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Abstract: In developed nations, the advent of distributed ledger technology is emerging as a new
instrument for improving the traditional system in developing nations. Indeed, adopting blockchain
technology is a necessary condition for the coming future of organizations. The distributed ledger
technology provides better transparency and visibility. This study investigated the features that may
influence the behavioral intention of energy experts to implement the distributed ledger technology
for the energy management of developing countries. The proposed model is based on the Technology
Acceptance Model construct and the diffusion of the innovation construct. Based on a survey of
178 experts working in the energy sector, the proposed model was tested using structural equation
modeling. The findings showed that perceived ease of use, perceived usefulness, attitude, and cost
saving had a positive and significant impact during the blockchain technology adoption. However,
innovativeness showed a positive effect on the perceived ease of use whereas an insignificant impact
on the perceived usefulness. The present study offers a holistic model for the implementation of
innovative technologies. For the developers, it suggest rising disruptive technology solutions.

Keywords: adoption theories; DLT; energy sector; blockchain; TAM

1. Introduction

Digitalization and technological development is the backbone for economic growth and
environmental sustainability for any country [1]. All the countries of the world are adopting modern
ways and technologies to rival each other and get work done in a paramount strategic way. Innovations
and technological adoptions are very much essential for the economies to retain their business and
achieve the targets [2]. The energy sector of any country is the crucial one to accomplish efficiency
and fulfill the demand of the country and its residents [3]. Worldwide energy consumption and
energy requirements anticipate an increase to 28% from the year 2015 to 2040. In the case of the Asian
region, the expected rise of energy will be 51%, which is the highest among the other regions of the
world [4]. Currently, worldwide renewable energy production is highly focused, and developing
countries are also moving toward the proper implementation of renewable energy solutions. Presently,
developing countries are facing serious problems in the production and distribution of energy. In such
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countries, millions of people are affected by the energy crisis, and presently, it is a big challenge to
meet the energy needs of both the industry and residential sectors [5]. So, the advent of disruptive
technology in developed states for energy management is emerging as a paradigm to improve the
traditional energy system in developing states. The use of distributed ledger technology as renewable
energy will have a substantially significant effect on energy’s sustainable usage by offering greater
convenience for the customer. The distributed ledger technology can be useful in the energy sector for
carbon management, distributed trading, and the popularization of renewable energy [6]. Specially,
distributed ledgers can aid in lessening transaction costs and enhancing the flexibility in energy project
funding developments [7]. The blockchain can provide better privacy for transaction within the
energy wholesale trading phase [8]. Moreover, distributed ledgers can improve the clearing settlement
mechanism in retail trading practice, promoting community involvement in the procurement cycle in
new energy use and in the reduction of carbon emissions [9].

Indeed, innovation in technology is a critical engine of energy transitions. One such breakthrough
is the smart grid. Consequently, turning in developments in the digital industry is beneficial [10].
According to [11], “the technology revolution reverses the industrial revolution and in this way
changes the structure of the markets”. The payment system is experiencing remarkable change, with
an increase in cashless associations, P2P transactions, and social networking micropayments [12].
The marketplaces are gradually decentralized with multiple dealers where trust affects the transaction
costs. The traditional centralized system is inefficient in the energy sector [13]. It needs greater
digital technology, data security, and information trustworthiness [14]. The smart grid has been
considered as the “energy internet” for the networking of multi-energy projects [15]. The blockchain
technology can provide transparent, decentralized, and secure frameworks for the energy internet [16].
The distributed ledger technology has the ability to provide P2P microgrids with prosumers [17].
The distributed ledgers are grounded on consensus algorithms [18], which can lessen the exchange
cost, increase efficiency, enhance trust, and are fast and help P2P transactions on multiple scales [19].
The disruptive technology is the perfect framework for any crowd system type: Tracking, smart contract,
proof of ownership (provenance), and identity management (prosumer and machine). The basic
blockchain-based network for a crowd system is shown in Figure 1.

" Trarr:sactigr;] is completed;
€.g. through home storai
g%acility gf a PV syste g-

. Transaction is \
verifiedin the networl

- < v v

2/ 1 ammm s N _»

ransaction triggering, e.g. b
harging station for emobilit

B8
-

v

3. Transaction 4. Transaction is
registered in a
approved data block

Figure 1. Blockchain-based transaction framework adapted from [20].

The energy market, and the electricity market in particular, is in a transitional stage, based on
administrative monitoring and technological developments. The decentralized electricity market is
characterized by a great number of dealers with consistent transactions. So, the applicability of distributed
ledgers in the energy management determines safety and trust [21]. In a blockchain-based network, all the
participants agree on the validity of the data. All members can check and access the data within a specific
time, confirming that this ecosystem is transparent. In addition, transparency without a declaration of
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identity is guaranteed. The appraisal is improved more if we consider the brainchild of Nick Szabo,
referred to as the smart contract [22]. It allows trusted transactions to take place between disparate
anonymous parties without the need for a mechanism of central authority [23]. Consequently, distributed
ledgers provide automation for exchange processes, specifically in P2P energy management.

