<@ sustainability

Article

Green R&D Financing Strategy in Platform Supply Chain with
Data-Driven Marketing

Yanfei Xia, Quan Guo, Hao Sun, Ke Li and Zongyu Mu *

check for
updates

Citation: Xia, Y.; Guo, Q.; Sun, H,; Li,
K.; Mu, Z. Green R&D Financing
Strategy in Platform Supply Chain
with Data-Driven Marketing.
Sustainability 2022, 14, 9172.
https://doi.org/10.3390/s5u14159172

Academic Editors: Xiang Li and

Yanfei Lan

Received: 2 July 2022
Accepted: 23 July 2022
Published: 26 July 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Management Science and Engineering, School of Business, Qingdao University, Qingdao 266071,
China; xiayanfei2020@163.com (Y.X.); guoquan0015@163.com (Q.G.); sunhao@qdu.edu.cn (H.S.);
1ike920418@163.com (K.L.)

* Correspondence: mzydragon@163.com; Tel.: +86-153-7689-2910

Abstract: Platform enterprises can improve green R&D efficiency by data-driven marketing (DDM)
activities and can also provide financing assistance to manufacturers. In this context, for a platform
supply chain consisting of one manufacturer facing a shortage of green R&D funds and a one third-
party platform, this paper develops four game models under two financing channels (bank financing
channel and platform financing channel) and two selling modes (agency selling mode and reselling
mode). The equilibrium results of different models are derived and compared, and then the choices
of selling mode and financing channel from the perspectives of both the manufacturer and the
platform are analyzed. The conclusions show that the consumers’ sensitivities to green R&D and
DDM activities, as well as service commission fee, are major factors influencing green R&D level
and both parties’ choice of selling mode and financing channel. In most cases, a platform financing
channel can promote the green R&D level better and is more beneficial to the manufacturer and the
platform. Only in a few cases, the two parties prefer the reselling mode and bank financing channel.
However, agent selling with bank financing will never be their optimal strategy. There exists four
situations in which the manufacturer and the platform can agree on a same strategy on selling mode
and financing channel.

Keywords: green R&D; financing; platform supply chain; data-driven marketing

1. Introduction

The rapid development of the global economy has caused serious environmental
pollution. Therefore, many enterprises carry out green R&D, production, and operation
management activities in the supply chain [1]. For example, Haier Bio fulfills corporate
responsibility via R&D, and carries the concept of green and low-carbon development
throughout the whole chain of production and operation [2]. Moreover, Haier has reached
agreement with JD.com to promote products through data-driven marketing technology. In
April 2021, Honeywell made a solemn commitment to sustainability by achieving carbon
neutrality in all of its operations and facilities by 2035, and has repeatedly set and exceeded
aggressive sustainable development goals, reducing greenhouse gas emissions from its
operations and facilities by more than 90% since 2004 [3]. The “Green 360” program initiated
by Wal-Mart states that all the products it sells must be 100% zero-cost manufacturing and
energy renewable [4], and Wal-Mart can provide financing loans to these businesses.

However, green R&D needs a huge amount of capital, and it is often far from enough
to rely only on manufacturers themselves when they conduct product R&D activities
and expand new fields. Thus, how to relieve the shortage of capital in developing green
products becomes one of the biggest challenges for many enterprises worldwide. Currently,
banking financing is a main financing channel. Many banking institutions have started
lending to green SEMs since the International Finance Corporation (IFC) announced the
equator Principles in 2003. China has implemented green credit policies and encouraged

Sustainability 2022, 14, 9172. https:/ /doi.org/10.3390/su14159172

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su14159172
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-6048-4519
https://doi.org/10.3390/su14159172
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14159172?type=check_update&version=2

Sustainability 2022, 14, 9172

20f22

banks and other financial institutions to provide credit support to cash-strapped, low-
carbon enterprises since 2007 [5]. By the end of 2018, the accumulated amount of green
credit provided by the industrial and Commercial Bank of China, Agricultural Bank of
China, China Construction Bank, Bank of China, Bank of Communications, and Postal
Savings Bank of China had exceeded CNY 4.4 trillion [6]. Cornerstone Technologies
Holdings Limited announced a green loan financing of about HKD 150 million in 2022. All
these measures have played a positive role in supporting green R&D for the manufacturers.
However, as capital providers, banks usually decide whether or not to grant loans by
assessing the risks of lending enterprises only, albeit without considering supply chain
risks, i.e., the risks of upstream and downstream stakeholders of enterprises. This is not
conducive to the sustainable development of supply chain members.

With the rapid progress of Internet technology, the platform economy is conducive
to improving the allocation efficiency of social resources and giving birth to many new
forms of business with the characteristics of networking, digitalization, and intelligence.
For example, JD.com collaborates with brands such as Huawei, Coach, and Burberry under
the reselling model, in which the brands sell their products to JD.com at wholesale prices,
and then JD.com sells them to consumers at a markup. However, when JD.com cooperates
with Topsports, Sephora, and other brands, it adopts the agency selling model, and charges
certain platform commission fees and sells its products through JD platform. Since 2010,
the Amazon platform in the United States has not only sold various enterprises” products
through agency selling mode, but also opened a new selling channel to sell products. In
addition, the platform provides enterprises with a new way of financing besides financing
by bank, that is, to provide loans to manufacturers or suppliers who sell products on
its platform. Thus, the platforms can not only provide online distribution channels but
also online financing services for enterprises through supplier selling, credit and other
transaction data, so as to facilitate the distribution of enterprises and relieve their capital
pressure. For example, Alibaba, the owner of the Taobao platform, provides loans to B2B
enterprises operating on its platform [7]. In 2018, JD.com launched “JD Express Bank”,
a new online financial service based on big data analysis and new Internet technologies.
Moreover, JD.com has also established the “Jingdong Bao” financing channel to meet the
needs of small and median enterprises. Companies selling goods on Amazon platform can
obtain loans from the Amazon platform, with the loan amount ranging from USD 1000 to
750,000 up to one year, and the annual interest rate ranging from 6% to 17% [8]. Platform
financing channel has become a more convenient and efficient way: on one hand, it is
conducive to the production and operation activities of enterprises; on the other hand, it can
also make the platform obtain a higher income. Furthermore, the platform has the natural
advantage of data collection, which can describe, predict, analyze, and guide consumers’
purchasing behaviors based on the acquired data and provide high-quality and accurate
marketing services for all kinds of products, including green products [9]. At the same
time, the platform’s data-driven marketing (DDM) activities can promote green products,
strengthen green consumption concept of consumers, and improve the market share of
green products [10]. Therefore, more and more manufacturers are selling green products on
the platform. For example, JD.com uses DDM to cooperate with many well-known brands
in the industry, such as mobile phone brand Huawei and food and home appliance brand
Haier to sell their green products.

As mentioned above, under the background of platform marketing, when the manu-
facturers are faced with a shortage of funds during green products production and R&D
innovation, it has alternative financing channels and selling modes to choose from. Thus,
this paper focuses on the choices of selling mode and financing channel in a green platform
supply chain. In specific, we try to answer the following questions:

1.  What factors affect the levels of green R&D and DDM activities and then affect all
members’ operational decisions and profits in the platform supply chain with the
manufacturer’s green R&D capital-constrained?
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2. Under an agency selling or reselling mode, which financing channel is more con-
ducive to improve the level of green R&D and the profits of the manufacturer and
the platform?

3. Under the combination of different selling modes and financing channels, which
strategy is more conducive to improving operational efficiency? Can the manufacturer
and the platform come to an agreement on selling mode and financing channel?

