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Summary 

Supply Chain Finance represents a relatively new topic for researchers, as it deals with 

working capital issues. In recent years, Supply Chain Finance received considerable attention 

while focusing its meaning on companies and supply chains (especially SME) which face 

problems like sub-optimality in ordered quantities, as a result of the fact that financial institutions 

tightened their loan conditions, often leading to bankruptcy risks for these groups of companies. 

The lack of liquidities on the market, together with the degree of credibility for companies imposed 

additional conditions for credits, which created the general framework for finding optimal models 

which handle with working capital constraints. 

Two models have been presented in this research, and both provide useful insights into the 

working capital issue inside supply chains: one of Chen and Hu (2011) who seek to prove that 

value can be created (value creation) through working capital optimization under assumptions of 

symmetry and asymmetry of information, and Kouvelis and Zhao (2012) who explain decision-

making processes under assumptions of bankruptcy risks (when a company wants to borrow a loan 

from the bank) and trade credit financing (if the “creditor” is its direct supplier which can offer 

facilities). Both models have as starting point the fact that organizations involved in the process of 

borrowing or lending are cooperative, which is not necessarily a reality in all situations. If for Chen 

and Zhao a capital constraint can cause a problem most likely for SME, in the other model, 

Kouvelis and Zhao use a more generalized situation, and defend the fact that the working capital 

loan is not a decision of granting a loan or not, but it has a superior limit which cannot be exceeded.  

This paper focuses on two different research levels: one theoretic, which seeks to find an 

optimization model that solves the working capital constraint issue in the sorting phase of the 

recycling process for sorting companies, and a practical one, which tests various scenarios in order 

to find the best alternative that provides maximum working capital obtained by using a complex 

penalty system, as a cumulated amount from three client types inside the reverse supply chains 

(small, medium and VIP), taking into account their market share and bargaining power. 

The theoretical model, referred in the paper as the new penalty system, represents an 

improvement to an existent penalty system, based on a fixed-fee rate, model that aims to collect 

all the additional sorting costs that a manufacturing company faces in the sorting phase of the 



 
 

recycling process from the return companies that have delivered various fractions with a lower 

degree than the one accepted by the sorting plant. The new model has a different approach than 

the fixed-fee penalty system due to the fact that it takes into account various types of penalties, 

which in this study includes three penalty types (small, medium and large), a reclassification 

coefficient, and the time used (sorting time) for each load that has a lower sorting level compared 

to standards imposed by the recycling company. The model’s aim is to recover all the additional 

working capital generated by the extra sorting and handling costs that a sorting facility faces in the 

manufacturing process of the reverse process from the return companies that have delivered 

wrongly-sorted loads, process referred as auto-financing mechanism. 

This new penalty model approach can be used by the manufacturing companies in the 

reverse supply chains which seek to optimize their total working capital in the sorting phase of the 

recycling process by providing new insights of how to use various combinations of penalty types 

and rates, depending on each load’s degree of sorting. Moreover, there can be made parallel 

analyses between the total income generated by a fixed-fee penalty system, and the total working 

capital generated by a more complex and item-oriented penalty model in order to permanently 

improve the penalty structure with its relevant categories. 

From a practical point of view, the new penalty model is a complex system, and not easy 

to explain to return companies that are used to deliver low-sorting degree products to 

manufacturing facilities without facing additional costs than the fixed rate applied previously. The 

issue (or risk) in the implementation phase of such a new and complex penalty model is that the 

customers will reject it by, for example, threatening of switching the company if an extra fee would 

be applied for all the wrongly-sorted deliveries that were fined on a fixed-fee basis until the new 

system usage on a daily basis after 2015. 

The purpose of this paper is to find an optimal alternative for the working capital financing 

in the sorting phase of the reverse logistics process in such a way that the reverse supply chain 

optimization is ensured by reaching the optimal levels for each member of the chain. This new 

form of financing additional working capital is referred by the author as an auto-financing 

mechanism, since the finances needed in order to reach the optimal working capital are obtained 

by an existent member of the supply chain, namely the return companies, and not from a financial 

institution, as described in the tradition Supply Chain Finance theory, or from another member of 

the supply chain by opening of a trade account which would involve the return of the working 

capital at the end of an agreed period of time.  

The practical implementation of the new penalty system aims to find those optimal values 

that small, medium and VIP clients pay as a coefficient of the original penalty rates, depending on 



 
 

their market share and purchasing parity in order to obtain the targeted level established by the 

sorting company. This objective is reached by applying various scenarios that provide the best 

solution from a practical point of view, and that ensures reverse supply-chain sustainability. 

