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Abstract: The adoption of automatic warehousing systems, a type of green technology, has been
an emerging trend in the logistics industry. In this study, we develop a conceptual model using a
technology–organization–environment framework to investigate the factors which influence logistics
firms to adopt green technology. Our model proposes that the adoption of green technology is
influenced by perceived advantage, cost, technological turbulence, business partner influence, firm
size, firm scope and operational performance. The objective of this study is to identify the conditions,
as well as the contributing factors, for the adoption of automatic warehousing systems in logistics
firms. Data were collected from 98 firms in China, and structural equation modeling with partial least
squares is adopted to analyze the data. The results suggest that high perceived relative advantage,
firm size, cost, firm scope, operation performance, technological turbulence and influence of business
partners are important factors affecting IT adoption in small businesses. Therefore, decision support
should be provided for enterprises from the three aspects of technology, organization and environment
to improve the adoption of automatic warehousing systems.
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1. Introduction

Automatic warehousing systems (AWS) are commonly adopted in the manufacturing, logistics, and
retail industries. In this study, we examine AWS as a type of green technology, which is crucial for firms
to survive and grow in the sustainable environment by creating sustainability value [1]. The scarcity
of land resources in recent years has given rise to the demand for continuous development of AWS
using information and automation. This system is closely linked to enterprise material flow and widely
utilized in business, city traffic management, and other areas. AWS generates savings in cost and energy
and also improves efficiency and business intelligence. Ultimately, AWS can improve the efficiency of
supply chains. Logistics is a common word nowadays, since it has an important role in supply chains
and also in the competition of firms [2].

The logistics industry is positively related to economic development. In recent years, the
e-commerce transaction scale has increased from 5416 million yuan (USD 763.34 million) in 2011 to
9534 million yuan (USD 1343.74 million) in 2018; e-commerce is rapidly becoming the world’s largest
market. E-commerce in the world, especially the logistics industry, is currently in rapid development.
E-commerce logistics techniques and equipment will develop towards automation which gives high
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efficiency for human benefit. For example, in the express industry, the daily receipt and delivery of
goods are extremely frequent; thus, speed and accuracy are the basic requirements in a warehouse
system application. However, in real life, not all warehouses have quick access to goods, so optimizing
the warehouse ground area utilization rate is crucial. The existing warehouse resources face major
challenges in increasing their utilization rate, improving scale efficiency, and reducing logistics costs.
In most cases, AWS is used to ameliorate such problems. Although information technology (IT) is
widely applied in the logistics industry, AWS technology applications are relatively new. Internet of
Things and smart factories have a positive role in promoting information technology implementation,
which contributes to sustainable business performance [3]. Given the popularization of the Internet
and the development of smart devices and e-commerce platforms, customers are making fewer trips to
offline stores, which are restricted by physical opening and closing times.

At present, online customer service staff come to work each day and find multiple pending orders
that require delivering the ordered goods to customers as soon as possible. Sustainable green technology
is an important contributor to the creation of a sustainable society through the simultaneous promotion of
environmental protection and economic development [4]. Consumers consider green product attributes
somewhat but are also affected by other attributes, such as cognitive values, individual environmental
literacy, price, and brand equity [5]. Finished products are quickly shipped from the seller warehouses
to the logistics warehouse, and then from the logistics warehouse to storage and distribution facilities.
The efficiency of a warehouse has an extremely important impact on storage and delivery. Competing in
the market requires continuous improvements in the design and operation of production–distribution
networks, which in turn require high performance from warehouses. Therefore, AWS are being used by
companies to save time and costs. The emergence of AWS is considered a symbol of the rise of high-tech
firms for material movement.

