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Introduction: In reality, due to the low credit rating of small and medium-sized
enterprises (SMEs), it is difficult for them to obtain sufficient financing from a single
financier. This paper considers a dual-channel supply chain consisting of a capital-
constrained manufacturer, an e-commerce platform (ECP), a third-party logistics
company (3PL) and consumers. There are two innovations in this paper: the
manufacturer obtains sufficient production funds through hybrid financing of the
ECP and 3PL, and consumers want to know product information and compare prices.
The contributions of this paper are to investigate new applications of blockchain in
both hybrid financing and meeting consumer information search needs.

Methodology: We discuss the operation and pricing decisions of supply chain in two
scenarios. These two scenarios are without adopting blockchain (N) and with adopting
blockchain (B). Then, we compare the equilibrium decisions in two scenarios.

Results: The results show that the supply chain will adopt blockchain when certain
conditions are met. The initial adoption of blockchain is bad for the ECP and 3PL.
Further, we find that with the increase of financing ratio, the optimal financing interest
rate of the ECP decreases, while the optimal financing interest rate of the 3PL increases.

Discussion: The numerical analysis shows that the adoption of blockchain can be
more profitable when the cost of information search is high.

Management insights: In order to achieve supply chain coordination, the
manufacturer should give subsidies the ECP and 3PL.

KEYWORDS

capital constraint, hybrid financing, blockchain, supply chain pricing, information search
costs of consumers

1 Introduction

The rapid development of Internet technology and logistics industry has enriched the
channels of commodity sales. For example, well-known brands Apple and Lenovo not only
sell their products through their official websites, but also sell their products on e-commerce
platforms such as JD.com and Tmall.com." The innovation of these famous brands in sales

1 https://apple.tmall.com/, https://www.apple.com.cn/, https://www.lenovo.com.cn/?pmf_source=
PO000003194M0007, https://malljd.com/index-1000000157.html
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mode has caused many enterprises to follow suit. However, due to
the low credit rating, it is difficult for small and medium-sized
enterprises (SMEs) to obtain financing from external banks or
institutions (Zhao et al., 2018; Deng et al., 2019; Zhou and Li, 2020).

With the rapid development of e-commerce platforms (ECPs)
and third-party logistics companies (3PLs), the traditional contract
financing has been transformed into the loan financing of supply
chain cooperative members (Huang et al., 2018; Yan et al., 2020),
which relieves the pressure of enterprise financing. For examples, JD.
com in 2013 for the first time offered financing services to capital-
constrained suppliers who wholesale products to its platform (Yang
et al., 2019; Sun et al., 2022). Taobao, Tmall and Amazon have also
launched loan programs to help sellers (Dong et al, 2018). In
addition, some 3PLs also include financial services, such as Exel,
TNT Logistics, Schneider and NYK Logistics (Chen and Cai, 2011).
Moreover, different from the traditional intra-supply chain
financing, the ECP and 3 PL not only provide financing services,
but also use advanced information technology to save a large
(e.g.
information, customer feedback) (Dong et al, 2018; Yan et al,

amount of information purchase records, logistics

2020), which attracts a large number of enterprises and consumers
(Zhang et al., 2018; Gong et al., 2019). However, the ECP and 3 PL
not only bear the risk of default of SMEs, but also fail to address

consumers’ demands for transparency and authenticity of

information.
For listed companies, they are required to publish
Environmental, Social and Governance (ESG) information

disclosure system (Ren et al., 2023), but SMEs are not required.
The emergence of blockchain technology can not only eliminate
consumers’ concerns about product information (Choi et al., 2020b;
Fan et al., 2020; Song et al., 2022), but also reduce the default risk of
SMEs (Dolgui et al., 2019; Liu et al, 2021). The reason is that
blockchain technology has the characteristics of immutable,
irreversible, traceable and credible (Pournader et al., 2019). For
example, the adoption of blockchain in supply chain can increase the
transparency of information on the chain and reduce the risk of
default by internal members (Chod et al.,, 2020; Zheng et al., 2022;
Zhou et al., 2022).

Although both ECP and 3PL can provide financial services for
enterprises, some enterprises can meet the demand of production
only with the funds obtained from ECP or 3PL (Cai et al,, 2014;
Chen et al., 2018; Zhen et al., 2020). However, in real life, the funds
obtained by an enterprise from a financing party are limited, and
multi-party mixed financing is needed to meet the funding gap. For
example, Airwallex, a financial technology company, solved its
funding problems through a combination of external financing
institutions and Alibaba financing.> In addition, blockchain is
widely used in external bank or institutional financing (Dong
et al, 2021; Liu et al, 2021; Huo and Xue, 2023), but the
application of blockchain to internal supply chain members
financing is relatively rare. The above phenomenon triggers the
research motivation.

Based on the above research motivation, this paper explores
the optimal decisions of a capital-constrained supply chain

2 https://www.airwallex.com/cn/newsroom
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without adopting and with adopting blockchain. In this paper,
the capital-constrained manufacturer is funded by a mix of the
ECP and the 3PL, and the manufacturer sells its products through
direct sales channel and distribution channel on the ECP.
Specifically, this paper focuses on the following questions:

1. How does blockchain affect equilibrium decisions of supply chain
members?

2. In two scenarios without and with blockchain technology, what
are the impact of the information search cost, the financing
interest rate of the ECP and the 3PL, the logistics cost on the
equilibrium decisions?

3. What are the optimal interest rates for the ECP and the 3PL?

4. When will the supply chain adopt blockchain? After the adoption
of blockchain, how will the profits of the whole supply chain and
its members change?