To answer the above questions, we model a platform supply chain composed of a
capital-constrained manufacturer with green R&D and a platform with DDM activities,
where the manufacturer can obtain capital from a bank or third-party platform. The
manufacturer invests in green R&D to meet consumers’ green preferences, and then an
agency sells or resells green products through the platform. The platform invests in DDM
to expand the sales of green products. Then, we compare the manufacturer’s and the
platform’s profits and the level of green R&D through agency selling and reselling modes
under the platform financing channel and bank financing channel, respectively. The results
show that, in most cases, platform financing channel can promote the green R&D level
better and is more beneficial to the manufacturer and the platform. Only in a few cases did
the two parties prefer to employ the reselling mode and bank financing channel. However,
agent selling with bank financing will never be their optimal strategy.

This paper makes contributions in the following two aspects. First of all, we study for
the first time the impact of green R&D behavior of the manufacturer and DDM activities
of the platform on the operations performance of a supply chain with an online platform
that provides two selling modes for green products. Therefore, we build a link between the
green supply chain and the platform supply chain with DDM activities. Second, we establish
two-stage game models to explore the platform supply chain operation strategies under four
different scenarios, with consideration of alternative selling modes and financing channels.

The rest of this paper is organized as follows. The relevant literature is reviewed in
Section 2. Section 3 describes model background, establishes the market demand functions,
and clearly presents the hypotheses and symbolic connotation. Four game models are given
in Sections 4 and 5 to analyze the impact of the financing channel on the choice of selling
mode. In Section 6, we verify the correctness of the results and further explore management
enlightenment through numerical analysis. Section 7 summarizes the research results of
this paper and presents possible further research directions in the future.

2. Literature Review

Three fields of achievements are relevant to our work: green supply chain manage-
ment, supply chain financing management and platform supply chain management.

2.1. Green Supply Chain Management

Green supply chain, also known as environment-conscious supply chain, is a mode of
balancing economic growth and environmental protection and incorporating green envi-
ronmental behavior into enterprise management [11]. In the 1990s, scholars began to study
green supply chain management. In 1994, Moffat et al. [12] proposed the concept of green
procurement when they studied the impact of products on the environment and advised
that companies choose the right raw materials through environmental guidelines and focus
on recycling. In 1996, scholars from Michigan State University proposed the embryonic
form of green supply chain management theory. On this basis, Handfield [13] broadens
the meaning of environmentally responsible manufacturing for enterprises, providing a
reference for enterprises in the supply chain to reduce their impact on the environment in
the process of operation.

In recent years, many scholars have put forward many insightful views on the concept
of green supply chain and its management. Some scholars analyze green supply chain
management from the aspects of green procurement, environmental innovation concept,
product manufacturing and recycling, environmental benefits [14-18], and so on. From the
perspective of e-commerce and green production, Rahmani and Yavari [19] define green
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supply chain management as that which considers the necessity of the environment in
supply chain management while paying attention to ecological benefits in product design,
material supply, processing, transportation, and product recycling and reuse interaction.
De et al. [20], taking a Norwegian Salmon Supply Chain Network as evidence, studied the
impact of different supply chain arrangements in the food supply chain on the cost of carbon
emissions (a kind of green R&D cost) to solve environmental problems, and considered the
restrictions related to carbon emissions. Gao et al. [21] consider the issue of green supply
chain management with green standards formulated by the government and focused on
the study of green products with two different green technologies. The study found that
the improvement of green R&D technologies can continuously improve the environmental
benefits of development-intensive green products. Ma et al. [22] found that green supply
chain management is an environmental management mode to attract consumers to green
consumption through manufacturers’ green emission reduction technologies, which thus
alleviates the global environmental crisis. Liu et al.’s [23] study from the perspective of
agriculture found that green supply chain management is an effective measure to drive
economic development, benefit the people, and reduce carbon emission pollution under
the constraints of carbon tax. The above scholars define their understanding of green
supply chain management from different industries and perspectives. By summarizing
their common points, it can be seen that green supply chain management is a modern
management mode that comprehensively considers environmental impact and resource
efficiency. As an important way for manufacturing enterprises to fulfill policy requirements
and environmental responsibilities and achieve sustainable development, green R&D has
long attracted extensive attention of scholars. How to enhance the green R&D ability of
enterprises in the supply chain is one of the core issues. However, the existing literature
ignores the fact that most supply chain members face capital constraints when investing
in green technologies; however, in reality, they are more vulnerable to capital constraints
in operational decisions. Therefore, we consider whether the establishment of a financing
relationship with the platform is more beneficial for manufacturers to produce green
products compared to borrowing from banks during supply chain operations.

2.2. Supply Chain Financing Management

Traditionally, to mitigate the negative impact of capital constraints, many enterprises
in the supply chain have turned to external institutions to meet their financing needs [24],
among which financing by bank is one of the most common financing strategies. Some of
the early literature studied co-financing and inventory decisions by incorporating capital
constraints into traditional newsvendor models. Although the traditional bank credit
financing may solve the financing problems of many enterprises, it is often difficult for
enterprises to obtain loans directly from banks and other financial institutions, due to
the lack of certain tangible internal resources, high transaction costs, high operational
risks, serious information asymmetry, and high bank loan costs [25]. In addition to a bank,
manufacturers can also finance through suppliers, retailers, etc. Kouvelis and Zhao [26]
studied the situation where both retailers and suppliers are constrained by capital and need
short-term financing, concluding that, if an optimally structured trade credit contract is pro-
vided, retailers always prefer supplier financing rather than bank financing. Wu et al. [27]
studied the situation where manufacturers take measures to reduce carbon emissions,
while retailers are funded by banks or manufacturers due to limited funds, and explained
how financing and the capital of retailers affect order quantity and carbon emission reduc-
tion. Jin et al. [8] study three financing strategies of bilateral supply chains in which both
suppliers and retailers are subject to financial constraints. The three financing strategies
are, respectively, non-cooperative bank sole financing strategy, cooperative bank trade
credit financing strategy, and bank supplier guarantee financing strategy. Yang et al. [28]
studied financing and pricing decisions in a supply chain, and the results show that supply
chain provides decision-making options for new entrants and manufacturers must choose
financing by retailer or bank according to the conditions. Huang et al. [29] studied the
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case of financing by bank, and the government can subsidize banks by providing financing
as well as manufacturers and retailers. Fang and Xu [30] studied the green supply chain
financing system composed of a capital-constrained manufacturer, a retailer, and a bank,
and analyzed the financing behavior of manufacturers. Tang et al. [31] studied two inno-
vative financing schemes emerging in recent years. The first is purchase order financing,
which allows financial institutions to provide loans to suppliers by considering the value of
purchase orders issued by creditworthy buyers. The second is buyer’s direct financing, that
is, manufacturers issue purchase contracts and loans directly to suppliers. Both of these
financing methods enable suppliers to obtain production financing.

With the development of the online marketplace, the platform provides loan services
for members of the functional supply chain. Platform is an emerging Internet financial
business model, which has just entered the development period, but the effect of financing
by platform cannot be underestimated. As a product of the Internet era, platform plays
an increasingly prominent role in the financial field due to its advantages of low financing
threshold and convenient financing methods, which helps to solve the financing prob-
lems of cash-strapped enterprises. Therefore, financing by platform has become a new
direction of financing development. Gao et al. [32] studied how the service commission
rates for the platform affect manufacturer’s wholesale price decisions and retailer’s order
quantity decision when the retailer or manufacturer borrows money from the online P2P
lending platform under the condition that both suppliers and retailers are faced with
capital constraints. Yan et al. [33] studied the form of online finance and encouraged
SME manufacturers, especially those with capital constraints, to consider online channel
options and implement dual-channel strategies. Yan et al. [34] discussed a two-channel
supply chain structure, in which retailers and e-commerce platforms can free ride on each
other’s selling efforts, while e-commerce platforms can provide online financial services to
capital-constraint suppliers.

