the context of a SCF market.
Market Competition
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SCF Programs

FSP Buyer On-Board
Capacity
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AVG Number of
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Figure A3.2 – The SCF market potential and implementation sub-models.

The SCF market potential is represented by a stock where an initial market potential needs to be
specified beforehand. This number of buyers could be based on a prospective buyer shortlist that
would be eligible to participate in the FSP’s SCF program. Hence, it is assumed that an initial market
potential for SCF solutions does exist at the start of the simulation. The market potential is expressed
as the number of buyers in a particular market, and will be subject to changes based on evolving
market conditions — as will become apparent from the discussion of the commercial attractiveness
sub-model. The change in market potential has been formulated as follows:
('COMMERCIAL ATTRACTIVENESS'-'SCF MARKET POTENTIAL')/'MARKET
POTENTIAL ADJUSTMENT TIME'
For the market adoption of SCF programs, the Bass diffusion model is modified for use in a
banking context by positive feedbacks derived from FSP marketing and FSP track record.
As soon buyers are on-board in the SCF program, suppliers can participate in the running
SCF program. The potential amount of supplier is derived from the average number of suppliers per
buyer and the expected supplier participation rate:
MAX(('SCF MARKET POTENTIAL'*(1-'MARKET COMPETITION'))-'NUMBER OF
RUNNING SCF PROGRAMS';0<<BUYER>>)
The change in the number of on-board suppliers stock comes from the supplier on-board rate
which is specified as the amount of potential suppliers and the time it takes to on-board an individual
supplier:
('POTENTIAL SUPPLIERS')/'TIME TO ON BOARD SUPPLIER'
Both FSP marketing and FSP track record are determined by potential buyers and two weights
factors to control the effectiveness these marketing factors, represented by marketing effectiveness and
FSP track record weight, respectively. Furthermore, FSP track record exhibits a positive feedback
from the number running SCF programs:
'NUMBER OF RUNNING SCF PROGRAMS'*'SCF MARKET POTENTIAL'*'FSP TRACK
RECORD WEIGHT'/'INITIAL MARKET POTENTIAL'
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Table A3.1: List of exogenous model parameters.
External Factor

Description

Unit

Market Potential and Implementation
Market Competition

The degree of competition in a market from competitors or competing
trade finance products
Marketing Weight
The importance of marketing efforts for attracting buyers for the SCF
programs in a market.
FSP Track Record Weight The importance of having sufficient experience in SCF programs in a
market for attracting buyers for the SCF program.
Average Number of
The average amount of suppliers a buyer has in its supplier base that is
Suppliers per Buyer
eligible for the SCF program.
Supplier Participation
A percentage amount of the buyer's supplier base that will participate in
Rate
the SCF program
Time to on-board buyer
The time it requires to on-board the buyer in the SCF program by the
FSP.
Time to on-board supplier The time it requires to on-board the supplier in the SCF program by the
FSP.
Portfolio Management and Supply Chain Working Capital Calculation
Buyer Interest Rate
The interest rate at which the buyer attracts capital outside the SCF
program.
Supplier Interest Rate
The interest rate at which the supplier attracts capital outside the SCF
program.
SCF interest Rate
The interest rate that is offered in the SCF program for offering their
receivables for early discount.
Buyer DPO
Day Payable Outstanding (DPO) of the buyer in the supply chain.
Supplier DSO
Day Sales Outstanding (DSO) of the supplier in the supply chain.
Buyer Working Capital
This factor describes whether the buyer has certain working capital
Goals
regards with regards the current trade.
Supplier Working Capital This factor describes whether the supplier has certain working capital
Goals
regards with regards the current trade.
Commercial Attractiveness and Financial Service Provider’s operating model
Average Supply Chain
The amount of receivables of the trade between the buyer and its supplier
Receivables Volume
base annually.
FSP Funding Costs
The interest rate at which the FSP attracts capital externally.
Depreciation of SCF
The depreciation rate of the costs for offering SCF at the financial service
Programs
provider.
Learning Effect
The decline in costs derived from learning effects in the cost for running
SCF programs.
On-board cost per Buyer The cost that the financial service provider incurs during the on-board
process of the buyer in SCF program.
On-board cost per
The cost that the financial service provider incurs during the on-board
Supplier
process of the supplier in SCF program.

%
%
%
supplier / buyer
%
weeks
weeks

%
%
%
days
days
days
days

euro/year/buyer
%
years
%
euro/buyer
euro/supplier

The change in the number of running SCF programs stock comes from the buyer on-board rate
which is specified as a combination of FSP marketing and FSP track record and the time it takes to
on-board a buyer:
('FSP MARKETING'+'FSP TRACK RECORD')/'TIME TO ONBOARD BUYER'
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Figure A3.3 - System Dynamics Model Overview in POWERSIM 2005 on the implementation of Supply Chain Finance arrangements for financial service providers.
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Commercial Attractiveness
The commercial attractiveness sub-model represents the process which determines whether a supply
chain would be commercial attractive to offer SCF products for FSP. This is based on a general costbenefit analysis of expected revenues at a certain point in time and the expected costs of offering such
a solution. Furthermore, learning effects are included based on the number of running SCF programs
by the FSP. This commercial attractiveness translates back into a SCF market potential (see
Figure A1.3).
The SCF possibility for a supply chain is based on a revenue component which is directly linked to
suppliers discounting their receivables and a cost component based on the variable interest costs and
the expected fixed program costs. Hence, the SCF possibility for a supply chain is defined as follows:
IF('SCF POSSIBILITY FOR SUPPLY CHAIN'>0<<EURO/YR/BUYER>>;'REMAINING
BUYERS';0<<BUYER>>)
The amount of revenue the FSP will extract from the SCF program is based on; the number of days
that receivables are offered for early discount, represented by the supplier payment days, which is
subsequently multiplied by the amount of offered receivables at the prevailing SCF interest rate.
Similarly, the variable interest cost is calculated but at the FSP’s funding costs. Finally, the expected
fixed costs are subtracted in order to come at the SCF possibility for a supply chain for the FSP on an
annual basis.
The expected fixed program costs are based on the buyer on-boarding costs and the individual
supplier’s on-boarding costs multiplied by the number of suppliers that participate in an individual
SCF program. In order to arrive at an annual cost for the SCF program, it is assumed that a SCF
program will be the depreciated in 10 years. Therefore:
(('EXPECTED BUYER ON BOARDING COSTS'+'EXPECTED SUPPLIER ON BOARDING
COSTS')*'OPERATIONAL COMPLEXITY')/'DEPRECIATION OF PROGRAMS'
Given the novelty of SCF programs for most FSPs, a learning curve is included in the model. This is
based linearly on the number of running SCF programs and a learning effect which needs to be
specified beforehand by the FSP. Ultimately, this will determine the operational complexity of running
SCF programs for the FSP:
GRAPH('NUMBER OF RUNNING SCF PROGRAMS';0<<BUYER>>;10<<BUYER>>;{1;(1'LEARNING EFFECT')//MIN:0;MAX:10//})
Based on the expected cost-benefit analysis, the commercial attractiveness can be determined. The
commercial attractiveness is subject to changing market conditions primarily driven by interest rates
and working capital goals in the supply chain. Furthermore, the supply chain of this receivable volume
impacts the commercial attractiveness. It is assumed that only when there is a positive outlook for
offering SCF by the FSP, a market potential exists. Therefore, the commercial attractiveness will result
in a market potential from the market potential sub-model. This decision mechanism is modelled with
the following IF-statement:
IF('SCF POSSIBILITY FOR SUPPLY CHAIN'>0<<EURO/YR/BUYER>>;'SCF MARKET
POTENTIAL';0<<BUYER>>)
The check whether an attractive market for the FSP exists will translate back into the SCF market
potential, reflecting the evolving market conditions for the SCF product. These adjustments occur in
the market potential sub-model. Figure A3.3 gives the relationship between the market potential,
implementation and commercial attractiveness sub-models.
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Figure A3.4 – The relationship between the SCF market potential, implementation and commercial attractiveness sub-models.