To address these questions, this study considers a dual-
channel supply chain with capital constraints and constructs
some related game models. Firstly, this study constructs profit
functions to discuss the optimal sales price, wholesale price and
demand under two scenarios. The two scenarios are without
adopting blockchain (N) and with adopting blockchain (B).
Then, we analyze that the effects of information search cost, the
financing interest rate of the ECP and the 3PL, and the logistics
cost on the equilibrium decision under two scenarios.
Secondly, we calculate the respective optimal interest rate
based on the profit maximization of supply chain financing
members with and without blockchain, and analyze the factors
that may affect the optimal decisions. Finally, the research
discusses the conditions of blockchain adoption, and further
analyzes the impact of blockchain adoption on profits.

The contributions of this paper are as follows. First, most of the
previous studies considered either a single financier or a mixture of an
external bank and an internal supplier. However, this study treats the
EPC and the 3PL as internal members of the supply chain, and
considers that both the EPC and the 3PL provide funds for the
capital-constrained manufacturer, which provides a new way of
financing. Second, compared with previous studies on blockchain, it
is no longer limited to information traceability, transaction risk and
authenticity. This paper considers that new applications of blockchain
technology in reducing the information search costs and logistics costs.
Third, through the analysis, we find that with the increase of financing
ratio, the optimal financing interest rate of the ECP decreases, while the
optimal financing interest rate of the 3PL increases. In addition, the
supply chain will adopt blockchain when certain conditions are met.
And the initial adoption of blockchain is unfavorable to the ECP
and 3PL.

The remainder of the contribution is structured as follows.
Section 2 reviews the relevant literature. In Section 3, the
problem description and the game models under without and
with blockchain are proposed. In Section 4, the equilibrium
decisions of members in scenarios N and scenarios B are
analyzed by using the Stackelberg Game method. In Section 5,
the equilibrium decisions of scenarios N and scenarios B are
discussed. In Section 6, the numerical analyze of equilibrium
solutions in two scenarios

are performed. In Section 7,

conclusions and future research directions are presented.
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2 Literature review

The relevant literature mainly involved in this paper includes
two parts, namely, the operation of the capital-constrained supply
chain and the application of blockchain in supply chain.

2.1 The operation of the capital-constrained
supply chain

In supply chain finance, several scholars have conducted
extensive research on the financing modes of external bank
financing and internal trade credit financing. For examples,
Kouvelis and Zhao (2011) explored the newsvendor problem in a
supply chain with capital constraints and obtained the optimal
price-only contract under bank financing in the presence of
bankruptcy costs. Yan and Sun (2013) discussed that the
commercial bank, as the leader, sets the appropriate loan amount
according to the credit and collateral of the retailer. Feng et al. (2014)
found that when a capital-constrained buyer obtains funds from a
bank, the buyer’s profit and optimal purchase decision increase with
bank financing. Huang et al. (2019) examined that a capital-
constrained retailer obtains a short-term financing from a bank
by supplier credit guarantee loan. In terms of internal trade credit
financing, Xiao et al. (2016) discussed whether three kinds of trade
credit contracts, namely revenue-sharing, buyback, and all-unit
quantity discount, can realize the coordination of the capital-
constrained supply chain. Gupta and Chen (2019) researched
that small businesses with capital constraints can sell products to
retailers through a consignment contract, and analyzed the
condition that the retailer’s willingness to lend and the supplier’s
willingness to accept. Yang et al. (2019) used a game model to
consider the interactions among a retailer, an incumbent
manufacturer and a  capital-constrained new  entrant
Zhang et al. (2021) formulated the Stackelberg
game models under centralized decision and decentralized

manufacturer.

decision to probe the pricing decision of a retailer-dominant
dual-channel  supply
constraints. In addition, there are some studies on the hybrid

chain with manufacturer’s capital
financing of external bank financing and internal trade credit
financing. For instances, Li et al. (2019) considered the optimal
financing decisions for a capital-constrained manufacturer in a dual-
channel supply chain. The manufacturer can choose three financing
modes, namely, trade credit, bank loan, and hybrid financing of
bank loan and equity. Jin and Zhang (2020) analyzed the conditions
that the retailer adopts a hybrid financing mode of bank credit and
trade credit and discussed how loss aversion and power imbalance
impact the decisions of the supplier and retailer.

In addition to the traditional financing modes mentioned above,
financing provided by ECPs and 3PLs is a new financing mode. For
example, Chen and Zhang (2019) studied that a capital-constrained
retailer can seek financing help from its upstream member or ECP to
solve its inventory problem. Yan et al. (2020) researched the
decisions of a dual-channel supply chain with capital constraints,
where the capital-constrained supplier can obtain financing from the
ECP. Furthermore, Yang et al. (2022) analyzed the optimal decisions
of supply chain members under the hybrid financing scheme of bank
credit and ECP. As for 3PLs financing, Chen and Cai (2011) proved
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that the 3PL financing can bring higher profits to the whole supply
chain and its members. Huang et al. (2018) derived supply chain
coordination conditions when the 3PL provide financing services for
the capital-constrained retailer. Sun et al. (2022) explored operation
and financing decisions in a dual-channel supply chain under ECP
financing mode and 3PL financing mode. Although the above
studies have discussed the finance modes of a single/dual channel
supply chain with capital constraints, there are few studies on the
hybrid financing mode of ECP and 3PL.

2.2 The application of blockchain in supply
chain

In recent years, blockchain technology plays an important role
in the operation of supply chain. Several scholars have studied the
application of blockchain in supply chain according to its
characteristics. 1) Traceability. For examples, Tian (2016) and
Tian (2017) compared the traceability of blockchain, Internet of
thing and RFID. Fan et al. (2020) considered whether the supply
chain adopts blockchain technology is linked to the traceability
awareness of consumers. Hastig and Sodhi (2020) found the need
of blockchain
Information disclosure and transparency. For examples, Choi