The issue how the manufacturer selects its financing channel has been studied by
many scholars. Firstly, Dong et al. [35] showed that the financial providers under online and
offline environments are different. For online supply chain finance, e-commerce platform is
the financial service provider, while offline supply chain finance is provided by commercial
banks or other financial institutions. Secondly, Gong et al. [36] shows that e-commerce
platforms play a role in product distribution and financial provision, which will influence
the decisions of more supply chain members. He believes that e-commerce platforms
play an important role in the platform economy, providing distribution channels for SME
manufacturers, helping them promote the distribution and production, and alleviating
capital strains through online financing projects. Zhen et al. [37] established a model in
which a capital-constrained manufacturer sells products through retailers and third-party
platforms and can obtain financing from third-party platforms, retailers, or banks. For
the manufacturer, financing from a third-party platform strategy is always better than
financing from bank strategy. In conclusion, it is an open question how the dual roles
of third-party platform lending and participation in direct channels affect dual-channel
management of manufacturers. Third-party platforms must balance interest income with
revenue-sharing payments from manufacturers when setting interest rates. Higher interest
rates may increase loan revenues but reduce the number of products sold on the platform.

The above research mainly focuses on financing behavior in the general product
supply chain. This paper, for the first time, studies the influence of green R&D and DDM
activities on channel selection and cooperation strategy when the platform provides two
selling modes of agency selling and reselling, adding new contents to the existing supply
chain financing theories.

2.3. Platform Supply Chain Management

The Internet can provide a new way of communication for enterprises and consumers
and can provide new distribution channels for manufacturers and retailers. Terry et al. [38]
proposed that the platform model of online shopping could provide manufacturers with
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an opportunity to expand the market. Mantin et al. [39] proposed that retailers are increas-
ingly adopting the dual distribution channel model, that is, these retailers not only act as
traditional merchants (buying and reselling goods), but also provide an online platform
for third-party sellers to compete for the same customers. Li et al. [40] pointed out that
retailers can gain more profits through the online and offline selling of product classification.
The above research shows that manufacturers and retailers can gain benefits by choosing
appropriate platform selling strategies.

At present, the two basic selling modes widely used by large e-commerce platforms
are the traditional reselling mode and the new agency selling mode [41]. Many schol-
ars have studied how manufacturers and platforms choose and innovate selling modes.
Abhishek et al. [42] studied the balance of two e-retailers under different selling mode
configurations when a manufacturer sells through two e-retailers, and used a stylized
theoretical model to answer when e-retailers should use the agent mode and when they
should use the reselling mode. Geng et al. [43] discussed the interaction between the
pricing of additional products by upstream manufacturers and the selection of a selling
mode for a downstream online platform, and found that the choice of selling mode affects
the manufacturer’s choice between additional pricing and bundling. Under the condi-
tion that the commission rate of the platform is not too low and the market potential of
additional products is not too great, the platform is more inclined to the agency selling
mode. Tan and Carrillo [44] explored the selling strategy choice between agency selling and
wholesale (reselling) mode when digital goods are sold on an online platform and showed
that agency selling mode is beneficial to the sales of digital products for the behavior of
revenue-sharing and the direct control of price by an upstream publisher. Hao and Fan [45]
paid attention to the pricing of e-books and e-book readers under wholesale (reselling) or
agency selling mode, and they pointed out that the price of e-books in reselling mode is
low because of the complementary relationship between e-books and e-book readers in
the market. Liu et al. [10] investigated a platform’s preference between agency selling and
reselling, taking into account the influence of DDM, and established and compared four
modes: NO-DDM + agency selling, NO-DDM + reselling, DDM + agency selling and DDM
+ reselling. The results showed that, with the improvement of DDM efficiency, the platform
is more willing to adopt the reselling model. Ha et al. [46] studied selling strategy choice in
a platform supply chain in which the third-party platform can provide an agency selling
channel, reselling channel, or both selling channels and derive the equilibrium selling
strategy choice.

In the context of high-quality economic and social development, platform economy
helps enterprises achieve green transformation development. Du et al. [47] took the
emerging issue of platform-oriented green advertising in practice as the research object, and
discussed the role of platform economy in the development of green economy, concluding
that the platform can gain more profits by using the best promotion strategy than the
performance-based promotion strategy. The research on platform with DDM technology
has become a hot topic for researchers recently. Traditional green modular design has the
risk of losing the use of product platform planning strategy. Liu et al. [48] constructed a
theoretical model of the information adoption behavior of green agricultural products in
an e-commerce platform, and the results show that a safe environment and the information
technology of the platform have a positive impact on consumers’ willingness to receive
green agricultural product information on the commercial platform. Li [49] studied how
the corresponding technology cost invested by the smart platform reduces the channel
cost in the smart platform supply chain, and the research shows that the platform could
also invest in the smart platform technology without bearing any channel cost. However,
channel structure and green R&D are not addressed in the above literature. This paper
fills the gap of existing literature by analyzing the influences of DDM and green R&D on
supply chain selling mode and financing channel.
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2.4. Research Gaps

From the literature review above, we find that scholars have made great achievements
in the green R&D in supply chain field and platform supply chain management, respectively.
These achievements highlight the benefits of green innovation and e-commerce.

Table 1 lists the related papers and presents a summary of our work; among them, the
following three papers are closely related to our research. Liu et al. [10] consider the case
that the platform provides two selling modes and DDM technology at the same time; how-
ever, they assume the manufacturer produces ordinary products but not green products,
and also do not involve the financing channel choice of the manufacturer. Du et al. [44]
consider that the manufacturer sells green products via the platform, and the platform
utilizes strategies to promote the sales of green products. However, their study is limited to
agency selling provided by the platform and fails to examine the selection of selling mode
when the platform may still adopt a reselling mode besides agency selling. Zhen et al. [37]
compare three financing channels (third-party platform, retailer, and bank) for a capital-
constrained manufacturer under an agent selling mode. Similarly, they do not take into
account the platform’s different selling modes with DDM techniques, and the green pro-
duction is also not involved. To sum up, there is little literature on green R&D issues and
DDM activities affecting the platform supply chain when the manufacturer faces capital
constraints. Moreover, there is also no research on how the platform can affect the man-
ufacturer’s choices of selling mode and financing channel when it provides both agency
selling and reselling selling modes and can finance for the manufacturer. To bridge this gap,
we investigate a platform supply chain composed of a capital-constrained manufacturer
and a platform that can provide a financing service and two selling modes, and analyze
how consumers’ sensitivities to green R&D and DDM activities affect the choices of selling
mode and financing channel.

Table 1. Articles related to our study.