Portfolio Management
In the portfolio management sub-model, the focus is on the receivables that are offered to the FSP for
early discounting by suppliers participating in the SCF program. The degree suppliers discount their
receivables in the FSP SCF portfolio is reflected by the SCF discount activity ratio. This factor is the
quotient of the total amount of discounted receivables and the total SCF program receivable volume
during the SCF program duration. The total SCF program receivable volume is a stock variable where
over the course of the SCF program lifecycle all receivables accumulate as a result of the annual SCF
program receivable volume. This SCF program receivable is based on the average supply chain
receivable volume and the number of running SCF programs:
'AVG SUPPLY CHAIN RECEIVABLES VOLUME'*'NUMBER OF RUNNING SCF
PROGRAMS'
The stock variable total discounted receivables accumulates all discounted receivables which is based
on the receivables offered for discount and the number of suppliers in the FSP’s SCF portfolio:
'NUMBER OF ONBOARDED SUPPLIERS'*'RECEIVABLE OFFERED FOR DISCOUNT'
The receivables offered for discount is based on the benefit suppliers derive from early discounting
their receivables in the program. It is assumed that suppliers only offer their receivables when this is
beneficial for them in terms of working capital improvement at a price that warrants participation in
the SCF program. Put differently, suppliers only discount their receivables when there is an interest
rate arbitrage possibility.
This decision mechanism is modelled with the following IF-statement:
IF('SUPPLIER BENEFIT'>0<<EURO/(YR*SUPPLIER)>>;'AVG RECEIVABLE AMOUNT
PER SUPPLIER';0<<EURO/(YR*SUPPLIER)>>)
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The calculation of the supplier benefit is done in the supply chain working capital calculation submodel. Figure A.4 depicts the relation between the portfolio management and the supply chain
working capital calculation.
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Figure A3.5 – The relationship between portfolio management and the supply chain working capital calculation sub-models.

Supply Chain Working Capital Calculator
The direct benefits the buyer and supplier derive from participating in the SCF program is calculated
in this sub-model. Hence, this sub-model is characterized by external supply chain properties such as
buyer and supplier interest rates and working capital goals. Both buyer and supplier working capital
gains are calculated with standard working capital formulae:
'AVG RECEIVABLE AMOUNT PER SUPPLIER'*(('SUPPLIER DSO'-'SUPPLIER WC
GOALS')/'NUMBER DAYS IN A YEAR')*('SUPPLIER INTEREST RATE'-'SCF INTEREST
RATE')+('AVG RECEIVABLE AMOUNT PER SUPPLIER'*(('SUPPLIER DSO'-'SUPPLIER
WC GOALS')/'NUMBER DAYS IN A YEAR'))*'SUPPLIER INTEREST RATE'
For the buyer holds the following benefit calculation:
'AVG SUPPLY CHAIN RECEIVABLES VOLUME'*(('BUYER WC GOALS'-'BUYER
DPO')/'NUMBER DAYS IN A YEAR')*('BUYER INTEREST RATE')
In order to derive the individual supplier’s receivables amount, the supply chain receivable volume is
divided by the number of suppliers in the supply chain:
'AVG SUPPLY CHAIN RECEIVABLES VOLUME'/'AVG NUMBER OF SUPPLIERS PER
BUYER'
The external factors and calculations in the supply chain working capital model are straightforward
and widely recognized. Moreover, these factors are subject to external changes and will introduce
dynamics in the commercial attractiveness and portfolio management for the FSPs. Ultimately, these
factors will impact the profitability of the SCF program for the FSP which is discussed in the next
section.

Financial Service Provider’s Operating Model
The revenues of the SCF program for the FSP are derived from the interest rate spread between the
funding cost and the SCF interest rate at which suppliers in the SCF portfolio discount their
receivables. This mechanism is represented by FSP sales. Figure A1.5 shows the financial service
provider’s operating model sub-model.
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Figure A3.6 – The financial service provider’s operating sub-model.

The variable yearly FSP sales is the amount of annual discounted receivables offered for discounting
at the prevailing SCF interest rate and the supplier payment days — the time at which suppliers
discount their receivables, similar as in the commercial attractiveness model. The calculation is also
based on the working capital calculation for buyers and suppliers but from a FSP perspective:
'YEARLY DISCOUNTED RECEIVABLES'*(('SUPPLIER DSO'-'SUPPLIER WC
GOALS')/'NUMBER DAYS IN A YEAR')*('SCF INTEREST RATE')
Similarly, the variable cost of the SCF program is calculated but with the FSP’s funding cost instead
of the SCF interest rate:
'YEARLY DISCOUNTED RECEIVABLES'*(('SUPPLIER DSO'-'SUPPLIER WC
GOALS')/'NUMBER DAYS IN A YEAR')*'FSP FUNDING COSTS'
The fixed program cost is similarly calculated as in the commercial attractiveness model but in this
case, the total amount of fixed program cost incurred in the program is based on the number running
SCF programs for the buyer:
'NUMBER OF RUNNING SCF PROGRAMS'*'EXPECTED BUYER ON BOARDING
COSTS'
And for the supplier’s on board cost:
'NUMBER OF RUNNING SCF PROGRAMS'*'ONBOARDING COST PER
SUPPLIER'*'AVG NUMBER OF SUPPLIERS PER BUYER'
The Total fixed program cost is the sum of both buyer and supplier on-board costs:
'BUYER ON BOARDING COSTS'+'SUPPLIER ON BOARDING COSTS'
The total FSP profit from the entire SCF lifecycle is total FSP sales minus total variable costs minus
total fixed programs costs. Alternatively, the cost-income ratio can be calculated:
('YEARLY FSP VARIABLE COSTS'+('FIXED PROGRAM COSTS'/'DEPRECIATION OF
PROGRAMS'))/'YEARLY FSP SALES'
The model structure has been set-up such that several scenarios can be investigated. Based on the
literature review and expert discussions, there were several risk areas identified that adversely affect
the implementation of SCF in the market. This might hamper future adoption possibilities for SCF.
Moreover, it is suspected that several factors are interrelated with each other and further investigation
how these factors interact is required.
The time horizon for the study will be ten year to highlight a full market development for
SCF products. This period corresponds roughly with two economic bust-and-boom cycles with each a
duration of five years, which allows to determine how the SCF market evolves under various
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economic cycles. As the time in the simulation environment follows the Gregorian calendar, the time
scale starts at 2000 (t0) and ends at 2010 (t10). Based on the smallest time unit (=10 days) in the model,
a time step of one day has been selected. Given the occurrence of IF-THEN-ELSE structures in the
model, the selected integration method is EULER.
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A4

Model Validation

This section describes in detail how the System Dynamics model on the market dynamics of SCF for
financial service providers (FSP) can be verified and validated. The goal of this phase in the overall
modelling process is to ensure the model has been specified correctly and represents the system under
investigation for its intended purpose.
First, the objectives of this phase in the modelling methodology are discussed. Second, various
verification and validation strategies are presented that will be used for the verification and validation
phase of the project. Finally, the procedure and results for conducting the verification and validation
steps are discussed.
Table A4.1 – Overview of Verification procedures based on table 21-4 from Sterman (2000).

Test
Dimensional
Consistency

Purpose of Test
Determine whether each equation in the model is
dimensionally consistent. Furthermore, dimensionally
consistency has to be ensured without the use of
parameters with no real world meaning.

Tools and Procedure
Inspection of model equations for suspect
parameter and the use of dimensional software
in which the SD model is coded.

Model Syntax

Determine whether the model has been coded
correctly and has adhered to System Dynamics’ and
program’s conventions.

Use of syntax checking software in which the
SD model is coded.

Integration
Error

Determine whether the results of the SD simulation
are sensitive to the choice of the time step or
numerical integration method of the model.

