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Abstract: The purpose of this study is to develop a comprehensive methodological approach to assess
the sustainability of the e-commerce business model based on the integration of key performance
indicators into a single vector of business model sustainability. The proposed vector approach
allows for predicting and evaluating the effects of different kinds of measures, identifying and
implementing the most effective tools for sustainable e-commerce business development. The
methodology of this study is based on correlation, cluster and regression analysis. The scientific
contribution of this study is the proposed methodological approach, which not only allows one to
analyze business model sustainability, but also to compare companies in a competitive environment
to determine the priorities of their functioning to achieve leadership positions on the background of
sustainable development. The correlation analysis proved that in modern conditions, both economic
and environmental components are significant for business model effectiveness in e-commerce. The
clustering of the studied e-commerce companies provided an opportunity to take into account the
peculiarities of the studied companies, to group them by similar performance indicators. This made
it possible to develop more accurate regression models for each cluster. In this case, there is a
correlation between the sustainability vector of the business model of a company and its assignment
to a particular cluster. The conducted modeling and determination of the level of business model
sustainability allowed for determining a relationship between it and the performance of e-commerce
companies in the context of economic, environmental and social dimensions. At the same time,
the results show that increasing the sustainability vector brings a company closer to the business
sustainability benchmark.

Keywords: business model; clustering; correlation; e-commerce; regression; sustainability

1. Introduction

The pace and scale of technological change over the past decade has led to a revolution
in business, including retail. Around the world, there has been intense growth in the e-
commerce market (retail sales that are conducted through electronic channels). The World
Economic Forum predicts that this trend will continue and that in 2026 online commerce
will account on average for more than 40% of all retail sales [1]. E-commerce can be seen
as a natural consequence of information society development, although classical theories
of information society do not directly refer to this phenomenon. In modern conditions,
Information and Communications Technology (ICT) is among the most important produc-
tion resources and is the basis for e-commerce functioning as well as a significant factor of
socio-economic development. E-commerce is a qualitatively new formation, provides a
multifunctional service society and is a means to meet the needs of consumers [2]. E-traders

Sustainability 2021, 13, 12667. https://doi.org/10.3390/su132212667 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-6461-5475
https://doi.org/10.3390/su132212667
https://doi.org/10.3390/su132212667
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su132212667
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su132212667?type=check_update&version=3


www.manaraa.com

Sustainability 2021, 13, 12667 2 of 22

must use information from multiple sources to guide and drive consumer decision-making
by combining user buying habits using a cell phone. They can implement accurate recom-
mendations by researching user demand, consumer behavior and consumer preferences [3].
It is necessary to consider what functions and standards online stores will need to meet in
order to succeed and adapt to the changing preferences and requirements of a buyer and
their perception of the environment through the lens of, for example, sustainability [4].

At the same time, there is a worldwide desire today to address issues that are related
to the sustainable development concept. In society, many businesses are making efforts
to operate in accordance with the requirements of this concept, which has gained great
popularity worldwide and in the field of e-commerce. In addition, the sustainability
principle has become widespread among consumers, who also pay special attention to the
activities of companies in this direction. In this regard, sustainability is seen as an effective
tool to ensure competitiveness and achieve success in the struggle to increase the audience
of consumers in virtual markets [5].

The active development of e-business implies its contribution to the sustainability of
companies. Thus, they have a duty to preserve the environment, prevent it from being
destroyed and ensure that the world as a whole is preserved. This study specifies the
elements and interconnections of the e-commerce ecosystem in the context of sustainable
development. The supersystem is the electronic economy, which determines the environ-
ment of the electronic market. Measuring and studying the ecosystem through the prism of
the e-commerce business model are impossible without a defining integral indicator due to
the great complexity of the system. Therefore, to measure business model effectiveness in
e-commerce, taking into account the ecosystem of sustainable development, it is proposed
to use three areas of its diagnosis:

1. economic (demonstrates the quality of e-business operation);
2. environmental (reflects the impact of a company on the environment);
3. social (demonstrates the level of interaction with personnel, clients and society as

a whole).

If sustainability is not ensured, there will be some negative consequences, which
can be a trigger for a shrinking ecosystem. In this regard, businesses should implement
functions that take into account consumer preferences, which will make it as easy as
possible to interact with them. The proliferation of e-commerce aims to increase the
number of orders going to consumers, causing significant CO2 emissions and increasing
traffic congestion in cities. B2C e-commerce delivery now accounts for a significant portion
of total e-commerce shipments, causing increasing pollution [6]. This pollution is not
expected to decrease in the near future, as there is a growing trend in the number of
customers and retailers using the Internet. In addition, new businesses are being created
day by day in the online marketplace, making serious demands on the distribution of goods
that can damage the environment if appropriate measures are not taken. High emissions
contribute to environmental pollution, affecting both the environment itself and the people
who inhabit it. Consequently, e-commerce should pay special attention to environmental
sustainability by seeking lower cost-dependent prices from logistics service providers and
providing alternative transportation options for doing business whenever possible [7]. The
primary goal of a retail company is to focus on economic returns to generate profits and
revenues [8]. This can be achieved by making the necessary decisions to find possible
trade-offs for the economy, the environment and society that add value. At the same time,
neither a company nor a country can achieve sustainable economic development without
putting the environment at risk. To be sustainable, businesses must balance their position
with the sustainability aspects of e-commerce [9].

As previous studies have shown, there is a need to balance and deepen the scientific
understanding of sustainable e-commerce in the virtual marketplace. These studies have
left unexplored ways to integrate the three dimensions of e-commerce sustainability into
the operation of a business model. Therefore, this study aims to fill this gap by forming
a methodological toolkit for diagnosing the sustainability of e-commerce business mod-
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els. Therefore, the purpose of this study is to develop a comprehensive methodological
approach to assessing the sustainability of the e-commerce business model based on the
integration of key performance indicators into a single vector of business model sustain-
ability. A distinctive feature of this study is the proposed methodological approach, which
integrates a variety of tools into one set to assess business model sustainability based on a
vector indicator. The obtained study results in the context of vector deviations indicate their
equal importance in the process of forming a sustainable business model. The proposed
vector approach makes it possible to forecast and evaluate the effects of various kinds
of measures as well as to identify and implement the most effective tools for sustainable
e-commerce business development.