Warehousing is an important part of the supply chain and plays a key role in facilitating production
efficiency [6]. The logistics industry has rapidly increased at an annual rate of 9.65% from 1980 to
2010 [7], and currently, the logistics costs in the United States are approximately 8% of GDP, while the
logistics costs in Japan are approximately 11% of GDP. Driven by rapid economic growth, satisfying
the demand for logistics services is difficult, and firms must manage all kinds of customer demands.
Although the mechanism or system for storing and managing requirements differs for each firm, saving
space is always a positive change. Warehouse utilization is intended to save space, such that 50%
more products can be packed onto each shelf. However, this concept of a concentrated warehouse is
gradually moving toward the growth strategy to a sustainable model in response to the limits-to-growth
dilemma [8]. The deterioration of the natural environment has attracted research attention toward green
technology, and the sustainable development efforts of an increasing number of countries focus on energy
conservation and emission reduction. Strategic transformation focuses on developing a sustainable
model that utilizes green technology, which can both facilitate economic efficiency and reduce pollution.

As customers are more concerned with the care of the environment, companies are required to
be more aware of their actions [9]. Firms must invest in green technology and better energy efficiency
to solve environmental problems. Since AWS reduce costs and improve performance, these types
of systems comprise a new and globally expanding industrial field that can be considered a green
technology with high quality, high efficiency, and less pollution. Firms generally adopt new technologies,
but some of these new technologies are not adopted due to features that do not fit the environment and
overall firm structure. This study analyzes the factors that affect the adoption of new green technology,
namely, AWS of logistics firms, which require manual storage and retrieval of a unit load using a forklift
or crane. Therefore, this study examines the factors that affect the AWS adoption among firms.

Based on data collected from 98 Chinese logistics firms and a technology–organization–environment
framework, this paper investigates the contributing factors for the adoption of automatic warehousing
systems in logistics firms. Management insights and implications are provided for managers of logistics
firms as well as manufacturers of automatic warehousing systems.

The rest of this study is organized as follows. Section 2 discusses the literature on automatic
warehousing systems and technology adoption. Section 3 describes the research model and hypotheses,
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after which Section 4 presents the research methodology. The data analysis appears in Section 5. Finally,
Section 6 presents conclusions and discussion of the results.

2. Literature Review

2.1. Automatic Warehousing Systems

In recent decades, studies have focused on AWS with the aim of improving firm performance.
The literature reviewed regarding design emphasizes the importance of improving the performance of
2D and 3D AWS.

Randhawa and Shroff (1995) showed that having the Input/Output (I/O) point located at the bottom
and middle of the storage aisle results in higher throughput than having it at the end of the aisle [10].
Vasili et al. (2012) investigated the performance of the split-platform automated storage and retrieval
system, which can be enhanced for a range of rack configurations by introducing two I/O points per
aisle [11]. Ashayeri et al. (2003) determined the advantages of the class-based storage assignments in
a 2D automated storage and retrieval system with two I/O points at floor level on opposite ends of
each aisle [12]. The above studies show that a suitable design of the I/O point in different types of 2D
automated storage and retrieval systems contributes to performance improvement. According to the
automated storage and retrieval system (AS/RS) literature, AWS offers several benefits that lead to high
efficiency and improvement in production [13,14]. As one of these advanced technologies, shuttle-based
storage and retrieval systems (SBS/RS) are developed to process more loads and achieve higher speed
than mini-load crane-based automated storage and retrieval systems [15].

Extending the work of Bozer and White (1984) [16], de Koster et al. (2008) designed an intelligent
3D automated storage and retrieval system [17] to analyze its performance and optimal dimension. Their
proposed system consists of a crane or S/R machine and a series of conveyors. Travel time is calculated,
and the optimal dimensions for minimizing travel time are investigated. Two kinds of conveyor belts
are investigated, one with gravity conveyors and the other with powered conveyors. Three dimensions
were considered, namely, the horizontal, vertical, and depth dimensions. The 3D automated storage
and retrieval systems are comprised of a rack, a crane (Storage/Retrieval machine), an I/O point, and a
series of conveyor belts. Along the storage aisles, the crane is used to move the goods in the horizontal
and vertical directions while the conveyor is used to place and move the goods with depth movements.
Ekren et al. (2015) found the best rack design for SBS/RS under a class-based storage policy. SBS/RS is a
new technology developed for high transaction environments where the mini-load AS/RS crane may be
unable to keep pace with the transaction rate needed over a given number of storage locations [18].

