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Online Peer-to-Peer Lending Platform and Supply Chain Finance Decisions and Strategies 

 

 

Abstract: Online peer-to-peer (P2P) lending platform is an emerging FinTech business model that establishes 

a link between investors and recipients of capital in supply chains (SCs). Businesses face capital constraints 

impacting directly on their final product price and demand. This article studies optimal decisions and 

operational strategies in a logistics network considering two capital-constrained manufacturers who produce 

products of different qualities and sell them to a retailer having deterministic demand over a specific period. 

The high quality product manufacturer borrows capital through an online P2P lending platform with a service 

fee, while the low quality product manufacturer pre-sells products for competing with the high quality product 

manufacturer. In this study, we find optimal prices of the SC participants, service rate of the online P2P 

platform and percentage of the pre-ordering quantity of the retailer. We analyse optimal Stackelberg and Nash 

equilibrium of the SC participants. We find that an increase in the amount of opportunity cost will cause a 

decrease in the pre-ordering quantity of the retailer affecting the SC profit in numerous ways. The online P2P 

lending platform should consider the amount of the retailer’s target profit in determining the platform’s service 

rate. We posit some practical insights based on our numerical study and observations for SC managers enabling 

them to take appropriate measures about their optimal strategies according to the networks’ existing economic 

conditions. 

 

Keywords: Capital constrained manufacturers; Online peer-to-peer lending platform; Pre-selling; Optimal 

decisions; Stackelberg game; Nash equilibrium. 

 

1. Introduction 

In supply chains (SCs), intermediary firms with capital constraints often borrow money in two traditional ways, 

namely, bank credit financing (BCF) and trade credit financing (TCF). BCF is a bank loan that the firms borrow 

from the banks, while TCF is the credence that the firms’ upstream SCs participants consider them (Gao et al., 

2018). 

Online peer-to-peer (P2P) lending platform is one of the emerging FinTech business models that does not 

include traditional intermediaries (Jiang et al., 2018). In this platform, the lenders and borrowers do not interact 

face-to-face (Chen et al., 2014). The online P2P platform offers different business plans and estimates the 

amount of money the platform will gain after investing in the business. The P2P platform assesses the 

creditworthiness of the business. Following FinTech-based online P2P lending platform introduction, supply 

chain finance (SCF) has changed the participants’ bonds to a supply chain. Thus, it is important to recognise 

the participants’ optimal operation and financial decisions. 

Product sale before manufacturing is gaining momentum as this strategy helps accumulate working capital. 

For example, Zhuhai Gree (www.gree.cn) acknowledges products’ pre-selling in their trade conditions (Xiao 

and Zhang, 2018). Under a pre-selling program, manufacturers offer to sell their products at a specific 



3 
 

discounted rate. This opportunity provides an appropriate “win-win” solution for the firms involved in the SC. 

From the manufacturer’s perspective, pre-selling is crucial when the financial cost is high and the firm cannot 

access external financial sources. Pre-selling may have various models with some incentives to motivate the 

retailers to purchase the products before manufacturing. This strategy is especially beneficial when 

manufacturers face different challenges in their businesses. Determination of the pre-selling strategies is an 

important task. For example, an appropriate percentage of discount rate that the manufacturer offers to the 

retailer is a pre-selling factor. This factor is crucial as an inaccurate discount percentage may pose serious 

problems (e.g. profit loss) to the manufacturer. The quantity purchased by the retailer is another factor that the 

manufacturer should determine. 

Product price is one of the main factors that considered by the consumers while purchasing products from 

a product pool. This factor gives them the privilege to choose among several options. A retailer sells multiple 

competing brands of a product supplied by different manufacturers (Cachon and Kök, 2010). Product price 

competition is often unavoidable because of the manufacturers’ disparate product quality and production costs 

(Li and Chen, 2018). Therefore identification of an optimal product price is considered as one of the main 

factors facilitating the consumers in product selection corresponding to their budgets.  

Motivated by these pragmatic research gaps, this study contributes to the extant literature in numerous 

ways. It considers an SC with an online P2P lending platform, two manufacturers having products of different 

qualities, and a retailer. The high quality product manufacturer has access to loans offered by the online P2P 

lending platform. Because of their high product quality, lenders are encouraged to invest. The low quality 

product manufacturer is not qualified in obtaining loans from different investors, e.g. banks and online P2P 

lending platforms, etc. Thus, the low quality product manufacturer pre-sells the products to get sufficient 

capital to compete in the market. An examination of the earlier studies shows the need for a comprehensive 

model facilitating the SCs to consider several factors together, including capital constraints, product quality 

and pre-sale conditions for manufacturers. Determining the optimal price of products by considering these 

factors is one of the strengths of the proposed model in this study. This study investigates the retailer’s optimal 

ordering quantity. Our study discusses a Nash equilibrium between these two manufacturers and finds the 

optimal prices determined by each of them. We investigate the effects of market potential and initial capital of 

the capital constraint firms. We identify the optimal product quantity the retailer should purchase from the low 

quality product manufacturer. The study investigates how the Stackelberg game affects the optimal service 

rate of the lending platform within a supply chain. The analysis of the results shows that the proposed model 

can help managers determine different strategies considering economic conditions in their decisions. 

The remainder of this paper is organised as follows. Section 2 reviews the extant literature. Section 3 defines 

the problem and presents the assumptions behind the proposed model. Section 4 designs a game-theoretic 

approach and analyses the decisions between the supply chain participants. Next, section 5 analyses numerical 

examples, while section 6 discusses the results and key parameters of the model that influence the decision 

variables. Section 7 delineates managerial implications of the outcomes. Section 8 concludes the article 

elucidating the scope for future research. 
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2. Literature review 

We classify the extant literature into three groups. The first group of literature focuses on equilibrium strategies 

related to the problems in SC. The second group is related to the articles on online P2P lending platform 

strategies, and the last group of literature consists of pre-selling strategies in the SC. The following sections 

delineate the three streams of literature. 

2.1. Equilibrium strategies  

Literature reports optimal Stackelberg policies in SCs. Cachon and Kök (2010) consider competition among 

manufacturers  and use one of the contracts, viz. wholesale price, quantity discount rate and two-part tariff. 

Raghavan and Mishra (2011) study a two-level SC with one manufacturer and one retailer, where both the 

businesses face capital constraints and fail to manufacture and order optimal quantities. Their study reports 

that if one of the businesses in the SC faces low cash constraints, joint decisions would be a sagacious idea for 

the lender, manufacturer and retailer. Kouvelis and Zhao (2015) consider financial constraints, bankruptcy 

costs, and coordination of one supplier and one retailer, where both firms are capital-constrained requiring 

financing. They report that during bankruptcy, revenue sharing contracts might have higher expected profit in 

comparison with the other circumstances. Yang et al. (2015) suggest that a firm’s bankruptcy potential can be 

harmful to its competitors while it can benefit its supplier and customers. The effect of the uncertain demand 

in an SC (Chen, 2015) considers a distribution channel that includes one manufacturer and one capital-

constrained retailer having access to a competitive bank market or the manufacturer. Chen (2015) reports that 

trade credit makes both channel members trade better. The article further compares bank versus trade credit 

under a classical channel contract and revenue sharing contract. Firms’ budget constraint situation is a common 

phenomenon. Feng et al. (2015) identify cooperation with budget-constrained members in designing contracts 

for an SC when the financial market is unavailable. Yan et al. (2016) map an SCF comprising a capital-

constrained retailer, a manufacturer and a commercial bank. Their study formulates a bi-level Stackelberg 