and importance technology traceability. 2)
et al. (2020b) explored the impacts of product information
disclosure on the consumer surplus and seller benefits. Xu and
He (2021) analyzed the effects of information disclosure strategies
on the decisions of retail platform and consumers. Wu and Yu
(2022) studied the impact of blockchain on platform supply chain
from two aspects: information transparency and transaction cost.
Zhou et al. (2022) explored that blockchain technology can improve
the reliability of information disclosure. Iranmanesh et al. (2022)
indicated the intention of SMEs to adopt blockchain is influenced by
the contributions of blockchain to supply chain agility and
transparency. 3) Sustainability. For examples, Xu et al. (2021)
revealed that blockchain technology can not only improve the
greenness of products, but also promote the coordination of
supply chain to bring more profits to manufacturers and
(2021) proposed that blockchain
technology can trace carbon emissions during production and

platforms. Xu and Choi

realize coordination between manufacturers and online platforms.
Tao et al. (2022) concluded that the involvement of blockchain
technology in production affects product price and quality.
Furthermore, the criteria and challenges of blockchain adoption
are also studied. For examples, Dehshiri et al. (2022) and Almutairi
et al. (2022) evaluated the application criteria and challenges of
blockchain technology in the supply chains. Tiwari et al. (2023)
identified challenges associated with 3PL and proposed a framework
and decision roadmap for implementing BCT in 3PL.

The combination of blockchain and supply chain finance is a hot
topic in current research. Choi (2020) proved that compared with
traditional supply chain financing, blockchain technology financing
can not only reduce operational risks, but also obtain more expected
profits. Yu et al. (2020) compared the traditional supply chain
financing model of platform undertakes guarantee and the new
supply chain financing strategy of customer undertakes guarantee
based on blockchain technology. The result indicated that the latter
can bring a Pareto improvement. Dong et al. (2022) adopted

frontiersin.org
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advance payment (AP) as a financing instrument in a deep-tier
supply chain to reduce the supply disruption risk in a traditional
system and a blockchain-enabled system. Liu et al. (2021) analyzed
the optimal decisions of supply chain members under blockchain
platform finance (BPF) and small and medium-sized enterprises
independent finance (SIF) compared the two financing models. Choi
(2020) researched the product development project financing
problem under the initial coin offering case and traditional bank
case. Dong et al. (2021) discussed the impact of financial products
(i.e., asset-backed securitization) and blockchain on the capital-
constrained supply chain decisions. Wang et al. (2023) focused on
the financing and operation strategies of the accounts receivable
chain for capital-constrained downstream buyers driven by
blockchain technology. Most of the above literature discusses the
application of blockchain to external bank or institutional financing.
However, the application of blockchain to supply chain internal
financing literature is relatively rare.

Obviously, there is a lot of literature on supply chain financing
modes. At present, the financing modes that they have studied are
mainly bank credit, trade credit, mixed bank credit and ECP
financing and a mixture of equity and bank credit. However, the
literature on the hybrid financing mode of the ECP and 3PL is
relatively rare. Although Sun et al. (2022) compared the operation
and optimal decisions under the ECP financing mode and the 3PL
financing mode, they did not discuss the hybrid financing mode of
the ECP and 3PL. In addition, the previous literature mainly uses
blockchain to ensure the authenticity and traceability of information
and reduce the risk of transaction default. However, the literature
considering the impact of blockchain on the information search
costs of consumers and the logistics costs of the 3PL is relatively rare.
Though Tao et al. (2022) studied that blockchain technology can
reduce consumers’ information search costs, they did not study its
impact on logistics costs. Different from the above researches, this
paper studies how the ECP and 3PL hybrid financing mode and
blockchain technology affect the optimal decisions of supply chain
members.

3 Model description, notations and
assumptions

3.1 Problem description

This study considers the supply chain composed of a capital-
constrained manufacturer, an ECP, a 3PL company, and consumers
who want to know product information and compare prices. The
manufacture can sell products through the direct channel and the
distribution channel. The direct channel is that products produced
by the manufacturer are delivered directly to consumers by the 3PL,
while the distribution channel is that products produced by the
manufacturer are first wholesaled to the ECP, and then the ECP
according to the order demand transports products via the 3PL.
Due to a lack of capital, the manufacturer needs financing to
maintain operations. This paper considers that the funds
needed by the manufacturer are provided by the ECP and
the 3PL
financing parties have different interest rates. Lastly, based

in a certain proportion. Moreover, the two

on the cost of searching for product information for
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consumers, we compare the change of the optimal decisions
with or without blockchain.

In this paper, the subscript i denotes the sales channel. i = 1
represents the distribution channel, and i = 2 represents the direct
channel. The superscript j indicates the scenario. j = N represents
that the supply chain does not adopt the blockchain technology, and
j =B represents that the supply chain adopts the blockchain
technology. The supply chain does not adopt blockchain in
Figure 1, but the supply chain adopts blockchain in Figure 2.
Table 1 shows the notations and descriptions of this paper.

3.2 Assumptions and notations

To analyze and simplify the proposed models, the assumptions

and notations made by this paper are as follow.

(1) Based on the previous research (Ghosh and Shah, 2012; Li
etal., 2015; Chen et al., 2019; Sun et al., 2022), in scenario N,
the demand functions in the ECP distribution channel and
the direct sales channel are as follows:

DY =a-p) +ppy s (1)
DY =a-p) +ppy —s )

where s is the cost of information search for consumers, such as the
costs of collecting data (Tao et al,, 2022).

In scenario B, the demand functions in the ECP distribution
channel and the direct sales channel are as follows:

DY =a-p;+pp; 3)
D} =a-p}+pp} (4)

In all of these functions, a denotes the potential demand for the
product in the market, B (0<f<1) denotes the cross-price
coefficient between two channels. Note that the order quantity is
equal to demand.

(2) According to Jing and Seidmann (2013) and Sun et al. (2022),
the initial capital of the manufacturer in this paper is 7 (1 = 0).
The wholesale price per unit of product in scenario N is w?,
while the wholesale price per unit of product in scenario B is w®.