2.2. Technology Adoption

Green technology is closely related to new technology adoption, which is commonly examined using
the technology–organization–environment (TOE) model. TOE contexts are significant influencers of new
technology adoption [19]. Xia et al. (2019) promoted the systematic analysis pattern of green technology
adoption and transformation in business [20]. Zhu and Kranemer (2005) built an integrated model based
on stage and diffusion of technology. The assimilation of technology, organization, and environmental
concerns are influenced by the technical preparation state, technical integration, firm size, firm scope,
management barrier, competition strength, and management environment [21]. Sinkovics and Kim (2014)
proposed a new theory by integrating the TOE model with the resource-based view (RBV) and contingency
theories; their work verifies the causes and consequences of trans-boundary electronic collaboration
and expanded the connotations of TOE model [22]. Based on the TOE framework, Aboelmaged (2014)
determined the factors that affect electronic maintenance technology in the manufacturing industry,
including basic technical facilities, prospective earnings, and challenges in electronic maintenance [23].
Teo et al. (2009) collected data from firms in Singapore through a questionnaire to determine the factors
that affect the adoption of electronic procurement technology. The TOE framework was adopted and
revealed various influencing factors, such as firm size, support of senior executives, indirect benefit
perception, and business factors. These factors showed positive and remarkable influences on enterprise
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adoption of electronic procurement [24]. Frambach and Schillewaert (2002) proposed a unified framework
and discussed the main factors that influence organizational acceptance. Organizational influence on
enterprise adoption of new technology has been highly emphasized in marketing and management
for the past 20 years [25]. Thong and Yap (1995) studied the influences of CEO and organization
characteristics in the IT adoption of small firms [26].

Yoon et al. (2020) presented relative advantages, complexity, and compatibility of technology, CEO
innovativeness, and IT knowledge, as well as various factors for technology adoption of open systems
in agriculture based on the TOE framework [27]. A technology acceptance strategy was proposed from
two perspectives, namely, organization and individual receivers, and the factors affecting the adoption
of AWS systems of small and medium firms were analyzed. Chatterjee and Kar (2020) found that
the adoption of social media improves SME performance [28]. Cruz-Jesus et al. (2019) developed a
conceptual model using the TOE framework to assess the antecedents of CRM adoption stages using
partial least squares structural equation modeling with the data obtained from 277 firms [29]. Liu
(2020) explored the adoption of learning technologies by academics within higher education to develop
a framework that integrates current scholarly knowledge and informs practice and future research [30].

Although the literature about automatic warehouse systems and technology adoption continues
to grow, few investigations have looked at the effects of automatic warehouse system adoption, and it
is unclear whether the growing influence of the logistics industry can play a role in slowing down the
growth of production. To fill this gap, this paper aims to examine the effect of adopting AWS in the
logistics industry.

3. Research Model and Hypotheses

3.1. Research Model

Figure 1 illustrates the proposed model, which is based on the relations among variables such
as technical perspective (including cost and perceived relative advantage of AWS), organizational
perspective (including firm size, firm scope, and operation performance), and environmental perspective
(including technological turbulence and business partners) in the TOE (technology–organization–
environment) framework.
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3.2. Technology Context

An enterprise may analyze the related advantages of AWS from several aspects, such as employees,
output, resources, and work efficiency. An enterprise will increase its output using AWS. Premkumar
and Roberts (1999) obtained empirical data of 78 rural firms through interviews and used the TOE model
to study the factors that affect the acceptance of new IT. Their proposed research model included ten
independent variables in the three categories of innovation, organization, and environment. In accepting
new communications technology, a larger advantage results in easier adoption among firms [31]. Ingrid
and Patrick (2015) indicated that the effects of perceived relative advantage, compatibility, and lack
of complexity, along with the influence of subjective media norms on usage intention, are all partially
mediated by the emotions toward electric vehicles (EVs) [32]. Park and Lim (2018) showed that the
perceived cost of EVs is negatively related to its usage intention [33]. Firms aim to make profits, and thus
reducing costs is critical. The high prices of AWS discourage enterprises not only from considering the
benefit of green technology, but firms also consider the ability of their technicians to use such systems.
Logistics companies and warehouse operators consider costs based on their customers worldwide
before moving the sorting process of goods away from consuming countries. Logistics firms provide
services such as transportation, warehousing, cross-docking, inventory management, packaging, and
freight forwarding. Logistics comprises warehousing, transportation, loading and unloading, handling,
carrying, packaging, processing, distribution, and logistics information.