Continuously cutting of the time step in half
until changes in model behaviour no longer
occur. Test model with different integration
methods and test for changes in behaviour.

Model Validation
The key aspect in this stage of the modelling process is to establish the validity of the structure of the
SD model. Although accuracy is also desired, confidence that the model produces meaningful results
also needs to be addressed, which is considered to be more important in light of the model’s purpose.
Notwithstanding the ability to produce meaningful results, the SD model also needs to produce the
‘right output for the right reasons’ (Barlas, 1996). This can be achieved when the model structure
consists of elements that are also present in the system it is trying to emulate. The setup for the
validation process starts with the following set of tests:
1. Direct structure tests which assess the validity of the model equation individually by comparing
them with available knowledge derived from the extensive desk research. No direct simulation
runs are conducted in this instance.
2. Structure-oriented behaviour tests which assess validity of the structure indirectly by applying
behavioural tests on the model generated patterns. In this series of test, the model is run
extensively to tests to for validity.
3. Behavioural pattern tests evaluate the outcome of the model by measuring how accurately the
model can reproduce the patterns in the real system.
In Figure A2.1, an overview of the various verification and validation tests have been given and
the relation with verification and validation phase with the overall modelling process. Moreover, the
individual tests that will be performed during the verification and validation phase are also indicated.
This includes the sequential procedure that will be followed before the model is considered to be
verified and validated. This procedure is based on Barlas (1996) who indicates that the logical

–87–

SCF market dynamics through SD modelling

U. Dello Iacono

sequence for the validation tests are first; direct structure tests, second, structure oriented behaviour
tests and finally, behavioural pattern tests. According to van Daalen and Thissen (2004), the
verification step should precede the validation step. Should the model fail one type of tests, the model
needs to be re-specified. A model that has passed all validation tests and has the confidence that it will
fulfil its intended purpose is considered to be verified and validated and eligible for policy analysis.
Table A4.2 discusses the individual tests in more detail.
Table A4.2 – Overview of tests in the validation procedure partially based on table 21-4 from Sterman (2000).

Test
Direct structure tests
Structure and parameter test

Purpose of Test

Tools and Procedure

Determine whether the model
structure is consistent with the present
knowledge of the system.
Determine whether the model
parameters are consistent with the
present knowledge of the system.

Boundary adequacy test

Determine whether the important
concepts for addressing the problem
in the SD study are included in the
model.

Face validation

Determine the overall model
structure, parameters and boundary
based on judgment of several experts
in the field of Supply Chain Finance.

Use model boundary charts, subsystem
diagrams, causal diagram and direct
inspection of the model.
Conduct partial model tests on intended
decision rules.
Use of interviews to solicit expert opinion and
review of literature.
Use model boundary charts, subsystem
diagrams, causal diagram and direct
inspection of the model.
Use of interviews to solicit expert opinion and
review of literature.
Use of interviews to solicit expert opinion on
the model structure, parameter selection and
possible model output.

Structure-oriented behaviour tests
Extreme condition test
Determine whether each model
equation makes sense even when its
input take on extreme value and
assess the impact of extreme shocks
and parameters.
Sensitivity analysis
Determine the sensitivity of the
model with respect to numerical,
behavioural and policy changes in the
exogenous variables.
Behaviour pattern test
Behavioural reproduction test

Determine whether the model
reproduces (qualitatively and
quantitative) behaviour consistent
with output observed in practice.

Subject model to extreme values of input,
alone and in combination.

Perform univariate and multivariate
sensitivity analysis on all exogenous variables
and assess the impact on model behaviour and
model output.
Compare model output and data (statistically),
including model behaviour and variable shape
between model generated data and data
observed in practice.
Use of interviews to solicit expert opinion on
model output.

Although there are several other validation tests, the selected tests in Table A2.2 are the most common
used in the System Dynamics methodology to validate a model. The selected tests are also mostly
feasible in light of the model’s purpose and the lack of reference data on SCF programs. Most SCF
programs are run privately with no disclosure on the performance, at least for outsiders. Difficulty in
obtaining reference data is further compounded by scarcity to near absence of research on the market
dynamics of SCF from a FSP’s point of view. Ideally, behavioural test would be conducted with large
datasets. Since no large dataset is available, the main focus will be on (expected) behaviour. Hence,
only one type of behavioural test has been selected to be included in the analysis.

Procedural overview of the validation tests
Given the iterative research methodology of a System Dynamics study, several verification and
validation tests were already conducted in model formulation phase. Typically, while a model is being
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constructed, it is continuously being debugged and being tested on extreme conditions, syntactical and
integration errors. Furthermore, the tools and procedures for verifying the model reside in the SD
software (dimensional consistency and model syntax). As such, the output and results of the
verification can be assessed from the detailed model description in Appendix 3. This includes
arguments for selecting a particular time step and integration method. Consequentially, this section
will primarily focus on the specific tools and procedures for assessing whether the model produced the
right behaviour for the model’s intended purpose, as stated above.
From the various types of tests as described in Table A4.2, the following characteristics were
discerned:
1. Tests with no interaction or external involvement requirement in the validation process. These
refer specifically to some aspects of the structure and parameter tests, extreme condition test and
sensitivity analysis.
2. Tests with some degree of participation or external involvement requirement in the validation
process. These refer specifically to some aspects of the structure and parameter tests, boundary
adequacy test, face validation extreme condition test and sensitivity analysis.
These characteristics determined the validation structure and the format to conduct the validation
process.
MODEL CONSTRUCTION
VERIFICATION
- Dimensional consistency
- Model syntax
- Integration Error

If
Fails

If Passes

VALIDATION

1. Problem Articulation
(Boundary Selection)
5. Policy
Form ulation
& Evaluation

4. Testing

Direct structure tests
- Structure and parameter test
- Boundary adequacy test
- Face validation

2. Dynam ic
Hypothesis

If
Fails

If Passes

Structure-oriented behaviour tests
- Extreme condition test
- Sensitivity analysis

3. Formulation

If Passes

Behaviour pattern test
- Behaviour reproduction test

If
Fails

If
Fails

If Passes

START POLICY ANALYSIS
Figure A4.1 – Overview of procedural steps of the verification and validation phase and the modelling cycle. This outlines the procedure that
was followed in the study. Please note that the simulation model did ultimately passed the verification and validation phase.

Tests with no interaction or external involvement requirement in the validation process
These set of tests did not require direct interaction in the modelling process and were conducted
unilaterally by the modeller according to a predefined validation script for the following tests:
Structure and parameter test: Specific aspects of the model’s structure and parameters were assessed
by the use of partial model tests on model decision rules or subparts of the model. These partial
models were based on reference models/equations found in literature. For instance, the method for
calculating working capital gains in supply chain was tested with other examples found in literature.
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This held too for model elements concerning profit and interest calculations for the financial service
provider.
Extreme condition test: By inserting extreme shocks and parameters in the model, it was determined
whether the outcome of each model equation was plausible. This was achieved by following these
steps: First, formulating a set of model equations that was subjected to the extreme conditions test.
Second, specifying what was expected to occur with the model output before the extreme conditions
test actually occurred. The expected behaviour was derived from expectations from observations in
practice and literature. Finally, reporting whether the output of the extreme conditions tests was
according to the pre-defined expectations.
Sensitivity analysis: The sensitivity analysis was focused on the propensity of the model to deviate
from observed behaviour as a result of changes in numerical values. For the assessment of numerical
sensitivity, exogenous variables values were tested in a range from -10% to 10% range to test the
effect on model behaviour. These effects were subsequently recorded. Behavioural and policy
sensitivity was tested by changing a set of exogenous variables according several behavioural patterns
and changes in the model assumptions. The effects of these modifications were also recorded to
describe the results on model behaviour.