Researchers (Rl;}igf(;;?yl{se:ﬁg\lg(i) Green Supply Chain DDM Financing by Bank Fl;‘,?;fgfnby
Rahmani and Yavari
[19] (2018) v
Gao et al. [21] (2020) Vi
Ma et al. [22] (2021) Vv
Liu et al. [23] (2021) Vv
Fang and Xu [30] (2020) v v
Gao et al. [32] (2018) A vV
Zhen et al. [37] (2020) A Vv Vv
Abhishek et al. [42] (2016) A/R
Du et al. [47] (2019) A Vv Vv
Liu et al. [48] (2020) A/R Vv
Our Work A/R Vv Vv v vV

3. Model Development

For a platform supply chain consisting of a capital-constrained manufacturer and an
online platform, the manufacturer invests in green R&D to produce green products and
sells them through the platform with DDM activities. The online platform can provide the
manufacturer with two selling modes: reselling mode and agency selling mode. In the
reselling mode, the platform, acting as retailer, buys products from the manufacturer at a
certain wholesale price and then sells them to consumers at a markup; in the agency selling
mode, the platform displays the manufacturer’s products, and consumers buy products
directly from the manufacturer through the platform. After the manufacturer sells the
products to consumers, the platform charges the manufacturer a certain service commission
fee for each unit of sold products, such as Tmall, JD.com, Amazon, and other platforms.
In addition, the platform can also provide a financing service for the manufacturer. Thus,
the manufacturer can make a choice between a bank financing channel and a platform
financing channel.
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Based on the above analysis, there may exist four decision models for the platform
supply chain, namely, agency selling with bank financing, reselling with bank financing,
agency selling with platform financing, and reselling with platform financing, as shown in
Figure 1.

Provide finance v

Manufacturer invests Commission fee for agency Platform carries Diswﬂ’ ‘:m_dDEd Ed% in’ Consumers buy
Bank Fi e o -“-""s;l-li-ﬁg- ;-);5555@-" == out DDM agency selling channel green products

Agency selling products to consumers directly +

T
H rovide finance v Selling products in reselling

channel

Wholesale products in resclling

channel P Platform carries
out DDM

Manufacturer invests
in green products

Consumers buy
green products

Display and DDM products in
reselling channel

T
. ]
A Finance rate cost :

reselling channel

Model 2 Platform supply chain of green R&D with reselling strategy and financing by bank

Agency selling products to consumers directly +

Commission fee for agency selling prmgrfs ) ‘
--------- s Platform carries |Display and DDM products m, Consumers buy

out DM agency selling channel green products

Manufacturer invests
in green products

Model 3 Platform supply chain of green R&D with agency selling strategy and financing by platform

Provide finance

. . . .
. . Selling products in reselling
- v - holesale products in reselling channel : Ep channel o
Manufacturer invests Plaiform carries Consumers buy
in green producls eepppanmstessssesanssans 4 outDDM e — — — — — green products
H ‘ Wﬁol‘chL pricePadia Display and DDM products in
' reselling channel A

reselling channel

Finance rate cost
Model 4 Platform supply chain of green R&D with reselling strategy and financing by platform

————Product flow———P =ccnaacaa- Capital flows=======p — —Display and DDM activity — P
Notes:

Figure 1. Operation diagram of the platform supply chain under the constraint of green R&D capitals.

Assumption 1. There is a Stackelberg game relationship between the manufacturer and the platform.
Both the two parties are completely rational and have information symmetry with each other.

Assumption 2. The manufacturer determines the level of green R&D (e) of products. The higher
the level of product green R&D, the higher the cost of investment. Since the investment cost of new
technology usually exhibits diseconomies of scale, it is assumed that the investment in improving the
level of green R&D is expressed as 17.e% /2. 17, is the sensitivity coefficient of green R&D investment
cost, and 4, can be normalized to 1 on the premise that the model is easy for quantitative analysis
while the management insight is unchanged; Xia and Niu [50] have taken a similar approach to the
issue of green R&D in the supply chain.

Assumption 3. The platform can provide an agency selling and reselling strategy to the manufac-
turer. Under the agency selling strategy, the manufacturer directly sells green products through the
platform and sets the unit selling price of products as p. The platform charges a service commission
fee u for each unit of product sold by the manufacturer, thus the total product service commission
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fee paid by a manufacturer to the platform is uD. In practice, 1351 auto parts through an online
mall platform will charge service commission fees to products sold by the manufacturers. Under
the reselling strategy, the manufacturer sells the green products to the platform at a wholesale price
w, and then the platform sells the products at a price p to consumers with a premium of m, i.e.,
p = w + m [51]. For the products selling by platform, the platform uses the acquired consumer
behavior information to carry out DDM activities. Moreover, we set the level of DDM as t. Since the
investment cost of new technology is usually characterized by diseconomies of scale, the DDM cost
of the platform with a DDM level t is n¢t? /2. 1 is the sensitivity coefficient of DDM investment.
It can be normalized into 1 on the premise that the management insights remain unchanged. Xia
and Niu [50] adopted a similar approach when they studied the marketing activities of members in
the supply chain.

Assumption 4. The green R&D implemented by the manufacturer can enhance the perception
quality of consumers with green preferences in the market. Moreover, the DDM activities carried out
by the platform can also help consumers better understand the products and raise their perception
quality of the products. Therefore, both green R&D and DDM activities can increase the market
demand for products. Following Agi and Yan [52] and Zheng et al. [53], we assume the demand
function of consumers meets the uniform distribution of [0, 1], and then the consumer surplus is
V =y — p + ae + Bt. When consumer surplus is greater than 0, i.e., u > p — ae — Bt, consumers
buy products, and the market demand function of green preference consumers for green products can

be calculated as D = fpl—ae—ﬁt 1du =1 — p + ae + Bt. In this equation, 1 is the potential market

size, a is the consumers’ sensitivity to the green R&D level e, and B is the consumers’ sensitivity to
the DDM level t.

Assumption 5. The manufacturer faces a shortage of capital to carry out green R&D activities and
needs to obtain funds from the bank or the platform. The financing rate is 7y , therefore the interest
paid by the manufacturer to the bank or platform is ye* /2.

The subscript i € {M, P} represents the manufacturer and the platform, respectively.
The superscript j € {a,r,bf, pf} represents the agency selling mode, reselling mode, bank
financing channel, and platform financing channel, respectively. The superscript * indicates
equilibrium solutions or profits. Detailed symbols and meanings are shown in Table 2.

Table 2. Symbol description.

Symbol Meanings

o

the market demand function of green products
the wholesale price of green products
the markup price of green products
the unit selling price of green products
the level of green R&D
the level of DDM activities
the interest rate
the consumers’ sensitivity to the green R&D level
the consumers’ sensitivity to the DDM level
unit service commission fee charged by the platform

SR +-aow I 8

4. Financing by Bank Model
4.1. Agency Selling Model

Under the agency selling strategy, when the manufacturer obtains financing from the
bank, the bank decides the financing interest rate first, then the manufacturer decides the
product selling price and the green R&D level, and finally the platform decides data-driven
marketing technology level.