game where the bank acts as a leader in the SC. The study includes a partial credit guarantee (PCG) contract 

for the SCF. They find that the PCG contract may realise profit maximisation in the SC. Considering an SC 

with a supplier and a capital-constrained and emission-dependent manufacturer, Xu and Fang (2020) report 

equilibrium strategies. They consider a PCG and a combination of trade credit and PCG. Johari et al. (2018) 

propose an SC model. They report that an upstream credit period may incentivise a downstream credit period 

and retail price for a two-echelon SC. Yang et al. (2017) study the impact of external financing considering a 

supplier and two capital-constrained retailers. Considering a Cournot competition of the retailer, they suggest 

that when competition in the supply chain experiences a gradual increase, the Stackelberg leader (i.e. the 

supplier) may consider merging with one retailer to avoid double marginalisation. Ni et al. (2017) report debt 

financing concerning capacity decisions. They report agency problems when potential conflicts of interest exist 

between the firm owner and the lender. Li and Chen (2018) report a game-theoretic model where the retailer 

sells two different qualities products. They discuss the competition on price and quality in an SC using a 

backward integration strategy. 
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Xiao et al. (2017) consider a supplier and a retailer and provide a financially constrained SC model. In their 

model, the supplier sells the products to a retailer who does not have access to bank finance due to their low 

credit rating. The study designs a generalised revenue-sharing contract that harmonises the SC with flexible 

profit allocation and shows its superiority over revenue-sharing and buyback contracts using some numerical 

examples. Li et al. (2018) study an SC in which the retailer is capital-constrained whereas the supplier is risk-

averse. In their model, the supplier’s risk aversion behaviour is measured with the conditional value-at-risk 

method under two strategies of PCG financing and TCF. They obtain equilibrium solutions and identify the 

preference of two financing strategies. Cao and Yu. (2018) examine an emission-dependent SC that includes 

a producer and a retailer. In their model, the retailer is capital-constrained who finances its business through 

trade credit obtained from the manufacturer. The study examines the interaction between financial and 

operational decisions under the carbon cap-and-trade mechanism. In continuation to emission-dependent SC 

research, Cao et al. (2019) examine the financing preferences of the SC of a competitive bank or supplier. In 

situations where demand is uncertain, their study considers an emission-dependent SC with an emission-

dependent manufacturer and capital-constrained supplier who needed short-term financing.  

Lin and Xiao (2018) study a credit guarantee scheme in an SC with one capital-constrained manufacturer. 

The study reports a Stackelberg model with the retailer as the leader under different order contracts (i.e. push 

and pull). Their results suggest that the retailer should manage manufacturers of different types to decide how 

to finance while the bank controls financing risk. Chakraborty et al. (2019) address three different contract 

scenarios under cost-sharing mechanisms where two competing manufacturers invest for improving their 

products' quality and their common retailer sells higher quality products. Liu and Wang (2019) provide a game-

theoretic approach and formulate a network equilibrium model using variational inequality theory for financial 

hedging decisions of multiple competing SC firms. Zhen et al. (2020) present a dual-channel SC model and 

elucidate a capital-constrained manufacturer's preference for a third-party platform as a financing strategy. To 

investigate competing SCs with financing risk, Wu et al. (2019) use duopoly models. Their study identifies 

that the capital investment risk does not affect the choice of equilibrium quantities and prices. Wu and Kung 

(2020) study a Cournot competition model in an SC considering the asymmetric financing risk in carbon 

emission technology investment and report the impact of investment on the competition equilibria.  

Zhang et al. (2019) consider a situation where a manufacturer sells goods through a platform that selects 

contract forms. The study uses an analytical model to examine the inter-relationship between the platform’s 

contract choice and the manufacturer’s product quality decision. Jiang et al. (2020) study a service-oriented 

manufacturing SC in which a manufacturer and an operator decide concerning the quality of equipment and 

maintenance services. The study reports decision-support models – one for under-decentralised decisions for 

the manufacturer and operator and the other for under-centralised decisions for obtaining optimal SC decisions. 

Two strategies, namely, cost-sharing and performance-based strategy, are introduced to coordinate the SC. 

Taleizadeh et al. (2021) report an SCF study considering an SC consisting of one manufacturer and two 

competing retailers. The study aims to identify the optimum decisions of the retailers for pricing and ordering 

along with the best contract in achieving maximum profit for the SC. Zhuo et al. (2021) study an SC consisting 
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of a supplier and a capital-constrained retailer. The study examines optimum decisions of the supplier and 

retailer considering the players’ loss aversion decision-making under different financing strategies. The study 

reports a Stackelberg equilibrium using a wholesale price contract under two financing schemes and identifies 

the effects of the loss aversion coefficients and the level of initial capital on operational and financial decisions. 

Pal et al. (2021) examine a dual-channel SC using the vertical Nash and manufacturer Stackelberg models in 

a decentralised structure.  

Motivated by the research gaps found in the extant literature, our article considers the effect of quality and 

competition between two manufacturers. Further, our article considers financial constraints simulating real-

world problems and provides better insights for the managers. 

 

2.2. Online peer-to-peer lending platform  

Lending through an online platform is an emerging FinTech business model which is gradually gaining 

momentum. The bibliometric analysis of Liu et al. (2020) identifies 221 articles published in the last 10 years 

with research priorities on the P2P lending platform. Guo et al. (2016) evaluate the assessment of the credit 

risk loan and its appropriate allocation. Serrano-Cinca and Gutiérrez-Nieto (2016) propose a profit scoring 

system to anticipate P2P loan profitability and analyse the factors determining the loan probability of default. 

The investment risk is one of the most crucial aspects that the firms should regard. Cai et al. (2016) use 

signalling theory and compare the effects of various signals on the likelihood of successful finding in three 

models, viz. first time borrowing, repeated borrowing with, and without prior lending, by using logistic 

regression. Gao et al. (2018) formulate a model comprising a manufacturer, i.e. a Stackelberg leader, a P2P 

lending platform, i.e. a sub-leader, and a capital-constrained retailer, i.e. a follower, to determine the optimal 

service rate of the lending platform. The lending platform identifies an optimal value of the service rate for the 

loan that helps the investment profitability. Metawa et al. (2017) propose an intelligent model based on a 

genetic algorithm for selecting optimum decisions for the bank lending process to maximise bank profits in a 

credit crunch environment. An empirical study in China examines the factors determining the likelihood of 

getting a loan in online P2P lending (Zhang et al., 2017). Zeng et al. (2017) consider an iterative computation 

model for evaluating unknown loans based on a bipartite graph model. For model validation, the study 

performs numerical experiments based on the data of the largest P2P lending marketplace in the United States. 

The hybrid model integrating the integrated repetitive computation model and logistic classification model of 

their study is more efficient than the individual model. Wang and Chen (2017) examine an SC of fresh produce 

consisting of a supplier and a retailer in the newsvendor framework. In their model, the supplier is a Stackelberg 

leader and the retailer is a follower. Jiang et al. (2018) present a model for extracting valuable features from 

the descriptive text about loans. They propose a default prediction method for lending P2P with soft 

information and four default prediction models to demonstrate the performance of these features. Liu et al. 

(2019) propose a model to examine optimal risk control ability in a P2P lending platform. Wang et al. (2019) 

propose a Stackelberg game elucidating the interactions between a capital-constrained retailer as a follower in 

the game and electronic business (EB) platform financing or bank credit financing as a Stackelberg leader. 
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They observe that the EB platform can provide coordinated SC financing contracts and other financing 

strategies. Park et al. (2021) consider time and cost simultaneously for tackling slack problems. Giri (2021) 

considers effort and price in SC.  