(3) Astheassumption of Tao et al. (2022), we assume that blockchain
technology can reduce production costs, i.e., cB< N,

(4) Like the existing literature (Cai et al., 2014; Liu et al., 2021), we
also have i > rB, IV > ¢,

(5) Referring to the study of Huang et al. (2018) and Sun et al.
(2022), this study assumes that the logistics costs per unit
product of the two channels are the same. Therefore, in
scenario N (or scenario B), the logistics costs of the two
channels are tN (or tB). Without loss of generality, we
assume that tV > ¢B,

(6) According to the literature of Fan et al. (2020), the cost of a
blockchain system is shared by supply chain members. In this
paper, the manufacturer and the 3PL sell products through two
channels, while the ECP sells through a single channel, so we
assume that Fy; = F; = 2Fp.

(7) In this paper, we assume that supply chain members are risk
neutral and the information among them is symmetrical (Sun
et al., 2022).

frontiersin.org
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Loans 1—7
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FIGURE 1
The supply chain without blockchain.
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FIGURE 2
The supply chain with blockchain.

4 Materials and methods

In this section, we first establish the profit functions of the
manufacturer and the ECP in scenario N and scenario B,
respectively. We use the Stackelberg Game method to solve the
functions and analyze the results.

4.1 Scenario N

In scenario N, the decision sequence of the supply chain
members is as follows. In terms of interest rates, the ECP first
determines the interest rate, and then the 3PL determines the
interest rate. In terms of prices, the ECP determines its sales
price of the distribution channel, and then the manufacturer
decides the wholesale price and the sales price of the direct
channel. The profit functions of the manufacturer and the ECP
can be expressed, namely,

Frontiers in Energy Research

= (WY = cM)DY + (p — " = ¥)DY

=y (DY + DY) (1+1) = (1= y)c™ (DY + DY) (1 +77)

(5)
mp = (p) —t" —w")DY +yric” (DY + DY) ©)
Y =t"DY + DY + (1 - y)rYcN (DY + DY) (7)

Based on the principle of profit maximization and the inverse
solution method, we can obtain the following lemma and corollary.

Lemma 1. In scenario N, (i) the optimal wholesale price,
distribution price of the ECP and sales price of the manufacturer
are as follows:

v 1[(1+p)(a-s)
v ‘Z{W

+2p(2- ,B)rg}} (8)

(P MG -P2+ (-]
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Dy (L4 B + N2+ (1- )]}

+2BycNr } )

1 —
péw=z{la_;+tN+cN[2+(1—y)r€’+yrg]} (10)

(ii) The optimal demand of the distribution sales channel and
the direct sales channel are as follows:

DY = a- s+ (B- D+ 2+ (- )

HEr B9+ (B + -2 + N2+ (1- )]}
+2y(B - 1)cVrd} (12)

(11)

Nt _
D; =

Corollary 1. The optimal wholesale price, distribution price, direct
sales price, distribution demand and direct sales demand have the
following properties:

apY _dpY _dw_ apht dpY o dw™ dwd dpY

i <0, > —_— >
@ B <7os <o Ay eV N oy oy
N* N* N*
S apY w >aPz >aP1 >0
ory oY~ orY " orl
()aDN’ opy" _ 9Dy’ oDy 9Dy Y DY
. ds 0 N SN ST oy oy <oy

The following findings can be concluded from Corollary 1. First,
all prices are negatively correlated with the cost of information
search for consumers. This means that both the sales prices of two
channels and the wholesale price will decrease as the information
search costs increase. In addition, information search costs have a
greater impact on the sales price of distribution channel than that of
direct sales channel.

Second, the sales price of the two channels increases with the
increase of logistics costs, while the wholesale price decreases as
logistics costs increase. Simultaneously, the logistics cost has a
greater impact on sales price than demand in two channels. This
means that when logistics costs increase, the manufacturer and the
ECP will raise their sales price to gain more profits.

Third, all prices are positively correlated with the interest rate of
financing for both the ECP and the 3PL. As a result, the manufacturer
and the ECP will raise prices regardless of who raises the interest rate.
Moreover, the interest rates of the ECP and 3PL have a greater impact
on wholesale price and direct sales price because their increase directly
affects the manufacturer’s decisions.

Lastly, consumer information search costs, logistics costs and
the interest rate of the 3PL have a negative impact on the demand of
two channels. Besides, the increase of interest rate of the ECP will
reduce the demand of the direct channel, but it will not affect the
demand of the distribution channel.

According to the results of Lemma 1, the optimal profit of each
supply chain member is as follows:

N 5+3B {

™ " 16(1-p)

+(B-1) [N +rY)+tV]

1-5
+5+3ﬁ

ye [(5+3p)ry -
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2(1_ﬁ)2(1+ﬂ) N_N\2
G

m = glamst (B[ @)+ ] -y [(B- 1)

(13)

—2(1+ )1 - (14 B)y? (Nrp)’ (14)
m = : [V + 1=y HEB+Bla-s+ (B-1)[N2+r) +tV]}
—y(B-1)N[B+P)r) —2(1+p)ry ]} (15)

According to Eqs 13-15, we can obtain the optimal profit of the
whole supply chain:

7+

m e ggta= s (=D @)+ (1Y
LR @R
X[ @)+ (- 0N+ -

L (-G Bla- s+ (B-1)
21+p)yy 19

Corollary 2. The profit functions of each supply chain member
and the whole supply chaln have the followmg characteristics,
only
respectlvely I 0, T <0, T <0, <0.
Corollary 2 mamfests that the increase in consumer information

search costs has an adverse effect on the profits of each member of
the supply chain and the whole supply chain. The reason is that the
increasing of information search costs leads to a decrease in prices
and demand, which makes profits reduction.

Next, we analyze the interest rates of the ECP and 3PL. Through
the optimal solutions of Lemma 1, the following profit functions can
be derived:

w = (o) " W)Y e ()

oy = tNDNV + VDY + (1 - y)rN N (DY

+D;)
+ D)

(17)
(18)

By solving Eqs 17, 18, we are able to obtain the following proposition.