The profit functions of manufacturer, platform, and bank are as follows:

N

" (pe) = (p—w)D - (14+7) 5 M
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Proposition 1. The equilibrium decisions of agency selling strategy financing by bank of platform
(4=o?)[1-u(1-p?)]

supply ~ chain  with green R&D  is: DA-bf 1= ,
pr-bfs — (4*“2)[11(’;£1;€2)}*2“2“, pa—bfs _ “[1;(§£1a;352)], [-bF — By, Aa-bft — @’
-t _ () 1ou(p)] abre _ ufe?Put(4-e?) 0] pabre _ {a[lu(1p)])
M 8(2—a2) s 3P 12—a?) + 1B T6(2—a?)
The proof is given in Appendix A.
Conglb.jsion 1. (aa),;?g;bf* > O,apz;bf* > O,agﬂa;bf* > 0, atﬂ(;;f* = O,avg;bf* < O,BHg”;bf* >
0 M > 0% > 0. () B > 0,2 > 0,200 s 0 s 0
O,aHg/;;bf* - O,ang);bf* - O,aH;BZf* - 0. © aDg;hf* < O,apg;hf* - O,aeaa—ubf* < O/ataa—ubf* -
0,373?(* = O,BHgA;bf* < 0,% > 0 when u < 2[4_(2;(??[32)],8112’;”* < 0 when u >
(4-a?) arty <0

2[4—a2(14p%)]” Ou

Conclusion 1 shows that, in case of agent selling strategy financing from the bank,
when the consumers’ sensitivity to the level of green R&D increases, the number of con-
sumers willing to buy green products increases according to the market demand function
of products, and the manufacturer will increase the unit selling price of green products. In
addition, the manufacturer is also encouraged to improve green R&D level, so that more
potential consumers are willing to buy green products. The interest rate by bank decreases
with the increase in the consumers’ sensitivity to green R&D. At this point, the increase
in market demand for green products, the increase in unit selling price of green products,
and the decrease in interest rate during financing from bank brings more revenue to the
manufacturer than an increase in the cost of green R&D, therefore the profit of the manu-
facturer increases. However, the consumers’ sensitivity to green R&D does not affect the
platform’s investment in DDM activities. Thus, as the market demand for green products
increases, the profit obtained by the platform increases. The bank’s profit depends both on
the green R&D level and the financing interest rate. When the consumers’ sensitivity to
green R&D increases a reduction in the financing interest rate through a bank, it makes the
manufacturer more interested in investing in green products. At this time, an increase in
green R&D level can make up for the reduction in financing interest rate, so that the bank’s
profit also increases.

An increase in the consumers’ sensitivity to the level of DDM activities can inspire the
platform to raise the level of DDM activities and motivate the manufacturer to invest more
in green R&D simultaneously, and then boost the market demand of green products. The
interest rate of the bank is not affected by this parameter. All the profits of the manufacturer,
the platform, and the bank improve.

When the service commission fee increases, the manufacturer is forced to increase the
unit selling price of green products and lower the level of green R&D. As the unit selling
price increases, the market demand for the products decreases accordingly. The interest
rate of the bank is not affected by the service commission fee. At this point, the increase in
the manufacturer’s sales revenue is less than the increase in the service commission fee,
therefore its profit decreases. The increase in service commission fee enables the platform
to invest more in DDM activities. When the service commission fee is below (above) a
certain threshold, the increased revenue resulted from the increase in service commission
fee exceeds (does not exceed) the increased investment of DDM investment, therefore the
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platform’s profit increases (decreases). It is further learned that the interest rate is not
affected by the service commission fee, and the bank profit is only affected by the level of
green R&D. Since the level of green R&D decreases with an increase in service commission
fee, the profit of the bank also decreases.

4.2. Reselling Model

Under the reselling strategy, when the manufacturer finances from the bank, the bank
first decides the financing interest rate, then the manufacturer decides the wholesale price
of the product and the level of green R&D, and, finally, the platform decides the unit
markup of the product and the level of DDM activities.

The profit functions of the manufacturer, the platform, and the bank are as follows:

2 2
HrNIbf(w, e) =wD — % - % 4
b _ 2
p  (m,t) —mD—E (5)
a—bf ve?
Iy~ (y) = o ©)

Proposition 2. The equilibrium decisions of reselling strategy financing from bank of plat-

. . _ 8— 2_4p82 _ 8— 2_482

form supply chain with green R&D are: D' ~bf* = WM, w b = ‘WlfT*flﬂ)’

—bfx _ __ 80?4’ —bfx _ BB)(B-4P) o pp —bfs _
L s R e T

B (8—a”—4p%) rbfs _ 4-2—a2  r-bfx B 8—a?—4p?
-pEeap) 7 - 2w M T e 2Ry
b _ (8—a2—4p2)’ b _ 2

P n-p)(—a2ap)t B 162 (et o257

The proof is given in Appendix B.

. r—bfx* r—bfx* r—bfx* r—bfx r—bfx* r—bfx*
Conclusion 2. (ab)f aDaabf > Ob,fawaabf > O;famaabf >0, apaa >0, aea;f >0, % a;f >0,
onbf* oIt ort, orT, r—bfx r—bfx r—bfx

T <0, == >0, =5— >0, =5 — > 0. (0) Pgr— >0, Wz >0, 55— >0,
apr—bf* 9er—bf Jir—bfx 9 bf* anr—bf* anrfbf* anr—bf*
55— >0, %55 >0, %55 >0, Fp— <0, —4— >0, 55— >0, —f5— >0.

Conclusion 2 shows that, in the case of the reselling strategy financing from the bank,
both the consumers’ sensitivities to the levels of green R&D and DDM activities have similar
impacts on decision variables and profits. Specifically, as the consumers’ sensitivity to the
level of green R&D (the level of DDM activities) increases, and the manufacturer invests more
to improve the green R&D level and then raises the wholesale price of green products. The
platform is inspired to raise the level of DDM activities and unit markup (selling price) of the
products. An increase in the levels of green R&D and DDM activities can make more potential
consumers willing to buy green products. Then, both the manufacturer and the platform can
benefit from an increase in these two parameters. Although the bank reduces the interest rate,
its profit also improves due to an increase in the demand for green products.

5. Financing by Platform Model
5.1. Agency Selling Model

Under the agency selling strategy, when the manufacturer obtains funding from the
platform, the platform decides the financing interest rate first, then the manufacturer
decides the product selling price and the level of green R&D, and, finally, the platform
decides the level of DDM activities.
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The profit functions of manufacturer and platform are as follows:

a— 2 €2
" (p.e) = (p—w)D = 5 — 7 @
2 2
1% P/ (t) = ub — % + % ®)

Proposition 3. To ensure that the financing interest rate is greater than zero, the following con-

financing by platform are: D*Pf* = 4[17”(17’92)]7“2[17”(3%2)], ptpfx = (4=a?) [L+u(1+5%)]

4(2—a?) 1(2—a2) ’
Y Y ) R N )
e = B Trr e = Bu, = +u(i+pD]
o Pfe _ [1ou(pt){ () [L—u(1=p) |20}
M = 8(2—a2)
a—pfx [(ﬁqurl )2+3u(3u72)+2ﬁ2u2] a2+ 16u(1—u)
Ip = 16(2—a?2) :
The proof is given in Appendix C.
a—pfx* a— a—pfx* a—pj* a—pfx
Conclusion 3. () aD pf >0, ap s >0, ae pf >0, 2% aapf =0, 87 pf <0, ang@ >0,
a=pf+ a—pfx @ * o * a— a a—pf
an > 0. (b) aD pf >0, ap ﬁr’f N O, aﬁpf >0, ot ’Bpf >0, 9y ;f >0, 81134718 >0,
a Pf* a—pf* a—pf* a— a—pf*
angﬁ > 0. (0) ap nf >0, e Pf >0, ot a;f >0, ay Pf <0 aDauM > 0 when 52 > %
( ) aDpf* oty P 2 _ AP (2-F) -
and o? > =g , otherwise = <0 g/fu < 0 when o~ < ) otherwise
art,, P arty,

24— >0 au >0whenu<3ﬁ2

Conclusion 3 shows that, in the case of agent selling strategy financing from the
platform, when the consumers’ sensitivity to the level of green R&D increases, the platform
does not change the level of DDM activities but reduces the interest rate to encourage
the manufacturer to invest more in improving the green R&D level; accordingly, the
manufacturer raises the green R&D level and then increases the price of green products.
The enhancement of the green R&D level helps to increase the market demand for green
products. Both parties can obtain more profits. When the consumers’ sensitivity to the
level of DDM activities increases, the platform increases both the level of DDM activities
and interest rate, and the manufacturer also spends more in green R&D and raises the
price. An increase in green R&D and DDM levels attracts more consumers to purchase
green products. Therefore, the platform can gain more profits from the increase in service
commission fee and loan interests, while the manufacturer benefits from the increase in the
market demand and selling prices for green products.