This article analyses the service rate of the online lending platform, which is still under-researched and 

discussed in the literature. The service rate is one of the key operating criteria for these lending platforms. 

Thus, in P2P businesses, an optimal service rate identification at the beginning of their operations is an 

important task.  

 

2.3. Pre-selling strategies  

Different pricing strategies are beneficial for maximising profit in businesses. Businesses offer pre-selling to 

encourage consumers to purchase when they are unconcerned about the precision of their consumption (Fay 

and Xie, 2010). This strategy may incur losses to the buyers. To minimise the effect of pre-selling on the 

buyers, Xiao and Zhang (2018) discuss the effect of the opportunity cost. Boyacı and Özer (2010) illustrate 

that the pre-selling may enhance considerably the manufacturer’s profit, and the market attributes (e.g. demand 

variability) affect the value of information in the SC. Nasiry and Popescu (2012) consider the effect of 

anticipated regret on consumer decisions and the firm’s profit and policies in a pre-selling context where buyers 

have uncertain valuation. Cho and Tang (2013) analyse an SC where the manufacturer sells seasonal products 

to the retailer. They examine the pre-selling of products after observing the firm’s demand. The article reports 

that postponing the ordering decisions could be detrimental to the retailers, while the uncertainties could be 

meaningful to them. Lim and Tang (2013) report that in a sinking market, the seller adopts a dynamic pricing 

policy when expected valuation decreases over time. Kuthambalayan et al. (2015) consider the impact of pre-

selling strategies with a price discount on a firm’s ability to maximise the expected profit. The other articles 

related to this aspect consider pre-selling strategies concerning production capacity constraints. Huang et al. 

(2017) characterise the optimal and quality level and production quantity of the seller over two periods. Xiao 

and Zhang (2018) investigate an SC with one manufacturer and one retailer where the manufacturer considers 

offering products at a lower discount rate before completion of the products. They examine the benefits of pre-

selling strategies. The opportunity cost parameter in their article may lead to loss to the retailer or manufacturer, 

and the buyer should know precisely the pre-selling amount to diminish the amount of loss and enhance profit. 

Considering several pre-order strategies for retailers, Zhang and Yang (2021) report delays in payments from 

retailers to consumers during the advance selling period. Their study examines thresholds for pre-order 

strategies, optimum price and quantity and an advance selling strategy for the retailers under price commitment 

mechanism with stochastic demand and uncertain product valuation. 

  

Table 1. Approaches used in the literature and this study 

Authors 

Online lending platform Competition Pre-selling 

Capital 

constrained 

Quality Nash  Stackelberg 
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Cachon and Kök 

(2010) 

 ✔    

Fay and Xie (2010)     ✔ 

Kouvelis and Zhao 

(2015) 
✔   ✔  

Guo et al. (2016) ✔     

Yan et al. (2016) ✔   ✔  

Huang et al. (2017)  ✔ `  ✔ 

Ni et al. (2017) ✔   ✔  

Li and Chen (2018)  ✔  ✔  

Gao et al. (2018) ✔   ✔  

Lin and Xiao (2018) ✔   ✔  

Xiao and Zhang (2018) ✔   ✔ ✔ 

Liu and Wang (2019)  ✔    

Wang et al. (2019) ✔     

This paper ✔ ✔ ✔ ✔ ✔ 

 

Our study provides a more pragmatic SC model. Comparing with the earlier studies reported in the extant 

literature, we have mapped the research gaps in Table 1. The earlier studies in this domain have considered 

some of the factors of online lending platforms, platforms’ competition and their pre-selling strategies for 

evaluating the SCs. The model presented in our study evaluates a supply chain by considering capital 

constraints, differences in the quality of products offered by the manufacturers and provisioning pre-sale 

conditions for the manufacturers. Our proposed model considers more realistic factors compared with earlier 

studies, which makes our model more pragmatic. Consideration of disparate factors enables the SC managers 

to adapt the appropriate strategies for dealing with volatile market scenarios. Our study investigates the effect 

of the opportunity cost and analyses the influence of this parameter on the manufacturer, other SC entities and 

the parameters associated with them under a FinTech business model. 

 

3. Problem definition and assumptions 

Consider a logistics network consisting of two different manufacturers, an online P2P lending platform and a 

retailer. These manufacturers produce two different qualities of products, i.e. high quality and low quality 

products. It is assumed that both manufacturers face capital constraints. The two manufacturers sell their 

products to the end customers through the retailer. The retailer purchases the commodities at a price of Lw  or  

Hw  and sells at a retail price of LP  or HP ( LP > Lw  , HP > Hw ). The costs of production of low and high 

quality products are LC  and HC respectively. The high quality product manufacturer has the privilege to access 

capital from the online P2P platform. This privilege is only available for this manufacturer as the platform 

encourages the manufacturer to produce high quality products for the market. The other type of manufacturer 

producing low quality products pre-sells the products in order to manage their capital constraints and compete 

with the high quality product manufacturer. 

The following six decision variables are considered in this study: 
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lq : The percentage of the quantity of retailer purchase from low quality manufacturer 

Lw : Selling price of low quality manufacturer  

Hw : Selling price of high quality manufacturer  

LP : Retailer’s low quality product price  

HP : The price of retailer for high quality product  

ms : Optimal service rate of online lending platform  

 

Figure 1 illustrates the relationship between the supply chain participants. As delineated in this figure, the 

retailer determines the pre-ordering quantity and pays the manufacturer. Next, the low quality manufacturer 

invests the money in manufacturing and yields profit. The competition happens between the two 

manufacturers. These two manufacturers will determine their optimal prices corresponding to the competition. 

The online P2P lending platform service rate ( ms ) will be determined according to the two prices of the two 

types of manufacturers. This research includes the following three assumptions.  

 

Assumption 1. We assume that the market has two different segments with two different demands to be 

consumed by the retailer. Therefore, two product types are considered in this research to obtain the demand 

function of the retailer for the two different demands. For this reason, we have two deterministic demands for 

the two qualities of the products. Each product has the market potential corresponding to its qualities ( H , L

) representing the maximum willingness to purchase the products. The   represents the substitutability degree 

between the two types of products and the variation between the two types of products (Modak and Kelle, 

2019). With these assumptions, we arrive at the following two equations: 

( )L L L L L HD w w w  = − − −       … (1)  

( )H H H H H LD w w w  = − − −      … (2) 

Assumption 2. We assume the following demands of the market for the two different product types ( HD , LD

) and define them as follows: 

L L LD D P = −        … (3) 

H H HD D P = −        … (4) 

We know that the retailer has a specific amount of demand for its products which is different from the order 

quantity at the manufacturer. This assumption illustrates the amount which is equal to the demand function. 

Equations (3) and (4) elucidate the market demand for the two product types.  
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Assumption 3. The relationship between the discount rate of the low quality manufacturer and percentage 

of pre-ordering quantity is assumed to be as follows: 

ln( )lq =         … (5) 

Equation (5) illustrates that when the pre-selling quantity from the retailer increases, the low quality 

manufacturer persuades to offer a higher discount rate. This situation arises in reality when the retailer plans 

to purchase more products from the manufacturer and the manufacturer offers a higher discount rate.  

 

Figure 1. Relationship between the participants in the logistics network 

 

3.1. Notation 

The notations are summarised below. 

