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ABSTRACT 

Accompanying the accelerated progress of communication and storage technologies, and adapting to 
information structuring models, new technologies emerge with the aim to innovate in many areas. One 
of them, to be highlighted in this work, is the blockchain, which emerged as the basic technology to 
sustain the modality of cryptocurrencies, with Bitcoin as the pioneer. However, the financial means is 
not its only application, because it serves for any situation where it is necessary to register or transfer 
information, following an order of events. Therefore, this research seeks to apply a search protocol in 
some databases in order to perform a systematic mapping of articles published between 2016 and 
2019 containing applications of blockchain technology in the context of organizations, as well as its 
evolution, in order to obtain an overview of the contributions of this technology, and how it can modify 
the current context of the most diverse business models. The research methodology is a systematic 
mapping of the literature through a search string. The articles were extracted from the scientific bases 
described in the work, and the primary studies that fit the planned scope were filtered, in order to 
answer the proposed research questions. The results pointed out several projects using blockchain, 
mostly applied to the area of supply chain management, medical records and Internet of things 
devices, with excellent benefits, such as immutability and reliability of records, network security and 
decentralization in the control of relationships. 
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1 INTRODUCTION 

The growing usage of technological methods and devices of the late 20th and 
early 21st centuries have potentially changed business relationships, social 
interaction and development. It was no different with the arrival of virtual currencies in 
2008. The first of these was launched by Satoshi Nakamoto, with Bitcoin being a 
currency not controlled or regulated by a centralizing institution, and not backed by 
another type of monetary unit. Unlike digital coins, which would only be 
representations of our currencies, so that they are used in online transactions, virtual 
coins are acquired through computer processing, to be used virtually (ULRICH, 
2014). 

Exceeding the concept of virtual coins, called cryptocurrencies, we exalt what 
appears as a background for this technology: the blockchain. Literally translated as a 
chain of blocks, it is a technology composed of tasks that have been in development 
since the 1990s, which served to sustain either the first created cryptocurrency and 
all the others that followed after it.  

The blockchain is based on the concepts of decentralization of validation and 
immutability of information. One of the problems in creating a validation without a 
central mediating agent is precisely the way to validate an operation, such as a 
monetary transfer. As published in Nakamoto's (2008) article, Bitcoin transfers do not 
go through the double spending problem, which is the ability to perform the same 
transfer twice, being counted as only once. It is a potential failure in payment 
systems, being it with digital coins or cryptocurrencies, in which the same value is 
used twice, because it is nothing more than a file that could be duplicated or falsified 
(CHOHAN, 2017). Due to the blockchain network and the validation by all the nodes 
that compose it, double spending is surely avoided. From the operation performed, it 
will be mathematically validated through an algorithm by N nodes of the network, until 
several of these validated transactions compose a block of operations, and this block 
is inserted in the chain of previous blocks. In the same way that the chain is tied by a 
previous and posterior block, each transaction is tied to the others, making it 
necessary to alter all the others in the process. Every blockchain user has access to 
the block chain, as a public, shared and unchanging ledger (ULRICH, 2014). 

With the solution of validation and immutability of network transactions, the 
blockchain technology is capable of storing any information in a public way, without 
depending on a regulatory agent. For these reasons, any tangible or intangible asset 
could be registered and traded in the blockchain (SWAN, 2015). 

Blockchain technology can be considered disruptive due to its ability to create 
new business models and markets, such as Bower and Christensen (1995), where 
they report that disruptive tools tend not to be used in consolidated markets, but 
generate new applications. Starting from their innovative functions, research centers 
and institutions have been working more and more in research in order to find more 
applications and functions for this network, and how to make it viable for 
implementation in the various business modalities. In a document published by IBM 
Institute for Business Value (BEAR et al., 2017), a research was conducted with 200 
banking institutions in 16 countries to understand their expectations and research 
around the blockchain. Among all of them, 15% of the institutions already expected a 
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broad implementation of the technology in 2017, through its "ledger" function 
automatically updated and consolidated by the network. 

According to another document published by IBM's International Technical 
Support Organization (MORRIS et al., 2018), the blockchain has the capacity to be 
applied to several different sectors, due to its registration purpose, and its 
characteristics of immutability, information origin, consensus and purpose. The 
document cites the use of technology along the supply chain, financial and trade 
sector, health and medical care sector, identity and access management. 