If technicians cannot use AWS technology, then enterprises also consider the training cost and
the necessity of introducing AWS. Training and employing warehouse talents requires financial
expenditure. The durability of the AWS, cost for maintenance, and necessity for software updates can
influence the adoption of AWS. Accordingly, we propose the following hypotheses:

Hypothesis 1 (H1). High perceived relative advantage of AWS leads to a high possibility for a logistics firm to
adopt AWS.

Hypothesis 2 (H2). High costs of AWS lead to a low possibility of firm adoption.

3.3. Organization Context

Whether large firms can adopt burgeoning technology more easily than small firms is a common
question regarding AWS adoption. Similarly, the quantity of patents that large firms obtain every
year is expected to be higher than what small and medium firms can achieve. However, in reality,
the technology adopted by small and medium firms is more advanced than that of large enterprises.
Moreover, the annual quantity of national patent applications of small firms is higher than that of large
firms. The competitive pressure of small firms is heavier than that experienced by large firms in the
current market. Large firms have abundant financial resources and, further, possess the ability to use
new technologies. Thong and Yap (1995) reported that larger firm sizes lead to easier IT acceptance [26].
Aboelmaged (2014) stated that the scale of an organization and enterprise ownership influence the use
of electronic maintenance technology [23]. Premkumar and Roberts (1999) assumed that an enterprise
might already possess considerable resources for electronic maintenance technology. Thus, IT utilization
is easier for larger firms due to their capacity to invest in and introduce new technology [31].

Business sustainability enables the integration of financial economic sustainability performance
and non-financial environmental, social, ethical, and governance sustainability performance dimensions
into the corporate culture, supply chain management and business models in creating shared value
for all stakeholders [34]. Any firm’s development depends on customer accumulation. An enterprise
can maintain regular customers by satisfying their requirements in order to attain a good reputation.
AWS may have quickly destroyed labor jobs, but it has also recently created jobs in unprecedented
numbers. The new green technology provides a flexible business process model that allows firms to
respond quickly to new customer requirements, new business opportunities, and competitive threats.
If products are not updated innovatively, customers will likely purchase other brands. Therefore, firms
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must introduce new products to satisfy the customer’s fondness for novelty. In a constantly changing
market, every enterprise maintains its market share by studying new products or upgrading their
original offerings. However, developing new products is difficult and often requires new technology.
The trust between the customer and enterprise mainly stems from the business activities of an enterprise.
Firms must ensure timely delivery or keep promises to complete transactions. When an enterprise fails
to complete the time or fulfill customer requirements, customers look for a new partner. Firms must
also maintain a good reputation. If a firm completes customer orders and performs timely delivery
with high quality, then customers continue to support that firm. Manufacturing firms that produce the
same products or offer similar services expend much effort to maintain their market share in the face of
fierce competition. However, a firm can keep a foothold in the market only by providing high-level
services to customers. Accordingly, we propose the following hypotheses:

Hypothesis 3 (H3). Firm size has a positive effect on AWS adoption.

Hypothesis 4 (H4). Firm scope has a positive effect on AWS adoption.

Hypothesis 5 (H5). Operation performance has a positive effect on AWS adoption.

3.4. Environment Context

Green technology facilitates better productivity and lower labor costs. However, green technology
remains in its infancy, and the industry is constantly changing. Given these factors, firms struggle to
adopt new technology. A firm that adopts new technology expects improvement and beneficial growth.
Given a fierce market competition, in which customer demands constantly change, the traditional
competitive strategy is considered unfit for the subsistence and development of enterprises. The ability
to meet customer needs is one of the core competences of modern logistics firms, so the process of
meeting customer demand is the pursuit of firms. Customer value determines customer satisfaction
and fidelity; customer satisfaction is closely related to repurchase intention. Logistics firms consider
changes in the industry when adopting new technology. Enterprises emphasize partnership with other
businesses, which results in a positive and remarkable influence on the adoption of new technologies [24].
Firms also consider the benefits that AWS brings to their business partners. A downstream firm that
cooperates with the production firm shortens the time needed for receiving goods and reduces the risk of
both the deterioration of goods during storage and damage during collection. Customers eliminate firms
if they are not satisfied with the service due to outdated technology. Customers choose to cooperate with
technologically advanced firms because, after all, they aim to gain benefits. Accordingly, we propose
the following hypotheses:

Hypothesis 6 (H6). Technological turbulence has a positive effect on AWS adoption.

