Journal of

Theoretical and Applied

zZ
Electronic Commerce Research ml\IJ\Py

Article

Analysis of Green Innovation of the E-Tailer and Supplier with a
Drop Shipping Option in E-Commerce

Yuepeng Cheng 1>*(0 and Bo Li !

check for
updates

Citation: Cheng, Y.; Li, B. Analysis of
Green Innovation of the E-Tailer and
Supplier with a Drop Shipping Option
in E-Commerce. J. Theor. Appl.
Electron. Commer. Res. 2024, 19, 20-39.
https:/ /doi.org/10.3390/jtaer19010002

Academic Editor: Mirjana Peji¢-Bach

Received: 16 September 2023
Revised: 15 November 2023

Accepted: 27 December 2023
Published: 28 December 2023

Copyright: © 2023 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/).

College of Management and Economics, Tianjin University, Tianjin 300072, China; libo0410@tju.edu.cn
School of Management Science and Engineering, Hebei University of Economics and Business,
Shijiazhuang 050061, China

Correspondence: cyp4173041@126.com

Abstract: As customer demand for green products increases in the digital economic era, this study
analyses the green innovation of the e-tailer and supplier in drop shipping models. Moreover,
drop shipping e-tailers and suppliers with a drop shipping option need to make choices regarding
whether to provide green or normal products to the market. When a supplier with a drop shipping
option produces green products, more fees may be invested in the production of green products
than on normal products. The drop shipping e-tailers and suppliers with a drop shipping option
can also choose to sell normal products at a low cost, as before. This study designs four models of
drop shipping e-tailers and suppliers with a drop shipping option under different choices, analyzes
their operational process in drop shipping models, and investigates five theorems. The optimal
pricing decisions and green degree of drop shipping e-tailers and suppliers with a drop shipping
option were evaluated in this study. The impacts of the green innovation factor, green elasticity
coefficient, manufacturing and distribution costs on the drop shipping e-tailers and suppliers with a
drop shipping option, and the effect of other environmental parameters on the green degree of green
products are also analyzed through computer simulation. The findings of the simulation analysis
provide valuable guidance for e-tailers and suppliers with green innovation in drop shipping models
and offer important academic and practical implications for e-commerce and the digital economy.
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1. Introduction

With the new generation of information technologies represented by big data and
artificial intelligence being applied in many fields of social life, the digital economy and
e-commerce of countries worldwide have been greatly developed. The China E-commerce
Report (2021) revealed that the national e-commerce transaction volume may reach ¥42.3
trillion RMB in 2021, with a year-on-year growth of 19.6% [1]. According to the Digital
China Development Report (2022), the scale of China’s digital economy reached ¥50.2
trillion RMB in 2022, ranking second in the world, with a year-on-year nominal growth
of 10.3% [2]. With an increasing focus on environmental protection by people and orga-
nizations in societies worldwide, an increasing number of customers want to buy green
products in e-business [3,4]. To fulfill customers’ green preferences, drop shipping e-tailers
should purchase green products from suppliers who produce green products with a drop
shipping option. In other words, the supplier with a drop shipping option should spend
more resources to innovate its production of green products compared to normal ones,
which would subsequently increase the cost of manufacturing these green products and
the wholesale price. In this scenario, the supplier with a drop shipping option should
decide whether to provide green products or sell normal products. When the supplier
with a drop shipping option supplies green products at a higher wholesale price than
normal products to the drop shipping e-tailer, the latter should also determine whether to
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provide green products at a high retail price or to supply normal products at a low retail
price, because the increase in the retail price of physical goods will reduce the number
of customer demand. This study proposes two operational scenarios for drop shipping
e-tailers and suppliers with a drop shipping option based on traditional models [5], and
each operational scenario has two models, which are the model of drop shipping e-tailer
and the model of the supplier with a drop shipping option. The first scenario involves a
drop shipping e-tailer selling normal products, and the second scenario involves a drop
shipping e-tailer providing green products. Furthermore, this study expands the green
innovation of the e-tailer and supplier from traditional models to drop shipping models,
and the optimal decisions of the drop shipping e-tailers and suppliers with a drop shipping
option across different operational environments are also evaluated.

The Global Digital Economy White Paper released at the 2023 Global Digital Economy
Conference indicates that the scale of China’s digital economy will increase by $4.1 trillion
dollars in 2022, with a compound annual growth rate of 14.2% [6]. Against the backdrop of a
booming digital economy, China’s e-commerce has also exhibited a thriving and prosperous
scene. The concept of the digital economy was first proposed by Tapscott in 1995, and he
believed that an important feature of the digital economy is networked intelligence [7].
In 1998, Tapscott, Lowy, and Ticoll et al. wrote a blueprint for the digital economy and
believed that the era of e-business was coming and would bring more wealth to society [8].
Carlsson then evaluated the reasons why the digital economy is called the new economy of
the United States economy in the latter half of the 1990s and observed changes in the view
that digitization of information, combined with the Internet, etc. [9]. Peitz and Waldfogel
provided a series of theoretical and empirical works on the digital economy, including
the digital industry and business practices [10]. Although green development has been
accepted in many countries worldwide, Liu, Liu, and Osmani agreed that digital technology
has powerful potential to promote the development of a circular economy and reviewed
the research progress and trends of the integration of the circular economy and digital
economy [11]. Rusch, Schoggl, and Baumgartner considered digital technologies to act
as enablers for a more sustainable and circular economy and offered a comprehensive
overview of current and potential examples of digital technology applications in different
models through quantitative and qualitative content analysis [12]. In general, with more
than decades of continuous research on the digital economy and green development by
many scholars and experts, fruitful results have valuable positive significance for the
sustainable development of the world economy and natural environment.