2. Literature Review

The UN General Assembly has expressed its plans to harness the potential of ICT to
advance trade by 2030 in the Sustainable Development Agenda and other internationally
agreed development goals [10]. At the same time, it should be noted that it could accel-
erate progress according to all 17 Sustainable Development Goals (SDGs). E-commerce
has direct relevance to several of these goals. For example, e-commerce can be used to
help empower women as entrepreneurs and merchants [11,12]. E-commerce and digital
commerce can support productive activities, decent job creation, entrepreneurship, cre-
ativity and innovation [13]. They can facilitate the formalization and growth of micro,
small and medium-sized enterprises (MSMEs) in developing countries, including through
access to ICT-enabled financial services, including web and mobile payments [14]. They
can also facilitate the integration of MSMEs into value chains and markets (e.g., through
the use of virtual markets) [15]. Moreover, e-commerce can help significantly increase
developing countries’ exports, including with the goal of doubling the share of least de-
veloped countries in world exports. However, the rapid adoption of ICT and e-commerce
has a transformational effect creating both opportunities and challenges for developing
countries, including the least developed countries [16]. In terms of opportunities, the use
of ICT can reduce transaction costs and enable more goods and services to be delivered
remotely. For example, the automation of customs declarations has been shown to reduce
customs clearance time and shorten the time goods spend in transit [17]. Access to ICT
platforms and devices allows a vendor from a developing country to reach more potential
consumers in both domestic and foreign markets, acting in a more targeted and often less
costly way than through traditional channels. At the same time, suppliers that increase
their reliance on e-commerce can see a reduction in delivery costs, especially for electronic
content. This affects global value chains as more inputs can be provided digitally, in turn
making it easier to manage fragmented production networks [18]. Women-owned small
and micro businesses can benefit from B2B, B2C and C2C transactions that use e-commerce
platforms to reach domestic and foreign markets. Women entrepreneurs, who often have
limitations in their access to capital, can take advantage of the ability of e-commerce to
increase efficiency and profitability with limited investment [19].

Consumers can benefit from e-commerce in a variety of ways, both monetary and
non-monetary. Web browsing, email inquiries and social media allow them to more easily
compare prices and product features through reviews from other consumers [20]. They
can also shop at their convenience or through online discounters. In addition, consumer
choice expands when products that are far away can still be ordered. However, uneven
access to ICTs can lead to an inequitable distribution of e-commerce benefits, bypassing
those with low education and/or literacy, as well as MSMEs in rural areas or with limited
connectivity [21].

Governments have a critical role to play in creating an environment conducive to
maximizing the sustainability of such e-commerce opportunities [18]. Consideration of such
policies can help leverage e-commerce for sustainable development. E-commerce policy
should be coherent, and its goals should be well integrated with the goals of the national
development agenda. E-commerce can support various other economic and social goals,
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among them high productivity, improved competitiveness, better access to information,
increased transparency of regulations and more inclusive and equitable development [22].
While the role of governments is extremely important in creating an enabling environment,
the involvement in effective dialogue of all relevant stakeholders is also important [23].

In the e-business model, sustainable development is characterized by certain aspects
affecting different areas (economic, social and environmental). Applying the concept
of sustainability to the e-commerce process can balance individual dimensions, such
as impacting the level of efficiency and effectiveness (economic aspect) of a company,
providing easier access to products or creating new jobs (social aspect) and having a better
impact on the environment by reducing documents and waste (environmental aspect).
This also identifies four factors, including “convenience of product return,” “integrity of
goods,” “pre-booking of the delivery of goods” and “cost of delivery,” as major factors that
affect the sustainability of last mile delivery and are the deepest and most indispensable
drivers of it [24]. Buyers, who are increasingly developing an environmental culture, prefer
to purchase goods and services from manufacturers and suppliers who are interested in
caring about the environment and the lives of people [25].

The current literature identifies the following main business models in the context
of sustainable development that are applicable to e-commerce: products, services and
technologies, product service and circular economy. The business model of e-commerce
in the context of sustainable technology development includes cooperation between com-
panies in order to develop and implement new environmentally friendly technologies to
carry out their activities [26]. Technology can provide economic, social and environmental
sustainability by virtue of its nature to reinforce a positive relationship between human
needs and environmental constraints. Technology can be considered as a parameter leading
to sustainability, focusing on the consumption of renewable energy, resource conservation,
new pollution control methods and waste management [27].

The product service concept offers a new e-commerce business model that satisfies
customer needs by offering a combination of products and services. The main idea of
the product service model is to reduce the impact on the environment, which leads to
sustainability by providing efficient services or product consumption. In this way, meeting
customer requirements is based on innovative and sustainable solutions among all produc-
tion activities [28]. The goal of the product service model is to reduce resource consumption
and create products and services with fewer resources, less cost and less pollution [29].

The e-commerce business model in the context of the circular economy focuses on recy-
cling. Its main goal is to provide opportunities and create competitive value for advanced
welfare in society by considering the use of fewer materials, energy resources, etc. The busi-
ness model of the circular economy focuses on the efficient allocation of resources, as well
as the consumption of energy and resources [30]. It represents an environmentally friendly
business model that promotes the use of sustainable methods with less negative impact
on the environment. In terms of social sustainability, the business model of the circular
economy provides new employment opportunities, equitable economic distribution and a
global contribution to the overall well-being of society. The business model of the circular
economy is defined in a way that embraces the various contributions as a “regenerative”
system in which inputs of resources, waste, emissions and energy leaks are minimized
by slowing down, closing and narrowing the cycles of material and energy resources [31].
This can be achieved in e-commerce through long-term design, maintenance, repair, reuse,
recycling and renovation [32].

The modern stage of information revolution aims not only to introduce the latest tech-
nologies of interaction between subjects of socio-economic relations, but also to develop
unified solutions to organize economic mechanisms of implementing global informa-
tion business structures, which have become widely known as “e-commerce systems”.
E-commerce fundamentally changes business processes in enterprises and forms new
business models, which contribute to improving the efficiency of businesses [33]. That is
why the problems of developing methodological tools to assess e-commerce effectiveness,
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taking into account sustainability aspects, are becoming increasingly relevant. Paying
tribute to the existing research on various aspects of e-commerce management, it should be
noted that the issues of forming a system of key indicators for assessing the effectiveness
of e-commerce business model sustainability remain underreported and require further
scientific search. Therefore, this study aims to develop a comprehensive methodological
approach to assessing e-commerce business model sustainability based on the integration
of key performance indicators into a single vector of business model sustainability. To
achieve this goal, the study generated the following hypotheses:

Hypothesis 1. The economic efficiency of e-commerce has a significant impact on the level of the
business model sustainability of a company;

Hypothesis 2. The level of business model sustainability depends on the balance of e-commerce
efficiency in different areas.