Hypothesis 7 (H7). The influence of business partners has a positive effect on AWS adoption.

4. Research Methodology

4.1. Measurement

In order to identify and confirm all major concerns of green technology adoption by logistics firms,
a survey was designed and sent to the managers of warehouse firms. To guarantee the accuracy of
variable measurements, a questionnaire was adopted as the item of measurement used to prove feature
reliability and validity. The questionnaire in this study was adapted from mature measurement scales
using variables common in previous studies. The variables were measured according to the specific
research background. Items were scored using a five-point Likert scale, with “extremely disagree,”
“disagree very much,” “neutral,” “agree,” and “agree very much” as choices 1–5, respectively. The
variable indices of the survey questionnaire include perceived relative advantage, cost, firm size, firm
scope, operation performance, business partner influence, AWS adoption, and technological turbulence.
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The questionnaire survey method was adopted to collect firsthand survey data. The proposed
theoretical model was verified using the data collected through analysis with statistical software.
The specific research objects were then investigated, and finally, the proposed hypothetical model was
verified through analysis of the collected data. The advantages of this survey approach include high
standards and fast recovery. Moreover, several research objects can be investigated within a short time,
and firsthand data can be obtained. Analysis can then be conducted using statistical software. One
shortcoming of the questionnaire method is that respondents might answer the questions incorrectly
due to carelessness or misunderstanding of the questions. These circumstances are inevitable.

First, the questionnaire was developed. The scales of the questionnaire were designed as a series
of measurement problems in a survey approach. Preliminary versions of the questionnaires were tested,
and items were revised or deleted when found to contain problems. After completing the primary
questionnaire design, the questionnaire was revised after consulting an expert who was proficient in
warehouse systems. The survey scope of the questionnaire involves firms in China, so the questionnaire
had to be translated into Chinese. During translation, the research group members inspected the
questionnaires to guarantee the accuracy of each variable item after repeated comparison and translation.
A pre-survey was conducted, and the questionnaires were further revised and improved.

Second, after the questionnaire was finalized, the test subjects (respondents) were selected to
complete the questionnaire. The questionnaires were sent to the respondents for data collection.
Third, the behavior and attitude of respondents were measured through data analysis. To do so, the
respondents were informed of the purpose of this research and were given instructions about how to
answer the questions. The respondents were encouraged to follow three principles when answering
the questionnaire, namely, concentration, conciseness, and simplicity. Fourth, the answers of the
respondents were sorted after data collection.

4.2. Data Collection

This section discusses the factors that influence the enterprise adoption of AWS. Middle senior
managers with related experience in warehouse management were selected as respondents due to
their capacity to decide and advise on the introduction of new technology into an organization.
The questionnaires were sent out in two ways. First, the questionnaires were sent to firms in the cities
of Hefei and Shanghai through an acquaintance of the researcher. Second, the questionnaires were sent
via social media platforms using links to a professional website. Before sending the questionnaires, the
researcher instructed the acquaintance to explain the survey purpose and the time needed to answer the
questionnaire. The respondents were allowed to indicate an email address if they requested to see the
final research results, which were provided after this study had concluded. Upon survey completion,
the investigator personally inspected the returned questionnaires. If their completed questionnaire had
sufficient quality, the researcher later sent a scanned copy of the final results to the respondent by email.
For questionnaires filled in through the website, the researcher personally downloaded and analyzed
the questionnaire data.