Tests with some degree of participation or external involvement requirement
The set of tests for this part of the validation process required some interaction and participation with
external experts. Moreover, this step had a more formal approach in Participative Business Modelling
(PBM) approach that was used earlier to construct the conceptual models of the SCF implementation
model. Furthermore, given that most experts had no experience with System Dynamics model,
a format was chosen such that model concepts were conveyed to the experts in order to solicit their
opinion.
The tests that required external participation such as structure and parameter test, boundary
adequacy test, face validation and behavioural reproduction tests showed communality in that that
they required experts to judge the model by means of model boundary charts, subsystem diagrams,
causal diagram and direct inspection of the model. Furthermore, model output data was compared
with data observed in practice or with the mental models that reside within the external experts. Given
these constraints and in light of the characteristics of the validation tests, the test that required some
degree of participation or external involvement was addressed by means of short interviews.

Results of the validation tests
The following test were conducted in this phase of the validation tests:
1. Structure and parameter test
2. Extreme condition test
3. Sensitivity analysis
4. Behavioural reproduction test
These outcomes of the test will be discussed in short in the upcoming sections.

Structure and parameter test
For the structure and parameter test, the simulation was is assessed on a sub-model level.
The sub-models that were subjected to the tests were:
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1. Market Potential / Implementation. This part of the model is based on the Bass diffusion model
from Sterman (2000). This model part has been replicated and adjusted to include the buyer
on-board rate. After these adjustments, the model exhibits behaviour corresponding with the Bass
diffusion model.
2. Supply Chain Working Capital Calculation. The supply chain working calculation is based on the
widely used working capital benefit calculation as outlined by many white papers that propagate
the ideas of SCF arrangements. Moreover, several qualitative examples, as demonstrated in these
white papers, have been implemented and have reproduced identical results.
3. Commercial Attractiveness. The key decision rule of the commercial attractiveness revolves on the
notion that a SCF market potential exists, if and only if, all three SCF actors at any point in time
benefit from the SCF arrangement. This has been tested with several STEP functions that
intermittently changed each SCF actor’s benefit to zero. In all case, the commercial attractiveness
was adequately reduced and led to loss of SCF market potential.
All key sub-models have shown expected behaviour based on theory and examples from the literature
review. The remaining sub-model were not tested specifically as these were sets of equations that are
simple addition and subtraction operations and serve as auxiliary equations for the above listed
sub-models.
Figure A4.3 – Selected output of the extreme conditions tests.
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(b) Receivables volume = 0

Extreme condition tests
For key factors in the model, extreme conditions were used as input parameter. Prior to running these
conditions, a hypothesis was specified of the expected model behaviour. Selected output of these tests
are depicted in Figure A4.3. The extreme condition tests did not produce any contradicting results.

Sensitivity tests
Similar as in the extreme conditions test, the initial value of several key factors (key factors that were
related to each sub-model had their parameters changed within a range of -10% and 10% from the
initial value. The aim was to find key sensitivities in the model behaviour based on these values. The
results of sensitivity analysis is listed in Figure A4.4. The sensitivity test seems to indicate that model
behaviour is fairly robust. There are, however, some sensitivities in the benefits the SCF actors can
derive from the SCF arrangement. This should not come as a surprise since these SCF benefits are
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directly related to several external factors such as working capital goals, interest rates and receivables
volumes. Overall, model behaviour remained consistent during the sensitivity analysis.

Behavioural reproduction test
This test was conducted continuously throughout the modelling phase. The principal guide to
reproduce expected behaviour were the descriptions found in literature, more specifically
non-academic articles that discussed experiences from SCF practitioners. These behaviours were
subsequently discussed with several experts in the field of SCF from both an academic and
non-academic background. Preliminary results from Chapter 7 was also discussed. Moreover, these
experiments did not produce any contradicting results that could not have be explained from literature
and exciting SCF theory. Therefore, the model seem to be sufficient to produce reference patterns and
sufficient confidence in the model has been established.

Figure A4.4 - Overview sensitivity analysis with 10% value fluctuation.
buyer
10

%
100

8

80

6

60

SCF Market Potential (5 Percentile)
SCF Market Potential (95 Percentile)

SCF Discount Activity (5 Percentile)

Num ber of Running SCF Program s (5 Percentile)

SCF Discount Activity (95 Percentile)

Num ber of Running SCF Program s (95 Percentile)

4

40

2

20

0
1 jan 2000

1 jan 2004

0
1 jan 2000

1 jan 2008

1 jan 2004

1 jan 2008

Non-commercial use only!

Non-commercial use only!

(a) Market Development

(b) Supplier Discount Activity

e uro /(yr*buye r)

euro
50.000.000

600.000

40.000.000

Buye r Be ne fit (5 P e rce ntile )

400.000

30.000.000

Buye r Be ne fit (95 P e rce ntile )

Bank Profit (95 Percentile)

FSP Be ne fit (5 P e rce ntile )

Bank Profit (5 Percentile)

FSP Be ne fit (95 P e rce ntile )

20.000.000

200.000

10.000.000

0
0
1 ja n 2000

1 ja n 2004

1 jan 2000 1 jan 2002 1 jan 2004 1 jan 2006 1 jan 2008 1 jan 2010

1 ja n 2008

Non-commercial use only!

Non-commercial use only!

(c) SCF actor’s Benefits

(d) Bank Profitability
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A5

Individual Scenarios Experiments

Despite the clear benefits of the SCF arrangement for all SCF actors, the proposition has not yet
received main-stream adoption. Also, current growth rates in the number of SCF deals seem to be
stagnant, despite the promising outlook in the last years. This seems to indicate that the following
reasons are responsible for this market condition:
SCF programs require specific market conditions to be attractive that have not been met recently.
SCF programs are susceptible to (sudden) changing market factors such as interest rates,
collaborative attitudes and receivables volumes in supply chains.
Based on these trends, two hypotheses have been formulated which are the focus of the experiments
with the System Dynamics simulation model for SCF implementation by FSPs:
H1. The attractiveness of offering SCF programs for FSPs exists in specific industries and market
conditions, placing an addition requirement for SCF solutions to be successful for all SCF actors.
H2. The attractiveness for offering SCF programs by FSPs can change due to changes in economic
conditions which can make running projects more challenging since buyers and suppliers can
become hesitant to participate in a SCF program.
These scenarios are implemented in the model and analysed vis-à-vis a base scenario. The base
scenario is presented in order to give an overview of the model behaviour and underlying modelling
assumptions. The values of the base scenario are derived on numerical examples found in the literature
review that describe a typical supply chain that would benefit from the implementation of a
SCF program while FSP specific details are based on the market observations from past SCF deals in
literature. Table A5.1 gives an overview of the numerical values in the base scenario.
Table A5.1: List of base values of the exogenous model parameters.

External Factor

Initial Value

Unit

Market Potential and Implementation
Market Competition
Average Number of Suppliers per Buyer

0
100

%
supplier / buyer

Supplier Participation Rate
Buyer On-Board Capacity
Supplier On-Board Capacity
Portfolio Management and Supply Chain Working Capital Calculation
Buyer Interest Rate
Supplier Interest Rate
SCF interest Rate