With the context of the advancing research on technology, and the study of its 
applications in business, the work was motivated to serve as a review survey, 
classified as a systematic mapping, in order to visualize the applications that are 
being reported. Review papers are key tools that enable evidence-based practice 
while aggregating and commingling evidence from multiple studies (DYBÅ; 
DINGSØYR; HANSSEN, 2007). In a research conducted by Yli-Huumo et al. (2016), 
a systematic review of research involving the new technology was made, being a 
research focused on the technological field and having computational science as a 
foundation, in which the search was made through the title of the documents 
available in the databases. In 2017, a mapping was carried out seeking to define the 
panorama of technology use in companies (FERREIRA, Juliandson Estanislau; 
PINTO; SANTOS, 2017). Thus, the purpose of this work is to segment the previous 
works, taking the years 2016 to 2019 as the period of analysis, focusing not only on 
business models, but also on the use of blockchain by organizations, measuring the 
relative difference in the number of documents published so far, and what is the 
focus applied on such research. This will provide assistance to new researchers who 
are enthusiastic about the subject, as well as to institutions that wish to know and 
possibly guide research in this area. 

The work is structured as described below. Section 2 presents the theoretical 
reference of the concepts to be studied, such as blockchain technology and its 
operation, and then its applications in business. Section 3 presents the methodology 
to be applied in the research, followed by section 4 that describes the protocol, the 
research questions and the method. In the sequence, sections 5 and 6 present the 
data resulting from the application of the research, and discuss them bringing the 
answers to the proposed questions. Finally, section 7 presents the conclusions of the 
study, with the contributions and limitations found, followed by the references and 
appendix of the work. 

2 THEORETICAL REFERENCE 

2.1 BLOCKCHAIN CONCEPT 

In the work by Cachin's and Vukolić (2017) two types of blockchain network are 
mentioned, these being the public ones or permissionless, like the one that supports 
Bitcoin, where anyone can become a part and become a node of the network, as well 
as work on the validation of operations, or leave the network if desired; the other 
classification belongs to private blockchains or permissioned, in which, unlike the 
public ones, the nodes that compose them are entities known to each other, and 
operate in a business network context, and may be part of a chain, stakeholders, etc.  
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However, the classifications are evolving and have constantly changed, as 
shown in Table 1, where the four main types of blockchain are shown, according to 
the type of permission, where the context of public and private refers to the ability to 
read, and whether or not permissioned refers to the ability to write and send 
(HILEMAN; RAUCHS, 2017). 

 

Table 1. Main types of blockchain 

  Read Write Commit 

Open 

Public 
Permissionless 

All users All users All users 

Public 
Permissioned 

All users 
Authorized 

users 

Any user or an 
authorized 

restricted group 

Closed 

Consortium 
Restricted to an 
authorized group 

of participants 

Authorized 
users 

Any user or an 
authorized 

restricted group 

Private 
Permissioned 

Fully private or 
restricted to a 

limited group of 
authorized nodes 

Network 
operator 

Network operator 

Source: elaborated by the author based on HILEMAN and RAUCHS (2017) 

The initial proposition of such a tool to support the first cryptocurrency was 
simple, since it had the open ledger, decentralization and consensus of transactions 
as premises (JESUS et al., 2018), where any user who authenticates himself in the 
network through a Bitcoin software could, from then on, register actions and 
operations in the ledger, which is not centralized in all nodes of the network, from 
which, the mining nodes perform tasks of validation and consensus of new 
operations, in order to form a new block that will compose the total blockchain. 

With the work presented by Nakamoto, an old problem was solved for the first 
time, this being the Byzantine Failure, something that was still unsolved in research 
around cryptography (RAVAL, 2016). The Byzantine Failure is an analogy to a 
situation where multiple agents in the course of action do not trust each other, but a 
decision needs to be agreed upon and there is a need for a coordinated 
communication mechanism (SWAN, 2015). 

One of the major advances provided by the blockchain, as mentioned above, is 
the solution to the double spending problem, using public key cryptography (PKI), 
where each participant in a transaction has a private key, which has the function of 
validating the operation, in which is private, and another key called public, which 
serves as identification before the other agents in the network (PILKINGTON, 2016). 
Aligned with cryptography functions the network's consensus mechanism, which in 
the case of the Bitcoin network is the proof of work, where the participants called 
network miners perform a computational work in order to solve a mathematical 
problem. From there the transactions are verified through the blockchain's history, 
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and authenticated in the timeline of all records (RAVAL, 2016). The transactions over 
a certain time are compiled into a set that makes up the block - which gives the 
technology its name - and after that time, being verified by the mining nodes, they are 
validated, the block is closed and identified on the network, and from then on it is 
related to the previous block and the next block, which will be formed in the 
sequence, through the hash (name given to the immutable identifier of the respective 
block), thus forming the chain of blocks (ANTONOPOULOS, 2014). The block 
validation algorithm also aims to be computationally difficult, thus avoiding sybil 
attacks, which occur when a single malicious attacker creates hundreds of simulated 
nodes in the network, seeking to redo all the mining of the blocks in their favor 
(BUTERIN, 2014). 