Drop Shipping was initially used by mail-order companies as a marketing method
in the 1990s, achieving great success after they were introduced into e-commerce and
obtaining a win-win model of sharing customer information and e-fulfillment capabilities
between the e-tailers and suppliers [13]. The world’s largest luggage e-tailer, eBags, uses
drop shipping to sell over 12,000 kinds of goods with more than 200 brands. Many e-tailers
in Taobao, eBay, and Amazon chose drop shipping to complete their customer orders.
Lee and Chu examined the variation in the e-tailer’s profit in traditional VMI, CAM,
and drop shipping modes based on the Newsvendor Model [14]. Bailey and Ravinovich
believed that e-tailers should mix traditional channels and drop shipping modes in most
operational environments, which can improve product sales [15]. Mukhopadhyay, Zhu, and
Yue analyzed the optimal decision making issues of manufacturers using mixed-channel
models [16]. Xiao, Chen, and Chen evaluated the optimal inventory and ordering decisions
of an e-tailer in hybrid channels who utilized an Internet store and physical shop to provide
seasonal commodities for customer demand from online and offline channels [17]. Chiang
and Feng investigated corporate issues between the manufacturer and the e-tailer with
traditional distribution channels and drop shipping channels and analyzed the profit rate
and efficiency of these two channels [18]. Zhao, Duan, and Wang et al. focused on the
coordination mechanism and pricing issues of a dual-channel supply chain with a drop
shipping option [19]. In recent years, with the gradual increase in emerging information
technologies such as big data in e-commerce and other related fields [20], research on
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e-tailers has attracted the attention of many experts and scholars worldwide. In 2018,
Chen, Chiu, and Lin et al. proposed online product arrangement and stock management
problems for an e-tailer in a drop shipping environment [21]. Sodero, Namin, and Gauri
et al. used analytical models to examine the inventory assortment operation of an e-
tailer who provided seasonal products to the market with both drop shipping and store
channels [22]. Qiu, Hou, and Sun et al. analyzed the decision issues of a dual-channel
supply chain that contained a manufacturer, a traditional retailer, and an e-tailer and
obtained analytical solutions for pricing and ordering decisions with uncertain demands
through a distribution-free approach [23]. These findings indicate that e-commerce has
become an important growth point in the social economy and a new driving force for
promoting economic growth, but there is rarely research on the green innovation of the
drop shipping e-tailer and supplier in e-commerce, the traditional e-tailer and supplier
obtained more margins from green products in traditional models [5], what will happen
when the drop shipping e-tailer and the supplier with a drop shipping option begin to make
green innovation and provide green goods? How will the operational parameters influence
the drop shipping e-tailer and the supplier with a drop shipping option when they pay
additional resources for the green innovation of normal products? It is just the motivation of
this study. With the vigorous development of e-commerce activities worldwide, particularly
the rise of cross-border e-commerce, various business model innovations will continue to
emerge in the real economy.

The remainder of this paper is organized as follows: The notations and operational
models of the drop shipping e-tailers and suppliers with a drop shipping option are
investigated in Section 2, and this section analyzes the margins they gained from selling
normal and green products to customers. Section 3 evaluates the optimal choices and
decisions of drop shipping e-tailers and suppliers with a drop shipping option for offering
normal and green commodities. The effect of environmental parameters on drop shipping
e-tailers and suppliers with a drop shipping option in different operational scenarios is
illustrated through simulation analysis in Section 4. Section 5 concludes.

2. Models of the Drop Shipping E-Tailers and Suppliers

In drop shipping models, the customer demands in the market are computed using
Equations (1) and (2) [5,24], where d,, is the customer demand for normal products and
dg is the customer demand for green ones. The notations used in this study and their
descriptions are presented in Table 1.

dy :D‘_ﬁpg,n‘ 1)

dy = o — By, + 603 )

When providing green products to the drop shipping e-tailers, the suppliers with a
drop shipping option must pay a certain amount of additional cost to the green innovation of
normal products to gain green products. This additional cost is computed as %8(0;)2 [24,25].

Table 1. Notations and descriptions.

Notations Descriptions
0s The green degree of the green products is a decision variable of the supplier with a drop shipping option who
d decides to provide green products.
e The unit retail price of the drop shipping e-tailer for providing products to customers is a decision variable of
Pa, the drop shipping e-tailer, and i € {#n, g}.
W The unifc wholesale{ pri.ce of th.e .supplie.r with a drop shipping option who.pro.vides Physical Products to the
ai drop shipping e-tailer is a decision variable of the supplier with a drop shipping option and i € {n, g}.
« The total amount of customer demand in the whole market.
B Elasticity coefficient of customer demand on the retail price of normal products and > 0.
6 Green elasticity coefficient of customer demand on the green degree of green products and 0 < 6 < B.
€ Green innovation factor of green products and ¢ > 0.
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Table 1. Cont.

Notations Descriptions
d; Customer demand faced by the drop shipping e-tailer and i € {n, g}.
mey Unit manufacturing cost of the supplier with a drop shipping option for producing physical products.
dc Unit distribution cost of the supplier with a drop shipping option who delivers physical products to customers.
4y Margins obtained by drop shipping e-tailer and i € {n, g}.
4y Revenue attained by the supplier with a drop shipping option and i € {n, g}.

2.1. Drop Shipping Models with Normal Products

E-tailers do not have a private inventory system in the drop shipping models. When
customers on the Internet purchase normal goods from the drop shipping e-tailer, the latter
receives the order information from the customers and then transfers this information to
the supplier with a drop shipping option; the supplier delivers these physical products to
customers directly according to the received order information. Drop shipping e-tailers
differ from traditional e-tailers in three ways. First, traditional e-tailers operate an inventory
system, whereas drop shipping e-tailers have no such system. Second, traditional e-tailers
send their physical products to customers and pay the distribution cost, whereas drop
shipping e-tailers do not charge any distribution cost and let the suppliers with a drop
shipping option finish the distribution process. Third, e-fulfillment is accomplished by
the traditional e-tailers themselves with their inventory stocks, whereas the drop shipping
e-tailers fully depend on the suppliers with a drop shipping option to complete the e-
fulfillment process. For the suppliers, the biggest change is the newly added distribution
cost in drop shipping models compared with traditional models, and it will cause an
increase in the wholesale price of physical goods.

For the sake of generahty in Table 1, there are assumptions thatinclude p , > wj > mcj,
Pdg > wdg > mey, wy, > mey + dej and wdg > mc3 + dcj to ensure that both drop
shipping e-tailers and suppliers with a drop shipping option can earn profits.