Notation Definition 

HC  Production cost of high quality commodity 

LC  Production cost of low quality commodity 

mi  Interest rate of investor 

HD  Demand of the market for high quality product 

LD  Demand of the market for low quality product 

  Opportunity cost 

mB  Initial capital of high quality manufacturer 

  Discount rate of low quality manufacturer 
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Hw  Selling price of high quality manufacturer 

Lw  Selling price of low quality manufacturer 

ms  Service rate of online lending platform  

HP  Retailer’s unit retail price of high quality product 

LP  Retailer’s unit retail price of low quality product 

H  Market potential of high quality commodity 

L  Market potential of low quality commodity 

  Substitutability degree between two types of products 

   Price sensitivity of market 

L  Price sensitivity of the low quality commodity 

H  Price sensitivity of the high quality commodity  

lq  Percentage of pre-ordering quantity of the retailer  

 

4. Optimal decisions 

We use a game-theoretical approach to analyse the decisions between the supply chain participants. We design 

a Stackelberg game between the SC participants. 

 

4.1. Retailer’s optimal decision 

In this study, the retailer is one of the essential players in the SC. Many optimal decisions are related to this 

entity of the SC. The retailer makes various decisions related to this part of the SC. The retailer should find 

the best ordering quantity from both manufacturers. One of the most important criteria for obtaining the best 

decision is the market demand. We assume that our market consists of two different segments – the first 

segment has better opportunities and better options to reach the high quality product while the other provides 

low quality products instead of high quality. We posit this part as a market potential ( ,H L  ) that shows the 

willingness to purchase high and low quality products (i.e. Assumption 1). This demand will directly affect 

the SC and its profit. With this assumption, the profit function of the retailer is as follows: 

( , , ) ( ) ( ) (1 )(1 ) (1 )
H L L H H H H H L L L L L L L L LH LP P q P D P w D P D P w D q w D q     = − − + − − + − − −  …(6) 

Equation (6) illustrates the amount of money that the retailer will obtain from selling the two types of 

products (i.e. high and low). The first term of the equation symbolises the expected revenue from selling the 

products, while the second term is related to the cost that the retailer should consider. The second term includes 

two components, viz. the cost of purchasing the products and the cost related to the loss of the opportunities 

which could be attained from the opportunity cost ( ). From equation (6), we obtain the amount of the pre-

selling quantity of the retailer ( lq ) and the prices of the high and low quality products that the retailer sells to 

the customers ( HP , LP ). We define the interaction between the discount rate of the low quality product 

manufacturer and the amount of pre-selling quantity that should be bought by the retailer as ln( )lq =  (i.e. 
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Assumption 3).   has an inverse relationship with the quantity to be purchased by the retailers. The 

relationship depicts that when the manufacturer’s offered price to the retailer decreases, the retailer is 

encouraged to purchase more products from the low quality product manufacturer. Further, it illustrates that 

when the prices are comparatively higher, the retailer does not desire to buy more products from the 

manufacturer. According to assumption (2), the market demand for the two product types is deterministic. 

Considering this assumption, we first solve the problem where the retailer purchases products from both 

manufacturers and then sells them to the market.  

 

Lemma 1. From equation (1), it is found that this function is concave and has maximum points.  

Proposition 1. Given the pre-selling discount rate ( ), the retailer’s optimal pre-selling quantity is satisfied, 

which is an exponential function, and the optimal pre-selling quantity is related to the amount of the 

opportunity cost ( ), and the pre-selling quantity increases with this amount. 

( ( ( ) (1 )( ( ))

( (1 )( ( )) 1

L L L L H L L L L L H L

L L L L H L

w w w w w w w w

w w w w

lq e

      

   

− + − − + − + −

+ − + − −
=     … (7) 

Proof is given in Appendix–A and Appendix–C.  

 

Proposition (1) shows that the pre-selling quantity only depends on the opportunity cost ( ) of the low 

quality product manufacturer. With an increase in  , the pre-selling quantity of the retailer will experience a 

slight decrease. Another interesting aspect in proposition (1) is that the other parameters, such as HP , are not 

significant in the pre-selling quantity as they do not affect the pre-selling quantity. This proposition suggests 

that the retailer should consider their opportunity cost properly.  

Proposition 2. Considering the above assumptions, the price at which the retailer should sell its products to 

the customers for both products (i.e. high and low quality products) is as follows: 

'

( )

2

L L L H L
L

w w w
P

  



− + −
=      … (8) 

'

( ( ))

2

H H H H L
H

w w w
P

  



− − −
=      … (9) 

Proof is provided in Appendix–C.  

Proposition (2) suggests that the prices of both products are inversely related to the amount of (
' ), and 

the amount ( )H Lw w−  plays a significant role in the price of both commodities.  

 

4.2. Low quality manufacturer’s optimal decision  

The manufacturer that produces low quality products faces capital constraints and requires a way to tackle this 

issue. For this reason, this manufacturer starts to pre-sell the products and obtains the capital to achieve the 

minimum amount of money to produce low quality products. The low quality product manufacturer considers 
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offering a pre-selling contract to the retailer to achieve a specified amount of cash before production. However, 

the pre-selling activity is triggered by offering a discounted price to the retailer for placing advance orders. 

This manufacturer offers a discounted rate (0,1)  to the retailer. The first stage of this model is to consider 

the following profit function of the manufacturer (equation 10). 

( ) (1 ) (1 ) ((1 ) )L L L l L L l L L L L l L Lw w D q w D q C D w D q C D   = − + − − + − −   … (10) 

Equation (10) shows the amount of money that the manufacturer earns by selling the products to the retailer. 

The equation includes two parts, namely, the amount of money earned by pre-selling the products ( L lw q ) 

and the manufacturer revenue from regular sales. The manufacturer achieves the amount of money related to 

the opportunity cost ( ) of the retailer through various investments (e.g. saving money in the bank). Equation 

(10) elucidates that the decision variable to be determined by the low quality product manufacturer is the price 

of the low quality product ( Lw ). 

 

Lemma 2. The mathematical relationship between the pre-selling discount rate of the low quality product 

manufacturer ( ) and opportunity cost ( ) is as follows: 

1

1





+
      … (11) 

Proof of Lemma 2 is given in Appendix–B.  

 

4.3. High quality manufacturer’s optimal decision  

The manufacturer who produces high quality products faces capital constraints for covering the production 

costs of the products. This strategy triggers the manufacturer to borrow from an online P2P lending platform. 

The manufacturer has an initial capital mB in the first part of its selling period. The manufacturer requires a

( )H H mC D B− amount of money to start production. Therefore, the manufacturer should return the total 

interest of the investor and the P2P platform, which is ( )m mi s+ . This interest includes the interest of the 

investor ( mi ) and the service of the online lending platform. Following this, we express the high quality 

product manufacturer’s profit function as follows: 

( ) ( )( )H H H H H H H m m mw w D C D C D B i s = − − − +   … (12) 

The first part of equation (12) is related to the total revenue of this producer. The expression includes 

production cost and interests that the manufacturer should pay to the P2P lending platform and the investor. 

We understand that if H Hw D > total cost, the manufacturer will not face bankruptcy. In other respect, the 

manufacturer announces bankruptcy and pays the remaining revenue to the lending platform. Proposition (3) 

characterises the high quality product manufacturer’s optimal price and basic properties.  
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4.4. Competition between high and low quality producers  

We consider competition between the two manufacturers to achieve the maximum share of the market based 

on anticipation of the retailer’s reaction. According to assumption (1), the market requires two product types 

with competing manufacturers under disparate criteria (i.e. quality and price), and it is not obvious who will 

win the competition. The high quality product manufacturer offers a high quality product instead of a low 

quality commodity to the market, and this necessitates to access to the loan from the P2P lending platform. 