100
2
25

%
buyer / year
supplier/month

Buyer DPO
Supplier DSO
Buyer Working Capital Goals → new supplier DSO

3
9
6

%
%
%

30
30 → 60
60

days
days
days

Supplier Working Capital Goals
10
Commercial Attractiveness and Financial Service Provider’s operating model
Average Supply Chain Receivables Volume
100.000.000
FSP’s Funding Costs
1,5
Depreciation of SCF programs
10
Learning Effect
10
On-board cost per Buyer
100.000
On-board cost per Supplier
1000

days
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The performance indicators that are used to assess the various scenarios are primarily based on the
direct benefits supply chain actors derive from participating in the arrangement. For FSPs, this refers
specifically to the market development and the profitability of its SCF program (see the system
diagram in Figure 5.1 for the selection of the relevant performance indicators). Buyer’s benefit is
based on the working capital gains they derive from extending their payment terms. Supplier’s benefits
have been decomposed to include both working capital benefits and funding costs benefits and solely
funding costs benefits from the arrangement. The latter approach is presented by FSP’s to prospective
suppliers (Citi Global Transactions Services, 2009).
Moreover, it is assumed that when buyers intend to launch a SCF arrangement, payment terms can
be extended unilaterally with their supplier base, to fully capture the working capital benefits of the
SCF arrangement and to reduce operational complexity through standardizing their payment terms
with their supplier base. Such a set-up for the buyer can be required in order to make the effort of
launching a SCF arrangement equally attractive for the buyers as it would be for the other SCF actors.
Consequentially, the direct benefits for the suppliers based on differences between the situations
where suppliers are faced with a payments terms extension without and with a SCF arrangement.
This corresponds to Situation 2 and Situation 3 from Figure 2.3 in the literature review, respectively.
The underlying assumption is that buyers are fully able to extend payment terms unilaterally with their
entire supplier base. Buyer’s direct benefit stems from the unlocked working capital a payment term
extension would provide — the working capital improvement from Scenario 1 to Scenario 3 in
Figure 2.3. Finally, all monetary values are expressed in nominal terms, excluding the effects of the
time value of money and inflation.
Results from the Base scenario
From the simulation results of running the base scenario, an equilibrium state in the SCF market for a
FSP can be observed which is not surprising given the initial model parameters:
1. The number of running SCF programs will reach full market potential after nine years.
2. Suppliers are also fully on-board in the SCF programs and after a short start up, the SCF discount
activity will reach 100% activity.
3. The overall SCF program of the FSP will become profitable after two years and will remain
profitable throughout the SCF program life time, eventually generating an annual net interest
income of 2.5 million euro.
The base scenario results show that in a deterministic environment — with no randomness or
variations in the external factors of the model — a SCF program can become a profitable undertaking
for a FSP. Though it is not realistic to assume that this condition will continue throughout the SCF
program lifetime, it does offer the ability to have a reference scenario for further analysis for the
remaining scenarios.
Figure A5.1 - Overview of scenario output for the FSP in the base scenario.
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(a) Market Development for an individual FSP in the base scenario.
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Figure A5.1 - Overview of scenario output for the FSP in the base scenario (continued).
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(c) Profit development of the FSP in the base scenario.
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(d) SCF program success rate for an individual FSP in the base scenario.

Scenario 1 - Limited to moderate market competition
In this scenario, the FSP is a first mover in the SCF market. As the market matures, competition is
steadily increased to a state of limited to moderate market competition in the SCF market. With this
behaviour and limited to moderate market competition, the following observations can be made:
1. Instead of reaching full market potential, as in the base scenario, the FSP reaches an equilibrium
amount of 8 buyers in the SCF program, indicating that the FSP emerges as market leader in the
market.
2. Suppliers are also fully on-board in the SCF programs and also after a short start up, the SCF
discount activity will reach 100%. The SCF program can be considered to be a success for the
FSP.
3. The overall SCF program of the FSP becomes profitable after two years and remains profitable
throughout the SCF program life time.
The limited to moderate market competition scenario results show that limited market competition will
not impede a FSP from generating a positive return in a SCF market where market competition is
likely to emerge. The effect of market competition is primarily reflected in lower overall profitability
and somewhat lower net interest income, not surprising given that fewer buyers were on-board in the
FSP’s SCF program.
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Figure A5.2 - Overview of market development for the FSP with limited to moderate competition.
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Scenario 2 – Moderate to high market competition
Whereas in the previous scenario, no market competition initially was present, in this scenario the FSP
will enter a market where already a number of competitors and competing products are present.
This will result in a fluctuating amount of market competition in the SCF market and leads to the
following observations:
1. The FSP is able to on-board 5 buyers in their SCF program, though it will take almost eight year
to reach this equilibrium.
2. Suppliers are also fully on-board in the SCF programs and also after a short start up, the SCF
discount activity will reach 100% activity. Although, fewer buyers are on-board, the SCF program
can be considered to be a success for the FSP.
3. The overall SCF program of the FSP remains, despite fewer buyers on-board, profitable with a
similar payback period of two years.
A SCF market where already competition is present will not pose a direct obstacle for a FSP for
running successful SCF programs, provided it is able to attract buyers by offering an attractive SCF
proposition, which in this scenario posed no issues. However, the direct effects of the market
competition, in this case, will be that the overall profit level is not as substantial as in the base scenario
and in the situation where it emerged as market leader. Similar as in previous scenario, the effect of
market competition manifests primarily in the overall profitability of the SCF market.
Figure A5.3 - Overview of market development for the FSP with limited to moderate competition.
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Scenario 3 – Normal boom-and-bust cycle
As fluctuating economic conditions impact the supply chains in the SCF market, this is likely to
impact the receivables volume between the buyer and the suppliers. Henceforth, the amount of
receivables between the buyer and its supplier base serves as a proxy for macro-economic influences
that determine the demand of the buyer and ultimately impact the buyer’s order volume with its
supplier base.
Two normal boom-and-bust cycles are used to models changing economic conditions such that the
supply chain experiences two periods of growth and two periods of declining economics conditions.
In the simulation, first with a bust–cycle is commenced instead of with a boom cycle. This is based on
the assumption, that especially during bust cycles, interests in SCF arrangements among buyers is
particular higher and buyers will become more concerned with the financial stability of their (critical)
supplier base. These assumptions lead to the following observations:
1. Similar as in the base scenario, the number of running SCF programs will reach full market
potential after almost nine years; there were, however, some delays in the growth of the FSP’s
portfolio. However, as economic conditions deteriorate substantially, there is a drop in market
potential for SCF programs — a result from the fact that SCF programs require a minimum
amount a receivables volume to be successful from a FSP point of view. This development leads
to a temporarily stall in the number of running SCF programs for the FSP. As economic improve
again, growth in the SCF portfolio picks up again, and reaches its full market potential.
2. Fluctuating amount of receivables in supply chains does not change the success rate of the running
SCF programs given that both discount activity and supplier participation remain sufficient, as a
positive supplier and buyer benefit can be extracted from participating in the SCF program. As the
FSP will bear the on-board costs, a positive outlook for the FSP for the duration of the program is
not ensured. This explains the sudden delay in SCF program growth, as the FSP would no longer
consider offering SCF programs worthwhile when receivables drop to a certain amount annually;
a direct result of the large capital outlay for a SCF program.
3. Despite periods of lower receivables volume, the overall SCF program for the FSP can be
considered to be a success — supplier participation and discount activity remain high. Initial
growth in receivable volume also results in a shorter payback period, while also increasing growth
in overall profitability. Total profitability for the entire program will reach similar levels as in the
base scenario.
Natural changes in receivables volume in the supply chains that make up the SCF market will impact
primarily the market outlook for FSP. While changing receivables volumes impact the timing of the
payback for FSPs, no significant deviation in the total amount of profit a FSP obtains has been
observed.
Figure A5.4 - Overview of scenario output for the FSP in the normal boom-and-bust scenario.
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(a) Market Development
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Figure A5.4 - Overview of scenario output for the FSP in the normal boom-and-bust scenario (continued).
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(c) Benefit from running SCF programs for all SCF actors.