Proposition 1. If the optimal interest rates exist
(ie., 0<rd,rNV <1), then the optimal interest rates of the ECP

and the 3PL are as follows:

Ne _a—-s+2cN(B-1)

STy (-p) (19)
N _a-s+2(B-1)(cV +tY)
LT (1) (1-p) 20

Considering that 0<ry",rN"

s+2(1-p)(cN +tN)<a<s
+2cN(1— B) (1 +2y)
21-B) (N +tN)<a<s+2(1 =P (N2 -y) +tV).

<1, thus if O<y<CNf£N, we

have if <t “ <y<1, we have s+

Corollary 3. The optimal interest rates of the ECP and 3PL have the
following characteristics, respectively:

ooy ol
(l) 3s <0, K <0
oork” oV
(ii) ac};" <0, ac—LN <0
N
(i) S5
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TABLE 1 Notations and descriptions.

Notations  Descriptions

w/ Wholesale price per unit product

p{ Sales price per unit product

h Financing interest rate of the ECP

,i Financing interest rate of the 3PL

a The potential demand for the product in the market

B The cross-price coefficient between two channels

s Information search costs for consumers

ol Production cost per unit product of the manufacturer

y The financing ratio of the ECP, 0<y<1

tl Unit logistics cost of distribution channel and the unit logistics

cost of direct channel

D{ The product demand

F The total cost of the blockchain system, Fy; + Fp + F;, = F
Fu The manufacturer shares the cost of using the blockchain
Fp The ECP shares the cost of using the blockchain

Fr, The 3PL shares the cost of using the blockchain

ﬂf;,, The manufacturer’s profit

7 The ECP’s profit

m The 3PL’s profit

The profit of the whole supply chain

N .
(iv) Orp <0, Ory >0
oy oy

Corollary 3 (i) indicates that the optimal financing interest rates
of the ECP and the 3PL declines with the increase of information
search cost. This is because the information search cost will
directly affect the demand of consumers, and thus indirectly
affect the production of the manufacturer. In other words, the
increase in information search costs reduces the order volume
and the financing needs of the manufacturer, so the ECP and the
3PL will lower the financing interest rates to attract the
manufacturer. Similarly, (ii) when production costs increase,
the optimal financing interest rates of the ECP and the 3PL
will decrease. The reason is that the production costs affect the
amount of financing, and then lead to the change of financing
interest rates. As a result, the ECP and 3PL should lower interest
rates to attract the manufacturer when production costs increase.
Furthermore, (iii) the logistics costs are negatively relevant to the
interest rate of the 3PL, while they do not change the interest rate
of the ECP. This means that the 3PL can raise the financing
interest rates by discounting the logistics cost per unit of product.
Therefore, when the logistics costs increase, the 3PL should lower
the interest rate to attract the manufacturer and the ECP can raise
the interest rate appropriately to increase its own profits.
Eventually, (iv) the financing interest rate of the ECP
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FIGURE 3
The manufacturer’s wholesale in two scenarios.

decreases as the ratio of financing increases. In contrast, the
financing interest rate of the 3PL increases as the ratio of
financing increases. Under the circumstances, the ECP and the
3PL will adjust the interest rates based on the amount borrowed
by the manufacturer.

4.2 Scenario B

In scenario B, the decision order of supply chain members is
similar to scenario N. The profit functions of the manufacturer and
the ECP can be expressed, namely,

= ("~ DI + (pl—~cM)DE —ye? (DI + DE) (1-+72)
—(1-y)c®(DP+D2) (1+18)-Fy (21)
b= (p? - t® - wP)DP? + yrBc® (DP + DE) - Fp (22)
nl =t*D¥ + D8 + (1 - y)rBc? (D + DE) - F, (23)
Based on the principle of profit maximization and the inverse

solution method, we can obtain the following lemma and
corollary.

Lemma 2. In scenario B, (i) the optimal wholesale price,

distribution price of the ECP and sales price of the manufacturer
are as follows:

o =GB ap sl a-p -t 2t}

i 1-p
24

o= {CB e ol (-t et
(25)

pf»:%{ﬁ_*_tB_FCB[Z_,_(1_y)r€+yr§]} (26)

(ii) The optimal demand of the distribution sales channel and
the direct sales channel are as follows:
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1
pf=Har ol -l @)
DY = {4 fa+ (B+F -2+ [2+ (1= et} + 29(8 - 1))
(28)
Corollary 4. The optimal wholesale price, distribution price, direct

sales price, distribution demand and direct sales demand have the
following properties:

L 9py_dpr ow®” quw™ dpy dpf’
0> ——\— 0
O B> 2 0> 3 38 " o8 ork
ow® 9pF op¥
d 2 L>0
an ol " ok ork g
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(ii) <0 and <0

Corollary 4 shows that the logistics costs positively affect the
sales price of the two channels and negatively influence the
When the the
manufacturer will raise the sales price of the direct sales channel,

wholesale price. logistics  costs  increase,
which leads to the decrease of the order quantity of the direct
channel. In order to maximize profits, the manufacturer need to
reduce the wholesale price to increase the order quantity of the
distribution channel. Meanwhile, the ECP will raise the distribution
price to maintain profits when the logistics costs increase. Moreover,
the interest rate of financing for both the ECP and the 3PL have a
positive effect on all prices, which means that the manufacturer and
the ECP will raise prices regardless of who raises the interest rate.
And when the interest rate of the ECP increases, it has the greatest
impact on the wholesale price, followed by the sales price of the
direct sales channel, and it has the least impact on the sales price of
the distribution channel. In addition, logistics costs and the interest
rate of the 3PL are negatively correlated with the demand of two
channels. Lastly, the increase of interest rate of the ECP can decrease
the demand of the direct channel, but it cannot affect the demand of
the distribution channel.