Existing research on the implementation of distributed ledger technology for energy is mostly
studied by advanced economies like the US [24,25]. Our study focused on disruptive technology
adoption for developing economies. The previous studies mostly focused on the technology
organization and environment framework [26]. In this study, we utilized a hypothetical framework
based on TAM constructs [27] with cost saving [28] and innovativeness [29], and an in-depth online
survey for the measurements. After studying several papers, we analyzed that this is the first paper for
the evaluation of disruptive technology adoption in the energy management. The findings indicate that
it plays a vital role for both practitioners and policymakers to adopt distributed ledger technology in the
energy management. The present study was conducted to answer the subsequent research questions.

RQ1. What are the aspects that drive the attention of the energy sector to implement distributed
ledger technology?
RQ2. Among the factors, which has a better impact on the disruptive technology acceptance intention?

The structure of the manuscript is organized as follow: In Section 2, we explain the literature
review. Section 3 presents the proposed model. Section 4 explains the methodology. Section 5 clarify
the results, and finally the work ends with a discussion and implications.

2. Literature Review

2.1. Distributed Ledger Technology

A distributed ledger technology is the brainchild of Sakashi Nakamoto [30]. The immense intention
of blockchain technology affords amazing features in various sectors of organizations. The blockchain
records transactional details between businesses with an unlimited level of security [31]. The distributed
ledger technology reduces transaction costs, brings transparency in the supply chain, and increases the
traceability in the manufacturing domain for the anti counter measures [32]. The distributed ledgers
automatically deliver the required results instantly [33]. The disruptive technology enables the entire
world to make contracts embedded in digital codes where all the data is saved authentically without
the fear of deletion, revision, and tempering [34]. The distributed ledger technology provides every
agreement, every process, and every task with a higher level of validity; it gives digital signatures’
verification and the identification of contracts [35]. All the intermediaries in daily life like, including
bankers, administrators, lawyers, and stock exchange brokers, might no longer be required [36].
Machines, organizations, individuals, and algorithms will interact with users with little efforts [37].
The entire businesses and economies are revolutionized virtually by the blockchain. In the future,
distributive ledger technology will transform businesses and governments in a new way, which
concludes the lowest cost solutions [38]. Blockchain technology is the recent tremendous technology
that creates innovations and cost reduction in different fields of the economy. Blockchain innovates
economic functions, by the peer-to-peer models, boosting small economics and sustainable societies [8].
The blockchain technology provides persistency, automation, auditability, and immutability [39].
These benefits are due to the cryptographic hash nature of the distributed ledger, digital signature
of smart contracts, and distributed network of the consensus algorithm [18]. Still, the exact process
depends on the consensus mechanism. Three phases of distributed ledger technology applications
can be distinguished. The blockchain 1.0 indicates virtualization of digital currencies like bitcoin [30].
Blockchain 2.0 includes smart contracts for the transaction process [40]. The next blockchain 3.0 enables
a high level of independency with decentralized autonomous organization based on the savvy contract
by predefined complex rules [18]. In addition, in a public/permissionless blockchain, like bitcoin and
ethereum, anyone can participate in and access the ledgers [41]. It is mainly based on the proof-of-work
algorithm; anyone can add new blocks. While in a private/permissioned blockchain like the hyper



Energies 2020, 13, 4783 4 of 22

ledger fabric network, only members can read and write the data. It is mainly based on the proof of
authority and proof of stake [26]. Moreover, the consortium is a combination of both permissionless
and permissioned blockchains based on predefined rules. Apart from it, tendermint is the most
prominently used for allowing a unified swap of tokens among several blockchains [13]. In conclusion,
blockchain is a decentralized technology that can lower the cost transaction, provide better security,
increase transparency, and improve the traditional system in the organizations [42].