Similar to the agency selling model financing by bank, when the unit service commis-
sion fee provided by manufacturer to the platform increases, both the unit selling price of
the green products of the manufacturer and DDM level of the platform increase. However,
different from the case financing by bank, the level of green R&D increases and the interest
rate decreases in unit service commission fee under the case financing by the platform. The
reason for this is that, when the platform provides loan services to the manufacturer, it can
make profits from both the service commission fee and the loan interest. Thus, as the unit
commission fee increases, it gives up a certain loan interests to encourage the manufacturer
to improve the level of R&D and yield more market demand. The simultaneous increase
in unit commission fee and market demand will be beneficial to the platform. In contrast,
when the bank provides loans to the manufacturer, since the loan interest of the bank is
independent of the unit commission fee, the manufacturer’s motivation to improve the
level of R&D reduces as the commission fee increases. Only when both the consumers’
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sensitivities to DDM activities and green R&D level is relatively higher, the market demand
increases with the increase in unit commission fee, otherwise the demand decreases in
unit commission fee. The impact of unit commission fee on the profit of the manufacturer
depends on the consumers’ sensitivity to green R&D. Specifically, when the consumers’
sensitivity to green R&D is lower (higher) than a certain threshold, the profit of the manu-
facturer decreases (increases) in the consumers’ sensitivity to green R&D. Moreover, when
the unit service commission fee does not exceed a threshold which is co-determined by both
the consumers’ sensitivities to green R&D and DDM activities, the profit of the platform
increases in the unit commission fee. This result reveals that a unit commission fee that is
too high is detrimental to the platform because it is forced to reduce the interest rate below
zero. By contrast, a moderate unit commission fee will benefit the platform.

Conclusion 4. Hi/;bf* < H?\,Ipf*, H?;bf* < H?;pf*, v bf* < 1P when u < 371?
Conclusion 4 shows that, under the agent selling strategy, if unit service commission
fee is less than the threshold 3_%, the manufacturer will prefer to obtain financing from

the platform rather than the bank, and this financing strategy will also realize the profit
improvement of the platform. The reason for this is that, if the unit service commission fee
is relatively low, when the manufacturer obtains financing from the platform, the platform
can use the loan proceeds to invest in DDM activities, which boosts the market demand
for green products. Then, the manufacturer is motivated to improve the level of green
R&D and further enhance the market demand. Thus, compared to the case of financing
by bank, the manufacturer is willing to finance from the platform. However, when the
unit service commission fee exceeds the threshold, the manufacturer needs to pay more
service commission fee to the platform; at this time, the platform has to reduce the interest
to zero to avoid driving the manufacturer out of the supply chain operations. Hence, for
the platform, there are more kicks than halfpence when the unit service commission fee is
relatively higher.

5.2. Reselling Model

Under the reselling strategy, when the manufacturer obtains funding from the platform,
the platform first decides the financing interest rate, then the manufacturer decides the
wholesale price of the product and the level of green R&D, and, finally, the platform decides
the unit markup of the product and the level of DDM activities.

The profit functions of manufacturer and platform are as follows:

2 2
H;pr(w,e) =wD — % — Lze )
- £ 2
11, 7 (m, 1) :mD—E—i—% (10)

Proposition 4. The equilibrium decisions of reselling strategy financing by the platform of plat-
24—502—12p? w'—PfE — 24—502—12p?

form supply chain under green R&D is: D'~Pf* =

6(2—pB%)(8—3a2—4p%)’ T 6(8—3aZ—4p2)’
Cpfs _ 24-5a2—12p? Cpfs _ (3P (24-502-128%) e 4 —pfs _
m = s P = e ¢ = mapea =
B(24—50%—12p2) r—pf _ 8—5a2—4p2 P _ 24—502 1287
6224 T 8(2—p) ’ M 12(2—p*)(8—3a>—4p%)”
P 36(2—p%)+5a2
p T 72(2—B%)(8—3a2—4pY)"

The proof is given in Appendix D.
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Conclusion 5 shows that, in the case of the reselling strategy financing by the platform,

the two parameters of the consumers’ sensitivities to the levels of green R&D and DDM

activities have the same impacts on decision variables and profits as those in the case of the
reselling model financing by the bank. We will not repeat it again.

Conclusion 6. H;\be* < HrNIpf*, H;ﬁbf* < H;;pf*, o' bf* < o pfx,

Conclusion 6 shows that, under the reselling strategy, the manufacturer will always
prefer to obtain financing from the platform rather than the bank regardless of the unit
service commission fee. Moreover, under this selling mode, the profit of the platform and
green R&D level with a platform financing channel are also higher than those with a bank
financing channel.

6. Numerical Analysis

The following is a numerical analysis to verify the above propositions, and then
explore the management implications of financing channels and selling modes of the
platform supply chain.

6.1. Sensitivity Analysis

From Figures 2—4, we can find that, in both financing channels, when the unit service
commission fee is relatively low, the manufacturer tends to choose the agency selling
strategy, since, under this strategy, the manufacturer can directly sell green products
at a lower price and set a higher green R&D level to further boost the market demand
compared to the reselling strategy. In contrast, when the unit service commission fee is
relatively high, the profit of the manufacturer under this strategy is lower than that under
the reselling strategy due to the high service commission fee, therefore the manufacturer
chooses the reselling strategy. For the platform, when the unit service commission fee
is relatively low, it cannot obtain enough of a commission fee, therefore its profit under
agency selling strategy is lower than that under the reselling strategy. With an increase in
the unit service commission fee, the profit of the platform under the agency selling strategy
will gradually become close to and surpass that of the reselling strategy. However, a unit
service commission fee that is not higher is better for the platform. Specifically, when unit
service commission fee exceeds a certain threshold, because the manufacturer prices the
green products too high and sets the green R&D level too low, the market demand of green
products drops dramatically, and then the platform also suffer a loss. Hence, the platform
will turn back to the reselling strategy.
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Figure 2. Product green R&D level and profits of manufacturer and platform when u = 0.1, = 0.5:
(a) Manufacturer’s profit. (b) Platform’s profit. (c) Product green R&D level.
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Figure 3. Product green R&D level and profits of manufacturer and platform when g = 0.2:
(a) Manufacturer’s profit. (b) Platform’s profit. (c) Product green R&D level.

b

Figure 4. Product green R&D level and profits of manufacturer and platform when g = 0.9:
(a) Manufacturer’s profit. (b) Platform’s profit. (c) Product green R&D level.

As shown in Figures 3 and 4, under the agent selling mode, if the unit service commis-
sion fee is in a reasonable region, the manufacturer prefers to finance from the platform,
and this financing strategy is also in favor of the platform. Under the reselling mode, the
manufacturer financing from the platform is superior to financing from the platform for
both parties no matter the value of the unit service commission fee. This is consistent with
Conclusions 4 and 6.