According to the results of Lemma 2, the optimal profit of each

supply chain member is as follows:

B 5+3p B B B 1-B & B
Ty = 16(175){a+(/§—1)[c (2+7r))+t ]+5+3ﬁyc [(5+3B)r;
~sqe g} PGP @y -

(29)

w =l (B[ @)+ 18] -y (B 1) - 2(1+ )Y

~(L+ B (Ery) ~ Fr (30)
A= L[ (- G Pl (B DI @7 + 7))
“y(B= 1) [+t =2(1+ i)} - o Gy

According to Eqs 29-31, we can obtain the optimal profit of the
whole supply chain:

e = oLl (DI @ )+ Py (1B

LU=BIP R+ [P+ (1))
x{G+B)la+ (B-1)[ @) +e)}
~y(B- DG+ Byt - 21+ pyril} - F

(32)

Next, we analyze the interest rates of the ECP and 3PL. Through

the optimal solutions of Lemma 2, the following profit functions can
be derived:

= (p —t* —w”)D +yryc® (DY + D) — Fr

nt =t* DY +*DF + (1 - y)rEP (DY + DY) - F,

(33)
(34)

By solving Eqs 33, 34, we are able to obtain the following
proposition.

08
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Proposition 2. If the optimal interest rates exist (i.e., 0 < rf;, rf <1),
then the optimal interest rates of the ECP and the 3PL are as follows:

g a+28(f-1)

T acy(1-p) 9
_ B, 4B

rf,:u+i(ﬁ 1)(c® +15) 36)
2¢5(1-y)(1-p)

Considering that 0 <r§ ,rL’ <1, thus if 0<y< E};;}EE, we have

2(1-B) (P +1tB)<a<2cB(1-B)(1+2y) if SH <y<1, we have
2(1=-B) (B +tB)y<a<2(1-P) B2 -y) +tB].

Corollary 5. The optimal interest rates of the ECP and 3PL have the
following characteristics, respectively:
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iy 20,9 50
dy  y

Corollary 5 (i) demonstrates that the production cost per unit is
negatively correlated with the financing interest rates. The reason is
that the increase of production cost leads to the increase of financing
amount, and the ECP and 3PL will get more profits by reducing the
interest rate. Thus, when the cost of production increases, ECP and
3PL need to adjust their own interest rates downward. Likewise, (ii)
the interest rate of the ECP is not affected by the change of logistics
costs, while the interest rate of the 3PL decreases with the increase of
logistics costs. It means that the ECP can increase the interest rate
within a reasonable range to gain more profit. Therefore, when
logistics costs increase, the 3PL need to adjust its own interest rate
downward but the ECP can adjust its own interest rate upward
appropriately. Additionally, (iii) the increase of the financing ratio
will reduce the interest rate of the ECP and increase the interest rate
of 3PL. Hence financiers will make more profits through the
adjustment of interest rates.

5 Discussion

This section discusses the equilibrium decisions in two scenarios
from three aspects: price, demand and profit. The specific analysis is
as follows:

5.1 Price and demand comparison

Corollary 6. In two scenarios, the optimal wholesale price,
distribution price, direct sales price, demand of distribution channel
and demand of direct sales channel have the following relationship:

(i) @ If $>0, then w? >wV';

@ If$§<0 and ﬁ%§£s£smu, then w®" >w"", where
s=(1 +/3)(tN—tB)+ (3—/3)[2(CB—CN)+ (1 —y)(cBrf—chIL\’)]
+2y(2 —ﬁ)(cBrﬁ - ch}I;’)
2y(1+p)

Smoc =@+ (B= DY+ M (B D2+ (1= + =

N
p ]

(i) If %.@1 <S<S may then pB > pV', where
= (LB =042 =) + (1) (e - )
+2[3y(cBrﬁ —chg)
2y(1
Smac=a+ (B-DtV +N(B-1)|2+ (1-yp)r} + —yz( +J;3ﬁ)’§

(iii) If (B —1)$2 <5< max> then pg > pé\", where
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S ==tV 4 2(c" =)+ (1= ) (r] = ) (e - )
2y(1

Smax =a+ (B- 1) + ¥ (B-1) 2+(1—y)r§'+—yz(+:3ﬁ‘)r§

(iv) D¥ > DY,

(v) D¥ > DY

Corollary 6 (i) states that the wholesale price of the
manufacturer in scenario B is higher than that in scenario N
when the consumer’s information search costs are within a certain
range. This is because the market demand decreases as the
information search costs increases in scenario N, which leads to
a decrease in the manufacturer’s wholesale price. Similarly, (ii) and
(iii) show that the sales price of the two channels in scenario B is

Frontiers in Energy Research

10

10.3389/fenrg.2023.1226813

higher than that in scenario N when the information search costs
are within a certain range. The reason is that the change of
information search costs will affect the demand, and thus affect
the sale prices of the manufacturer and the ECP. Specifically, the
increase of information search cost will lead to the decrease of
demand, and supply chain members need to reduce the sales price
in order to obtain more profits. (iv) and (v) indicate that the
demand of two channels in scenario B is higher than that in
scenario N. The reason is that the increase in information search
costs will directly lead to a decrease in demand.

5.2 Profits comparison

Corollary 7. In two scenarios, the optimal profit of whole supply
chain, the manufacturer, the ECP and the 3PL have the following
relationship:

(1) If max {0, $3} <s<min {84, S may} , then rr?é > ﬂé\g , where

§3:M3+Z3+72(1_ﬁ)(3+ﬁ)X3
7+

(3+B)(ZsXs + X\M,) —4F + Z, - Z,

(1-p)

VAR Cad ) \
7+ﬁ [X3(3+ﬂ)]

7+

=X X5 + X3 X, +

§4:M3+Z3+72(1_ﬁ)(3+ﬁ)X3

7+
_ 3+B)(Z: X5+ X \M)-4F+Z, - Z
+ (M1+Zl)2+47(1 ) BB X 1(11/3) ) 22
7+B X0 Xo + X3 X, + 756 [X:(3+P)]
Smx=a+ (B- DV + N (B 1) 2+ (1-y)rY + 22U | and