2.2. Blockchain in Energy Sector

Blockchain imparts its advantages in various fields like in automotive, finance, manufacturing,
internet, and networking. Blockchain technology preserves its tremendous benefits in the energy sector [32].
The world is rapidly shifting toward renewable energy sources due to the furious effects of non-renewable
energy on the environment. Several countries aim for a 100% shift toward renewable energy sources up
to 2050, such as Denmark [43]. Recently, some countries (China, Spain, and Germany) have planned to
achieve a 70% implementation of renewable energy sources. The renewable energy transformation is only
possible with technological innovations, which are achieved by blockchain technology. The distributed
ledger technology provides services direct from the source without the middle man so it reduces a lot
of costs and develops trust in the clients [8]. The blockchain implemented in Japan’s energy sector is
analyzed on the technology, economics, society, environment, and institution. The results emphasized that
blockchain will support improvement of the energy sector and the production of zero carbon until 2050 [8].
The research work of [44] focused the blockchain in the energy sector of China. There is concern about
the environmental sustainability with renewable energy production. The distributed ledger technology
provides a reduction in the cost and ease for the clients for consumption. In addition, the research explored
by [7] indicates that blockchain technology became one of the top 10 successful technologies in the year
2018. It works in many areas as a promising technology, for energy technological development, and is
featured for future technological advancements in the energy sector. The specific energy applications of
blockchain include P2P trading, energy storage arrangements, and manageable loads. The authors of [45]
studied the distributed ledger technology applications for the energy marketplace setting, containing
two manufacturers and one customer. The author discussed the viability of disruptive technology to
Industry 4.0 and concluded that distributed ledgers play a pivotal role in the energy market. The authors
of [45,46] proposed a blockchain base-distributed demand-side management model that could match the
demand for energy production. The authors of [47] investigated the smart grid concept with blockchain
technology from the perspective of energy production. The smart grid replaces the conventional method
of energy production. The research concluded that the blockchain provides new and secure ways of
energy production. The authors of [13] studied 140 blockchain projects and its possible effects on energy
companies. The findings indicate that disruptive technology greatly lessens the exchange cost like
processing data and confirmation, which led the marketplace to embrace minor distributed generators.
The authors of [48] proposed a distributed ledgers-based model for development of the distributed
microgrid energy trade algorithms. The authors of [49] conceived an energy blockchain-based scheme
for safe electric vehicle-charging services in the smart city. The authors of [50] proposed a decentralized
market network from which prosumers and consumers could use the blockchain to exchange local
electricity. The author analyzed their decentralized market based on 100 households, indicating that this
could lessen the future cost. In conclusion, the disruptive technology is useful in the energy transaction,
supply chain, and energy internet. The distributed ledgers-based energy framework could bring efficiency
in the traditional energy system, and consequently lower the energy cost for end consumers.

2.3. Technology Adoption Model

Technological development and advancements always impart a vital position in the financial
growth of a country. Various researches have focused on the technology adoption model like [51],
who worked on the adoption of consumers towards renewable energy consumption with a comparison
of the perceived attributes and the attitude intentions were determined. The case of solar Photovoltaic
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cell installation in the USA [52], and efficiency programs for the adoption of new and used energy
technology using the spatial energy growth model [53]. Technological development in the energy sectors
can enhance the sustainable environment of the country. The above-mentioned technology projects are
for the betterment of society and consumers’ well-being, but it is subject to the technology adoption.

2.4. TAM

The technological acceptance model is offered by [27], and indicates a subdivision of the theory of
reasoned action (TRA) especially designed for user adoption behavior. Accordingly, [27] implemented the
TAM in the implementation of computer-based information systems in organizations to get an enhanced
organization performance. To get increased user acceptance, it is necessary to explain why people should
accept the work on computer information systems [54]. TAM emphasized the determinants of computer
acceptance working, which is it provides better user behavior, end-user computer technologies, and a
broad range of performance [55]. TAM is not only helpful for the prediction but also for aiding both
practitioners and researchers to identify it pursues some appropriate steps [56]. The goal of the TAM is
based on two main concepts: Perceived usefulness (PU) and perceived ease of use (PEOU). It is one of the
prominent models that predicts user behavioral intention to accept a new technology [54,57] and is the
leading model [58] in the literature. The recent literature on TAM is presented in Table 1.

Table 1. Technology Acceptance Model literature.

Authors

Study Objectives

Results

[59]

Using TAM four variables in the energy
sector (Perceived behavior, moral
norms, awareness, and social norms).

The paper concluded TAM in the renewable energy sector in Iran.
The findings confirm a significant relationship among the variables of
intentions and a negative relationship with intentions in terms of
social norms.

[60] The paper is about the implementation ~ The study determined the TAM for Green IT by using constructs
of Green IT using the extended TAM. (injunctive, descriptive, and personnel norms). The results describe
The study predicts environment IT is an  that environmental beliefs, descriptive, personal norms, and
emerging trend. perceived usefulness directly impact the intentions towards green IT.

Moreover, environmental beliefs and government policies have
significant effects on normative variables.

[61] The study focus on importance of The research is connected with the TAM of antecedents and results
psychological ownership of user with psychological ownership. TAM has a significant relationship in
attitudes performed in the organization. long term customer loyalty and customer engagement in media use.

[62] The work is about perceived usefulness, Blockchain technology is the modern emergence in the digital world.
how the users get to use the blockchain ~ The paper explores the individual acceptance toward the disruptive
technology in the digital world technology models and exchanges. The research concluded that users
transactions. The paper specifically are inclined towards security, ease of use, traceability, verifications,
focused on Twitter insights of users. and digital transactions. The paper explains the managerial

implications with the future of blockchain technology.

[63] The adoption Cycle of Cryptocurrency.  The research discussed the TAM from the perspective of Blockchain
technology. The study explains the consumer’s acceptance behavior
by using digital currencies.

[64] Blockchain technology as a The work focused on the blockchain technology adoption in the
decentralized Business. A sharing business and economy. The work explains the business transactions
economy perspective with technology which are decentralized and more secured using BT. The paper
adoption Model (TAM) elaborates on the ease of use and technology adoption models using

Blockchain technology.