The low quality product manufacturer offers pricing strategies (pre-selling) to the customers in the market. We 

consider a Nash game between these manufacturers to reach the optimum price of the SC. All participants 

should obtain the maximum profit in their operations.  

 

Proposition 3. Given the two manufacturers’ best responses, the price of the low and high quality product 

manufacturers can be as follows: 

2 2

2

2

1 3
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 ...(14) 

 

Proof of Proposition 3 is given in Appendix–D.  

 

4.5. Optimal decisions of online peer-to-peer lending platform  

One of the prominent components of this supply chain is the online P2P which plays a crucial role. This 

platform earns the service fees and lends the determined money to the investors. First, we assume the 

circumstances in which the high quality product manufacturer tackles its loan obligation, which is 

( )( )H H m mC D B i s− + . As mentioned earlier, if the total revenue of this manufacturer surpasses these costs, 

the manufacturer will be able to handle the costs. We will investigate the utility function of this platform. 

Therefore, we should obtain the platform’s optimal service rate ( ms ). 

(s ) ( )m H H m mC D B s = −         … (15) 

Anticipating the high quality product manufacturer’s best response ( Hw ) the platform acts as a leader, 

whereas the manufacturer acts as a follower. What stands out from equation (2) is that this platform is going 

to obtain its maximum service in different aspects considering the other participants in the supply chain. This 

strategy leads to the following proposition: 

 

Proposition 4.  Given the optimum prices of the two manufacturers, the optimal service rate of the lending 

platform would be: 
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(16) 

Proof of Proposition 4 is given in Appendix–E.  

 

5. Numerical study  

A numerical example is illustrated to evaluate the effectiveness of the proposed model. For every parameter 

of the model, we investigate the effects and subsequently provide managerial insights for the model to 

scrutinise the behaviour of each parameter on the decision variables. The numerical values of the parameters 

are 2000H = , 1000L = , 0.06 = , 0.06 = , 0.35H = , 0.25 = , 0.65L = , 300LC = , 

1550HC = , 0.05mi =  and 950000mB = . The collated data are approximately similar to real-world 

situations. The opportunity cost ( ) of the retailer is 7% for the investment (e.g. in the case of JP Morgan). 

In the automobile industry, tooling costs per car are approximately between $200 and $600 if one sells 1 

million vehicles. If this sale drops below 100,000, the average production cost lies between $1000 to $5000 

per car, which is five times more than the earlier cost. We have analysed our model according to these data for 

the low and high quality products (
HC ,

LC ).  In this example, the market potential of the high quality products 

is two times higher than the low quality products, which represents a rich society. By substituting these 

parameter values under concavity conditions, all conditions for this data set are satisfied, and therefore, all 

models are concave. Table 2 illustrates the values of the decision variables and profit by substituting the above 

data. 

Table 2. Decision variables and values 

Decision variables 
ms  Hw  Lw  HP  LP  lq  

Values 0.05 

 

2766.7 

 

1184 

 

5299.8 

 

5217.5 

 

0.3476 

 

 

Table 3. Profit values 

Low quality 

manufacturer profit 

High quality 

manufacturer profit 

Retailer profit Online platform profit 

283590 770170 1090900 1828.2 

 

Table 2 shows that the optimal service rate of the platform is 0.05, which is equal to the investors’ interest 

rate. Another interesting point is that the selling price of the low quality product manufacturer to the retailer is 

half of the amount of the high quality product manufacturer. The retailer should not add much to the price of 

high and low quality products ( 5299HP = , 5217LP = ). Table 3 shows that the retailer will reach the highest 

amount of profit compared to the other entities of the supply chain. The low quality manufacturer who acts as 

a follower in the SC will also reach desired profit in the designated game.  
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6. Results, sensitivity analysis and discussion 

We consider different parameters and their effects on the profit of the supply chain participants, viz. retailer, 

high and low quality commodity producers, and lending platform. The key parameters of the model that 

influence the decision variables are  , H , L , L  and H .  

6.1.  (opportunity cost) 

Opportunity cost is one of the crucial parameters in the SC that directly affects the decisions related to the 

retailer. The opportunity cost is the percentage of money that the retailer obtains by investing in a business, 

and the retailer suffers by pre-ordering the products from the manufacturer. The higher the amount of  , the 

retailer purchases more products from the manufacturers. Proposition (1) delineates this relationship. Table 4 

illustrates how the opportunity cost impacts the decision variables and profits of the SC components while 

keeping the other parameters constant. 

Table 4. Sensitivity analysis for opportunity cost 

  
lq  Hw  Lw  HP  LP  ms  Retailer Low High P2P 

0.01 0.3643 2764.8 1177.9 5296.6 5259.3 0.0503 1115700 281340 768580 1769.1 

0.02 0.3607 2765.1 1179.0 5297.2 5251.6 0.0505 1111100 282020 768880 1779.8 

0.03 0.3573 2765.5 1180.2 5297.8 5243.6 0.0506 1106300 282570 769180 1791.2 

0.04 0.3540 2765.9 1181.4 5298.4 5235.2 0.0508 1101300 283020 769500 1803.0 

0.05 0.3508 2766.3 1182.7 5299.1 5226.5 0.0510 1096200 283360 769830 1815.3 

0.1 0.3359 2768.5 1189.7 5302.7 5178.6 0.0519 1068400 283590 771650 1884.0 

0.15 0.3229 2771.0 1197.5 5306.7 5124.7 0.0530 1037900 281780 773700 1962.9 

0.2 0.3114 2773.7 1206.1 5311.1 5065.7 0.0542 1005200 278370 775940 2050.9 

0.3 0.2921 2779.6 1225.1 5320.9 4935.9 0.0567 935560 267950 780880 2251.6 

0.4 0.2765 2786.2 1245.9 5331.5 4793.2 0.0596 862190 254210 786320 2482.9 

0.5 0.2636 2793.2 1268.4 5343.0 4639.9 0.0626 786700 238360 792170 2744.1 

0.6 0.2528 2800.7 1292.2 5355.2 4476.9 0.0659 710140 221180 798380 3036.0 

0.7 0.2437 2808.6 1317.3 5368.1 4305.1 0.0693 633280 203250 804950 3359.8 

0.75 0.2397 2812.7 1330.3 5374.8 4216.0 0.0711 594930 194140 808360 3534.2 

 

As noticed from Table 4, the percentage of the pre-ordering quantity of the retailer ( lq ) has an inverse 

relationship with the opportunity cost of the retailer ( ), and fluctuations of this percentage of pre-ordering 

quantity cause changes in the quality. This change would not lead to significant fluctuation in the price of the 

low and high quality product manufacturers and the market price of the retailer ( HP , LP ). The service rate of 

the platform ( ms ) does not have significant changes in most of the intervals. We observe from Table 4 that 

the profit of the online lending platform increases significantly with the growth of the opportunity cost. It 

signifies that although the service rate of the platform does not have significant variation, the profit of the 

online lending platform witnesses a dramatic increase. Table 4 illustrates a decrease in the amount of the profit 

of the retailer. This phenomenon plays a pivotal role in the model affecting decisions related to the SC 

components, and these components should make their decisions according to the opportunity cost. 