M, =a+ (B-1)[E(2+7rF)+1tF],
My=a+ (B-1)[NQ2+rN)+tV], X, =12+ (1-y)PrP

X =y (B=1)[(3+B)rf —2(1+B)rp),
Xy ="+ (1=y)er), Xa =y (B-1) [+ B)ry —2(1+ B)ry]

Zi=y(L- Pt Zo=y (1) (1)
Z,=y(U=P)rs Zi=y (1= ('ry)

B*

(ii) If max {0, S5} <s < min {Se, S max}, then 7y > 7111:’,; , where

§5:M3 +M4_\j(M1+M2)2+165(i7;ﬁm(MS_FM)’
§6 =M;+ M, + J(M1+M2)2+M(M5_FM)

5+33

2y(1+ﬁ)rN
2+ P

smaxza+(ﬂ—l)tN+cN(ﬁ—1)[2+(1—y)rf+ and
My =a+ (B-1)[c*(2+r))+1%)

L (5441 )]

) =

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1226813

Huang et al.

240 T T T T
180 1
2
AL 120+
R
4 60
g,
R
0
—60 + ”£*<”}/)v* 4
_120 1 1 Il 1
0 5.9 11.8 L7 23.6 29.5
S
FIGURE 10
Comparison of the ECP’s profits in two scenarios.
150 T T T T
5 0
K n )"
* 1
Q
~_ .
kS 150
—-300 1
_450 1 1 1 1
0 59 11.8 LT 23.6 29.5
S
FIGURE 11
Comparison of the 3 PL's profits in two scenarios.
Ms=a+ (B-1)[cNQ2+rY)+tV],
1-5
M= g e [+ ) 40+ )
2
_ 2(1_5) (1+ﬂ) B_.B\2 N_.N\2
Ms—)’w[(c rp) = (c"rp) ]

(iii) If max {0,$;} < s < min {S, S may}, then 75 > 7", where
S;=M;—-N, - \/Ml =N, +8(N;3 - Fp),
Sg=M;—N,++/M, - N, +8(N; - Fp)

Smax=a+ B-DN+N(B-1|2+ (1-prd + zyz(iy;)rg and

My =a+ (B-1[E2+rF)+1t%],
Msy=a+ (B-1)[c"2+rY)+V],
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2(1+B)ry]

Ny =y ((B

-y -2(1 +,3)f§)

Ny =y (1+B)[ () -

(cBrB

i

iv) If max {0, §o} < 5 < S max, then 78" > 7", where
L L

N Xl[(3+ﬁ)M1—X2]—4FL+X3X4
So = M; - >
B+p)X;
Smax =a+ (B— 1Y +cN(ﬁ—1)[2+(1—y) +2y2( ﬁﬁ)rlg and

My=a+(B-1[EQ2+r8)+?], X, =2+ (1 - y)cPrd,
Xo =y (B-1)[(3+B)ry —2(1+ p)ry]
M3—a+(ﬁ—1)c 2+rlN)+tN X3—tN+(1
Xy =y (B=1)[(3+B)ry —2(1+B)ry]

Corollary 7 presents that when certain conditions are met, the

y)cNry,

profit in scenario B is higher than that in scenario N. (i) shows that
when the consumers’ information search costs meet certain
condition, the profit of the whole supply chain in scenario B is
higher than that in scenario N. This certain condition is related to
the potential demand for the product in the market, the cross-price
coefficient between two channels, production cost per unit,
logistics cost per unit, the financing ratio of the ECP and
interest rates. In other words, the supply chain will adopt
(ii) shows that
information search costs meet certain

blockchain technology under this condition.
when the consumers’
condition, the manufacture’s profit in scenario B is higher than
that in scenario N. (iii) shows that when the consumers’
information search costs meet certain condition, the ECP’s
profit in scenario B is higher than that in scenario N. (iv)
shows that when the consumers’ information search costs meet
certain condition, the 3PL’s profit in scenario B is higher than that
in scenario N. These conditions are closely related to information
search costs of consumers, production costs of the manufacturer,
the intensity of competition between the two channels, the cost of
blockchain adoption, transportation costs, interest rates and the
potential market demand.

6 Numerical analysis

In this section, we perform a numerical analysis of the
equilibrium solutions in two scenarios. Parameters are set
referring to Sun et al. (2022) and Yang et al. (2022), a = 100,
N =35 =03, tN =15, y=03, r} =0.7, v}l = 0.3. According
to the assumptions of Section 3, the parameters need to satisfy the
condition that ¢V >cB, Y >rP, rN >rL, tN > 8. Without loss of
=32,t8 = 12,78 = 0.6, % = 0.25, F = 1000. Next, we
will verify the results with specific data.

generahty,

Figure 3 shows that the relationship between information search
costs of consumers and the manufacturer’s wholesale prices in two
scenarios. In scenario N, the manufacturer’s wholesale price
decreases with the increase of consumers’ information search
costs, which is consistent with Corollary 1 (i). Moreover, when

consumers’ information search costs are high, the optimal wholesale
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price of the manufacturer in scenario B is higher than that in
scenario N. when consumers’ information search costs are low,
the optimal wholesale price of the manufacturer in scenario N is
higher than that in scenario B. This result is consistent with
Corollary 6 (i).

Figure 4 shows that the relationship between information search
costs of consumers and the distribution prices of the ECP in two
scenarios. In scenario N, the distribution price of the ECP decreases
with the increase of consumers’ information search costs, which is
consistent with Corollary 1 (i). Moreover, when consumers’
information search costs are high, the optimal distribution price
of the ECP in scenario B is higher than that in scenario N. when
consumers’ information search costs are low, the optimal
distribution price of the ECP in scenario N is higher than that in
scenario B. This result is consistent with Corollary 6 (ii).