[65] Blockchain Technology in terms of The paper determined the implementation of the Cryptocurrency in
Business Sustainability and Adoption Small and Medium-sized firms like the Hospitality sector, Small
behaviors of users in SMEs, Hospitality, ~business, and Tourism under the Technology Adoption Model for the
and Tourism sector. business transaction. The results declared that managers of the

organizations play a key role to implement Blockchain Technology.
Perceived usefulness works as a mediating factor among
strategic orientation.

[66] Adoption of blockchain technology for ~ The study focused on the expansion of the supply chain structure of

financial development.

India to the rural areas. Authors analyzed implementation of
Blockchain technology in remote areas to get economic development.
BT connects the rural areas with the global business. It is concluded
that Technology Adoption is necessary for economic growth.
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3. Proposed Model

In Section 2, we discussed several research papers regarding technology adoption models.
Our study assimilates TAM constructs with cost saving and innovativeness for the subsequent
goals. First, the customer intention to implement innovative technology could be discussed by [67].
Second, TAM is banded on system-specific perception and cost saving is money saved by using an
advance technology [68]. Third, innovativeness is considered as the sparks of the technology [69].
Therefore, the present study expands the TAM constructs with the cost saving construct proposed
by [28] and the innovativeness construct proposed by [29] to comprehend the acceptance of blockchain
in the the energy management of developing countries context. How the behavioral intention attitude
is established and what position the perceived ease of use and perceived usefulness are playing will be
evaluated by using the technology adoption model. The proposed model is shown in Figure 2.

Perceived
Usefulness
Hé
H5
Cost saving -
Behavioral
H1 H3 Intention to use
Blockchain
Technolo;
H8 gy
Innovativeness H4
Attitude towards
H9 using Blockchain

H2
Perceived Ease /
of Use

1.Technology Acceptance Model(TAM) includes Perceived usefulness,Perceived ease of use and attitude
2.Cost saving construct proposed by Globerson & Maggard (1991)
3. Innovativeness construct from Technology readiness Index (TRI)

Conceptual Model
Figure 2. Conceptual model.

3.1. Hypothesis Development

The TAM construct perceived usefulness is the customer’s personal belief that with the use of some
advanced methods, his or her job performance will increase in the organization. While, perceived ease
of use emphasizes that the adopted technology or system provides comfort of practice. Moreover, TAM
plays a vital role to provide effective ways to influence external factors on internal beliefs, behavioral
intention (BI), and attitude (ATT). Attitude is a user’s favorable or unfavorable assessment of the
conduct being referred to [70]. Attitude with regard to user acceptance of IT is characterized as a
person’s general productive response (loving, delight, happiness, and joy) to utilize technology [27].

The results from the past research proposed that the perceived ease of use has a significant
impact on perceived usefulness [67,71,72]. Moreover, perceived ease of use has positive impact on
attitude [73-75]. Perceived usefulness positively impacts attitude [76,77]. Attitude has a positive
impact on behavioral intention [27,78-81]. Perceived usefulness has a positive effect on the user’s
intention [82-84]. Similarly, this study also expects that TAM constructs along with cost saving and
innovativeness will also show a noteworthy effect on the user’s intention to adopt blockchain in the
energy management. So, we postulate the following hypotheses:
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Hypothesis 1. Perceived ease of use has a positive effect on the perceived usefulness of blockchain technology
Hypothesis 2. Perceived ease of use has a positive effect on the attitude towards blockchain technology
Hypothesis 3. Perceived usefulness has a positive effect on the attitude towards blockchain technology
Hypothesis 4. Attitude has a positive effect on the behavioral intention to use blockchain technology

Hypothesis 5. Perceived usefulness has a positive effect on the behavioral intention to use blockchain technology.

3.1.1. Cost Saving

It refers to the time and money saved by using an advanced technology [68]. The perceived cost
savings are considered to be “the extent by which user thinks about use of a specific framework will
save money spent on service operation” [85]. Moreover, [86] listed the saved money factor as one
of the sub-categories that pushes clients to select self-services. The authors of [87] discovered that
price and cost savings were one of the major benefits that favored self-service. The authors of [83]
identified that the higher the effort taken by the user to participate in self-service, the lesser the amount
the user usually expects to pay for that service. The previous findings confirm that cost saving has a
positive effect on Perceived ease of use [89-91]. Moreover, cost saving has a positive effect on perceived
usefulness [92-94]. Accordingly:

Hypothesis 6. Cost saving has a positive effect on the perceived usefulness of blockchain technology

Hypothesis 7. Cost saving has a positive effect on the perceived ease of use of blockchain technology

3.1.2. Innovativeness

The innovativeness construct is derived from the technology readiness index [29]. It is a desire to
be a technology leader and visionary [95]. Positive thinking can be used as a guide to a positive outlook
for creativity, and it fills in as a confidence that it can create efficiency and adoptability. Innovativeness
is measured as the incentives of the technology [69]. The previous findings indicate that innovativeness
has a significant effect on perceived usefulness [96,97]. Moreover, innovativeness has a positive impact
on the perceived ease of use [98-100]. Thus:

Hypothesis 8. Innovativeness has a positive effect on the perceived usefulness of blockchain technology

Hypothesis 9. Innovativeness has a positive effect on the perceived ease of use of blockchain technology

4. Research Methodology

4.1. Data Collection

An online survey approach was used for the current analysis by using the Google Form service to
investigate the connection amongst the conceptual model constructs. Therefore, online data, using the
official English language, were developed to get the feedback from experts working in the energy sector
of a developing country. To assess the feedback, a 5-point Likert scale closed-ended questionnaire and
pilot testing process were used [101,102]. For the four months (January 2020-April 2020), an online
survey was conducted for the four major electric supply companies of a developing economic in
Asia, namely IESO, FESCO, PESCO, and LESCO. Due to the pandemic situation, in four months,
178 complete questionnaires were received and used for the measurement model. The final sample
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size consisted of 178 experts representing four major supply companies. The sample size satisfied
the standard requirement of 5 observations per parameter [103]. In the current research, we selected
19 factors with a minimum requirement of 165 respondents. Moreover, [104] suggested a small
sample size is enough for an energy study. So, the sample size of 178 experts was acceptable for the
structural model analysis. The top companies for the study were IESCO (30.33%) and FESCO (24.71%).
The designation of a deputy secretary represents the highest percentage (38.20%). More data were
collected from experts, representing 16.29%. The majority of employees in the energy sector have more
than 10 years of experience, representing 29.21%. The details of the respondents’ demographic profile
are presented in the Table 2.

Table 2. Respondents’ profile.

Frequency Percentage
Designation Chairman 08 4.49%
Director 16 8.98%
Executive Director 32 17.97%
Secretary 34 19.10%
Deputy Secretary 68 38.20%
Research and Development Experts 20 11.23%
Experience <5 years 33 18.53%
>5 < 10 years 45 25.28%
>10 years 52 29.21%
>15 years 48 26.96%
Areas Islamabad division 28 15.73%
Rawalpindi division 24 13.48%
Sargodha 22 12.35%
Mianwali 26 14.60%
Khyber circle 17 9.55%
Peshawar circle 14 7.86%
Okara 18 10.11%
Kasur 29 16.29%
Companies IESCO 54 30.33%
FESCO 44 24.71%
PESCO 42 23.59%
LESCO 38 21.34%

N = 178; Emails of the professionals are not shown by the request of them.

4.2. Structural Equation Modeling

For the current analysis, partial least square structure equation modeling was used [88,105].
The first-generation techniques were not used because of their limited capability with regards to
casual and complex modeling [106]. Among the second-generation analysis techniques, PLS-SEM is
widely adopted and accepted [107,108]. The SmartPLS is more specifically used in terms of studying
technology adoption models. The details of the measurement items are presented in Table 3.
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Table 3. Construct measurement.

Construct Code Question Adapted From
Perceived Ease of use ~ PEOU1  biockehain technology is compatible for energy 1 (3 73 19 110]
management
PEOU2  You think blockchain technology is faultless
PEOU3 It is easy to do multitask through blockchain
quickly
PEOU4 Blockchain is easy to use than traditional Energy
management system
Perceived Usefulness PU1 Blockchain can help firms for fast transactions [27,111]
PU2 Blockchain can bring transparency in firms
PU3 Blockchain can help in anti counter measures
Blockchain technology can help you to reach
PU4 . .
stock in a real time
Attitude ATT1 In your opinion, blockchain is necessary for [27,84,112]
Energy sector
You think, blockchain will improve the
ATT2 o
traditional energy management system
Cost Saving cs1 Dlstrlbgted ledgers will reduce transaction cost [28,85,113]
in the firms
CS2 Distributed ledgers are cost-effective
Distributed ledgers are compatible for improving
CS3 . N .
supply chain efficiencies and cost saving
Distributed ledgers are compatible with most
CS54 .
aspects of Energy Management firms
. Other people give you suggestion to use
Innovativeness INN1 blockchain technology for access at your firm [29,63]
INN?2 You would usually use blockchain to access your
firm database without any help
Intention to Use BI2 Firms will use distributed ledgers very well [68,77,114]
It is expected that Energy firms will take
BI3 advantages from the blockchain application in

the manufacturing and service operations.

By developing blockchain technology, Energy
BI34 sector would increase resource usage and

provide better services.