Our questionnaire screening followed these standards. First, the answers must be complete.
Incomplete questionnaires were excluded from this study. Second, the industry selection section in
personal information was checked. Questionnaires from respondents in industries that are not related
to warehousing were also excluded. Third, extreme answers to questions with multiple options were
checked and excluded, such as responses given by selecting the same figure. A total of 120 questionnaires
were collected, and 22 were ineffective and incomplete. Thus, we obtained 98 effective questionnaires,
which is equivalent to an 81.7% response rate. It is noteworthy that the enterprises investigated in
this paper have the common characteristics of the industry, including a development level in line with
international standards. Furthermore, China’s logistics enterprises are developing at a very fast speed,
and their management is also in line with international standards. Consequently, managerial insights
obtained based on this data can also provide suggestions for enterprises in other countries. The item
used for measurement are provided in Appendix A.
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5. Data Analysis

Among the respondents, 70.4% are male, and 29.6% are female. Respondents aged below 30 account
for 52%, those aged 30–39 account for 38.8%, and those aged 40–49 account for 9.2%. The characteristics
of the sample are shown below in Table 1.

Table 1. Demographics of the Respondents.

Demographics Variable Category Percentage

Gender
Male 70.4%

Female 29.6%

Age
Younger than 30 52.0%

30–39 38.8%
40–49 9.2%

Education Degree

Below junior college 4.1%
College 25.5%

University 39.8%
Master 7.1%

MBA/EMBA 13.3%
Doctor 8.2%
Others 2.0%

Working Years

Below 5 years 34.7%
5–9 years 42.9%

10–14 years 9.2%
15–19 years 9.2%
20–29 years 4.0%

5.1. Reliability and Validity

Table 2 shows consistency for each measurement item under the same theoretical dimension in
the survey question. The load of measurement factors of all variables is larger than 0.5, which satisfies
the requirements of convergent validity.

Table 2. Composite Reliability (CR), Average Variance Extracted (AVE), and Loading.

Concept Measurement Item Loading

AWS adoption
CR = 0.896; AVE = 0.745

AA1 0.928
AA2 0.936
AA3 0.706

Cost
CR = 0.953; AVE = 0.843

CO1 0.873
CO2 0.930
CO3 0.950

Perceived relative advantage
CR = 0.932; AVE = 0.773

RA1 0.903
RA2 0.831
RA3 0.884
RA4 0.898

Operation performance
CR = 0.903; AVE = 0.652

OP1 0.793
OP2 0.853
OP3 0.907
OP4 0.710
OP5 0.761

Technological turbulence
CR = 0.927; AVE = 0.809

TT1 0.894
TT2 0.889
TT3 0.895
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Table 2. Cont.

Concept Measurement Item Loading

Business partner influence
CR = 0.953; AVE = 0.835

BPI1 0.883
BPI2 0.943
BPI3 0.938
BPI4 0.888

Firm scope
CR = 0.775; AVE = 0.533

FS1 0.750
FS2 0.768

Table 3 shows that the factors with the highest mean values are the influence of partners, cost of
AWS, operation performance, perceived relative advantage of AWS, and technical turbulence. Technical
turbulence and perceived relative advantage are the same value, which indicates that firms focus on
the benefits brought by the introduction of AWS. The mean value of AWS cost is higher than three,
which indicates that enterprises also focus on the cost of AWS. High costs discourage an enterprise
from using green technology. A mean value of operation performance below three indicates that most
firms pay attention to the production efficiency of the equipment. AWS improves the stock structure
and makes the storage space reasonable. AWS reduces the cost of transportation and storage.

Table 3. Mean Value and Variance.

Constructs Mean Value Variance

BPI 2.6700 0.9080
CO 3.2500 1.1390
OP 3.4653 0.7020
IS 2.8980 1.8550
TT 3.3400 0.9400
RA 3.3400 0.8420

Table 4 indicates that the average variance extracted (AVE) square root of each variable is larger than
the correlation coefficient of other variables, which indicates good discriminant validity. The correlation
coefficient among each variable is lower than 0.5, and thus each variable in the survey questionnaire is
mutually independent. This finding indicates that the measurement items of variables are not mutually
influenced, and the respondents’ attitude toward the item can be effectively measured.

Table 4. Average Variation Amount Extraction Square Root, and Correlation Coefficient.