In the operational process, where the drop shipping e-tailer and supplier with a drop
shipping option provide normal commodities on the Internet, the supplier with a drop
shipping option first decides the wholesale price wj , of normal products and ensures that
wy, > mcy +dc, and then the drop shipping e-tailer sets a proper value for the retail
price pj , of normal products. The supplier with a drop shipping option spends resources
on manufacturing normal products and delivers these goods to customers based on the
distribution requests of the drop shipping e-tailer. To create margins, the wholesale price of
normal products should exceed the sum of these costs, and it is set by the supplier with
a drop shipping option. Meanwhile, the drop shipping e-tailer sells normal products to
customers and sets an appropriate retail price before customers begin purchasing these
goods. In the e-fulfillment operation, given that the supplier with a drop shipping option
bears the cost of distributing physical products to customers, the retail price of normal
products as determined by the drop shipping e-tailer should be higher than the wholesale
price decided by the supplier with a drop shipping option.

In general, the wholesale and retail prices of normal products are decided by the
supplier with a drop shipping option and drop shipping e-tailer, respectively. The supplier
with a drop shipping option spends a certain amount of fees on manufacturing physical
products, delivers physical products to end customers according to the order information
received from the drop shipping e-tailer, and supplies commodities to the drop shipping
e-tailer at the wholesale price. Whereas, the drop shipping e-tailer provides product
information to customers, gathers their order information over the Internet and sends order
information to the supplier with a drop shipping option for the distribution service.

If the supplier with a drop shipping option and drop shipping e-tailer offers normal
products to the market, the unit margin of the drop shipping e-tailer for providing normal
products is obtained by subtracting the wholesale price from the retail price of normal
goods, whereas its total income is obtained by multiplying the amount of customer demand
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d, by the unit revenue. Meanwhile, the unit profit of the supplier with a drop shipping
option for offering normal commodities is computed as the wholesale price minus the
manufacturing and distribution costs of normal products, and its total income is obtained
by multiplying the sum of customer demand d,, for normal products on the Internet by unit
revenue. Then, the profits of the drop shipping e-tailer and supplier with a drop shipping
option are computed using Equations (3) and (4), respectively.

e

T[d,n = (Pfi,n - wz,n)<‘x - ﬁpg,n>' (3)

T = (W5, — meg —deg) (& — pg,,)- 4)

2.2. Drop Shipping Models with Green Products

Based on the operational environment of the green drop shipping e-tailer and green
supplier with a drop shipping option, the physical goods stored in the inventory systems
of the latter are all green products in drop shipping models, and the operational steps in
e-fulfillment are the same as those for the normal products. The green supplier with a
drop shipping option is responsible for manufacturing green goods for the drop shipping
e-tailer and distributing these green goods to customers. Meanwhile, the green drop
shipping e-tailer must transfer information about green products to customers and send
order information to the green supplier with a drop shipping option. In the process of
manufacturing green products, the green supplier with a drop shipping option should
charge additional fees to perform the green innovation of green products. Therefore, for
the green supplier with a drop shipping option, the fees for manufacturing green products
are higher than those for producing normal products.

In this operational model with green products, the supplier with a drop shipping
option initially determines both the wholesale price wj 2 and green degree 07 of green
products, and the drop shipping e-tailer decides the retail price pj; 2 of green products
after the supplier with a drop shipping option making decisions. After customers order
green products from the green drop shipping e-tailer over the Internet, the latter sends
such order information to the green supplier with a drop shipping option responsible for
distributing green physical products to customers. Customers buy green products from
the green drop shipping e-tailer at a retail price determined by the latter, and the green
supplier with a drop shipping option delivers these products directly to customers. Given
the additional costs involved in green innovation and the drop shipping service of green
products, the green supplier with a drop shipping option sells these products to the green
drop shipping e-tailer at a higher wholesale price than that of normal products, whereas
the customer demand of green products d,, is greater than that of normal goods d,, because
of their green preferences, and the increase in customer demand can bring more margins
for the drop shipping e-tailer and supplier with a drop shipping option and partly reduce
the adverse impact of increased green innovation costs. The profits of the green drop
shipping e-tailer and green supplier with a drop shipping option can be obtained using
Equations (5) and (6), respectively.

e

1
Mg = (w5 —mey —dcy)(a — Pyl o +067) — 5e(63)". (6)

3. Optimal Choices and Decisions of the Drop Shipping E-Tailers and Suppliers

3.1. Optimal Pricing Decisions of the Drop Shipping E-Tailer and Supplier with Normal Products
In this section, the optimal retail and wholesale prices of normal commodities for the

drop shipping e-tailer and supplier with a drop shipping option are analyzed based on

Equations (3) and (4).
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2 e
First, for the drop shipping e-tailer with normal goods, I ']12 —2B < 0 and
dn
a €
87;5’” = a —2pBp§, + pwy , are obtained from Equation (3), then the retail price solution of
ont
aZg'” = 0 can be found using Equation (7).
pZ,n (’X + :de n) (7)

28

Second, for the supplier with a drop shipping option and normal products, Equation (8)
is obtained when p§  is substituted into Equation (4).

1
ntsi,n = E(wil,n - mci[ - dCZ)((X - ﬁwfi,n)' (8)
2

aa[wdn] -5 <0 and aws = o — B(2w} , — mcy — dcg), the optimal whole-
sale and retail price solutions of normal goods can be obtained from Equations (9) and (10),

respectively.
w5 = 2,3 Ll e+ dc3)]. ©)
Vin = 35 230+ Blmes + de3)]. (10)

Third, when providing normal goods to customers in drop shipping models, the
margins of the drop shipping e-tailer and supplier with a drop shipping option can be

described as follows: 1

Tan = 1op1% — Blmey + dcs)P. (11)
5, = Slﬁ[a — B(mcs +des)]. 12)

3.2. Optimal Green Degree and Pricings Decisions of the Drop Shipping E-Tailer and Supplier with
Green Products

Compared to drop shipping models with normal products, the green supplier with
a drop shipping option has two decision variables, which are wholesale price and the
green degree of green goods when offering green products to customers, while the green
drop shipping e-tailer decides the retail price of green products in this scenario. The
optimal wholesale price, green degree, and retail price of the green supplier with a drop
shipping option and green drop shipping e-tailer are examined in this section according to
Equations (5) and (6).

First, if the green drop shipping e-tailer decides to sell green commodities for the
e 9271

d
market, 548 = & — 2Bp  + 005 + pu, and - o
[dg}

7 ap
Equation (5), then the retail price solution of green commodities of the green drop shipping
e-tailer is shown in Equation (13).