Figure 5 shows that the relationship between information search
costs of consumers and the direct sales prices of the manufacturer in
two scenarios. In scenario N, the direct sales price of the
with the
information search costs, which is consistent with Corollary 1 (i).

manufacturer decreases increase of consumers’
Moreover, when consumers’ information search costs are high, the
optimal direct sales price of the manufacturer in scenario B is higher
than that in scenario N. when consumers’ information search costs
are low, the optimal direct sales price of the manufacturer in
scenario N is higher than that in scenario B. This result is
consistent with Corollary 6 (iii).

Figure 6 shows that the relationship between information search
costs of consumers and the demand for distribution channel in two
scenarios. In scenario N, the demand for distribution channel
decreases with the increase of consumers’ information search
costs, which is consistent with Corollary 1 (ii). Moreover, the
demand for distribution channel in scenario B is always higher
than in scenario N. This result is consistent with Corollary 6 (iv).

Figure 7 shows that the relationship between information search
costs of consumers and the demand for direct sales channel in two
scenarios. In scenario N, the demand for direct sales channel
decreases with the increase of consumers’ information search
costs, which is consistent with Corollary 1 (ii). Moreover, the
demand of distribution channel in scenario B is always higher
than in scenario N. This result is consistent with Corollary 6 (v).

Figure 8 shows that the relationship between information search
costs of consumers and the profits of the whole supply chain in two
scenarios. In scenario N, the profit of the whole supply chain
decreases with the increase of consumers’ information search
costs, which is consistent with Corollary 2. In addition, when
consumers’ information search costs are high, the optimal profit
of the whole supply chain in scenario B is higher than that in
scenario N. when consumers’ information search costs are low, the
optimal profit of the whole supply chain in scenario N is higher than
that in scenario B. This result is consistent with Corollary 7 (i). Finally,
from Figure 8, we can find that the supply chain can obtain more profit
by using blockchain than without using blockchain when consumers’
information search costs s € [11.03,29.5]. Therefore, when the
information search costs of consumers are relatively high, the supply
chain will choose to adopt blockchain technology.

Figure 9 shows that the relationship between information search
costs of consumers and the profits of the manufacture in two scenarios.
In scenario N, as consumers’ information search cost increase, the
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manufacturer’s profit will decrease, which is consistent with Corollary 2.
Moreover, when consumers’ information search cost is within a certain
range, the manufacturer’s profit in scenario B is higher than that in
scenario N. This result is consistent with Corollary 7 (i).

Figure 10 shows that the relationship between information
search costs of consumers and the profits of the ECP in two
scenarios. In scenario N, as consumers information search costs
increase, the ECP’s profit will decrease, which is consistent with
Corollary 2. Moreover, when consumers’ information search cost is
within a certain range, the ECP’s profit in scenario B is higher than
that in scenario N. This result is consistent with Corollary 7 (iii).

Figure 11 shows that the relationship between information
search costs of consumers and the profits of the 3PL in two
scenarios. In scenario N, as consumers information search costs
increase, the 3PL’s profit will decrease, which is consistent with
Corollary 2. Moreover, when consumers’ information search cost is
within a certain range, the 3 PL’s profit in scenario B is higher than
that in scenario N. This result is consistent with Corollary 7 (iv).

7 Conclusion

This paper explores pricing and financing of a dual-channel
supply chain with and without blockchain. We analyze equilibrium
decisions under two scenarios, and discuss the influence of
information search costs, logistics costs, financing interest rates
and other factors on the equilibrium decisions. Next, we compare
the optimal price, demand and profit with and without blockchain.

Through the analysis of the model in this paper, we are able to
obtain the following conclusion. First of all, when supply chain
members do not adopt blockchain, the optimal prices and demand
decrease as the cost of information search for consumer increases.
Moreover, the information search costs have a greater impact on
price than on demand. The increase of information search costs will
also reduce the financing interest rate of the ECP and the 3PL.
Meanwhile, their increase will cause the profit of members of the
supply chain to decline. Second, in two scenarios, the increase of
logistics cost per unit makes the sales price of two channels rise.
However, as it increases, the optimal wholesale prices and demand
will fall. In addition, the increase in logistics cost per unit will
decrease the optimal interest rate of the 3PL, but will not affect the
optimal interest rate of the ECP. Finally, unit production cost is
negatively related to the optimal interest rate of the ECP and 3PL.

Further, by comparing the optimal solutions of the two
scenarios, we can draw the following conclusions. First, when
consumer information search costs meet different specific
conditions, the optimal direct selling price, distribution price and
wholesale price in scenario B are respectively higher than in scenario
N. Second, the optimal order quantity of the two channels in scenario B
is always greater than that in scenario N. Last, when the consumer’s
information traceability cost meets certain conditions, the profit of
scenario B will be greater than Scenario N. In other words, the supply
chain will adopt blockchain technology at this time.

There are some management insights to be gained from the
above conclusions. For the whole supply chain, when the consumer’s
information search cost meets a certain range, the adoption of
blockchain can obtain more profits. However, for each supply
chain member, their respective profits from blockchain adoption
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are different. Therefore, the supply chain members should cooperate
to achieve win-win-win. Specifically, for the manufacturer, the
benefits of adopting blockchain are significant. But for the ECP
and 3PL, the initial adoption of blockchain is a loss for them because
of the cost of blockchain. Thus, in order to realize the coordination
of the supply chain, the manufacturer need to give subsidies to the
ECP and 3PL at the initial stage of blockchain adoption.

There are also some limitations in this paper. First, we only
analyzed the logistics costs of the direct sales channel equal to the
distribution channel. Second, this paper discusses that the demand
of two channels is linear. Third, the cost of blockchain technology
shared by supply chain members in this paper is based on sales
channels. However, the limitations of this study provide valuable
suggestions for future research. Firstly, future research can explore
that the logistics cost of the direct sales channel is not equal to the
logistics cost of the distribution channel. Next, the stochastic
demand of dual channels is also an interesting direction that
deserves to be explored in future research. In addition, the unit
cost that supply chain members will pay when adopting blockchain
technology can be further discussed.
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