BPI CO OP IS TT RA

BPI 0.9136
CO −0.2698 0.9181
OP 0.0293 0.0527 0.8076
IS −0.1450 0.0219 0.2883 1.0000
TT 0.4579 −0.0023 0.3111 0.1376 0.8996
RA 0.4080 0.0092 0.1366 −0.1735 0.1733 0.8794

This statistical analysis shows that all current variables have high reliability and validity, therefore
implying the validity of the model for the influences of TOE on AWS. Therefore, the information
collected through the survey questionnaires can be considered to have high quality, and the related
questions can be measured precisely.

5.2. Structural Model Analysis and Hypotheses Test

Figure 2 displays the results of path analysis and the explanatory power of the model (R2 refers to
the explanatory variable). Table 5 presents the results of the hypothesis testing.
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Figure 2. Results of Structural Model Testing. Notes: *** p < 0.001; ** p < 0.01; * p < 0.05.

Table 5. Summary of Tests of Model Paths and Comparison of Path Coefficients.

Hypothesis β Value t Value p Value Support?

CO–AA −0.143 2.060 ** 0.004 Yes
RA–AA 0.202 1.991 * 0.030 Yes
FS–AA 0.202 2.785 ** 0.007 Yes
IT–AA −0.229 2.834 ** 0.008 Yes
OP–AA 0.232 2.490 ** 0.002 Yes
BPI–AA 0.318 4.086 *** 0.000 Yes
TT–AA 0.216 1.982 * 0.021 Yes

Note: *** p < 0.001; ** p < 0.01; * p < 0.05.

The analysis results show that the perceived relative advantage of AWS has a significant positive
influence on the use of AWS (β = 0.202, t = 1.991, and p < 0.05). Therefore, Hypothesis 1 is supported.
The higher the perceived relative advantage of AWS, the more inclined the enterprises are to adopt
and utilize AWS. Firms also consider the benefit brought by the AWS application when using this
technology. The cost of AWS has a significant negative influence (β = −0.143, t = 2.060, and p < 0.05)
on adoption of AWS. Therefore, Hypothesis 2 is established. This finding implies that the higher the
cost of AWS, the less the enterprises will use this technology. The confirmed Hypotheses 1 and 2 both
refer to the technical influences on AWS usage.

Firm size has remarkable positive influences (β = 0.202, t = 2.785, and p < 0.05) on the firms AWS
usage. Therefore, Hypothesis 3 is established, which indicates that the larger the firm size, the more
inclined the enterprises are to adopt and utilize AWS. Firm scope (β = −0.229, t = 2.834, and p < 0.05)
has significant reverse influences on AWS adoption. Operation performance (β = 0.232, t = 2.490,
and p < 0.05) has remarkable positive influences on the enterprise adoption of AWS systems, which
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indicates that Hypotheses 4 and 5 are supported. This finding shows that the larger the firm scope, the
lower the possibility that the firms will use AWS. This may be because the high cost of introducing
automated warehousing would force the enterprise to make changes in its business strategy. Therefore,
a larger firm may be more cautious about using an automated warehousing system than a firm with a
smaller scope would be. However, this finding also indicates that the increase in benefits brought by
AWS introduction is appealing. Thus, firms become willing to use AWS.

The turbulence of warehouse technology has remarkable positive influence (β = 0.216, t = 1.982,
and p < 0.05) on the usage of AWS in firms. Therefore, Hypothesis 6 is established. The opportunity
brought to firms by the turbulence of warehouse technology can motivate AWS usage. The influence
of partners has (β = 0.318, t = 4.086, and p < 0.05) also had a remarkable positive effect on AWS usage,
indicating that firms are highly likely to consider suggestions from business partners and customers.

6. Discussion

AWS is an important evolution of warehouse technology. The primary goals of AWS are cost
effectiveness and space efficiency. This study finds that cost and perceived relative advantages of AWS
using the technology perspective in the TOE framework markedly influence firms’ adoption of green
technology. The proposed model is empirically evaluated based on a sample of 98 Chinese firms. From
the organizational perspective, firm size, firm scope, and operation performance have a remarkable
influence on firms’ AWS adoption. Likewise, turbulence in warehouse technology and the influence of
partners both considerably influence the adoption of AWS. However, not all of these influences are
positive. The AWS cost and firm scope have adverse influences on AWS usage.