The principles that are the basis for this research are related to working capital issue inside 

supply chains (both forward and reverse), where small and medium-sized enterprises (especially) 

face constantly bankruptcy risks due to their limited liquidity and working capital resources. In the 

case of the above-mentioned categories, obtaining additional finances from a financial institution 

is approved only after meeting a set of criteria, both general and industry-specific, and with an 

additional interest rate, added to the amount loaned. Due to these additional costs, companies need 

to find alternative methods of financing needed working capital generated due to extra sorting and 

handling costs in such a way that daily activities are not highly affected. Since this new mechanism 

represents an auto-financing model, the chances of using it in practice have a higher rate of success 

for the sorting companies which aim to reduce their credit rates. 

The theoretical penalty model suggested by the author takes into account an ideal market, 

where all customer types have an identical penalty rate value, and where return companies remain 

in the company regardless of the fact that a new penalty system is implemented. In this case, the 

theoretical model is an ideal complex penalty system, with different penalty categories which 

calculates the total penalty amount of a fraction delivery as the sum of all the wrongly-sorted items 

and their respective quantities. 

For the simulation part of the new penalty system, implemented by the one of the largest 

recycling company in Norway, Norsk Gjenvinning, the author has used company’s financial 

results for various fractions and penalty types in terms of quantities and total amounts with their 

in the period 2012 – 2015, and has based the scenarios for an improved penalty system by using 

2015 penalty results. The data is confidential, but has been used for the design of three different 

scenarios without any alterations of the real figures obtained in period 2012 – 2015, as explained 

in Chapter 6 (general conditions for the simulation process). 

From a structural point of view, the thesis contains eight chapters. In the Introduction is 

described the importance of the research domain, the purpose and own contributions of this thesis.  

The paper aims to find an alternative working capital mechanism that takes into account an auto-

financing method inside Reverse Supply Chains in such a way that needed additional working 

capital in the sorting phase of the reverse logistics process reaches the optimal level by funding it 

internally from an existent member of the Supply Chain. This solution will add value to all the 

companies involved in the recycling process by improving operational working capital deficit. The 

new penalty system is supposed to help sorting companies reach optimal working capital levels by 



 
 

processing all waste types without financial constraints related to sorting without using an external 

financing method or institution, but by applying a penalty system mechanism that obtains its 

finances from an existent member of the supply chain. In this way, the sorting company has no 

financial constraints regarding working capital financing, and reaches its optimal level of sorting. 

In Chapter 1 are presented various aspects of the Multinational Companies and Global 

Supply Chains in an attempt to describe global supply chains mechanisms and principles, by 

highlighting decision-making inside supply chains (among which can be found drivers, strategies 

and characteristics); the drawbacks given by disruptions and vulnerabilities; current directions of 

the supply chains (globalization, integration and flexibility) or new forms of competition in the 

global supply chain environment based on performance measurements. Nevertheless, this chapter 

mentions the risks and risks management strategies of global supply chains, as well as new 

challenges for companies inside supply chains such as green logistics and clustering. 

 The chapter dedicated to Supply Chain Finance theoretical aspects and financing working 

capital concepts is Chapter 2, where is suggested an alternative method for supply chain 

optimization from another point of view than the classic operational perspective. The chapter 

describes problematic of the short-term financing related to companies’ dimension, used as 

introduction for the Chen and Hu model (2011) and Kouvelis and Zhao (2012) theoretical models 

regarding working capital financing, especially for small and medium-sized companies. Chen and 

Hu (2011) suggest an alternative financing method for the companies that need external financing 

in order to reach optimal quantity inside a forward supply chain. The model built by Kouvelis and 

Zhao (2012) takes into account decision-making under bankruptcy risks and trade credit financing. 

The main idea in this chapter, as a general characteristic of the models presented, is to show how 

Supply Chain Finance operates in practice in order to find solutions about how working capital 

and external financing can provide financial stability to firms and supply chain levels, and also 

how to create value for the companies involved.  

 Chapter 3 refers to Reverse Supply Chains, in an attempt to understand the importance of 

the recycling industry in the actual business environment by using the fundamental question – 

“Does it pay to be Green”? Nowadays, more companies are constrained to change their long-term 

policies towards a green strategy, but this solution might have implications in their short-term 

profits, regardless of the long-term sustainability potential benefit. Moreover, the differences 

between forward and reverse logistics are analyzed, together with the characteristics of the reverse 

logistics process. In the end of the chapter are mentioned the drivers and barriers of Reverse 

Logistics in order to provide a better insight into what a green approach means in practice, as well 

as the advantages and disadvantages of becoming green (sustainable). 