3. Materials and Methods

The methodology of this study is based on correlation, cluster and regression anal-
ysis of the sustainability of the business models of e-commerce companies. This study
emphasizes that business model sustainability involves improving its effectiveness in
three areas: economic, environmental and social. These areas have an impact on the pro-
posed integrated vector of business model sustainability in the context of analyzing three
indicators—Business model economic efficiency indicator (EcI), Business model environ-
mental efficiency indicator (EnvI) and Business model social efficiency indicator (SocI). In
order to confirm the formed assumption, inverse induction was used. For this purpose,
key indicators of business model sustainability effectiveness—EcI, EnvI and SocI—are
expressed as x1, x2 and x3. Given the particular importance of sustainable business model
effectiveness, forming the optimization model with respect to controlling influence can be
expressed as follows:

max
e3

aS2x3 − βE2(t3 − t0)− s1 − s2 − s3 (1)

The possibility of meeting the following condition should be considered:

P2(x3 = 1) = χ3
(
1− exp−λ3s3

)
x2,

t3 = t2 + a3,
s3 ≥ 0.

(2)

In this case, there is a fixed element in the form of: t3 = t2 + a3, which is unaffected
by the controlling influence in the context of sustainability s3. At the same time:

S2x3 = 1·P2(x3 = 1) =χ3

(
1− exp−λ3s3

)
x2 (3)

Thus, the following can be deduced:

max
s3≥0

aχ3

(
1− exp−λ3s3

)
x2 − s3 (4)

Based on the first-order conditions, the following solution can be derived:

s3 = 1
λ3

lnaχ3λ3 , if aχ3λ3 > 1 and x2 = 1,
s3 = 0, if aχ3λ3x2 ≤ 1.

(5)
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For the third direction, the optimal sustainability model F3(·, ·, ·) of controlling influ-
ence s3 is set as follows:

s3 = F3(s2, x2, t2) =
1

λ3
lnaχ3λ3, if aχ3λ3 > 1 and x2 = 1,

s3 = F3(s2, x2, t2) = 0, if aχ3λ3x2 ≤ 1.
(6)

The optimal sustainability model does not depend on the degree of controlling influ-
ence in the context of the second direction s2, nor on the time to achieve the goals set t2.
At the same time, it depends on the level of efficiency in the context of sustainability in
other areas. Therefore, an impact on the sustainability performance of the business model
is required s3 to ensure the continued effectiveness of e-commerce (x2 = 1) than in the case
of a decrease in its level (c).

The optimal impact of business model sustainability on its economic efficiency is
determined by the same principle in the direction of improving the effectiveness of business
model sustainability:

max
e2

aS1x3 − βS1(t2 + a3 − t0)− s1 − s2 − S1s3 (7)

Given the need to meet the relevant conditions, this can be expressed as:

S1x3 = S1(S2(x3)) = S1(χ3

(
1− exp−λ3s3

)
x2) (8)

Based on optimizing the impact of sustainability on e-commerce business model
efficiency s3, which was defined earlier, it is possible to express the following:

S1x3 = χ3

(
1− 1

aχ3λ3

)
P1(x2 = 1), if aχ3λ3 > 1

and S1x3 = 0, if aχ3λ3 ≤ 1.
S1s3 = 1

λ3
ln(aχ3λ3) P1(x2 = 1) = 1

λ3
ln(aχ3λ3)χ2

(
1− exp−λ2s2

)
x1,

if aχ3λ3 > 1, and S1s3 = 0, if aχ3λ3 ≤ 1.

(9)

Provided that aχ3λ3 > 1, forming optimal impact in the context of improving the
effectiveness of business model sustainability s2 can be reduced to:

max
s2

(aχ3 −
1

λ3
− 1

λ3
ln(aχ3λ3)χ2

(
1− exp−λ2s2

)
x1 − βS1(t2 − t1)− s2 (10)

If one continues to follow the variable t2, it can be argued that:

max
s2≥0

(aχ3 −
1

λ3
− 1

λ3
ln(aχ3λ3)χ2

(
1− exp−λ2s

)
x1 −

β

µ3
(γ2s2 − δ2s1 + a2)− s2, (11)

which can also be expressed as follows:

max−
s2≥0

(aχ3 −
1

λ3
− 1

λ3
ln(aχ3λ3)χ2exp−λ2s2 x1 −

(
β

µ3
γ2 + 1

)
s2 (12)

Provided that aχ3λ3 ≤ 1, the formation of the optimal impact in the context of im-
proving the effectiveness of business model sustainability s2 can be determined as follows:

max
s2≥0
− β

µ3
(γ2s2 − δ2s1 + a2)− s2, (13)
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This allows one to state that x2 = 0. Provided that aχ3λ3 > 1, one can state the
formation of the optimal impact of improving business model sustainability in the context
of economic efficiency:

s2 = F2(s1, x1, t1) =
1

λ3
ln µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)

βγ2+µ3
,

if µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

> 1 and x1 = 1;

s2 = F2(s1, x1, t1) = 0, if µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

x1 ≤ 1.

(14)

An important component of business model sustainability is the inclusion of impacts
in the context of the social direction, taking into account the impacts identified above in the
other two directions. The target function for finding s1 can be expressed in this way:

max
s1

aS0x3 − βS0(t3 − t0)− s1 − S0s2 − S0s3 (15)

It follows that:

S0x3 = S0(S1(S2(x3))) = S0

(
S1(χ3

(
1− exp−λ3s3

)
x2

)
) (16)

Thus,

S0x3 = χ3

(
1− 1

aχ3λ3

)
S0(P1(x2 = 1)) = χ3

(
1− 1

aχ3λ3

)
S0
((

1− exp−λ2s2
)
x1
))

,
if aχ3λ3 > 1 and S0s3 = 0, if aχ3λ3 ≤ 1.

(17)

Hence,

S0x3 = χ3

(
1− 1

aχ3λ3

)(
1− βγ2+µ3

µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3

)
P0(x1 = 1) = χ1χ3

(
1− 1

aχ3λ3

)(
1− βγ2+µ3

µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3

)
exp−λ1s1 x0,

If µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

> 1, and

S0x3 = 0, if µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

x1 ≤ 1 or aχ3λ3 ≤ 1.

(18)

As a result:

S0(t3 − t0) = S0(t2 + a3 − t0) = S0(t2 − t1) + S0(t1 − t0) + a3,
S0(t1 − t0) = S0((γ1s1 + a2)ε1) =

γ1s1+a2
µ1

and S0(t2 − t1)

= S0(γ2s2 − δ2s1 + a2)ε2 = S0(S1((γ2s2 − δ2s1 + a2)ε2)) =
1

µ2
E0(γ2s2 − δ2s1 + a2).