Moreover, the cost and perceived relative advantage of AWS significantly influence the adoption
of AWS. The enterprise evaluates the cost of AWS by focusing on the improvements brought by new
technology to a firm. If the selling price of a new technology is high and exceeds the international
scope that firms can afford, then this technology is perceived as inappropriate despite its advantages.
Typically, firms consider cost saving when deciding whether to continue using their primary technology
or introduce new technology. The lower the cost of AWS, the more willing the firms become to use AWS.

This study analyzes the factors that influence green technology adoption in the logistics industry.
Our results indicate significant predictors, including cost and perceived relative advantage in the
technology context, firm size, operation performance in the organizational context, and business
partner influence in the environmental context. Cost in the technological context and firm scope in the
organizational context negatively influence the adoption of green technology in the logistics industry.

7. Conclusions

This study contributes to the enhancement of AWS adoption measurement and provides guidance
for firms considering adopting AWS as a guideline for sustainability value creation [1]. This empirical
research will help firms decide whether to adopt AWS. By referring to the influencing factors
of green technology adoption, firms can avoid the challenges brought by this technology due to
insufficient consideration. This contribution can be further advanced by considering the theoretical
and methodological implications of the results. Thus, this study provides direct empirical evidence to
managers in the logistics industry. Small firms neglect to introduce new technology because they have
no faith in the promise of improvement. The scope of a firm also influences the acceptance of new
technology. Management might adopt more new technology when firms have several branches. Firms
and managers should care for environmental sustainability issues once they accumulate an adequate
level of innovation assets through patenting activities [35].

This study retains several limitations. First, our empirical results show that cost is an important
factor. The variation in adoption based on firm size requires further investigation. The adoption
level may vary widely depending on firm size. Second, the determinants of firms are associated
with the number of years of using warehouse systems. However, the results cannot factor in the
same experience for firms without warehouse systems. Third, the main limitation corresponds to the



Sustainability 2020, 12, 5185 12 of 14

number of managers in each firm. There are several future research directions. First, research can focus
on small and medium enterprises that face significant challenges in adopting AWS. Second, other
potential influencing factors could also be investigated, such as the attitude of top management toward
green technology adoption in the logistics industry. Third, our research can be extended into various
contexts of supply chain management such as corporate social responsibility [36], closed-loop supply
chains [37,38], and manufacturer encroachment [39].
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Appendix A List of the Items by Construct

Perceived relative advantage

RA1: We believe that AWS allows us to accomplish specific tasks more quickly.
RA2: We believe that AWS allows us to enhance our productivity.
RA3: We believe that AWS allows us to save time in searching for resources.
RA4: We believe that AWS allows us to improve our job performance.

Cost

CO1: We believe that the cost of AWS is high for our company.
CO2: We believe that the amount of money and time of training for AWS applications is high for
our company.
CO3: We believe that the maintenance and support fees for AWS applications are high for our company.

Operation performance

OP1: Our firm can quickly modify products to meet our major customer’s requirements.
OP2: Our firm can quickly introduce new products into the market.
OP3: Our firm can respond to changes in market demand.
OP4: Our firm has an outstanding on-time delivery record for our major customers.
OP5: Our firm provides a high level of customer service to our major customers.

Technological turbulence

TT1: It is easy for our customers to switch to another firm for similar products without much difficulty.
TT2: The rivalry among firms in the industry my firm is operating in is very intense.
TT3: There are many products in the market which are different from ours but perform the
same functions.

Business partner influence

BPI1: Important business partners have made requests to us to use AWS.
BPI2: Major business partners have recommended that we use AWS.
BPI3: Important business partners have recommended that we use AWS.
BPI4: Major business partners have requested that we use AWS.
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Firm scope

FS1: Multi-established (Y/N)
FS2: Establishments outside of country (Y/N)

Firm size

SI1: Assets
SI2: Number of employees
SI3: Annual sales

AWS adoption

AA1: I would like to adopt AWS in the next (n) months.
AA2: I would like to adopt AWS in the next (n) months.
AA3: I would like to adopt AWS in the next (n) months.
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