Figure 2(a) elucidates a direct relationship of the opportunity cost with the service rate. Interestingly, a 

higher amount of the opportunity cost (e.g. 0.75) yields an insignificant increase in the service rate of the 

platform. This implies that under critical circumstances of the market, it is not required for the lending platform 

to apply a higher amount of service rate. Further, the online lending platform should consider the opportunity 
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cost of the retailer and the market to determine the optimal service rate for the high quality product 

manufacturer. An inappropriate service rate would lead to a loss in the entire SC.  

 

6.1.1. Opportunity cost and dealership 

A higher amount of the opportunity cost (e.g. 0.75) indicates that the price of the high quality product is more 

than twice compared with that of the low quality product. It implies that in a weak economy, this situation may 

affect the market purchase potential as people of that economy can only afford to buy low quality commodities. 

Further, a higher opportunity cost would affect the profit of the low quality product manufacturer as they 

cannot afford to compete in this market. However, such a market situation would not affect the profit of the 

online lending platform. This situation will encourage dealerships in the market instead of a boom in the 

production segment. The P2P lending platform in this type of economy would reach the maximum amount of 

profit (e.g. Faircent in India) as seen in Figure 2(b). 

 

 

 

 

 

 

 

 

 

 

(a)       (b)  

Figure 2: Effect of opportunity cost on (a) service rate and (b) profit of the online lending platform 

 

6.2. Market potentials of the products ( H , L ) 

In an economy, the market potentials of the two types of products are different. The market potentials indicate 

the amount of money available in a society to purchase commodities from the market. As specified in 

assumption (1), the market potentials directly affect the market demand for the two product types. As noticed 

from the profit functions of the SC participants, the market demand plays a significant role in the decisions 

they should make in the model. The market potentials can change according to the willingness to purchase the 

products.  

Table 5. Sensitivity analysis 
(a). Market potential of the high quality product 

H  lq  Hw  Lw  HP  LP  ms  Retailer Low High P2P 

1950 0.3476 2701.0 1174.9 5192.5 5149.1 0.0226 1067100 276200 716050 357.1033 

1980 0.3476 2740.4 1180.3 5256.8 5190.1 0.0397 1081400 280620 748460 1103.1 

2050 0.3476 2832.4 1193.1 5407.0 5285.9 0.0797 1114900 291080 824840 4437.8 

2100 0.3476 2898.1 1202.2 5514.3 5354.3 0.1082 1139100 298660 880070 8186.1 
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2150 0.3476 2963.7 1211.3 5621.6 5422.7 0.1367 1163400 306340 935840 13073.0 

2300 0.3476 3160.8 1238.7 5943.4 5628.0 0.2223 1237300 329970 1106500 34565.0 

(b). Market potential of the low quality product 

L  lq  Hw  Lw  HP  LP  ms  Retailer Low High P2P 

900 0.3476 2748.5 1125.9 5270.0 4781.8 0.0432 892200 238200 755080 1305.3 

920 0.3476 2752.1 1137.5 5275.9 4869.0 0.0448 930430 246960 758100 1402.9 

980 0.3476 2763.1 1172.4 5293.8 5130.4 0.0495 1049700 274200 767150 1716.6 

1010 0.3476 2768.5 1189.8 5302.7 5261.1 0.0519 1111800 288350 771680 1885.3 

1020 0.3476 2770.4 1195.6 5305.7 5304.6 0.0527 1132900 293140 773200 1943.3 

 

As illustrated in Table 5(a), the market potential of the high quality product ( H ) directly affects the online 

platform’s service rate ( ms ). The service rate of the platform grows when H increases. The online platform 

can charge a higher service rate when the market potential rises. On the other hand, with an increase in the 

market potential of the high quality product, both prices of the high and low quality products of the retailer (

,L HP P ) and manufacturers ( ,L Hw w ) increase. The profit values of the SC participants witness a dramatic 

growth in the intervals of Table 5(a). Another interesting point is that the value of the percentage of the pre-

ordering quantity of the retailer (
lq ) remains constant. 

 

  

 

 

 

 

 

 

 

 

   (a)       (b)   

Figure 3. Effect of the market potential of the high quality product on the (a) P2P’s profit and (b) retailer's 

profit 

Concerning the growth of the market potential of the low quality products (
L ) in Table 5(b), the service 

rate of the platform ( ms ) does not change significantly. However, the profit of the P2P lending platform 

increases as 
L rises. Both retailer’s and low quality product manufacturer’s profits increase where the high 

quality product manufacturer’s profit grows at a comparatively slower pace. The percentage of the pre-ordering 

quantity of the retailer ( lq ) remains stable in Table 5(b). Figure 3(a) illustrates how the profit of the P2P 

lending platform increases as 
H rises. Figure 3(b) shows that the retailer’s profit increases with an increase in 

the market potential of the high quality product ( H ). 
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Figure 4.  Relationship between market potential of low quality product and service rate of the platform 

 

 

 

 

 

 

 

 

 

 

  (a)       (b)  

Figure 5. Effect of changing market potentials on the (a) service rate and (b) low quality manufacturer price 

The service rate of the online P2P lending platform ( ms ) depends on the market potential of the high quality 

product ( H ). However, as elucidated in Figure 4, the market potential of the low quality product (
L ) affects 

the service rate of the lending platform. This fact demonstrates that the lending platform should take into 

account not only the high quality product manufacturer but also consider the low quality product manufacturer. 

This concern affects the decisions of the high quality product manufacturer. 

As noticed in Figure 5(a), an increase in the both market potentials (e.g. high and low) causes a rise in the 

service rate of the online P2P lending platform. This phenomenon illustrates that when the market has sufficient 

potential for various products, the online P2P lending platform could grow the amount of their service rate 

instead of declining its value. Further, from Figure 5(b), it is observed that the market potential of low quality 

products has a substantial effect on the selling price of the low quality product manufacturer in comparison 

with the market potential of high quality products. Figure 6(a) illustrates that the market potential of high 

quality products has a high impact on the selling price of the high quality product manufacturer compared with 
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the market potential of low quality products. Figure 6(b) illustrates the effect of the changing market potentials 

of different product qualities on the retailer’s unit retail price for the low quality product. 

 

 

 

 

 

 

 

 

  (a)        (b)   

Figure 6. Effect of changing market potentials on (a) high quality manufacturer price and (b) retailer’s unit 

retail price of low quality product 

 

6.3. Initial capital of high quality product manufacturer ( mB ) 

The initial capital of the high quality manufacturer is critical in various aspects. Businesses consider this 

parameter to make crucial decisions. If we look at the profit function of the high quality product manufacturer 

and online P2P lending platform, this parameter exists in them. Further, this parameter is regarded as one of 

the main factors for startups. From the investors’ perspective, this parameter aids in making SC decisions. This 

parameter determines the investment decisions of the firms by the investors. There are reasons why the initial 

capital of the high quality product manufacturer is to be analysed. Table 6 illustrates the results related to the 

variation of the initial capital of the high quality product manufacturer ( mB ).  