= —2B < 0 can be found from

1
Pag = @(a + 605 + pwy o). (13)

Second, as the green supplier with a drop shipping option and green products,
Equation (14) is obtained based on p§ o and Equation (4) to show the earned margins.

1
Mg = (w5 — mcg —dcg) (o + 003 — pu ) - e(65)7]. (14)
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Then,
o7’
d, 1
aw;i = §[tx — 2Bwy , + 065 + P(mcy + dcy)]. (15)
o7’
dg 1
36" = 5[(5(w§’g —mcy — dciy) — 2€603]. (16)
The Hessian matrix was obtained as Equation (17).
82713,? azn‘j’q
8[65]2 a@;aw;g 1 >
327"(13& an;,g - EIB - 15 . (17)

T390 ofur, )

Due to —e <0, 7 o I8 @ convex function of green degree 6 and wholesale price wj; 2

s

S S
Ty,

us

]
58 = 0 and & = 0, the solutions
dg d

of the wholesale price w} 2 and green degree 67 and retail price of green products, which

of green products when ¢ — %52 > 0. Based on

are decision variables of the green supplier with a drop shipping option and green drop
shipping e-tailer, are expressed as Equations (18), (19), and (20), respectively.

wg, = 43[51—52 2ea + (26B — 82) (e + dcs)]. (18)
)

1
e _ - 52 S s
Pag = 4p— 3 [Bea + (ef — 0%) (mcy + dcjy)]. (20)
Third, after the optimal values of three decision variables were achieved in drop
shipping models with green products, the maximum profits of the green drop shipping
e-tailer and green supplier with a drop shipping option when providing green products
were constructed using Equations (21) and (22), respectively.

o= Pl Omey +de) @
Mg = (48[‘3—(52)2 & — B(mcy +dcy)|”.
T = (e — gy~ Bmes +di) 22)

3.3. Analysis of the Optimal Choices and Decisions of the Drop Shipping E-Tailer and Supplier

Finally, five theorems were obtained based on the analysis of the optimal decisions on
wholesale and retail prices and margins of the drop shipping e-tailer and supplier with a
drop shipping option in two different drop shipping models.

S S
Theorem 1. wd,g > wy -

Proof. It can be obtained from Equation (18) minuses Equation (9), as follows:

w;,g B wfi,n

= 473/31752 [2ea + (2eB — 62) (mcS; + dcs)] — ﬁ[”‘ + B(mcs, + des)]

= spmp gy (2260 + (2ep — 6%) (mc§ + dc)] — (4ep — 6%) [t
plmc +dcy)]}
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And

2B[2en + (2eB — 6%) (mcs + dcs)| — (4ep — 6%)[a + B(mcs + dcs))]
= deaf + 2B(2ep — 6%) (mcs + dcsy) — (4ep — 62)a — P(4ep — 62)(mc5,
+dcf)
= deaf + B[2(2ef — 6%) — (4ef — 6%)](mcs, + dcs)) — deaf + ad?
= dea — 4eaf + Bl4ep — 202 — 4ef + 62](mcs, + dc) + as?
= —B6%(mcs + dcs)) + as?
= 6%[a — B(mcs, + dcs)]
With & — B(mc} +dcj) > a —pwy, > a—pps, > 0and 4ef —6*> > 0, then
52
Woe — Wiy = m[a — B(mc +dcs)] > 0.
So wfi,g > wy .
Theorem 1 reveals that the wholesale price of green products decided by the green

supplier with a drop shipping option is higher than that of normal products in the drop
shipping models. [

Theorem 2. pé,g > P
Proof. The result of Equation (20) minuses Equation (10) is,

pg,g - le,n
- ﬁ[&w + (eB — 6%) (mcs + dcs)] — ﬁ[?ux + B(mcs + dcs)]
= m{ﬂ%[%tx + (ef — 6%) (mcs + dcs)| — (4ep — 6%) [Ba+
B(mc +dcy)]}

Though

4B[3ex + (ef — 6%) (mcs + dc5)] — (4ef — 6%)[3a + B(mcsy + dcs))]
= [12eaB + 4B (e — 6%) (mc, + dcs)] — [Ba(4ef — 6%) + P(4ep — 62) (mcs
+dcy)]
= 12ea i 4B(ep — 6%) (mcs + dcs)) — 3a(4ep — 6%) — P(4ep — 62)(mc5,
+dc%)
= 12en —i Bl4(eB — 62) — (4ef — 6%)](mcS, + dc) — (12ea — 3ud?)

= 12eap + B[(4ef — 46%) — (4eB — 62)](mcs + dcs) — 12eaB + 3ud?
= 12eap — 12eap + 3ud* + Bl4ep — 46% — 4ep + 62](mcS, + dcsy)
= 3062 — 3% (mc, + dcs)
= 36%[a — B(mcs, + dc5)]
As a — B(mcs +-dcy) > a — pwg o > & — ppg . > 0and 4ef — 52> 0.
— 37
So pZ,g — pgén = 456(4%752) [@ — ﬁ(mcz +dc)] > 0.
And then Pag > Pan:

Theorem 2 shows that the retail price of green products determined by the green drop
shipping e-tailer is also higher than that of normal products. [

e e
Theorem 3. T > 715,

Proof. Firstly, because of & — B(mc; +dc5) > a — ‘Bwfilg >0 — ﬁpg/g > 0 and 4¢f — 6% > 0.
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Then according to Equations (11) and (21)

n§§ - nzei,n
£ /5 s S 2 1 S S 2
= G 0 — Blmel +dey))” — gapla — Blme; +de)]
2
= [ — B(mcy + ch)]z[(%;%iz)z ~ Tep]

= ol — Blmc + dei) (1626 — (dcp — 82)]

And,
o — B(mcy , +dcy)|* (166282 — (4ep — 62)’]
= [ — B(mes o +dcs)[*[4ep + (4ep — 0)][4ep — (4ep — 02)]
= (8ep — &%) [ — B(mcsy , +dc5)]
> 0.
Then 7tj — 715, = 1ot (8¢ — 0%) [ — Bmc, +dey)]* > 0.