(19)

It can be expressed differently if

µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

x1 > 1,

S0(t2 − t1) =
a2−δ2s1

µ2
+ γ2

µ2λ2
ln µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)

βγ2+µ3
P0(x1 = 1 )

= a2−δ2s1
µ2

+ γ2χ1
µ2λ2

ln µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

exp−λ1s1 x0

(20)

At the same time, if

µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

x1 ≤ 1

or aχ3λ3 ≤ 1,S0(t2 − t1) =
a2−δ2e1

µ2
.

(21)

In addition, in the case of

µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

x1 > 1,

S0s2 = 1
λ2

ln µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

P0(x1 = 1)

= χ1
λ2

ln µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

exp−λ1s1 x0.

(22)
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On the contrary, in the case of

µ3λ2χ2(aχ3 − (1 + ln(aχ3λ3))/λ3)

βγ2 + µ3
x1 ≤ 1, or aχ3λ3 ≤ 1 , S0s2 = 0. (23)

Thus,

S0s3 = 1
λ3

ln(aχ3λ3) P0(x2 = 1) = χ2
λ3

ln(aχ3λ3) S0
((

1 − exp−λ2s2
)
x1
)

= χ2
λ3

ln(aχ3λ3) 1 − 1 − ( βγ2+µ3
µ3λ2χ2(aχ3−(1+ln(aχ3λ3))

λ3

)P0(x2 = 1)

= χ1χ2
λ2

ln(aχ3λ3)
(
1 − βγ2+µ3

µ3λ2χ2(aχ3−(1+ln(aχ3λ3))
λ3

)(
exp−λ1s1 x0

) (24)

In the case of
µ3λ2χ2(aχ3 − (1 + ln(aχ3λ3))/λ3)

βγ2 + µ3
x1 > 1. (25)

In the case of

µ3λ2χ2(aχ3 − (1 + ln(aχ3λ3))/λ3)

βγ2 + µ3
x1 ≤ 1 or aχ3λ3 ≤ 1, S0s3 = 0. (26)

Based on the complex integration of these expressions into a single target function in
order to determine the optimal sustainability model in the context of s1, the following is
obtained to determine s1:

max
s2≥0
− Aexp−λ1s1 − Bs1, (27)

where,

B = 1− β
( δ2

µ2
− γ1

µ1

)
, (28)

whereas in the case of
µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)

βγ2+µ3
> 1

A = −aχ1χ3
(
1− 1

aχ3λ3

)(
1− βγ2+µ3

µ3λ2χ2(aχ3−(1+ln(aχ3λ3)))
λ3

)
x0−

β
( γ2χ1

λ2µ2
ln µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)

βγ2+µ3
x0

+ χ1
λ2

ln µ3λ2χ2(aχ3−(1+ln(aχ3λ3))/λ3)
βγ2+µ3

x0 +
χ1χ2

λ2
ln(aχ3λ3)

(
1− βγ2+µ3

µ3λ2χ2(aχ3−(1+ln(aχ3λ3)))
λ3

x0
))

,

(29)

and in the case of

µ3λ2χ2(aχ3 − (1 + ln(aχ3λ3))/λ3)

βγ2 + µ3
x1 ≤ 1 or aχ3λ3 ≤ 1A = 0. (30)

Based on the above, one can determine that the optimal level of the impact of business
model sustainability, in the direction of economic efficiency and in the case of Aλ1 / B > 1
and B > 0, will correspond to s1 = 1

λ3
ln Aλ1

B . At the same time, in the case of Aλ1 ≤ B and
≥ 0, it will be s1 = 0. Therefore, it is possible to determine the lack of a comprehensive
sustainability model in e-commerce if B < 0 or in the case of B = 0 and A > 0. In this study,
the assumption is made that such a situation is not possible in real operating conditions.

The level of business model sustainability in the field of e-commerce, based on the
directions of economic efficiency (EcI), environmental efficiency (EnvI) and social efficiency
(SocI), is determined in this study in the form of a vector value [34].

The level of business model sustainability in the proposed methodological approach

can be considered a benchmark if
→

SV = (1; 1; 1). Therefore, this study assumes that the
deviation of the business model efficiency vector demonstrates the deviation from the level
of its benchmark sustainability. Conversely, approaching the reference vector demonstrates
the strengthening of its sustainability level (Figure 1).
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Figure 1 shows the scheme of determining the vector of sustainable business model
based on the proposed indicators (directions). The value of the vector of sustainable

business model
→

SV = (EcI; EnvI; SocI) is defined as the diagonal of a rectangular paral-

lelepiped, which is created by the coordinates of the vectors
→

EcIi;
→

EnvIj;
→

SocIk as follows:

→
|SV| =

√
EcI2 + EnvI2 + SocI2 (31)

where,
→

SV—the length of Business model sustainability vector;
EcI—Business model economic efficiency indicator;
EnvI—Business model environmental efficiency indicator;
SocI—Business model social efficiency indicator.
Values of the indicators EcI, EnvI and SocI, according to the specified model, are

determined by calculating the arithmetic average of the indicator, which is included in the
structure of these indicators. For example, the value EcI is determined on the basis of such
normalized indicators as the coefficient of financial independence (ind1), absolute liquidity
ratio (ind2) and sales profitability (ind3). The level of EnvI is defined on the basis of such
normalized indicators as the efficiency of investment in environmental innovation (ind4),
recycling rate (ind5) and the index of energy-saving technologies (ind6). SocI includes such
indicators as the rate of return (ind7), turnover rate (ind8) and the number of programs and
projects for vulnerable populations (ind9).

Thus, the level of business model sustainability is the angle between the vector
obtained from the results of assessing its effectiveness in the three directions and the
reference vector, which is determined by the formula.

‖1r‖ =
√

12 + 12 + 12, (32)

The angle formed between the sustainability vectors of the business model can be
determined in degrees by the following formula [34]:

α = arccos
EcI + EnvI + SocI

√
n ·
√

EcI2 + EnvI2 + SocI2
, (33)
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where, α—the angle between the vector obtained by assessing the effectiveness of the
business model in the three directions, and the reference vector of its sustainability; n—the
number of indicators (directions) of diagnosing the level of business model sustainability.