6.2. Financing Channel and Selling Mode Choice

Figures 5 and 6 show that the impacts of the sensitivity coefficient of DDM activities
on the choices of the selling mode and financing channel. We can find that, no matter the
value of the sensitivity coefficient of DDM activities, (1) when the service commission fee is
relatively small, the platform prefers to finance the manufacturer and adopts a reselling
mode, and the manufacturer also hopes to obtain funds from the platform but tends to
agency selling mode. This result can be partly obtained from Conclusions 4 and 6, namely
that, with a small sensitivity coefficient of DDM activities, both the manufacturer and the
platform tend towards the platform financing channel. As for the selling mode, under
the agency selling mode, the manufacturer pays a small amount of service commission
fee to the platform and can directly sell more products at a lower price without a double
marginalization effect. Thus, agency selling mode is preferable to the manufacturer than
the reselling mode. From the perspective of the platform, it is more inclined to choose
reselling mode because it can only earn a little service commission fee by the agency selling
mode. Given that the selling mode is mainly determined by the platform, the equilibrium
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selling mode and financing channel in this case is the reselling mode and platform financing
channel; (2) when the service commission fee is medium (< ﬁ), both the manufacturer

and the platform tend to choose the agency selling mode and platform financing channel.
This is because, on one hand, a medium level of unit service commission fee increases the
profit of the platform; on the other hand, the improvement of the level of DDM activities
by the platform boosts the market demand, therefore the manufacturer is also better off;
(3) when the unit service commission fee is very high, both the manufacturer and the
platform tend to choose the reselling mode and platform financing channel. This is because,
under the agency selling mode, a very high level of unit service commission fee forces
the manufacturer to raise the selling price and reduce the green R&D level by a wide
margin, and then leads to a sharp reduction in the sales volume of green products. Thus,
both parties are worse off in this circumstance and prefer the reselling mode and platform
financing channel.
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Figure 5. Optimal green level and manufacturer and platform strategy selection when g = 0.2:
(a) Manufacturer. (b) Platform. (c) Product green R&D level.
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Figure 6. Optimal green level and manufacturer and platform strategy selection when g = 0.9:
(a) Manufacturer. (b) Platform. (c) Product green R&D level.

The choices of the selling mode and financing channel in the following scenarios
depend on the sensitivity coefficient of DDM activities. Specifically, when the sensitivity
coefficient of DDM activities is small, if the unit service commission fee is above medium
(> ﬁ), in most conditions, the manufacturer tends to choose reselling mode and platform
financing channel, while the platform prefers the agency selling mode and bank financing
channel. Thus, it is difficult for both parties to reach an agreement on the selling mode and



Sustainability 2022, 14, 9172

17 of 22

financing channel. The reason for this lies in the fact that, for the manufacturer, in normal
circumstances, an above-medium unit service commission fee under an agency selling mode
makes him turn to a reselling mode; besides that based on Conclusions 4 and 6, the platform
financing channel is strictly superior to bank financing channel for the manufacturer under
this selling mode. For the platform, an above-medium unit service commission fee makes
itself benefit from an agency selling mode, and the fact that the consumers are less sensitive
to DDM activities reduces its motivation to develop DDM technologies, therefore the
platform needs not rely on loan interests to reach a high level of DDM activities. There
is an exception that, when the consumers’ sensitivity to green R&D is extremely high,
both parties prefer to choose the agency selling mode and bank financing channel. This
is attributed to the fact that, when the sensitivity coefficient of DDM activities is small,
the advantage of the market demand under the agency selling mode to that under the
reselling mode enlarges with an increase in the consumers’ sensitivity to the level of green
R&D (aDﬂ’bf */9a > D' Pf*/ o). Hence, when this parameter is sufficiently large, the
manufacturer will still prefer to choose the agency selling mode. In addition, since the unit
service commission fee is higher than ﬁ, the manufacturer hopes to receive finance from
the bank in this selling mode.

When the sensitivity coefficient of DDM activities is large, if the unit service com-
mission fee is above medium and the consumers’ sensitivity to green R&D is small, the
manufacturer tends to choose the reselling mode and platform financing channel, while
the platform prefers the reselling mode and bank financing channel. The reason for this is
that, as mentioned before, an above-medium level of unit service commission fee under an
agent selling mode and platform financing channel makes both parties worse off. Then, the
manufacturer turns to the reselling mode. In the reselling mode, when the manufacturer
finances from the platform, the platform can utilize the loan interests to invest in DDM
technologies and promote the market demand markedly in the case that the sensitivity
coefficient of DDM activities is high. A substantial increase in the demand is beneficial to
the manufacture in turn. However, from another angle, because the consumers’ sensitivity
to green R&D is small, an increase in the demand is due mainly to the investment of
the platform, leading to a profit increment in the platform brought on by the fact that an
increased demand cannot offset the increased investment of DDM activities. Therefore, the
platform requires the manufacturer to finance from the bank. In addition, since the unit
service commission fee is above medium, it is willing to adopt an agency selling mode.
On the contrary, if both the consumers’ sensitivities to DDM activities and green R&D are
large, the efficiencies of investment of both parties are high under the reselling mode and
platform financing channel; then, this strategy is the best for both parties.

7. Conclusions and Future Study

With the deterioration of the global environment, more and more enterprises are engaged
in the production and innovation of green products. Moreover, in the platform supply chain,
many scholars have discovered the advantages of the platform economy and have studied
how the DDM activities of the platform positively affect the operations of the supply chain [10].
Therefore, we consider how the platform can give play to its advantages to improve the sales
of green products in line with the current research trend. In addition, the rapid development
of the platform also brings on new financing methods for manufacturers [37]. In view of
the lack of comprehensive research on green R&D, the selling mode, and the manufacturer
financing channels in an online marketplace, this paper establishes four platform supply chain
decision models under two financing channels and two selling modes, and then compares
and analyzes the equilibrium results of different models. By analyzing the impacts of DDM
and green R&D on the selling mode and financing channel from the perspectives of both the
manufacturer and the platform, this paper fills in the research gaps in the existing literature.
The main conclusions are as follows:

The service commission fee that is charged by the platform in the agent selling mode,
consumers’ sensitivities to green R&D and DDM activities are the main factors influ-encing
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the product green R&D level and the choices of sales modes and financing channels by the
manufacturer and the platform. Specifically, the increase in both consumers’ sensitivities
to green R&D and DDM activities can increase the level of green R&D and significantly
improve the profits of the manufacturer and the platform. Under agency selling mode, if the
unit service commission fee is low, the platform financing channel can motivate the platform
to invest more in DDM activities and then enhance the market demand for green products.
In turn, the manufacturer is encouraged to improve the level of green R&D. Both parties
prefer platform financing rather than bank financing; on the contrary, when the unit service
commission fee is high, platform financing hurts both parties” interests and bank financing
is better. Under the reselling strategy, compared with bank financing, the manufacturer
is willing to set a higher level of green R&D and both parties can obtain more profits
in the case of platform financing. In reality, the Amazon platform, in conjunction with
Lendistry, a commercial lender, is offering a new type of business financing pattern that can
help companies grow. In addition, since the green products generally have relatively low
service commission fees, Amazon prefers to adopt the reselling mode in most cases. This
phenomenon is consistent with the results of our analysis (illustrated in blue in Figures 5
and 6). The above conclusions are different from those in Zhen et al. [37]. They consider the
case that a capital-constrained manufacturer produces ordinary products and the platform
does not engage in DDM activities, and find that platform financing is always better than
bank financing for the manufacturer.

There are four situations in which the manufacturer and the platform can agree on a
same strategy and on the same selling mode and financing channel, and the level of green
R&D is the optimal. In detail, when the service commission fee is medium, both parties tend
to choose agency selling and platform financing; when the unit service commission fee is
high, both parties prefer reselling and platform financing; when the sensitivity coefficient of
DDM activities is small, the unit service commission fee is above medium, and consumers
are highly sensitive to green R&D, both parties are more inclined to choose agency selling
and bank financing. If consumers are sensitive to DDM activities and green R&D, and the
unit service commission fee is above medium, the investment efficiency of both parties
is the highest under reselling and platform financing, and this strategy is the best for
both parties.