 
 

 Chapter 4 provides a more specific analysis about the recycling industry and the issues in 

the production phase of the reverse logistics process, by studying the case of one of the largest 

Norwegian recycling companies, Norsk Gjenvinning AS. There are provided data about the 

recycling company, where the author describes the sorting phase of the reverse logistics with the 

actors involved, the process of sorting (as it has been financially handled before 2015), and the 

challenges inside the main sorting plant, Groruddalen Environmental Park, in order to find the 

problems while implementing a functional sorting system, as well as the need of a new sorting (or 

penalty) model that would help the company reach its optimal sorting degree without using 

external financing.  

 The evolution of the sorting mechanism and of some of the fractions analyzed, the fixed-

fee penalty system, together with the conceptualization of a new and complex penalty system are 

explained in Chapter 5, where the author highlights the need of a new financial tool as a 

mechanism of upgrading the existent fixed-fee penalty system. Due to the lack of financial and 

reporting control with respect to all the fractions handled inside the sorting facility, in addition to 

low working capital obtained due to the fixed-fee penalty system, company’s management 

analyzed in the paper decided to rethink the penalty model in 2015. The author presents the entire 

conceptualization process, from internal meetings used as brainstorming sessions to theoretical 

implementation of the new penalty model, system which has as basis Chen and Hu (2011) and 

Kouvelis and Zao (2012) models regarding working capital financing.  

 This chapter is essential in the paper consistency, since it describes step-by-step a new 

theoretical model for obtaining additional working capital by using a system of penalties, with the 

main purpose of covering working capital needs in the sorting phase of the recycling process. 

The penalty mechanism functions as it follows: every time a load enters the production 

area a waste controller analyses the delivery according to its original fraction sorting criteria. If 

the waste type delivered according to the standards, then the load is approved without additional 

sorting and handling costs. If there is at least one item which doesn’t correspond to the waste type 

delivered, then the wrongly-sorted item is applied a fee (small, medium or large depending on 

some parameters established a prior), a reclassification fee (if the total waste is reclassified to 

another fraction), and an eventual sorting fee (calculated per hour) for additional handling 

processes such as waste-declaring in the case of hazardous waste discovery). In addition to the 

penalty type, if the wrongly-sorted item has a more complex classification (for example, 

impregnated wood in mixed waste), then its quantity is invoiced too. The model is applied 

universally for all the loads that enter the production area by using same penalty types and values 

regardless of the return companies’ characteristics such as market dimension or purchasing parity. 



 
 

An interesting aspect is the role of each member of the supply chain (described in detail in 

chapter 5), where some of the members have a double function, as it is in this case of return 

companies, which are not only suppliers, but also working capital providers or educational actors 

due to the fact that they learn from the penalties they get from the sorting companies. Furthermore, 

the model describes the characteristics of the new penalty system, its structure, theoretical system 

and the benefits and risks of implementing such a complex penalty mechanism, among which can 

be found the bankruptcy risk or entire supply chain sub-optimality. 

 Fraction and working capital improvements in 2015 are described in Chapter 6, as a result 

of using a more complex penalty system than before in the year mentioned. To the author 

knowledge, so far there have not been performed studies that consider a potential auto-financing 

method the differentiated penalty system which can distinguish between various client types. 

Based on the original results, and taking into account real capital needs for the additional 

sorting costs generated by wrongly-sorted loads, the author suggests an improved solution of the 

new penalty system which applies different penalty rates to three client categories (small, medium 

and VIP), providing in the same time the working capital needed in the sorting phase of the 

recycling process in order to reach the 10 million NOK target used as optimal cumulated penalty 

solution for 2016. There are presented three different scenarios: Scenario 1 is based on a perfect 

market, where all the clients are identical with respect to their market share and purchasing parity; 

Scenario 2 distinguishes between different client categories with respect to their purchasing parity, 

but keeping the same market share principle (equal penalty amounts) as Scenario 1, and Scenario 

3 which suggests a more complex solution, which takes into account the three client categories 

analyzed (small, medium and VIP) with respect to both their market share and purchasing parity. 

For each of these scenarios are found the equilibrium values, which are then compared between 

the three scenarios in order to find the optimal level of the penalty rates for each category of return 

companies that are closest to the real business market. The optimal scenario is Scenario 3 since it 

takes into account real parameters such as market share and different purchasing parity, being the 

one closest to the reality. 

The findings in this chapter are relevant for companies that decide to implement a penalty 

system by using different rates, but which take into account different characteristics of the return 

companies that will be the working capital contributors. Depending on the industry and country 

where companies operate, it is possible to find alternatives to the complex penalty system 

suggested by the author, suitable for given conditions. 

 Chapter 7 includes the conclusions of this research, the results obtained, author’s own 

contributions to the paper, and future areas of research.



 
 

 