Table 6. Sensitivity analysis of the initial capital of the high quality product manufacturer 

mB  lq  Hw  Lw  HP  LP  ms  Retailer Low High P2P 

945000 0.3476 2769.6 1184.4 5286.3 5220.5 0.0547 1086500 283910 769630 2092.8 

948000 0.3476 2767.8 1184.1 5294.4 5218.7 0.0526 1089100 283720 769960 1931.9 

953000 0.3476 2765.0 1183.7 5307.8 5215.7 0.0490 1093600 283400 770480 1678.0 

960000 0.3476 2761.0 1183.2 5326.6 5211.6 0.0440 1099900 282950 771180 1352.6 

990000 0.3476 2743.9 1180.8 5407.3 5193.7 0.0225 1127600 281010 773530 354.9518 
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Figure 7. Relationship between initial capital of the high quality product manufacturer and retailer's profit 

 

Overall, what stands out from Table 6 is the downward trend of the service rate of the platform (
ms ). An 

increase in factor 
mB triggers a decline in the profit of the online P2P platform in the interval of Table 6. It is 

evident that when the firms have sufficient initial capital, they are not required to borrow money from the 

online platform. It affects the profit of the lending platform. The products’ prices fluctuate with the variation 

of the initial capital of the high quality product manufacturer. The retailer’s profit slightly increases with a rise 

in mB (Figure 7). Further, the high quality product manufacturer’s profit improves with an increase in 
mB .  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

   (a)       (b) 

Figure 8. The initial capital of the high quality product manufacturer versus the selling prices of the 

manufacturers 

As observed in Figure 7, the initial capital of the high quality product manufacturer affects the retailer’s 

profit. This phenomenon illustrates that the retailer would be satisfied when the manufacturer has enough funds 

to run the business. Besides this, the retailer should encourage the manufacturer for enough funds to produce 

high quality products. Figure 8 illustrates the relationship between the initial capital of the high quality product 
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manufacturer and the selling prices of the high and low quality product manufacturers. The selling prices of 

high and low quality products decline when the initial capital grows. 

 

6.4. Price sensitivity ( L ,
H ) 

According to assumption (1), the price sensitivity parameter ( L ,
H ) affects the market demand for the two 

product types. This parameter is one of the most critical criteria businesses should consider for making 

decisions. In this section, we modify the ratio, keeping lq stable.  

Table 7. Sensitivity analysis 
(a). Price sensitivity of the low quality product 

L  
lq  Hw  

Lw  
HP  

LP  
ms  Retailer Low High P2P 

0.61 0.3476 2781.1 1229.8 5323.1 5313.9 0.0574 1122700 307850 782100 2302.4 

0.62 0.3476 2777.4 1217.9 5317.1 5289.7 0.0558 1114800 301540 779010 2174.3 

0.66 0.3476 2763.3 1173.2 5294.3 5193.6 0.0496 1082900 277910 767370 1724.4 

0.68 0.3476 2756.7 1152.3 5283.6 5146.1 0.0468 1066700 266980 761950 1532.4 

(b). Price sensitivity of the high quality product 

H  
lq  

Hw  
Lw  

HP  
LP  

ms  Retailer Low High P2P 

0.30 0.3476 2992.7 1215.4 5482.3 5452.9 0.1091 1116300 309760 938000 7601.4 

0.32 0.3476 2897.3 1202.1 5409.0 5353.5 0.0845 1106800 298570 866950 4740.6 

0.34 0.3476 2808.7 1189.8 5336.1 5261.2 0.0619 1096400 288360 801220 2629.5 

0.40 0.3476 2687.0 1172.9 5227.4 5134.5 0.0308 1079400 274640 711420 686.7512 

 

According to assumption (1), the price sensitivity of the low and high quality products directly affects the 

market demand, and each price sensitivity component is sensitive to demand. Table 7(a) demonstrates that the 

prices of the low quality products fall with a slight increase in 
L . Further, the service rate and profit of the 

lending platform decrease. The growth of the price sensitivity causes a decline in the profit value of all of the 

SC components. Similarly, according to assumption (1), the price sensitivity of the high quality product (
H

) has an impact on the demand. Table 7(b) elucidates that an increase in 
H causes a loss of demand for the 

high quality product, which affects all the SC entities. All decision variables are affected as noticed in Table 

7(b).  

 

7. Managerial Implications  

The results of the sensitivity analysis provide some meaningful insights to the practitioners (e.g. supply chain 

managers), stakeholders and decision-makers. The insights facilitate them in adopting the right strategies under 

disparate situations. The supply chain managers and investors can determine optimal strategies for competing 

in the market by observing different parameters such as risk-taking, expected profit and product type. As the 

retailer is one of the crucial components of an SC, their decision can directly affect the manufacturers' pricing 

strategies. The managers of the high quality product manufacturer should be aware that if retailers decide to 

increase the quantity of the pre-purchase, they will have to raise capital through the platform to compete, which 

will increase interest rates. The increase in costs will lower their profit margins and make it difficult to compete. 

The managers of the low-quality product manufacturers should also pay attention to the fact that by increasing 
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the discounted offer and pre-selling, they lower the product price resulting in a reduction in the profit. In such 

an environment, where the level of competition between the manufacturers is high and borrowing is difficult, 

one of the businesses launches an online P2P lending platform, which are highly profitable. 

The high quality product manufacturer is suggested to invest in economies that have good market potentials 

for those products. In those markets, they would be able to sell the products at a much higher profit with a low 

replacement rate. In those economies, the profits of all supply chain participants will improve. In this situation, 

managers can provide the required capital through an online platform with a lower risk. In other words, 

managers can borrow capital via an online means (e.g. the P2P platform). 

The initial capital is a crucial factor influencing the final price of the products. In weak economies where 

market demand is price-sensitive, if the manufacturer wants to raise a large part of their initial capital through 

the online P2P platform, they should increase the selling price due to rising costs. This strategy will affect 

them in competing in the market. In stronger economies or luxury goods markets, where demand is not price-

sensitive, the managers can initially raise a large portion of their initial capital to start a business through the 

P2P online platform. The managers may determine their initial capital financing strategy according to the 

product types and existing market conditions. 

The managers having a target to achieve a specific profit amount should manufacture low price-sensitive 

products. In high price-sensitive economies, demand decreases with a slight increase in the price. The risk of 

borrowing from the online platform increases for the high price-sensitive products. As a result, these products 

will increase their price, which may cause a loss. Therefore, the managers and risk-averse investors are advised 

not to opt for high price-sensitive commodities. We infer from the results that the high price-sensitive products 

have high risk. 

 

8. Conclusions 

This study proposes a supply chain FinTech business model comprising two manufacturers, a retailer and an 

online P2P lending platform. The proposed model captures the interactions between the SC participants in the 

logistics network regarding their financial decisions. We analyse optimal Stackelberg and Nash equilibriums 

of the SC participants. We designate a pre-selling strategy as a policy to accumulate capital for the low quality 

product manufacturer. Pre-selling to the retailer provides an opportunity for the low quality product 

manufacturer. Pre-selling helps the SC participants improve their profits, which is one of the aims of this study. 

We compute the optimal prices of the SC participants, the service rate of the online P2P platform, and the 

percentage of the pre-ordering quantity of the retailer. We perform a sensitivity analysis of the key parameters 

to obtain some interesting managerial insights. Our study examines the pre-selling of low quality products as 

a competitive strategy when competing with the high quality product manufacturer having access to financial 

supports. This strategy assists the low-quality product manufacturer to find market potential. The competition 

between the low and high quality product manufacturers is one of the interesting aspects of this study.  