We would like to further explore the following directions. First of all, it is assumed
that, in this paper, that the platform provides only one selling mode; however, in reality, the
platform can provide two modes of agency selling and reselling simultaneously. Therefore,
future research can consider the case that the two selling modes co-exist. Secondly, this
paper merely considers the green R&D of the manufacturer to produce one green product.
However, in practical operations, green products can be divided into production-intensive
products and R&D-intensive products. Thus, the innovation of different green product
types can be studied in the future. In addition, government policies, as a common and
effective method to guide the manufacturer to better implement green production and
R&D, can also be incorporated into our model in future studies.
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Appendix A

Proof of Proposition 1. By the standard backward induction, we can first verify that
27179—bf
angitz(t) —1 < 0; thus, the profit of the platform is a concave function with t. By

0

solving Pi = 0, we obtain the platform’s response decision t*~%/ = Bu. By sub-

stituting the t7=bf = Bu into the profit function of the manufacturer H?\be (p,e) and
taking the derivative with respect to p and ¢, we can see that the Hessian matrix of

a bf -2 o . . . o
(p,e) is < « —(1+7) > It is easy to see that the Hessian matrix is negative

115, (pe) arty (pe)
definite when 2(1+ ) —a? > 0. Then, by solvmg —M——= = 0and —5—— =0
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“bfs [l u(l ﬂz)] bfe (1+’y)[l+u(l+ﬁ2)] a2u

= )z and p fr= 2(1r) :

By substituting e?~%/* and p*~/* into t*~%/*, and then substituting all of them into the

a—bfx (1+7)[1—u(1—ﬁ2)}2 Hafbf* B u[azﬁzu-&-Z(l-i—'y)(l—u)]
22(14y)—a?] 7P - 2[2(y+1)—a?] ’

simultaneously, we can obtain ¢

profit functions, we can obtain IT,,

a-bfs _ 2[1-u(1-p?)]°

e 22(r+1) -
2 a—bf a2 o (1_r2\112
For the bank, since Mz (1) _ _ o) {21} < 0, its profit is a concave
o [2(1+7) 2]4
a—bf
function of 7. Let aHBaiym = 0, we can obtain "~ b/* = Substltutmg the optimal in-
terest rate 7 bf* = 222 jnto  the response  functions yields
a2 2\] 9,2 2

prbfx = (4=a )[11(2(71;’)5 )]-2 U oea—bfx — 7[12(Z(j f)}, and t*~t/* = Bu. Finally, by

substituting p?~tf*, 2 bf*, 12-bf* ‘and 4*~bf* into the market demand and the profits of
the manufacturer, the platform, and the bank, Proposition 1 can be obtained. [

Appendix B

Proof of Proposition 2. Through the standard backward induction, we first derive that
the Hessian matrix of H;ﬁbf (m,t) is ( -1 B > It is easy to verify that the Hessian
r—bf

g -2
r—bf
matrix is negative-definite when 2 — 2 > 0. Let an”aim(m’t) = 0and ar[”ait(m’t) =0, we

can obtain m"~f = 1_23’7;2"‘6 and t'7V = 5(1277”;”5) By substituting m" %/ and "~/ into

the profit function of the manufacturer H;be (w, e) and taking the derivative with respect

to w and e, we can verify that the Hessian matrix of H;&bf (w,e) is ( ;2 B (103_ ") )
an;;bf (w,e)

Thus, the Hessian matrix is negative-definite when 2(1 + ) — a? > 0. Let = =0

bf(w e)

I, . s 2—B2) (v+1 bfs
and T 0, we can obtain w" bf* — % and e’ bf* — M‘m
Substituting w"~t/* and ¢"~/* into m"~tf and +'~t/ yields m"tf* = % and
b — % Then, from w'~bf*, m'=bf* or=bf* and #'~0f* we can obtain
Hrfbf* _ (1+7) r—bfx _ (2—52)(1+’Y)2 Hrfbf* _ ya?
M 22(2—p)(1+7)—a?]” °°P 2[2-202-p2)(1+7))*" " B 2[a2-2(2—p2) (v+1)]*
207 —bf 2(9_g2\[42_(2_ _g2
For the bank, since 2 ng 0 _ & (-p)[2-C 7)(24ﬁ ) < 0, the bank’s profit
v (a2 =2(2—p%)(7+1)]

arty ()

a2 92
37 = 0, we can obtain '~ tf* = 2 Sub-

22—p%)

2 np2
stituting the optimal interest rate 4/ ~2/* = % into the response functions yields

is a concave function of . Let
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—bfs _  8—a?—4p? —bfx _ 8—a2—4p? _bfs _ (3-P?)(8—a2-4p2)
W = ey T = ey P = i e

—bfx 8— 2_4 2 —bf* —bf* —bf*
m,andtj hf :% r hf,mr bf,er bf,

#=f*, and 9" ~bf* into the market demand and the profits of the manufacturer, the platform,
and the bank, Proposition 2 can be obtained. [

r—bfx _

e

Finally, by substituting w

Appendix C

Proof of Proposition 3. Through the standard backward induction, we first verify that
R11s P (1)

T = —1 < 0; thus, the profit of the platform is a concave function with t. By

- Pf(t)

solvmg = 0 we can obtain the platform’s response decision t*~Pf = pu. By

substltutmg t” Pf = Bu into the profit function of the manufacturer H']ZVIP f (p,e) and
taking the derivative with respect to p and ¢, we can derive that the Hessian matrix of
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demand and the profits of the manufacturer and the platform, Proposition 3 can be obtained.

O

we can obtain *~Pf* = . In order to ensure that the financing interest

rate is greater than 0, u <3

,and

Appendix D

Proof of Proposition 4. By the standard backward induction, we first derive that the

Hessian matrix of H;pf (m,t)is ( -1 p > . Itis easy to find that the Hessian matrix

g -2
. . . 5 oty P (m,t)
is negative-definite when 2 — g~ > 0. Let —F5—* = 0 and
obtain m’~Pf = 1_23’7;2’” and "7/ = 5(1;7‘;“‘” By substituting m’~ F’f and t"~ P/ into the

M = 0, we can

profit function of the manufacturer H;&pf (w,e) and taking the derivative with respect

to w and e, we can derive that the Hessian matrix of H;\;p f (w,e) is ( _zxz —( 1’:_ ) >

-rf
The Hessian matrix is negative-definite when 2(1+ ) — a? > 0. Let # =0
2
and w = 0, we obtain w' Pf* = % and ¢~ Pf* =
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Sroigs —pfx —pf* : — — : —pfx _— (v+1)
Substituting w"~Pf* and ¢ ~Pf* into m" P and 7P/ yields m"Pf* = ) (=2
and t'Pf* = % From w'~Pf*, m"=Pf*, e'=Pf* and #~P/*, we can obtain
() e _ Qo)) (e o)y

Mo T 2R ()] TP T 22 22-2) (v
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For the platform, ; therefore, its profit is a con-

Nt Rty
—B2)_542 r—pf
cave function of ¢ when ¢ < % Let w = 0, we can obtain

A %. Substituting the optimal interest rate 4" ~#/* = % into the re-

sponse functions yields w' P = % /
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9"~Pf* into the market demand and the profits of the manufacturer, the platform, and the
bank, Proposition 4 can be obtained. [

Hr=rfr = Finally, by substituting w'=Pf*, m"=Pf*, ¢"=pPf* =pf* and
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