This angle is between 0 < α < αmax, where αmax can be defined as follows:

αmax = arccos
1√
3

(34)

The resulting indicator can be interpreted as follows: the closer the arccosine value
is to 1, the higher the level of business model sustainability. In order to determine this
Business model sustainability level (BMSL), it is necessary to bring the obtained value to
(0; 1) based on this formula:

BMSL =
1− α

αmax
−

1− 45
π arccos 1√

3
αmax

1−
1− 45

π arccos 1√
3

αmax

(35)

The application of correlation analysis allowed for identification of the relationships
between the studied indicators as well as the vector of business model sustainability.
Clustering of the studied companies is necessary to identify groups of companies that
have similar characteristics by the studied business model sustainability indicators. At the
same time, regression analysis was used for the modeling in the context of determining
the key areas of improving the effectiveness of the sustainable business model. In this
study, the use of correlation, cluster and regression analysis is dictated by the feasibility of
their integrated use for comprehensive consideration of factors affecting business model
sustainability.

The study was conducted on the materials of 23 Russian online stores: “bonprix.ru”,
“exist.ru”, “goldapple.ru”, “goods.ru”, “hm.com”, “holodilnik.ru”, “ikea.com”, “kolesa-
darom.ru”, “komus.ru”, “leroymerlin.ru”, “onlinetrade.ru”, “re-store.ru”, “sbermarket.ru”,
“shop.mts.ru”, “sima-land.ru”, “sportmaster.ru”, “sunlight.net”, “svyaznoy.ru”, “techno-
point.ru”, “utkonos.ru”, “vkusvill.ru”, “vprok.ru” and “vseinstrumenti.ru”. The key crite-
ria for selecting companies were three indicators: online sales volume, number of orders
and average check. These indicators demonstrate the leading positions of e-commerce
companies, so the effectiveness of their sustainable business model may have a significant
impact on the Russian market. A brief characteristic of the studied companies in the context
of the selection criteria is given in Table 1.

When selecting companies for the study, the key criteria were the volume of online
sales (from USD 75 million), the number of orders (from 1 million) and the average check
(from USD 20). Thus, e-commerce companies with leading positions on the Russian market
were selected for the study.

Table 1. Indicators of the studied companies according to the selection criteria.

No. Online Store Online Sales,
Mln USD

Number of
Orders,

Thousand Units

Average Check,
USD

1 vseinstrumenti.ru 595.28 7830 76.02

2 ikea.com 571.2 2550 224

3 leroymerlin.ru 528.92 4460 118.58

4 sima-land.ru 523.6 4280 122.36
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Table 1. Cont.

No. Online Store Online Sales,
Mln USD

Number of
Orders,

Thousand Units

Average Check,
USD

5 svyaznoy.ru 331.1 1840 179.9

6 onlinetrade.ru 322.7 3560 90.58

7 sportmaster.ru 281.54 6370 44.24

8 shop.mts.ru 273.7 1070 255.78

9 sbermarket.ru 245.98 5330 46.2

10 komus.ru 245.84 2180 112.84

11 technopoint.ru 232.4 1860 124.88

12 utkonos.ru 229.18 2660 86.1

13 vprok.ru 209.86 3620 57.96

14 holodilnik.ru 200.2 1280 392.56

15 exist.ru 193.62 5130 37.8

16 vkusvill.ru 189.7 9600 20.74

17 kolesa-darom.ru 187.88 1437 221.06

18 bonprix.ru 183.96 3520 52.22

19 sunlight.net 181.16 2280 79.52

20 goods.ru 169.4 2310 73.36

21 re-store.ru 159.18 1328 558.46

22 hm.com 120.12 2050 58.66

23 goldapple.ru 76.86 1480 51.94

Source: own development based on the materials of the companies.

4. Results

To determine the key performance indicators of the studied companies in the field of
e-commerce in the context of sustainability, a diagnosis was made according to the formed
system of nine constituent indicators. The results of this diagnosis are shown in Table 2.

Since the obtained indicators are calculated differently, it is necessary to carry out
their normalization in order to bring them to a single scale. The results of normalizing the
obtained results are shown in Table 3.

Table 2. System of performance indicators of a sustainable e-commerce business model.

E-Commerce
Company ind1 ind2 ind3 ind4 ind5 ind6 ind7 ind8 ind9

goldapple.ru 0.12 0.41 0.27 0.03 0.02 0.02 4 0.7 0.01

vprok.ru 0.17 0.23 0.21 0.07 0.02 0.03 7 0.27 0.02

vkusvill.ru 0.05 0.04 0.28 0.01 0 0.01 7 0.23 0

goods.ru 0.07 0.42 0.28 0.07 0.01 0.03 3 0.24 0.01

hm.com 0.22 0.08 0.16 0.03 0.04 0.04 5 0.13 0
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Table 2. Cont.

E-Commerce
Company ind1 ind2 ind3 ind4 ind5 ind6 ind7 ind8 ind9

holodilnik.ru 0.27 0.35 0.31 0.07 0.01 0.09 6 0.27 0.01

utkonos.ru 0.27 0.34 0.37 0.1 0.02 0.01 2 0.47 0

kolesa-darom.ru 0.2 0.25 0.34 0.17 0.01 0.05 2 0.39 0

komus.ru 0.06 0.13 0.25 0.14 0.01 0.05 1 0.25 0

re-store.ru 0.27 0.31 0.21 0.06 0.01 0.07 1 0.4 0

onlinetrade.ru 0.21 0.24 0.4 0.11 0.03 0.04 2 0.95 0.03

vseinstrumenti.ru 0.17 0.16 0.36 0.23 0.02 0.03 1 0.77 0.01

sbermarket.ru 0.12 0.11 0.25 0.16 0.00 0.01 0 0.2 0

exist.ru 0.09 0.08 0.27 0.03 0.02 0.01 0 0.33 0

ikea.com 0.14 0.13 0.27 0.17 0.02 0.02 1 0.58 0

svyaznoy.ru 0.16 0.07 0.41 0.14 0.03 0.06 6 0.43 0.02

sunlight.net 0.16 0.37 0.21 0.04 0.02 0.02 1 0.88 0.02

bonprix.ru 0.22 0.41 0.36 0.23 0.03 0.03 8 0.35 0.05

technopoint.ru 0.19 0.08 0.49 0.16 0.03 0.07 7 0.51 0.03

sima-land.ru 0.16 0.16 0.33 0.21 0.02 0.02 1 0.7 0.01

sportmaster.ru 0.18 0.08 0.46 0.16 0.03 0.07 6 0.49 0.02

shop.mts.ru 0.16 0.53 0.36 0.04 0.02 0.02 5 0.92 0.01

leroymerlin.ru 0.38 0.35 0.33 0.1 0.02 0.04 1 0.97 0.02

Source: own development based on the materials of the companies.