This study considers three realistic assumptions. The first assumption meets the retail demand by the 

manufacturers with two product types having different qualities. A percentage of the demand is shifted 
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corresponding to the conditions of the two goods. Without this assumption, one manufacturer would meet the 

entire demand while the other manufacturer would become redundant. Further, the competition between the 

two manufacturers would be meaningless without this assumption, eliminating dependence between the 

products. The second assumption makes the model closer to the reality where a percentage of demand is 

assumed to be price sensitive. As the products are not essential goods, this assumption will facilitate the model 

in creating a relationship between price and demand. Withdrawal of this assumption would result in the 

disappearance of the substitution of demand between the products and competitive pricing. The third 

assumption states the relationship between the discount rate and order quantity. This assumption helps simplify 

the relationship between the discount rate and pre-selling price so that the model can consider different 

scenarios. Without this assumption, the retailer would not obtain any incentive for the pre-purchase of the low 

quality products. Further, the low quality product manufacturer would face a lack of capital and fail to compete 

in the market as the manufacturer would not use the online P2P lending platform.   

This study provides meaningful insights into the opportunity cost of the market for both types of 

manufacturers, which has impacts on the P2P online lending platform. We find that an increase in the 

opportunity cost causes a decrease in the pre-ordering quantity of the retailer. This phenomenon affects the 

entire SC profit in numerous ways as a lower amount of purchase of different products from different 

manufacturers affects the profit of the other SC components. We also find that the service rate of the platform 

has a direct relationship with the opportunity cost although the effect is not significant. The online P2P lending 

platform should consider the profit that the retailer plans to achieve. Although this phenomenon is not related 

to the lending platform, they should consider this matter in their financial decisions especially when they wish 

to determine the service rate for their platform to reach the maximum profit. The initial capital of the high 

quality product manufacturer affects the selling price of the low and high quality manufacturers and the 

retailer’s profit. This effect should be considered by the low quality product manufacturer and retailer in their 

business operations. Many firms do not consider the amount of initial capital of their competitor, and this 

ignorance can affect the firms’ profit in numerous ways. We demonstrate that the initial capital of the high 

quality product manufacturer should be considered by the low quality manufacturer. The retailer should also 

consider this initial capital of the high quality product manufacturer, although it is not significant.   

This study has some limitations which are regarded as opportunities for future research. First, in this study, 

we consider a deterministic demand in the market that does not represent reality. Therefore, future research 

could introduce some scenario-based solutions and analyses. Assuming stochastic demand and defining 

disparate scenarios, future research could design, solve and analyse two-stage / multi-stage stochastic 

programming problems, which would resemble reality. Second, in the proposed model, the SC participants 

may have different categories of SC finance contracts. Cooperation between the SC participants and contracts, 

such as revenue sharing and cost sharing, affecting the price of the products along with other different 

parameters, should be regarded as future scope of research.  
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Appendix (A) – Proof of Lemma 1.  

To illustrate that equation (1), ( )L L L L L HD w w w  = − − − , has maximum point, we take second order 

derivatives of it with respect to the parameters (
Lq , 

LP  and 
HP ). The Hessian matrix can be rewritten as 

follows: 

 

'

'

( ( ))( (1 )(
0 0

0 2 0

0 0 2

L L L H LL

l

m

w ww w

q

H

  





− + −− + 
 
 
 = −
 

− 
 
 

  … (1)  

Obviously, '2 0−   and 
( ( ))( (1 )(

0L L L H LL

l

w ww w

q

   − + −− +
 ,  therefore, the function is concave 

having maximum points. 

 

Appendix (B): Proof of Lemma 2.  

It is evident that (1 ) Lw + should be less than the amount of the selling price of the low quality manufacturer 

(
Lw ); otherwise, it would not be lucrative for the manufacturer to offer a discount to the retailer. Therefore: 

 



29 
 

(1 )

(1 ) 1

1

1

L Lw w 

 




+ 

 + 

 
+

       … (2) 

 

Appendix (C) – Proof of Propositions 1 and 2.  

According to assumption (3), ( ln( )lq =  ) so the profit function of the retailer can be rewritten as: 

( , , ) ( ) ( ) (1 )(1 ln( )) ( )H L l H H H H H H L L L L l L L L L L lP P q P D P w D P D P q w q w D D q    = − − + − − + − − −  

Taking the first-order derivative of ( )lq  with respect to 
lq ,

LP ,
HP   we obtain: 

( )
( ( )) (1 )( ( )) (ln( ) 1)(1 )( ( ))l

L L L L H L L L L L H L L l L L L H L

l

d q
W W W W W W W W W q W W W

dq
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' '( )
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= − − − −             (5) 
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d q

dq


= , ( )

0L

L

d P
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
=  and ( )

0H

H

d P

dP


=

.  

We obtain the following expressions: 
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As seen from the above expressions, the prices of the two products are related to   . An increase in  will 

lead to a decrease in the amount of 𝑃𝐻 and 𝑃𝐿 . The preselling quantity depends on the amount the opportunity 

cost ( ), which affects the amount of 𝑞𝑙 .  

 

Appendix (D) – Proof of Proposition 3.  

As per the Stackelberg game in our model, retailer acts as a follower and low quality product manufacturer 

acts as a leader. Thus, by placing the decision variable of the retailer into the profit function of the low quality 

product manufacturer, the low quality product manufacturer profit function can be rewritten as follows:  

( ) (1 ) (1 ) ((1 ) )L L L l L L l L L L L l L Lw w D q w D q C D w D q C D   = − + − − + − −   … (9) 
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Substituting the amount of 
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=  into equation (9)  and then 

taking the first-order derivative of equation (9) with respect to the decision variable of the low quality product 

manufacturer (
Lw )we obtain: 
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 (10) 

   Similarly, for the profit of the high quality product manufacturer we obtain: 

( ) ( )( )H H H H H H H m m mw w D C D C D B i s = − − − +                   …(11) 

In this profit function, we substitute ( )H H H H H LD w w w  = − − −  in this equation arising from 

assumption (2), which yields: 

( ) ( ( ))( ) ( )H H H H H L H H H m H m m m mw w w w w C C i C s B i S   = − − − − − − + +   …(12) 

The first order derivative of equation (12) with respect to the decision variable of the high quality product 

manufacturer (
HW ): 

( )
( ) ( ) ( )( )H

H H H H H H L H H m m
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d w
w w w w C i s

dw
      
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= − + − − − + + +               … (13) 

According to the competition between the manufacturers and the Nash competition between them, we solve 

the equation which is 
( ) ( )

L H

L H

W W

d w d w

d d
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= . The solution of the equation yields the following optimal 

amounts of the two decision variables, viz. 
HW and 

LW  (i.e. the selling prices of the low and high quality 

product manufacturers) of proposition 3. 
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The following expressions are related to the low quality product manufacturer: 
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The following expressions are related to the high quality product manufacturer (
Hw ): 
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Appendix (E): Proof of the Proposition 4.  

We consider the following profit function of the online P2P lending platform:  

(s ) ( )m H H m mC D B s = −         … (16) 

In the above equation, substituting ( )H H H H H LD w w w  = − − −  we obtain: 

( ) ( ( ( ) B )m H H H H H L m ms C w w w s   = − − − −       … (17) 

As noticed from equation (17), the amount of the service rate of the P2P platform directly depends on the 

selling price of both manufacturers ( ,L Hw w ). Thus, we substitute the expressions  ( ,L Hw w ) in equations 14 

and 15. Next, for the optimal amount of the service rate of the platform we set this value to zero: 

( )
0m

m

d s

ds


=  

After solving the above equation, the service rate of theP2P platform is obtained as follows: 
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The following expressions are represented to simplify the optimal service rate of the P2P platform (
ms ): 
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−

= + − + + + + + + + +   

2
[log( )( (2 ( ))] 2 [ ( (1 ) ( )]3

t t
e e C CH H L H H L H L             
−

= − − + + − + + +   

 