4.3. Common Method Bias Issues

For sample characteristics, a Kolmogorov and Smirnov test (P > 0.05) was applied to examine
sample distribution of the initial and later non-response bias respondents [115,116]. As indicated
by [117], the mean response to all the constructs shown in the proposed model provided by
46 respondents over the last six weeks was matched by the random sample of 132 respondents
of the early ten-week return to determine whether any significant differences occured. The study was
appropriate because the respondents who submitted their questionnaires late were approximately
identical to the non-respondents [118]. The non-response bias findings are presented in Table 4.
Moreover, the use of a single instrument to assess exogenous and endogenous structures usually raises
questions about common method bias issues [119]. Therefore, both methodological and statistical
methods were used to prevent the common method bias problems. The statistical solution was
implemented by the Harmon'’s test. Consequently, the findings showed the data variation was recorded
by the first factor by 38.274%. Since the outcome is below 50%, it could be assumed that there was no
Commom method bias problem [120]. Moreover, the variance inflation factor (VIF) was tested before
checking the structural model to detect the existence of the high correlated construct. Consequently,
the findings showed that the high VIF value among the construct was 3.261 below the standard cut-off
threshold of 5 [121]. The results indicate that this research does not pose a significant multicollinearity
problem and is suitable for the measurement model. For Variance Inflation Factor, see Table 5.
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Table 4. Non-response bias.

Construct N S.D Mean Sig. Value
ATT ER =132 0.743 3.17 0.92
LR =46 0.756 3.32

BI ER =132 0.643 3.65 0.74
LR =46 0.723 3.74
CSs ER =132 0.856 3.54 0.85
LR =46 0.863 3.17
INN ER =132 0.927 3.44 0.92
LR =46 0.914 3.54
PEOU ER =132 0.896 3.63 1
LR =46 0.732 3.28
PU ER =132 0.764 3.72 1
LR =46 0.756 3.15

ATT = Attitude, PU = Perceived usefulness, BI = Behavioral intention, CS = Cost saving, INN = Innovativeness,
PEOU = Perceived ease of use, ER = Early respondent, LR = Late respondent, S.D = Standard deviation.

Table 5. Variance Inflation Factor checks.

Inner VIF Values Outer VIF Outer Values
ATT1 1.615
ATT BI CS INN PEOU PU ATT2 1.615
ATT 2.644 BI2 1.976
BI BI3 1.469
CS 1.276 1.812 BI34 1.660
INN 1.276 1.321 Cs1 1.661
PEOU 3.261 1.723 CS2 1.552
PU 3.261 2.644 CS3 1.871
CS4 1.519
INN1 1.692
INN2 1.692
PEOU1 1.953
PEOU2 1.975
PEOU3 2.332
PEOU4 2.048
PU1 1.966
PU2 2.143
PU3 2.427
PU4 2.102

ATT = Attitude, PU = Perceived usefulness, BI = Behavioral intention, CS = Cost saving, INN = Innovativeness,
PEOU = Perceived ease of use.

5. Results

The conceptual model was tested by a two-step process. First, we tested the reliability and validity
checks. In step two, we analyzed the structural equation model.

5.1. Measurement Model

For the measurement model, validity is the degree to which information gathering approaches
extend whatever they were intended to measure. Therefore, for the current proposed model, the
subsequent analyses were implemented. When the hypothetical constructs established for the model
are highly correlated with the elements used for measuring it, we have to check for convergent validity.
In other words, the ratio of the variation common through the measures of a particular construct must
be high. In the proposed model, we tested for the six constructs. As per the guidelines, we performed
the following validity checks.
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e  First, we checked the factor loadings. Consequently, the construct was above the standard of 0.5
as suggested by [122]. The factor loadings are presented in Table 6. The measurement model is
shown in Figure 3.

Table 6. Outer loadings.

ATT BI CS INN PEOU PU

ATT1 0.896
ATT2 0.903
BI2 0.876
BI3 0.761
BI34 0.850
CSs1 0.796
CSs2 0.751
CS3 0.843
CS4 0.774
INN1 0.927
INN2 0.881
PEOU1 0.831
PEOU2 0.818
PEOU3 0.861
PEOU4 0.831
pPU1 0.818
pU2 0.853
PU3 0.875
pPU4 0.843

Note. ATT = Attitude, PU = Perceived usefulness, BI = Behavioral intention, CS = Cost saving, INN = Innovativeness,
PEOU = Perceived ease of use.
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Figure 3. Measurement model.
5.1.1. Construct Reliability

After checking the factor loading, we tested the composite reliability as suggested by [122] and
the average variance extracted proposed by [123]. Based on the findings, it is indicated that all the
values were found above the standard value (0.7 for CR and 0.5 for AVE) as presented in Table 7.
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Table 7. Construct reliability.

CA CR AVE

ATT 0.763 0.894 0.809
BI 0.775 0.869 0.690
CS 0.801 0.870 0.627
INN 0.780 0.900 0.818
PEOU 0.855 0.902 0.698
PU 0.869 0.911 0.718

Note. CA = Cronbach’s Alpha, CR = Composite Reliability, AVE = Average variance extracted.

5.1.2. Discriminant Validity

After checking the CR and AVE, we tested the discriminant validity (DV) as recommended
by [123]. The DV shows the square root of AVE, with each hidden variable in the proposed model.
Consequently, constructs would show high variance with their measures than with other constructs.
The DV for each construct is very well established and is presented in Table 8. In addition, the HTMT
ratios for checking the normality of the DV are presented in Table 9.

Table 8. Discriminant validity.