So 7y > 75,
Theorem 3 implies that the green drop shipping e-tailer obtains more margins from
providing green products than normal ones in the drop shipping models. [

S S
Theorem 4. T > 705

Proof. Based on Equations (12) and (22), there is
nzs;l,g - ﬂxsi,n ) )
= 37y [« — Blmey +dcy)]” — ggla — B(mcy + dcy)]
= la— B(mcy +de)) [yrzp—7 — 55
~ atisey 6 — Blmc + dcs) *[4eB — (4B — 0%
B [ — B(mcs; + dc; ep ep

= 781%(48}3752) [ — B(mcs, + dc))*[4ep — 4ep + 2]
2
= gy [ — Blmey + des)]?

And o — B(mcy +dc) > a — pwy , > o — pp§ > 0,4ep — 62 > 0.

So n;l,g > 7T

Theorem 4 indicates that the green supplier with a drop shipping option generates
more revenues by providing green products to the green drop shipping e-tailer than normal
products. [

e S e S
Theorem 5. g + e >y,

Proof. Theorem 5 is obtained based on Theorem 3 and Theorem 4.

Theorem 5 proves that the total income earned from supplying green products is
greater than that of normal products in an operational environment with drop shipping.

The results of these theorems show that the optimal choices of the drop shipping
e-tailer and supplier with a drop shipping option are all offering green products to the
market; both the green drop shipping e-tailer and green supplier with a drop shipping
option earn more margins from selling green products than normal ones in drop shipping
models, although the retail and wholesale prices of green products are greater than those
of normal products. []
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4. Experimental Analysis

In the experimental simulation, the effects of the green elasticity coefficient, green
innovation factor, manufacturing cost, and distribution cost on the drop shipping e-tailer
and supplier with a drop shipping option were evaluated. The simulation considers the
green degree, wholesale and retail prices of green products, and the margins earned by
the drop shipping e-tailer and supplier with a drop shipping option from supplying green
products to the market. The optimal choices and decisions of the drop shipping e-tailer
and supplier with a drop shipping option were ensured through a comparative analysis
in different operational scenarios. The values of environmental parameters used in the
simulation are listed in Table 2.

Table 2. The values of environmental parameters.

Notations Values Notations Values
% 1000 B 50
1 37 dcs $0.65
mcy $7.5 € 36

4.1. Analysis of the Impact of Operational Parameters on the Green Degree of Green Products

The green supplier with a drop shipping option consumes additional fees to accom-
plish the green innovation of green products because the optimal choices of the drop
shipping e-tailer and supplier with a drop shipping option are chosen to provide green
commodities for customers. The additional fees can cause an increase in the wholesale
and retail price of green products and a decrease in customer demand, whereas an increas-
ing green degree of green products may bring more customer demand to the green drop
shipping e-tailer and green supplier with a drop shipping models. So, the green supplier
with a drop shipping option regards the green degree as a valuable decision variable for
green products to maximize margins. The operational parameters, which include the green
innovation factor, green elasticity coefficient, manufacturing cost, and distribution cost,
impacting the green degree of green products are evaluated in this experiment simulation.

4.1.1. Analysis of the Green Innovation Factor Influents on the Green Degree of
Green Products

As Figure 1 shows, the optimal green degree of green products gradually decreases
when the green innovation factor of green commodities increases. An increase in the green
innovation factor of green goods suggests that the green supplier with a drop shipping
option should invest additional fees to achieve the same green innovation level as before.
Thus, when the amount of costs spent on green innovation remains unchanged, an increase
in the green innovation factor of green commodities decreases the green degree of green
products produced by the green supplier with a drop shipping option. For instance, if the
green innovation factor of green goods increases from 35 to 40, the green degree of the
green products has an opposite trend, and it decreases from 3.8932 to 3.3061.

For the green supplier with a drop shipping option, the lower the green innovation
factor, the lower the additional fees spent on the green innovation in producing green
products. If the additional costs invested in green innovation of green products decrease,
the wholesale and retail prices of green products will become lower than before, then
the customer demand for green goods will increase, and the green drop shipping e-tailer
and green supplier with a drop shipping option can earn more profits with a low green
innovation factor.
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Figure 1. Impact of the green innovation factor on the green degree of green products.

4.1.2. Analysis of the Green Elasticity Coefficient Influents on the Green Degree of
Green Products

As the green elasticity coefficient increases, the green degree of green products shows
an upward trend, as shown in Figure 2. An increase in the green elasticity coefficient
corresponds to an increase in customer demand for green products on the Internet, which in
turn increases the revenues attained by the green drop shipping e-tailer and green supplier
with a drop shipping option from selling green products. In this case, the green supplier
with a drop shipping option is pushed to pay additional fees for the green innovation of
green products to improve the green degree. Specifically, if the green elasticity coefficient
increases from 33 to 39, the green degree of green products manufactured by the green
supplier with a drop shipping option increases from 3.1996 to 4.0689.
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Figure 2. Impact of the green elasticity coefficient on the green degree of green products.

For the green drop shipping e-tailer, the larger the green elasticity coefficient, the
greater the customer demand and margins earned. Thus, the green drop shipping e-tailer
and green supplier with a drop shipping option can make more profits when they meet a
large green elasticity coefficient in the drop shipping environment.

4.1.3. Analysis of the Manufacturing Cost Influents on the Green Degree of Green Products

When the manufacturing cost of green commodities increases, the green degree of
green products produced by the green supplier with a drop shipping option decreases, as
shown in Table 3. For example, when the manufacturing cost of green products increases
from $7.5 to $8.5, the green degree of green products decided by the green supplier with a
drop shipping option decreases from 3.7596 to 3.4424, highlighting a negative correlation
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between the green degree and the manufacturing cost of green goods. These results mean
that the larger the manufacturing cost, the smaller the green degree of green commodities.

Table 3. Influence of manufacturing cost and distribution cost on the green degree of green products.

mcfi 9‘51 dcjl 6;

$7.5 3.7596 $0.30 3.8707
$7.6 3.7279 $0.36 3.8517
$7.7 3.6962 $0.42 3.8326
$7.8 3.6645 $0.48 3.8136
$7.9 3.6327 $0.54 3.7945
$8.0 3.6010 $0.60 3.7755
$8.1 3.5693 $0.66 3.7565
$8.2 3.5376 $0.72 3.7374
$8.3 3.5058 $0.78 3.7184
$8.4 3.4741 $0.84 3.6994
$8.5 3.4424 $0.90 3.6803

4.1.4. Analysis of the Distribution Cost Influents on the Green Degree of Green Products

With the increasing distribution cost of the green supplier in drop shipping models,
the green degree of green commodities manufactured by the green supplier with a drop
shipping option shows a decreasing trend in Table 3. When the distribution cost of the
green supplier with a drop shipping option increases, the wholesale and retail prices of
green products also increase, and the customer demand for green goods decreases, thereby
decreasing the profits of both the green supplier with a drop shipping option and green
drop shipping e-tailer. In this case, the green supplier with a drop shipping option would
invest fewer resources in the green innovation of green products than before, thus reducing
the green degree of these products. For instance, if the distribution cost of the green
supplier with a drop shipping option increases from $0.30 to $0.90, the green degree of
green commodities decreases from 3.8707 to 3.6803.