Table 3. Normalized performance indicators of a sustainable e-commerce business model.

E-Commerce
Company ind1 ind2 ind3 ind4 ind5 ind6 ind7 ind8 ind9

goldapple.ru 0.318 0.974 0.440 0.091 0.500 0.125 0.571 0.695 0.333

vprok.ru 0.545 0.500 0.200 0.273 0.500 0.250 1.000 0.171 0.667

vkusvill.ru 0.000 0.000 0.480 0.000 0.000 0.000 1.000 0.122 0.000

goods.ru 0.091 1.000 0.480 0.273 0.250 0.250 0.429 0.134 0.333

hm.com 0.773 0.105 0.000 0.091 1.000 0.375 0.714 0.000 0.000

holodilnik.ru 1.000 0.816 0.600 0.273 0.250 1.000 0.857 0.171 0.333

utkonos.ru 1.000 0.789 0.840 0.409 0.500 0.000 0.286 0.415 0.000

kolesa-darom.ru 0.682 0.553 0.720 0.727 0.250 0.500 0.286 0.317 0.000

komus.ru 0.045 0.237 0.360 0.591 0.250 0.500 0.143 0.146 0.000

re-store.ru 1.000 0.711 0.200 0.227 0.250 0.750 0.143 0.329 0.000

onlinetrade.ru 0.727 0.526 0.960 0.455 0.750 0.375 0.286 1.000 1.000

vseinstrumenti.ru 0.545 0.316 0.800 1.000 0.500 0.250 0.143 0.780 0.333

sbermarket.ru 0.318 0.184 0.360 0.682 0.000 0.000 0.000 0.085 0.000

exist.ru 0.182 0.105 0.440 0.091 0.500 0.000 0.000 0.244 0.000
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Table 3. Cont.

E-Commerce
Company ind1 ind2 ind3 ind4 ind5 ind6 ind7 ind8 ind9

ikea.com 0.409 0.237 0.440 0.727 0.500 0.125 0.143 0.549 0.000

svyaznoy.ru 0.500 0.079 1.000 0.591 0.750 0.625 0.857 0.366 0.667

sunlight.net 0.500 0.868 0.200 0.136 0.500 0.125 0.143 0.915 0.667

bonprix.ru 0.773 0.974 0.800 1.000 0.750 0.250 1.143 0.268 1.667

technopoint.ru 0.636 0.105 1.320 0.682 0.750 0.750 1.000 0.463 1.000

sima-land.ru 0.500 0.316 0.680 0.909 0.500 0.125 0.143 0.695 0.333

sportmaster.ru 0.591 0.105 1.200 0.682 0.750 0.750 0.857 0.439 0.667

shop.mts.ru 0.500 1.289 0.800 0.136 0.500 0.125 0.714 0.963 0.333

leroymerlin.ru 1.500 0.816 0.680 0.409 0.500 0.375 0.143 1.024 0.667
Source: own development based on the materials of the companies.

On the basis of the formed system of key indicators, diagnostics of the studied com-
panies and normalization of the data, it is possible to determine the integral indicators
of the proposed sustainable business model. Each indicator is formed on the basis of
three indicators; that is, the nine indicators of the diagnostics became the components of
three comprehensive indicators, which essentially form the axis of the sustainable business
efficiency model in e-commerce proposed in this study. The results obtained for the three
indicators are shown in Figure 2.
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The assessment of business model sustainability provides an opportunity to identify
leaders and outsiders among the studied e-commerce companies in the context of areas
such as economic, environmental and social efficiency. For example, the leader in the
environmental indicator of business model sustainability is vseinstrumenti.ru, while the
outsider is komus.ru. However, given the fact that each of the companies has different
levels of performance in each of the three areas, it is required to determine the level of
sustainability performance as a comprehensive integral indicator. Such an indicator in
this study is the vector of business model sustainability. In this case, there is a need
to determine the most significant indicators for e-commerce companies. To this end, a
correlation analysis was conducted, the results of which are visualized in the form of a
matrix in Figure 3.
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The correlation analysis allows one to allocate the economic and ecological compo-
nents of the sustainable business model as the most significant in the context of forming the
complex sustainability vector. This is confirmed by the correlation indicators of economic
and ecological efficiency of the sustainable business model (0.86) with its complex vector.
This allows one to reject the first hypothesis, since this correlation analysis indicates equal
influence of both economic and environmental components of the sustainable e-commerce
business model vector. Less significant, but with a sufficient level of correlation with the
complex vector of business model sustainability, is the social direction of 0.69. At the same
time, there is no significant relationship between the studied directions (factors) within the
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model. This provides an opportunity for regression modeling. However, it is not advisable
to develop one regression model for all e-commerce companies, as its application in practice
can significantly distort the forecast indicators given the large difference in the indicators of
the studied companies. To compensate for this limitation, a cluster analysis was conducted
(Figure 4), which allowed for grouping the companies under study according to the results
of the indicators obtained in three areas.
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The clustering allowed for the identification of four clusters of e-commerce companies,
which are formed according to the parameters of the sustainable business model in the
context of its economic, environmental and social effectiveness. Comparing the results
of clustering and sustainability vectors of the studied e-commerce companies, one can
say that the majority of companies in the blue cluster are characterized by a low level of
sustainability of the business model, while those in the red cluster, on the contrary, are
characterized by the highest.

Taking into account the formed clusters of the studied e-commerce companies, a
regression analysis was carried out. Its main indicators are shown in Table 4.

For the first and third clusters, the most significant is the environmental factor (impact
on the external environment). For the second and fourth clusters, the most significant is
the economic efficiency of e-commerce. For all clusters, the least significant is the social
factor. For all coefficients, the p-value > 0.05. For the fourth (red) cluster of e-commerce
companies, the economic factor plays a significant role. Given the fact that this cluster
includes e-commerce companies, which have the highest sustainability indicators in the
form of a vector, this composition of the model parameters is logical. The conducted
regression analysis demonstrates the applicability of the formed models (Table 5).
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Table 4. Indicators of factor regression analysis of sustainable business model vector of the studied companies in the field of
e-commerce by clusters.