ATT BI CS INN PEOU PU
ATT 0.899
BI 0.722 0.831
CS 0.709 0.655 0.792

INN -0.456  -0.433  -0.465 0.904
PEOU 0.770 0.744 0.632 -0.420 0.835
PU 0.789 0.735 0.613 —-0.404 0.833 0.848

Table 9. Heterotrait-Monotrait Ratios.

ATT BI CS INN PEOU PU
ATT
BI 0.826
CSs 0.802 0.820

INN 0.582 0.548 0.571
PEOU 0.852 0.809 0.761 0.505
PU 0.867 0.889 0.731 0.486 0.864

Note. HTMT = Heterotrait-Monotrait Ratios.

5.2. Structural Model

In the second phase, we applied the bootstrapping process for testing the normality of the data. In
this process, a large number of subsamples (5000) were taken from the original sample to check errors.
The result provides the T-values for the significance of the measurement model. So, the bootstrapping
process for the structural model is shown in Figure 4.
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This study’s goodness of model fit was obtained by including the exclusion process for items.
Five measures were applied, namely SRMR, d ULS, d G, Chi square, and NFI. Accordingly, the model
tested meets all of them (especially SmartPLS SRMR and NFI) because according to [124], the standard
value for SRMR is less than 0.08 and higher than 0.9 for NFI. Hence, the model fit is presented in
Table 10. In addition, the path coefficients are shown in Table 11.

Table 10. Model fit.

R2 R? Adjusted SM EM
ATT 0.664 0.660 SRMR 0.061 0.077
BI 0.594 0.589 d_ULS 0.708 1.135
PEOU 0.420 0.413 d_G 0.456 0.528
PU 0.707 0.702 Chi-Square 478.392 523.820
NEFI 0.979 0.959
Note. SM = Saturated Model, EM = Estimated Model.
Table 11. Hypothesis test results.
(0] M SD T Values P Values Decision
H1 PEOU -> PU 0.734 0.731 0.041 17.735 0.000 Accepted
H2 PEOU -> ATT 0.369 0.364 0.098 3.755 0.000 Accepted
H3 PU -> ATT 0.481 0.489 0.093 5.154 0.000 Accepted
H4 ATT -> BI 0.377 0.367 0.091 4.160 0.000 Accepted
H5 PU -> BI 0.437 0.450 0.088 4.979 0.000 Accepted
Heé CS->PU 0.133 0.137 0.047 2.822 0.005 Accepted
H7 CS -> PEOU 0.557 0.559 0.076 7.363 0.000 Accepted
HS8 INN -> PU —-0.034 -0.036 0.049 0.682 0.496 Rejected
H9 INN->PEOU -0.160 -0.164 0.066 2.409 0.016 Accepted

Note. O = Original Sample Beta, M = Sample Mean, SD = Standard Deviation.
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5.2.2. Structural Model Assessment

As per the guidelines, * p < 0.05, ** p < 0.01, *** p < 0.001. The relation between PEOU and PU
had the following outcome (3 = 0.734, T = 17.735, P = 0.000), so hypothesis 1 is accepted. Similarly,
the relationship between PEOU and ATT got the following value ($ = 0.369, T = 3.755, P = 0.000),
therefore hypothesis 2 is accepted. The relationship between PU and ATT got the following result
(B =0.481, T = 5.154, P = 0.000), so hypothesis 3 is accepted. Then, the relationship between ATT
and BI got the following outcome (3 = 0.377, T = 4.160, P = 0.000), therefore hypothesis 4 is accepted.
The relationship between PU and BI got the following ( = 0.437, T = 4.979, P = 0.000), so hypothesis 5
is accepted. The relationship between CS and PU got the following ( = 0.133, T = 2.822, P = 0.005),
therefore hypothesis 6 is supported. The relationship between CS and PEOU got the following result
(p =0.557, T =7.363, P = 0.000), so hypothesis 7 is accepted. However, the relationship between INN
and PU got the following result (3 = —0.034, T = 0.682, P = 0.496), so hypothesis 8 is rejected. Finally,
the relationship between INN and PEOU got the following outcome (3 = —=0.160, T = 2.409, P = 0.016),
so hypothesis 9 is accepted. It is indicated from Table 11 that all the hypotheses showed a significant
relationship except innovativeness on perceived usefulness.

6. Discussion

6.1. Major Findings

The current study confirms that the perceived ease of use shows a positive effect on the perceived
usefulness and is supported by previous studies of [84,125-127]. Moreover, the perceived ease of use
shows a positive and significant impact on attitude and is supported by the other studies of [128-130].
The perceived usefulness shows a positive effect on attitude and is supported by the previous studies
of [131-133]. Attitude confirms a positive effect on the behavioral intention to use blockchain technology
and is supported by the other studies of [84,129,134]. In addition, the perceived usefulness shows
a significant effect on the behavioral intention to use distributed leger technology for the energy
management and is supported by the previous studies of [84,135,136]. The findings indicate that the
adoption of distributed ledger technology will improve the technical features (privacy and speediness)
for distributed energy resources’ businesses to increased flexibility [137].