Though the distribution cost is borne by the green supplier in drop shipping models
if this cost increases, the green supplier with a drop shipping option will spend fewer
fees on the green innovation of green goods when given limited total resources, and the
green degree of green commodities becomes smaller, which causes a reduction in customer
demand for green goods, and both the green supplier with a drop shipping option and
green drop shipping e-tailer obtain fewer margins in this scenario. Therefore, the green
drop shipping e-tailer and green supplier with a drop shipping option should try to reduce
the distribution cost to maximize their income.

4.2. Impact of the Green Elasticity Coefficient on the Drop Shipping E-Tailer and Supplier
4.2.1. Analysis of the Green Elasticity Coefficient Influents on the Retail and
Wholesale Prices

Increasing the green elasticity coefficient also increases the customer demand for green
commodities on the Internet. Thus, the green drop shipping e-tailer increases the retail
price of green goods, which in turn drives the green supplier with a drop shipping option
to increase the wholesale price of green products. Both the green drop shipping e-tailer
and green supplier with a drop shipping option gain higher margins by providing green
commodities. The effect of the green elasticity coefficient on the wholesale and retail prices
of green goods is shown in Figure 3. When the coefficient gradually rises, the wholesale and
retail prices of green products also increase. For instance, if the green elasticity coefficient
of green commodities rises from 33.0 to 39.0, the wholesale price of green products decided
by the green supplier with a drop shipping option increases from $15.1309 to $15.6619,
whereas the retail price of green goods determined by the green drop shipping e-tailer
increases from $18.6213 to $19.4178.
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Figure 3. Impact of the green elasticity coefficient on the retail and wholesale prices.

In the drop shipping models, Figure 3 also indicates that the retail and wholesale
prices of green commodities are higher than those of normal ones because of the additional
fees spent by the green supplier with a drop shipping option on the green innovation of
green products. Under this condition, the wholesale price of green goods is always higher
than that of normal products, and an increase in the wholesale price of green goods causes
the retail price of these products to increase. In addition, the retail and wholesale prices
of normal commodities are not affected by the green elasticity coefficient and remain at
$17.0375 and $14.0750 throughout the experiment. Finally, these results show that the
variable of the green elasticity coefficient and that of the retail and wholesale prices of
green products have the same trend; the bigger the green elasticity coefficient, the higher
the retail and wholesale prices of green products.

4.2.2. Analysis of the Green Elasticity Coefficient Influents on Margins of the Drop
Shipping E-Tailer and Supplier

When the green elasticity coefficient of green goods increases, the retail and wholesale
prices of green products will increase, and the income obtained by the green drop shipping
e-tailer and green supplier with a drop shipping option shows an upward trend. However,
this trend has no effect on the margins of the drop shipping e-tailer and supplier with a
drop shipping option of supplying normal commodities to customers. The increase in the
green elasticity coefficient means that more customer demand with green preference in
the market, then more profits will be obtained by the green drop shipping e-tailer and
green supplier with a drop shipping option, so their income shows an increasing trend, but
this change has no impact on the customer demand of normal goods. Table 4 shows the
influence of the green elasticity coefficient on the margins of the drop shipping e-tailer and
supplier with a drop shipping option.

Specifically, if the green elasticity coefficient of green goods rises from 33.0 to 39.0, the
margins of the green drop shipping e-tailer from providing green commodities increase
from $609.1541 to $705.3554, while those of the green supplier with a drop shipping option
rise from $1034.0 to $1112.7. However, the revenue of the drop shipping e-tailer and
supplier with a drop shipping option for providing normal commodities were maintained
at $438.8203 and $877.6406, respectively. Therefore, the green drop shipping e-tailer and
green supplier with a drop shipping option can generate more margins from supplying
green goods than normal ones. In this case, 77 ¢ g , and 7Ty ¢ > 7y , hold.
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Table 4. Influence of the green elasticity coefficient on margins of the drop shipping e-tailer
and supplier.

) 71';’ " 71'5,’” 7r§’ < 7r§’ <
33.0 $877.6406 $438.8203 $1034.0 $609.1541
33.6 $877.6406 $438.8203 $1040.8 $617.1994
34.2 $877.6406 $438.8203 $1047.9 $625.5546
34.8 $877.6406 $438.8203 $1055.1 $634.2331
35.4 $877.6406 $438.8203 $1062.6 $643.2491
36.0 $877.6406 $438.8203 $1070.3 $652.6180
36.6 $877.6406 $438.8203 $1078.2 $662.3557
37.2 $877.6406 $438.8203 $1086.5 $672.4795
37.8 $877.6406 $438.8203 $1094.9 $683.0075
38.4 $877.6406 $438.8203 $1103.7 $693.9593
39.0 $877.6406 $438.8203 $1112.7 $705.3554

4.3. Impact of Manufacturing Cost on the Drop Shipping E-Tailer and Supplier
4.3.1. Analysis of Manufacturing Cost Influents on the Retail and Wholesale Prices

In drop shipping models, the variation in the manufacturing cost of the supplier with
a drop shipping option has an important influence on both the drop shipping e-tailer
and the supplier with a drop shipping option. An increase in the manufacturing cost of
physical goods, to which the supplier with a drop shipping option responded by setting a
higher wholesale price to maintain a proper amount of revenue. These increases will push
the drop shipping e-tailer to raise the retail price of physical commodities. As Figure 4
shows, when the manufacturing cost of physical products increases, the wholesale prices
of these two goods show an upward trend. For instance, if the manufacturing cost of
physical commodities rises from $7.5 to $8.5, their wholesale prices increase from $15.4661
and $14.0750 to $15.8487 and $14.5750, respectively, whereas the retail prices of green
and normal goods rise from $19.1241 and $17.0375 to $19.1980 and $17.2875, respectively.
wy ¢ > wy , and pfi,g > p , hold true under these conditions.
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Figure 4. Impact of manufacturing cost on the retail and wholesale prices.