Scenario 4 – Sudden demand shock
Although the normal boom-and-bust cycle reflects regular conjectural fluctuations, the recent financial
crisis has demonstrated that sudden demand shocks are also likely to occur. Therefore, the normal
boom-and-bust scenario has been appended with a sudden change in market conditions where
receivables amounts in supply chains suddenly drops. Furthermore, recovery to the initial amount is
not likely to occur and receivables levels continue to remain at lower levels than the initial volume.
This leads to the following observations:
1. The principal effect of the sudden demand shock on the development of the number of SCF
programs is that the growth rate has substantially been reduced. Given that receivables levels have
declined substantially and remain structurally at a lower level, the SCF market potential fluctuates
substantially; this leads to a lower SCF portfolio growth for the FSP.
2. The sudden drop in receivables volumes does not change the success rate of the running SCF
programs in terms of supplier participation and discount activity. However, given that after the
demand drop, also receivables levels remain persistently lowered; this results in a limited
possibility for the FSP to generate interest rate income. Although, the payback period is similar as
in the normal boom-and-bust cycle, the overall profitability of the entire SCF program is
significantly lower than the previous scenarios. Observations that can be attributed to the fact that
lower receivables amount generate significant lower interest rate income.
A sudden demand drop, as witnesses in 2008, will impact the market outlook for SCF solutions.
Especially, when receivables levels do not recover to pre-crisis levels. It turns out that, SCF programs
require a minimum amount of receivables, in order for the FSP to recover the implementations costs.
Figure A5.5 - Overview of scenario output for the FSP in the sudden demand drop scenario.
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(a) Market Development
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Figure A5.5 - Overview of scenario output for the FSP in the sudden demand drop scenario (continued).
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(c) FSP’s profit development.

Scenario 5 – Fluctuating domestic interest rates
In the previous scenarios, interest rates all supply chain participants faced remained constant.
This situation is also implicitly assumed in many white papers that demonstrate the benefits of SCF.
In practice, however, interest rates are subject to fluctuations as a result of changes in benchmark
rates: An interest rate that is used as a benchmark to derive the interest rate for other financial
products. The interest rate that a firm pays to attract capital from the market is based on this reference
rate and the firm’s risk premium, or alternatively the credit rating of the firm.
While theoretically changes in the domestic reference rate should not influence the outcome of SCF
programs — with unchanged credit ratings, all changes in the reference rate can be passed on to all
SCF actors — in practice, a firm’s interest rate information is not updated constantly. Moreover, credit
ratings of all SCF actors are also subject to fluctuations and are not permanently monitored.
Consequentially, potential working capital benefits can also fluctuate and impact the SCF market
potential for FSP and the discount activity for suppliers.
In this scenario analysis, domestic interest rates are fluctuated such that there are time delays in
when the interest rates are updated for buyers, suppliers and the SCF interest rate. The situation where
the base interest rate fluctuates and the interest rates in the supply chain are updated automatically is
depicted in Figure A5.5a. The delays in interest updates represent the action of the FSP to perform
credit checks on its SCF portfolio. Credit checks are performed more often for the buyer, given that
the FSP, in case of the buyer, has better monitoring capability — a result that the buyer is also a client
with the FSP. However, given that credit checks are costly, credit checks for the buyer typically occurs
several times a year, while the suppliers are only checked annually.
The base interest rate is based on the average of EURIBOR 3-month3 in the period 2000-2007 and
the corresponding fluctuation during this period (see Figure A5.5a). The interest rates for the supply

3

The Euro Interbank Offered Rate ( EURIBOR) is a reference rate based on the averaged interest rates at which
Eurozone banks offer to lend unsecured deposits between banks in the money market for euro-denominated
(EUR) financial instruments. A large, creditworthy FSP would be able to attract funding, under normal market
circumstances at this interest rate. For Sterling (GBP) or dollars (USD), the London Interbank Offered Rate
(LIBOR) would typically be used. The 3-month maturity of the interest rate has been selected based on the tenor
of the receivables in a SCF program (30-120 days in most supply chains).
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chain participants are listed in Table A5.2 and the remaining scenarios where interest rates are
fluctuated are also based on this data, unless specified differently.
Table A5.2 – Interest rates in the fluctuating domestic interest rates scenario.
Interest rate
EURIBOR 3-months reference rate
FSP Funding Costs
Buyer Funding Costs
Supplier Funding Costs
FSP SCF interest rate mark-up
SCF interest rate

Initial Value
3,5% ±1,5% three year period

Delay
none

+0,1%
+3%
EURIBOR +6%
1,5%
Buyer Funding costs + FSP SCF interest rate mark-up

none
3 months
12 months
none
none

EURIBOR

EURIBOR

A fluctuating base interest rate has both with instant and delayed update, no notable effect on the
market performance of the SCF program for the FSP. The following observations with the delayed
interest rate updating are nonetheless made:
1. All potential buyers will on-board the SCF programs at the end of the horizon. Also, suppliers will
continue to on-board and offer their receivables for early discount. Consequentially, the SCF
programs can consider to be successful. This is not surprising given that in both cases a positive
possibility exist for all participants (see Figure A5.6).
2. The most interesting behaviour from delayed updating is that the interest rate arbitrage spread —
the cornerstone of SCF — fluctuates with changing interest rate. Whereas in the perfect interest
rate update situation, this spread remained constant, corresponding with SCF interest mark-up set
by the FSP. This spreads varies significantly with when interest rates are not adjusted constantly.
Figure A5.5 - Overview of the interest rates in the SCF programs with immediate update and delayed update.
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(a) Immediate update of SCF interest rates.

1 jan 2010
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(b) Delayed update SCF interest rates.

The second observation can have important consequences for the discount behaviour of the suppliers
since a large interest arbitrage rate represents a more benefit for suppliers. With more adverse interest
rate conditions and the possible effects of (perceived) limited interest rate arbitrage opportunities on
supplier discount behaviour, timely interest rate updating can become critical, demonstrating the need
for proper monitoring requirements for FSPs when running SCF programs.
Another observation from the fluctuating domestic interest rate is that any changes in the
benchmark rate, with unchanged credit ratings, affect all SCF participants equally. This implies that a
FSP should be able to pass through any increase in its funding rate to the SCF rate. Since all
SCF actors are subject to the same benchmark rate, any changes in this rate will also affect their cost
of capital simultaneously. Put simply, all interest rates in the SCF program move in tandem.
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Figure A5.6 - Overview of the interest rates in the SCF programs with immediate update and delayed update.
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(a) Immediate update of SCF interest rates.

1 jan 2010
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(b) Delayed update SCF interest rates.

Scenario 6 – Fluctuating interest rates foreign buyer and suppliers
In the previous scenarios, all SCF actors were based in a region that is subject to the same interest rate
conditions. With multi-currency SCF programs, however, SCF actors can be located in different
regions that face different interest levels or SCF programs can be funded in different currencies that
also face different interest rate conditions. Differently from the previous scenario, both buyer and FSP
are now located in the same region (e.g. Eurozone) while the buyer’s supplier base is primarily located
in another region (e.g. China or India). In order model these change, only the supplier’s benchmark
rate is altered to SHIBOR 3-month4, while all other interest rates, and also the supplier’s credit rating,
remain the same as listed in Table A5.2.
As in the fluctuating domestic interest rate situation, no notable effects on the market performance
of the SCF market for FSPs were observed, which is not surprisingly given that the interest rates,
although fluctuating and decoupled, left the arbitrage possibility positive:
1. Again, all potential buyers will be on-board in the SCF programs at the end of the horizon. Once
more, suppliers will continue to on-board and offer their receivables for early discount, indicating
that SCF programs for the FSP remain successful. Also in this case, this is not surprising given
that in both cases a positive possibility existed for all participants (see Figure A5.6).
2. Similar as in the domestic interest rate situation, the interest rate arbitrage spread fluctuates with
changing interest rate, although in this scenario somewhat stronger than in domestic situation – the
interest arbitrage spread varied from 0.6% to 2,4 and 0.6% to 3.4%, respectively.
Even when interest rates conditions between SCF actors are decoupled, a positive SCF possibility
remains possible especially under normal market circumstances. Theoretically, it is not likely that the
FSPs funding costs can become higher than the SCF interest rate. This demonstrates that although the
initial SCF interest rate mark-up is based on buyer’s credit rating, the net interest margin for the FSP is
based on the difference between the FSP’s funding costs and the SCF interest rate offered to the
suppliers.
4