Group Factor Coefficients Standard
Error t-Statistics p-Value Lower

95% Higher 95%

Cluster 1

Y-
intersection 0.0887 0.0330 2.6904 0.0744 −0.0162 0.1936

EcI 0.5401 0.0772 6.9961 0.0060 0.2944 0.7857

EnvI 0.6584 0.0536 12.2939 0.0012 0.4879 0.8288

SocI 0.4553 0.0941 4.8373 0.0168 0.1558 0.7549

Cluster 2

Y-
intersection 0.0118 0.0167 0.7073 0.5527 −0.0602 0.0839

EcI 0.6152 0.0642 9.5771 0.0107 0.3388 0.8916

EnvI 0.6058 0.0455 13.3033 0.0056 0.4099 0.8017

SocI 0.5665 0.0463 12.2245 0.0066 0.3671 0.7659

Cluster 3

Y-
intersection 0.0346 0.0117 2.9487 0.2081 −0.1146 0.1839

EcI 0.5801 0.0307 18.9010 0.0337 0.1901 0.9701

EnvI 0.6147 0.0598 10.2750 0.0218 −0.1454 1.3748

SocI 0.5032 0.0356 14.1381 0.0450 0.0510 0.9555

Cluster 4

Y-
intersection 0.0208 0.0101 2.0657 0.2870 −0.1072 0.1488

EcI 0.5965 0.0145 41.0913 0.0155 0.4120 0.7809

EnvI 0.5828 0.0204 28.5098 0.0223 0.3230 0.8425

SocI 0.5287 0.0120 43.9731 0.0145 0.3759 0.6815

Source: own calculation.

Table 5. Formed multiple regression models according to the vector of sustainable business model of
the studied companies in the field of e-commerce.

Cluster Multiple Regression Model R2 F Fcrit tcrit ttabl

Cluster 1 SV = 0.54.EcI + 0.66.EnvI +
0.46.SocI 0.99 212.99 9.28 2.36 25.28

Cluster 2 SV = 0.62.EcI + 0.61.EnvI +
0.57.SocI 0.98 1107.37 19.16 2.45 57.64

Cluster 3 SV = 0.58.EcI + 0.61.EnvI +
0.50.SocI 0.98 2735.18 215.71 2.57 90.58

Cluster 4 SV = 0.6.EcI + 0.58.EnvI +
0.53.SocI 0.99 14751.32 215.71 2.57 210.37

Source: own development.

The generated models of equations are applicable in the real conditions of e-commerce.
This is confirmed by a number of indicators. Determination coefficient R2 is at the level
of 97–99%. According to the Fisher criterion, for all equations—F > Fcrit. According to
Student’s t-test, for all equations—ttabl > tcrit.

On the basis of the generated regression equations, modeling was conducted in order
to determine the deviation of the business model sustainability vector from the reference
vector. Thus, the level of business model sustainability was determined (Table 6).
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Table 6. Indicators of business model sustainability of e-commerce companies.

Cluster E-Commerce
Company EcI EnvI SocI arccos α, Degrees Business Model Sustainability

Level (BMSL), %

Cluster 1

kolesa-
darom.ru 0.201 0.651 0.492 22.6 64

vkusvill.ru 0.374 0.160 0.000 40.7 34

utkonos.ru 0.233 0.876 0.303 31.5 49

re-store.ru 0.157 0.637 0.409 26.0 58

shop.mts.ru 0.670 0.863 0.254 23.1 63

komus.ru 0.096 0.214 0.447 30.0 52

sbermarket.ru 0.028 0.287 0.227 31.4 49

Cluster 2

goldapple.ru 0.533 0.577 0.239 18.5 70

exist.ru 0.081 0.242 0.197 21.3 66

goods.ru 0.299 0.524 0.258 18.0 71

hm.com 0.238 0.293 0.489 17.6 72

holodilnik.ru 0.454 0.805 0.508 14.7 76

leroymerlin.ru 0.611 0.999 0.428 19.3 69

Cluster 3

sunlight.net 0.575 0.523 0.254 17.3 72

bonprix.ru 1.026 0.849 0.667 9.8 84

vprok.ru 0.612 0.415 0.341 14.1 77

ikea.com 0.231 0.362 0.451 14.6 76

vseinstrumenti.ru 0.419 0.554 0.583 7.9 87

Cluster 4

svyaznoy.ru 0.630 0.526 0.655 5.3 91

onlinetrade.ru 0.762 0.738 0.527 8.9 86

technopoint.ru 0.821 0.687 0.727 4.3 93

sportmaster.ru 0.654 0.632 0.727 3.5 94

sima-land.ru 0.390 0.499 0.511 6.6 89

Source: own development.

Conducted modeling and determining the level of business model sustainability
allow one to determine a relationship between it and the performance of companies in
the field of e-commerce in the context of economic, environmental and social directions.
For companies in the first cluster, which are characterized by a low value of the business
model sustainability vector, there is a correspondingly low level of comprehensive business
model sustainability: an average of 53%. For the companies with the highest business
model sustainability vector values (the fourth cluster) recorded the highest level of business
sustainability: an average of 91%. Thus, it is possible to confirm the acceptance of the
second hypothesis, as an increase in the sustainability vector brings a company closer to
the benchmark value of sustainable business.

5. Discussion

Compared to the results of other authors demonstrating the need to apply design
thinking to sustainable innovation in business models [36], this study provides a frame for
its application. However, the study does not focus on revealing all the problems associated
with innovation in sustainable business models. The conducted research forms a platform
for developing recommendations on implementing this frame and presents key practical
points for sustainable business. That said, a study of sustainable online models has a similar
result, which confirms transcendence beyond personal habits and the great potential to
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influence larger social institutions and societal habits [37]. The advantages of this study
over similar works of scientists who focused on the innovation component of business
models [38–40] are:

1. focus on the sustainability aspects of the e-commerce business model;
2. integration of the three components of improving its effectiveness;
3. innovation, a way to achieve a high level of sustainability, is not the prerogative or

the key direction.

Compared to the results of other scholars [41], in which B2C e-commerce has three
sub-models: value offering; value creation and delivery; and value capture. The formed
methodological approach in this study focuses on assessing the level of business model
sustainability. This study proves that achieving a high level of business model sustainability
takes into account the migration of consumer values. The positive side of this study can be
defined as the applicability of the proposed vector scheme to both B2B models [42] and
C2C e-commerce models [43]. This demonstrates the comprehensiveness of its application.

The study proves the need to develop e-commerce companies simultaneously in dif-
ferent directions, because the sustainability of their business model requires the economic,
environmental and social balance of efficiency [44]. The obtained study results in the con-
text of vector deviations indicate that they are equal in the process of forming a sustainable
business model. In addition, in the modern scientific literature on the given problems, there
are studies that also point to the need to take into account the economic, environmental
and social components of e-commerce effectiveness [45]. In this case, the achievement of a
high level of sustainability is interpreted as the achievement of ”trade-offs” in the process
of forming a business model [46].