4.3.2. Analysis of Manufacturing Cost Influents on Margins of the Drop Shipping E-Tailer
and Supplier

If the manufacturing cost of physical goods increases, the supplier with a drop ship-
ping option and drop shipping e-tailer should raise the wholesale and retail prices of
physical products to achieve a certain level of profitability. However, an increase in the re-
tail price of these products further reduces customer demand in the market and eventually
causes a decrease in the margins of the drop shipping e-tailer and supplier with a drop
shipping option. This scenario is illustrated in Table 5.



J. Theor. Appl. Electron. Commer. Res. 2024, 19 34

Table 5. Influence of manufacturing cost on margins of the drop shipping e-tailer and supplier.

mey T T Tig g
7.5 $877.6406 $438.8203 $1083.7 $669.0609
7.6 $862.8906 $431.4453 $1065.5 $657.8164
7.7 $848.2656 $424.1328 $1047.4 $646.6671
7.8 $833.7656 $416.8828 $1029.5 $635.6132
79 $819.3906 $409.6953 $1011.8 $624.6545
8.0 $805.1406 $402.5703 $994.2 $613.7912
8.1 $791.0156 $395.5078 $976.7 $603.0231
8.2 $777.0156 $388.5078 $959.4 $592.3504
8.3 $763.1406 $381.5703 $942.3 $581.7729
8.4 $749.3906 $374.6953 $925.3 $571.2907
8.5 $735.7656 $367.8828 $908.5 $560.9038

In these models, whether the drop shipping e-tailer provides green or normal com-
modities, revenues earned by them always show a downward trend. For instance, if the
manufacturing cost of physical goods increases from $7.5 to $8.5, the benefits of the suppli-
ers with a drop shipping option for selling two goods decrease from $1083.7 and $877.6406
to $908.5 and $735.7656, respectively. Meanwhile, the profits of the drop shipping e-tailer
with two commodities decrease from $669.0609 and $438.8203 to $560.9038 and $367.8828,
respectively. Therefore, an increase in the manufacturing cost of physical products has a
harmful effect on both the drop shipping e-tailer and supplier with a drop shipping option.
7 ¢ > ;. and 77y ¢ > 7 , also hold under these conditions.

4.4. Impact of Distribution Cost on the Drop Shipping E-Tailer and Supplier
4.4.1. Analysis of Distribution Cost Influents on the Retail and Wholesale Prices

If the distribution cost of the supplier with a drop shipping option increases, both the
wholesale and retail prices of normal and green products all increase, which are different
from the traditional models. For instance, if the distribution cost of the supplier with a
drop shipping option rises from $0.30 to $0.90 in Figure 5, the retail prices of normal and
green goods decided by the drop shipping e-tailer increase from $16.9500 and $19.0982 to
$17.1000 and $19.1426, respectively, meanwhile, the wholesale prices of these two products
increase from $13.9000 and $15.3322 to $14.2000 and $15.5617, respectively. These results
indicate that if the distribution cost increases, the supplier with a drop shipping option
hedges these costs by improving the wholesale price of these two commodities, which
leads to increases in the retail prices of the two physical goods.
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Figure 5. Impact of distribution cost on the retail and wholesale prices.
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For the supplier with a drop shipping option, increasing the wholesale price of two
different commodities may reduce part of the negative influence of the rising distribution
cost. While, for the drop shipping e-tailer, increasing the retail price of two physical
products may result in greater margins. Both wj ¢ > wy , and py ¢ > Py, hold true in
this scenario.

4.4.2. Analysis of Distribution Cost Influents on Margins of the Drop Shipping E-Tailer
and Supplier

When the distribution cost borne by the supplier with a drop shipping option increases,
the earned margins of the drop shipping e-tailer and supplier with a drop shipping option
decrease, as shown in Table 6. Specifically, when the distribution cost of the supplier with a
drop shipping option rises from $0.30 to $0.90, the income gained by the supplier with a
drop shipping option from green and normal goods reduces from $1148.7 and $930.2500 to
$1038.4 and $841.0000, respectively. Meanwhile, the margins of the drop shipping e-tailer
for these two goods decrease from $709.1671 and $465.1250 to $641.1282 and $420.5000,
respectively. 777 ¢ g , and 7 ¢ 75 , hold true in this scenario.

Table 6. Influence of distribution cost on margins of the drop shipping e-tailer and supplier.

dey T i g g
$0.30 $930.2500 $465.1250 $1148.7 $709.1671
$0.36 $921.1225 $460.5613 $1137.4 $702.2089
$0.42 $912.0400 $456.0200 $1126.2 $695.2849
$0.48 $903.0025 $451.5013 $1115.0 $688.3953
$0.54 $894.0100 $447.0050 $1103.9 $681.5399
$0.60 $885.0625 $442.5313 $1092.9 $674.7189
$0.66 $876.1600 $438.0800 $1081.9 $667.9321
$0.72 $867.3025 $433.6513 $1070.9 $661.1797
$0.78 $858.4900 $429.2450 $1060.0 $654.4616
$0.84 $849.7225 $424.8613 $1049.2 $647.7778
$0.90 $841.0000 $420.5000 $1038.4 $641.1282

The experimental results indicate that the increase in distribution cost has an adverse
impact on the benefits earned by both the drop shipping e-tailer and supplier with a drop
shipping option for whether green or normal commodities. In order to gain more margins,
the supplier with a drop shipping option should try to reduce the distribution cost in an
operational environment.