It was interesting to find that cost saving shows a positive effect on the perceived ease of use
and is supported by other studies [89,92-94]. Moreover, cost saving also shows a positive effect on
the perceived usefulness and is supported by previous studies [89-91]. The findings indicate that
distributed ledger technology could lessen the transaction cost, although delivering clear information
for entry to many groups, and counting groups that verify monitoring compliance. Thus, distributed
leger technology could eliminate the central authority and probably trade volumes, and aid in this
manner to minor-scale customers to participate in energy markets [44]. The results also indicate
that innovativeness shows a significant effect on the perceived ease of use while an insignificant
effect on the perceived usefulness. In such context, it may be due to the lack of awareness about
blockchain technology in developing countries. Still, it is in the beginning phase in developing nations.
The findings suggest for the firms that their advertising agencies should not only focus on developing
the awareness about distributed ledger technology but also buy the applications of blockchain for its
actual use in the organizations [138].

6.2. Theoretical Implications

The current study responded to a request by [139], who emphasized that there is a vital need
to enhance the contemporary state of the blockchain topic. Certainly, until now, the literature on
distributed ledger technology is commonly a review type like [8,13,140,141]. In this way, through
the integration of TAM constructs with cost saving and innovativeness by empirical evidence from
the energy sector, the current study complements the limited literature on the distributed ledger
acknowledgement model for technology innovation by analyzing an empirical model. So, our study
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plays a key role in the field of information technology implementation for energy management, given
by the anticipated impact of blockchain technology. The present study is one of the initial studies
using SmartPLS, findings from a statistically confirmed model, exposing that TAM constructs with
cost saving can serve as a base for blockchain acceptance in energy management. Our projected model
suggested related information visions that can help experts as well as scholars recognize and progress
their work if they incorporate disruptive technology in their energy management.

6.3. Practical Implication

Based on the findings, the current study indicates that the proposed model holds a strong
explanatory power (R? = 0.594 and R? adjusted = 0.589), explaining 59.4% of the variance of the
behavioral intention. Moreover, attitude exhibits a variance of (R*> = 0.5664 and R? adjusted =
0.660). Similarly, the perceived ease of use shows a variance (R? = 0.420 and R? adjusted = 0.413).
Hence, the perceived usefulness exhibits a strong variance (R?> = 0.707 and R? adjusted = 0.702).
Developing countries have begun to explore the distributed ledger technology adoption in energy
management [8]. There are movements toward proper implementations of renewable energy sources [5],
and the adoption of distributed ledger technology is reflected by having an optimistic opening to
be economical worldwide [142]. The distributed ledger technology implementation should bring
a reduction in cost and ease for clients for consumption [44]. By virtue of the benefits, distributed
ledgers could advance energy cybersecurity, and in turn as a backup technology, which can advance the
privacy of the supply, conclusively encouraging sustainability through aiding renewable generation
with a low-carbon solution.

6.4. Limitations and Conclusions

Just like other studies, there are also some limitations in the current study. Firstly, the present
study was conducted only in the energy management in one country. For the coming future, we may
take neighbor technology-advanced countries like a cross-sectional study with China. The results
of such a study will be more interesting. Secondly, the current study integrated the TAM constructs
(perceived ease of use, perceived usefulness, attitude, and behavioral intention) with cost saving and
innovativeness. In the future, we may integrate with other traditional adoption theories like TAM
with the theory of planned behavior. The result of such a study will be more interesting. Third,
blockchain is not a standalone technology. In the current study, we did not integrate the distributed
ledger technology with other technologies. In the future, we may integrate with other technologies
like the internet of things. The findings of such studies will be more helpful for the organizations.
Fourth, few studies have been conducted on the cost related to distributed ledger technology adoption
apart from protype research [141]. In the future, further research is required on similar technology;,
as companies that plan to integrate distributed ledger technology into their traditional trade would
require more attention on the need for it.

In conclusion, the current study expands the technology acceptance model constructs with cost
and innovativeness for the acceptance of blockchains in the energy management. In response to RQ1,
based on the results, it is confirmed that the perceived ease of use, perceived usefulness, and attitude
with cost saving show a positive effect on the user’s intention to accept disruptive technology for
energy management. However, innovativeness shows a significant effect on the perceived ease of
use while an insignificant effect on the perceived usefulness. Pertaining to RQ2, the study findings
show that the perceived ease of use matters most in the implementation of blockchain. Moreover,
an important role of this research is that most technology adoption approaches have been studied in
developed states [143]. Therefore, this study is unique to the such context. The current study offers
a holistic model for the implementation of innovative technologies. For the developers, it suggests
precious visions for increasing disruptive technology solutions. The adoption of distributed ledger
technology for regional energy marketplaces in P2P will provide a solution for regional energy system
optimization that can reduce the power network strain or delay costly strengthening. Additionally,
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domestic markets might deliver extra revenue sources for RES produces and could possibly reduce the
energy cost for end consumers.
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