The proposed methodological approach allows for taking into account the versatile
efficiency in each of the three areas considering sustainability efficiency as a comprehensive
integral indicator. While other studies focus on individual components: the service concept
of the e-commerce business model [28], reduction of resource consumption [29,30] or
cooperation between companies to develop and implement new environmentally friendly
technologies [26]. The formed system of indicators can be complemented by performance
indicators of long-term design, maintenance, reuse, recycling and reconstruction to ensure
business model sustainability [30,31].

The positive side of this study is the proposed methodological approach, which inte-
grates a variety of tools into one set of assessing the level of business model sustainability
based on the indicator in the form of a vector. It should be noted that some elements of
this methodological approach have been previously applied in other studies. For example,
the clustering of e-commerce companies is widely used [47,48]. However, it is the environ-
mental and social side of business efficiency that is not taken into account. Quite common
are studies of business modeling of e-commerce using regression analysis and diagnosis
of influencing factors on the level of e-commerce efficiency in the context of sustainable
development [49,50]. However, these studies are conducted at the macro level and do not
provide an opportunity to identify priorities for specific e-commerce companies. The most
common is the use of correlation analysis to study the relationships between individual
factors of e-commerce efficiency in a sustainable development environment [51,52]. In
general, the study demonstrated the possibility of applying a set of methods to assess
business model sustainability of a company, taking into account the characteristics of its
functioning and comparing the results with the effects on other companies. Thus, it is
possible to carry out competitive diagnostics of business models in the context of their
sustainable development [53]. The proposed approach allows one not only to diagnose
business model sustainability [26,27], but also to compare companies with each other
in a competitive environment to determine the priorities of their functioning to achieve
leadership positions in the context of sustainable development.

This study is limited to three indicators of the effectiveness of a sustainable business
model. However, the proposed approach allows one to expand the number of reference
vectors and, accordingly, the system of indicators. In addition, the limitation of the study
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is the lack of public information from companies, which is necessary for the calculations.
Therefore, the breadth of the sample of companies depends on the interest of e-commerce
companies in such research and their consent to provide the necessary data. The larger the
sample of companies surveyed, the more accurate and comprehensive the results will be
for e-commerce.

In the future, research may be aimed at expanding the proposed methodological
approach in the context of the diversity of indicators of a performance assessment model
for a sustainable e-commerce business model. It is possible to apply the proposed method-
ological approach to enterprises in other industries, taking into account the specifics of
their activities. This requires the transformation of the proposed system of indicators in the
context of industry peculiarities. It is also possible to expand the geographical boundaries
of the study and conduct a comparative characterization of the results obtained not only
between specific groups of enterprises, but also between countries or regions.

6. Conclusions

The scientific contribution of this study is the proposed methodological approach to
assessing business model sustainability in e-commerce, which allows taking into account
the economic, environmental and social components of its effectiveness. It allows one
not only to diagnose business model sustainability, but also to compare companies with
each other in a competitive environment, to determine the priorities of their functioning
to achieve leadership positions on the background of sustainable development. The
theoretical results of this study are the formed scheme of business model sustainability
vector construction, which allows one to harmonize business model sustainability based
on three key dimensions. The formed system of key indicators provides an opportunity to
determine the integral indicators of sustainable business model. It provides an opportunity
to identify the deviations of the sustainability vector of the business model and determine
the priorities of the e-commerce company to improve the level of efficiency in the given
areas. The integrated implementation of correlation, cluster and regression analysis allowed
for forming an integrated toolkit for scenario modeling of business model sustainability
for the studied companies.

Practical aspects of this study are the results of testing the proposed methodologi-
cal approach on the materials of the studied companies in the field of e-commerce. The
assessment of business model sustainability makes it possible to identify leaders and out-
siders among the studied e-commerce companies in the context of such areas as economic,
environmental and social efficiency. In this case, the proposed methodological approach
allows one to take into account the versatile efficiency in each of the three areas based on
determining the level of sustainability efficiency as a comprehensive integral indicator.
Such an indicator in this study is the vector of business model sustainability. Imputed
correlation analysis allowed for identifying the most significant indicators for e-commerce
companies. The correlation analysis proved that in modern conditions not only the eco-
nomic component is significant for the efficiency of the business model in e-commerce, but
also the environmental component at the same level of interdependence.

Clustering of the studied e-commerce companies provided an opportunity to take
into account the peculiarities of the performance of the studied companies, to group them
taking into account similar performance indicators. This made it possible to develop more
accurate regression models for each cluster. In this case, there is a correlation between the
value of the sustainability vector of the business model of a company and its assignment to
a particular cluster.

Based on regression analysis, it was determined that for the first and third clusters, the
most significant is the environmental factor (impact on the external environment). For the
second and fourth clusters, the most significant is the economic efficiency of e-commerce.
For all clusters, the least significant is the social factor. The generated regression equations
provide the possibility of modeling. This allows one to determine the deviations of the
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business model sustainability vector from the reference vector, which demonstrates the
level of its effectiveness.

The conducted modeling and determination of the business model sustainability allow
one to determine a relationship between it and the performance of companies in the field of
e-commerce in the context of economic, environmental and social dimensions. At the same
time, the obtained results demonstrate that the increase in the sustainability vector brings
a company closer to the benchmark business sustainability. Thus, it is proven that for
e-commerce companies in the process of business modeling, their sustainability parameters
play a defining role.

This study is limited to three indicators of sustainable business model effectiveness.
However, the proposed approach allows one to expand the number of reference vectors
and, accordingly, the system of indicators. In addition, the limitation of this study is the lack
of public information from companies, which is necessary for the calculations. Therefore,
the breadth of the sample of companies depends on the loyalty of e-commerce companies,
their interest in such research and their consent to provide the necessary data.

Future research may extend the proposed methodological approach in the context
of varying indicators of assessing the effectiveness of a sustainable e-commerce business
model. At the same time, the study can also expand the range of application of the proposed
methodological approach to enterprises in other industries, taking into account the specifics
of their activities. This requires the transformation of the proposed system of indicators in
the context of industry peculiarities. In the future, the study can be tested by expanding
the geographical boundaries and conducting a comparative characterization of the results
obtained not only between specific groups of enterprises, but also between countries or
regions. Prospects for further research in this direction suggest that solving problems and
applying the principles of sustainable e-commerce can be the basis for the reorientation
of national systems of management of e-business processes on sustainable development.
However, determining the content of such regulated processes requires a mathematical
assessment of the forms and vectors that define directions to minimize harm to the ability
of future generations to meet their own needs and levels of conducting more responsible
e-commerce business activities (mapping reorientation).
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