4.5. Impact of Green Innovation Factor on the Drop Shipping E-Tailer and Supplier
4.5.1. Analysis of Green Innovation Factor Influents on the Retail and Wholesale Prices

The wholesale prices of green products, as determined by the green supplier with a
drop shipping option, show a decreasing trend along with an increasing green innovation
factor. Thus, an opposite relationship between the green innovation factor and the whole-
sale price of green products can be observed. The results also indicate that an increasing
green innovation factor has a harmful effect on the retail price of green products, which is
decided by the green drop shipping e-tailer. However, variation in the green innovation
factor has no influence on the retail and wholesale prices of normal goods. Specifically,
when the green innovation factor of green products rises from 35 to 40, the wholesale
and retail prices of green products reduce from $15.5155 and $19.1982 to $15.2982 and
$18.8724, respectively, whereas those of normal products remain at $14.0750 and $17.0375,
respectively. wy ¢ > wy , and pg ¢ > P, also hold for the entire variation process of the
green innovation factor, as shown in Figure 6.
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Figure 6. Impact of green innovation factor on the retail and wholesale prices.

4.5.2. Analysis of Green Innovation Factor Influents on Margins of the Drop Shipping
E-Tailer and Supplier

The green innovation factor of green goods has no impact on the revenues earned
by the drop shipping e-tailer and supplier with a drop shipping option from normal
commodities. As shown in Table 7, these margins remain unchanged at $438.8203 and
$877.6406, respectively. In contrast, the margins of the green drop shipping e-tailer and
green supplier with a drop shipping option decrease with an increasing green innovation
factor of green commodities, and a negative correlation is observed between the green
innovation factor of green products and the benefits of the drop shipping e-tailer and
supplier with a drop shipping option. For instance, as the green innovation factor of green
goods rises from 35 to 40, the margins of the drop shipping e-tailer and supplier with a drop
shipping option reduce from $678.1281 and $1091.0 to $638.7172 and $1058.8, respectively.
In these scenarios, the benefits of the drop shipping e-tailer and supplier with a drop
shipping option fulfill 773 > 775 and 75 ¢ T e

Table 7. Influence of green innovation factor on margins of the drop shipping e-tailer and supplier.

e n;’ " 71'5,’” 7r§’ < 7r§’ <
35.0 $877.6406 $438.8203 $1091.0 $678.1281
35.5 $877.6406 $438.8203 $1087.3 $673.5078
36.0 $877.6406 $438.8203 $1083.7 $669.0609
36.5 $877.6406 $438.8203 $1080.2 $664.7779
37.0 $877.6406 $438.8203 $1076.9 $660.6501
37.5 $877.6406 $438.8203 $1073.6 $656.6692
38.0 $877.6406 $438.8203 $1070.5 $652.8274
38.5 $877.6406 $438.8203 $1067.4 $649.1178
39.0 $877.6406 $438.8203 $1064.5 $645.5337
39.5 $877.6406 $438.8203 $1061.6 $642.0688
40.0 $877.6406 $438.8203 $1058.8 $638.7172

5. Conclusions

When an increasing number of people start to order commodities and services on the
Internet and continuously focus on green development and environmental protection in
digital economics, this study has the following conclusions: (1) The wholesale price of green
products set by the green supplier with a drop shipping option is higher than that of normal
products in the drop shipping models. (2) The retail price of green products determined by
the green drop shipping e-tailer is also higher than that of normal products. (3) Both the
drop shipping e-tailers and suppliers with a drop shipping option should provide green
products to customers given the higher margins compared with selling normal ones, so
green innovation has a positive impact on the e-tailer and supplier in drop shipping models,
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and the above three conclusions are obtained from Theorem 1 to Theorem 5. (4) The green
elasticity coefficient has a positive relationship with the green degree of green products,
but the green innovation factor, manufacturing cost, and distribution cost have a negative
relationship with the green degree of green products. (5) The green elasticity coefficient,
manufacturing cost, and distribution cost have a positive impact on the wholesale and
retail prices of green products, and the green innovation factor has a harmful impact on
the wholesale and retail prices of green products. (6) The green elasticity coefficient has a
positive influence on the margins of the drop shipping e-tailer and supplier with a drop
shipping option, but manufacturing cost, distribution cost, and green innovation factor have
a negative influence on the margins of the drop shipping e-tailer and supplier with a drop
shipping option, and these last three conclusions are obtained by computer simulation.

The following theoretical implications were obtained: (1) This study extends the
optimal choices and decision issues of the e-tailers and suppliers from traditional models
to the drop shipping models and obtains their optimal decision variables in two different
operational scenarios, especially the optimal green degree of green products decided by
the green supplier with a drop shipping option. (2) This research analyzes the impact
of environmental parameters on the green degree of green products in drop shipping
models through computer simulation. (3) This study evaluates the influences of operational
factors on the drop shipping e-tailers and suppliers with a drop shipping option in drop
shipping models.

The management implications of this study are as follows: (1) Green suppliers with a
drop shipping option should set a higher wholesale price for green products than normal
goods to earn more margins. (2) In order to maximize profits, Green drop shipping e-tailers
could also decide on a higher retail price of green goods than normal ones in practice.
(3) Although the wholesale and retail prices of green products are higher than those of
normal products, both drop shipping e-tailers and suppliers with a drop shipping option
can earn more margins from investing additional resources to produce green products
because consumers willingly purchase these products despite their higher retail prices.
(4) In order to increase the green degree of green products, the drop shipping e-tailer and
the supplier with a drop shipping option should take action to raise the green elasticity
coefficient and decrease the green innovation factor, manufacturing cost, and distribution
cost. (5) With the aim to decrease the wholesale and retail prices of green products, the
drop shipping e-tailer and the supplier with a drop shipping option should try their best to
obtain an environment with a lower green elasticity coefficient, manufacturing cost, and
distribution cost, and a higher green innovation factor. (6) In order to earn more margins,
the drop shipping e-tailer and the supplier with a drop shipping option should run their
business in an operational scenario with a high level of Green elasticity coefficient and low
level of manufacturing cost, distribution cost, and green innovation factor.

Although this study has obtained some valuable results, it also has some limitations,
which provide extends for future research; for example, the analytical models proposed
in the research are theoretical drop shipping models, and they would show the basic
operations and phenomenon of the drop shipping e-tailer and the supplier with a drop
shipping option, other complex models and hybrid models should be evaluated. In addition,
the experimental results are concluded from computer simulation in this research, especially
the influences of environmental variables on the drop shipping e-tailer and the supplier
with a drop shipping option, so the empirical study on the green innovation of the drop
shipping e-tailer and the supplier with a drop shipping option in other complex models is
also important. These findings are valuable for drop shipping e-tailers and suppliers with
a drop shipping option for providing green commodities, especially when formulating
tactical decisions in the digital economic era.
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