The Shanghai Interbank Offered Rate, or SHIBOR, is the average interbank market interest rate at which Chinese
banks offer deposits between banks in the money market denominated in Chinese Yuan (CNY). As a result of
the currency peg of the Yuan with the U.S. Dollar (USD), the SHIBOR interest rate has remained somewhat
constant to reflect the fixed currency exchange rate at an average level 6,5 % (p.a.) for the 3-month maturity in
the period. As result of up-ward pressure on the USD/CNY exchange rate – reflecting that the Yuan has been
structurally undervalued – a declining trend of the SHIBOR is currently being observed.
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In normal market circumstances, this spread between the FSP’s funding costs and the SCF interest
rate is large enough to recover the SCF implementation costs. Moreover, this spreads offers a
substantially buffer such that only severe, adverse interest rate movements would jeopardize the
success of the SCF program. This has also been demonstrated in the previous two interest rate
scenarios. Equation 5.1 shows the interest rate (r) conditions that allow the SCF arrangement to
function under normal market circumstances.
rFSP ≪ rbuyer < rSCF < rsupplier

(A5.1)

The clear distinction of ‘normal’ market circumstances between ‘abnormal’ has become necessary
given the outcomes and continued fall-out of the 2008 financial crisis. This financial crisis has shown
(abnormal) outcomes are possible. These effects have been particularly pronounced on the receivables
volume in supply chains and the interest rates that the SCF actors face. The effect on the receivables
volumes have been investigated in the sudden demand shock scenario.
With respect to the interest levels in SCF arrangements, the financial crisis had effects on the FSP’s
funding costs. Although, the benchmark rate (e.g. EURIBOR) did not show any funding constraints —
actually, according to Figure A5.11 the EURIBOR rate dropped significantly — FSPs, especially in the
Eurozone area had difficulty to attract funding at reasonable cost, especially in foreign (non-Euro)
currencies (Linsell, 2012). This development can become problematic when a FSP runs multi-currency
SCF programs, where under the agreement; it needs to offer early discount to suppliers in particular
currencies (many SCF programs allow funding in the most widely traded currencies; EUR, GBP and
USD).
Given that the EURIBOR declined during the financial crisis, the increase in funding costs for FSP
consequentially stems from the increase in the credit rating of FSPs (recall that funding costs in this
study are based on a base reference rate, e.g. EURIBOR and the credit rating of the applicant). In order
to capture the difficulties of funding FSPs during the financial crisis, a proxy variable is used: The
Credit Default Swap (CDS) for is typically used for this purpose. Figure A.7a depicts the development
of the CDS premium for Eurozone, US and UK based FSPs.
Figure A5.7 - CDS premia for Euro area, US and UK banks, based on simple average of five-year CDS premia on senior bonds issued by
FSPs.
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(a) Actual CDS premia (Source: Thomson Reuters Datastream, BIS)

(b) Modelled CDS premia in Powersim model.

From Figure A.7a can be derived that FSPs in the Eurozone faced substantially higher funding
costs than their counterparts based in the US and UK. The spread reached level up to four times the
regular CDS premia level, although not persistently. This increase in FSP funding costs have also been
modelled in the simulation model (see Figure A.7b) and the following observations were made:
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1. Similar as in the scenarios with fluctuating receivables volumes, the number of running SCF
programs will almost reach its market potential at the end of the simulation run. There are,
however, some reduced growth rates the growth of the FSP’s SCF portfolio. Increased bank
funding costs up led to a level that the offered SCF rate to (potential) suppliers was no longer
competitive. This resulted in an unattractive SCF platform for suppliers, while buyers and FSP,
theoretically, would still benefit from the solution. (This based on the funding benefits for
suppliers. Should working capital benefits also be considered, higher FSP funding did not have
any effect on the supplier discount activity.) Given that all three SCF actors need to derive a
benefit from a SCF arrangement, no market potential was present during periods when suppliers
faced unfavourable interest rates — suppliers were then obviously not inclined to make use of the
SCF arrangement. As in the other scenario, limited SCF market potential causes reduced growth in
market potential for the FSP.
2. Fluctuating and increasing FSP funding costs dramatically affect the success rate for running SCF
programs. Although supplier participation remained sufficiently high, supplier discount activity
was minimal in periods when the SCF interest rate was unattractive; this had significant effects on
the SCF success rate.
3. Reduced discount activity also impacts the profitability of the SCF program. During periods, when
the SCF interest rate is unattractive, suppliers will no longer discount their receivables, limiting
the FSP’s ability to receive interest income. This has also been reflected in prolonged periods
where no income was gained. Consequentially, the overall profit of the program was also
substantial less than in other scenarios.
Increased bank funding has shown to have the most dramatic effect on the market performance for
SCF for FSPs — primarily to a lower success rate. For the success of multi-currency programs, it is
necessary that foreign suppliers can be continuously be funded in currencies of their likely. While it is
not likely that FSPs funding costs for a particular currency become higher than for suppliers
participating in SCF program, it does pose an interest rate risk. Although such a condition is not to be
expected to occur persistently, it can potentially erode the success of the SCF program and ultimately
the profitability for a FSP.
Other reasons why funding costs can become problematic is when sovereign ratings deteriorates.
Often, a firm’s credit rating, including bank’s credit rating, are tied to the sovereign credit rating; a
decrease in the sovereign credit rating automatically translates to higher funding cost for the country
and all firms, including banks, originating from that country. Therefore, country risk, aside from a
legal and account perspective, also can be problematic for running SCF, especially when the interest
rate arbitrage possibility are undermined.
Figure A5.8 - Overview of scenario output with increased bank funding costs.
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(a) Market Development for the FSP with rising bank funding costs.
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Figure A5.8 - Overview of scenario output with increased bank funding costs (continued).
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(b) Annual (net) interest income and interest expense.

(c) Profit development of the FSP in the base scenario.

Figure A5.9 - Overview of SCF actor’s benefit with increased bank funding costs.
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Figure A5.10 - Overview of SCF discount activity, success rate and supplier participation rate with increased bank funding costs.
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Scenario 7 – Fluctuating interest rates foreign buyer and suppliers
Whereas in the previous scenarios, only suppliers were located in a region that faced different interest
rate conditions, it is equally possible that buyers are located in areas outside the FSP home region.
Different from the situation where suppliers were located in a foreign region, no notable effects on the
market performance of the SCF market for FSPs were observed. This holds for both normal funding
costs and with distressed funding conditions:

–104–

SCF market dynamics through SD modelling

U. Dello Iacono

1. All potential buyers will be on-board in the SCF programs at the end of the horizon. Different
from the fluctuating domestic interest rate situation, no notable effects on the market performance
of the SCF market for FSPs were observed, which is not surprising given that solely FSP funding
costs were fluctuating. Although fluctuating and decoupled, the FSP funding costs remained on a
level that did not impede the SCF interest rate from becoming unattractive for supplier to continue
to discount their receivables.
2. Also differently from the previous scenario more, suppliers will continue to on-board and offer
their receivables for early discount, indicating that SCF programs for the FSP remain successful.
This is similarly explained by the observation that the positive arbitrage possibility remained for
all suppliers.
Surprisingly, in the case where buyer and suppliers are located in different regions, fluctuating funding
costs for the FSP do not seem to impact the attractiveness of SCF programs for both buyers and
suppliers. Moreover, suppliers can continually be offered an attractive SCF rate such that discount
activity remains ensured. This holds both for regular funding rate fluctuations as in situation were FSP
funding is distressed. Figure A5.11 show the behaviour of base market reference rates in the Asian
market.
Figure A5.11 – Benchmark rates in emerging markets (Source: Thomson Reuters Datastream).
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Scenario 8 – Selective supplier discounting
A key assumption in the overall SCF set-up is that suppliers will offer their receivables to the FSP.
Early discounting by suppliers is based on suppliers’ working capital goals to receive funding as soon
as (operationally) possible — to alleviate any funding constraints or to reduce their receivable amount
on a single buyer. From the literature review and the CCC analysis, it has been demonstrated that, with
lower interest rate than the supplier’s cost of capital, receiving early payment is beneficial for
suppliers; this results in a reduction of the supplier’s CCC cycle.
Despite the positive benefits of receiving early payment, suppliers are not obliged to offer their
receivables for early payment. Suppliers may have several different reasons not to offer their
receivables to the FSP, despite an attractive SCF interest rate. These motivations range from reducing
the buyer power in supply chains by relying less on buyer-led arrangements or for balance sheet
purposes.
For example, suppliers could settle for solely for the funding diversification possibility that
participating in a SCF arrangement offers and only discount in selected periods — during funding
problems (traditional role of SCF) or for balance sheet purposes. Balance sheet purposes refer to using
instances where suppliers only discount to improve their balance by reducing their account receivables
entry on the balance sheet.
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A potential period where suppliers could use SCF discount possibility is before the last quarter of
the annual reporting period to improve the balance sheet; this is also known as ‘window dressing’.
Alternatively, suppliers can opt for using the SCF arrangement only when receivables levels drop such
that early funding become necessary. Finally, suppliers can also have limited early discounting
discipline where, although suppliers strive to discount as soon as possible, for internal reasons,
suppliers cannot discount as soon as possible.
In the classical setup, when suppliers participate in a SCF setting, all their receivables with the
buyer are handled via the technical platform administered by FSPs. The technical platform presents all
eligible receivables for early payment to the buyer’s supplier base. Should a supplier, at any point in
time, forgo on the possibility to receive early payment, the FSP will transfer the receivable amount to
the supplier on the due date of the invoice — effectively serving as payment factory in the supply
chain for the buyer. This situation represents non-discount behaviour of suppliers5.
Figure A5.12 - Overview of selective working capital input behaviour.
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The situation where suppliers adjust their discount behaviour based on economic conditions is
analyzed in the section where scenarios are combined. The selective discount behaviour have been
included for the following supplier discount instances; window dressing and limited discount
discipline. The following behaviour was observed:
1. Selective discount behaviour does not affect the market performance for FSP to on-board in the
SCF arrangement. Consequentially, the number of running SCF programs will reach full market
potential after almost nine years, similar as in the base scenario.
2. Suppliers are also fully on-board in the SCF programs. There are, however, some minor reductions
in supplier on-board participation rates as supplier may not always recognize the benefits of the
SCF arrangements during periods when supplier’s working capital goals are somewhat
diminished. This has also holds for the SCF discount activity.
3. In case of window dressing, supplier will only discount their receivables in the run-up of the
fourth quarter. Therefore, supplier activity is maximal during this period, reflected by working
capital goals of 10 days. Afterwards, supplier tend to reduce their reliance on the SCF

5

Non-discounting behaviour by supplier occurs when buyer’s DPO (=supplier DSO, by assumption) coincide
with the supplier working capital goals. In this case, supplier’s monetary benefit for participating in the SCF
arrangement equals to zero. Given that such an event would still qualify as discount behaviour in the model by
design, this is not recorded by the SCF discount activity variable. In order to account for these events, supplier
working capital goals are set to buyer’s DPO plus an additional day (see Figure A5.12). This additional day can
also be perceived as the time it takes for the FSP to wire transfer the funds of the invoice to the supplier in
reality.
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arrangement. This behaviour has the strongest effect on the discount activity; this remains
persistently lower at 80% instead of 100%.
4. In case when there is a lack of discount discipline, suppliers continue to discount their receivables
but not as soon as initially expected. Consequentially, supplier discount activity reaches 100% but
the FSP will gain less revenue since supplier do not discount for the full maximal period that is
available to them. Theoretically, the maximal revenue that can be gained by a FSP is when
suppliers discount as soon as soon as possible since interest income is received for the period from
the offer date till the buyer payment term (assumed to be equal to the buyer DPO).
5. The effects of selective discount behaviour are more clearly reflected on the profitability of the
SCF programs for FSPs. It turns out that lack of discount discipline has less impact on overall
profitability than when suppliers use SCF arrangement solely for accounting purposes. Prolonged
periods of supplier discount activity seem to generate more interest income than maximal discount
possibility during selected periods of time. The difference between the total profit figure for all
programs in case of lack supplier discount discipline and windows dressing is 30 million euro and
37 million, respectively, whereas as in the base scenario the overall profit was 45 million euro.
Figure A5.13 - Overview of scenario output with selected supplier discount activity.
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(a) SCF discount activity, success rate and supplier participation rate with selected supplier discount activity.
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(b) Annual (net) interest income and interest expense.
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(b) Annual (net) interest income and interest expense.

Although with selective discounting behaviour, SCF programs can remain profitable for the FSP,
supplier working capital goals can have serious ramifications for the success rate of running SCF
program. While it is not likely that all suppliers in a the FSP’s portfolio will exhibit the same discount
behaviour, careful attention need to be given to supplier’s discount behaviour since this is a key
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indicator to gauge a SCF program’s success. Furthermore, in case of windows dressing, a FSP would
have limited options — aside from the SCF interest rate — to influence supplier discount behaviour.
Key results from the scenario analysis
During the individual scenarios analysis, the SCF system for a FSP has been analyzed based on the
main factors that drive this system. These factors were: market competition, receivables volume,
interest rates and supplier working capital goals. By changing each factor individually and analyzing
the market performance with respect to the base scenario, the impact of each factor and the type of
behaviour changing this parameters produced was assessed. The main results are summarized in the
remainder of this section.
Limited to moderate market competition analysis results show that market competition should not
impede a FSP from generating a positive return in a SCF market where market competition is likely to
emerge. The main area where market competition impacts the SCF market performance is that
expected returns on the total market potential is reduced since fewer buyers are left to be on-board in
the FSP’s SCF program.
Supply chains that suffer from periods of reduced receivables amount (e.g. demand seasonality or
economic fluctuations) will impact the market potential of SCF programs, caused by reduced buyer
and supplier benefits. This is a direct result from the fact that SCF programs, given their high
investment costs, require a minimum amount of receivables volume in order to be successful from a
FSP point of view. A sudden demand drop in receivables volume, as witnesses in 2008, will impact
the market outlook for SCF solutions significantly, especially when receivables levels do not recover
to pre-crisis levels.
With fluctuating interest rates, where all SCF actors face the same benchmark interest rate (e.g.
LIBOR or EURIBOR), no notable effects on the market performance of the SCF program for the FSP
have been found. In particular, when interest rates are updated in a timely manner and the interest
differentials between SCF actors remain significant such that suppliers continue to discount their
receivables.
In exporting regions, where interest rates tend to be persistently high, a FSP, based in a developed
region with significantly lower interest rates, is able to derive a greater amount of interest income. The
resulting higher interest rate differential could also serve as buffer for any adverse movement in the
FSPs base interest rate under normal marker circumstances Moreover, higher interest income prospect
might also offset any higher implementation cost to on-board suppliers in remote regions.
Exorbitant funding costs for a FSP can pose serious challenges when suppliers need to be funded in
currencies where FSP lost its competitive advantage. Though such situations are not expected to occur
often and not for prolonged periods of time, funding capabilities in foreign currencies need to be
covered especially when multi-currency SCF programs are offered by the FSP.
The discount behaviour that suppliers will exhibit after a SCF solution is implemented remains a
clear risk area for the success of the FSP’s SCF program. Continued supplier discount activity can
easily be overlooked when implementing such a SCF arrangement but can have serious impact on the
ability to recover the implementation costs. Several scenarios where suppliers tend to reduce their
propensity to discount their receivables have been investigated with varying results on the profitability
of the SCF program. Guarantying supplier discount activity should be given serious attention to
by FSP’s.
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Figure A6.1 – Input Panel of the System Dynamics Model in POWERSIM 2005 for the implementation of Supply Chain Finance arrangements for financial service providers.
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Model Output
Figure A6.2 – Output Panel of the System Dynamics Model in POWERSIM 2005 for the implementation of Supply Chain Finance arrangements for financial service providers.
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