2.2 NETWORK OPERATION 

Consensus algorithms, as exemplified above, are tools that guide organized the 
procedures that guide the consistency of records among all nodes in the distributed 
and decentralized network (SWANSON, 2015). The idea of the working proof, the 
consensus algorithm used in Bitcoin's blockchain, is to facilitate the selection of a 
random node in the network, instead of choosing a node in relation to the proportion 
of a resource it may have more than the others (NARAYANAN et al., 2016). This 
means that the proof of work seeks to be a fairer process, as it is based on the 
computational power employed in the mining of blocks. However, because it is based 
on computational power, and with natural evolution of the network, the tendency is 
that it is a very costly mining process in energy terms, which leads to the emergence 
of a new alternative, called proof of participation (KING; NADAL, 2012). The proof-of-
stake algorithm is a system where the owner of the currency needs to prove his 
possession, such as a certificate or bond, before being accepted by the network, and 
mining occurs by sending coins to himself, as a form of validation 
(ANTONOPOULOS, 2014; KING; NADAL, 2012). 

The expansion of research around the application of blockchain, for example in 
the field of the Internet of Things (IoT), led to the development of other consensus 
algorithms, based on the pioneering PoW (proof of work) (SALIMITARI; 
CHATTERJEE, 2019): a) proof of-capacity (PoC) and b) proof of-elapsed-time 
(PoET); based on PoS (proof of stake): (a) delegated-proof-of-stake (DpoS); (b) 
leased-proof-of-stake (LpoS); (c) proof of importance (PoI); (d) proof of activity (PoA); 
(e) casper; (f) proof of burning (PoB). 

One function that starts to happen inside the blockchain networks, being it an 
application in a field beyond the cryptocurrencies, is the capacity to house the so 
called smart contracts, which had already been defined by Nick Szabo in the 
beginning of the 90s, and formalized in some articles as in Szabo (1997), and that 
only with the advent of the blockchain the tool starts to be effectively applied 
(CROSBY et al., 2016). The intelligent contract is a code that resides within the 
blockchain, and when is activated and its previously agreed requirements are met, a 
clause is executed between the parties (RAVAL, 2016). Any situation where the 
transfer of items that happens from the agreement between the parties where there is 
a need for an intermediary, such as lawyers to draw up contracts, or banks to provide 
a guarantee, can be replaced by smart contracts (CROSBY et al., 2016). 
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Three characteristics unify smart contracts: a) autonomy, where once 
implemented the smart contract, those who will use it do not need additional contact; 
b) self-sufficiency, which means that the contract itself can allocate the necessary 
resources - both energy and memory - for its processing; c) and decentralization, 
since they are not stored on a central server, but distributed over the network 
(SWAN, 2015). 

The co-founder of the Ethereum platform - a platform developed focused on the 
limitations of the Bitcoin network (VUJIČIĆ; JAGODIĆ; RANDIĆ, 2018) - described in 
his article (BUTERIN, 2014) that, logically expanding the core of smart contracts, the 
concept of decentralized autonomous organizations (DAO) emerges, as a cluster of 
contracts, which would deal with assets and translate the status of an organization as 
a whole. The Ethereum network is a platform born out of collective funding, which is 
intended to be used to define the rules of such a decentralized organization 
(HASSAN et al., 2019). 

2.3 BUSINESS APPLICATIONS 

The main aspects of blockchain technology can be indicated as follows: a) 
decentralization of network control, where nodes perform recording, storage and 
distribution functions; b) transparency of information before the network; c) open 
source, where entry into the network is free (except in private networks), and allows 
users to create applications within the system; d) autonomy, obtained through 
consensus algorithms; e) immutability, due to the continuous formation of the 
network, and the fact that the information already registered cannot be altered 
without rework of the validation already performed; f) anonymity, since the network 
allows the execution of the steps without revealing the identity of the user and agent 
in the transactions (LIN; LIAO, 2017). Figure 1 illustrates the central characteristics 
mentioned above. 

 

Figure 1. Blockchain's characteristics 

Source: elaborated by the author based on LIN and LIAO (2017) 

Banking institutions and corporations already work together, since they aim at 
the potential presented by technology (LIMA; HITOMI; OLIVEIRA, 2018). Blockchain 
technology has been finding a wide variety of applications in several fields, both 
financial and non-financial (CROSBY et al., 2016). In the document published by 
Morris et al. (2018), the technology can act in the tracking of goods and food, where 
research and prototypes are already under development among financial institutions, 



 

 Revista Eletrônica de Sistemas de Informação, v. **, n. *, ***-*** 201*, artigo * 7 
doi:10.21529/RESI.201*.1*0*00* 

logistics companies and IBM, to reduce order processing time within the supply 
chain, as well as ensure product quality throughout the cycle. According to Morris et 
al. (2018), the technology serves as a basis for the medical field, with electronic 
medical records (EMR) being stored and transferred over the network, facilitating 
relationships among stakeholders in the flow of medical information, ranging from 
hospitals and health plan providers, to the doctor and patient. 

A survey published by Deloitte (PAWCZUK; MASSEY; HOLDOWSKY, 2019) 
indicates that fintechs - organizations that work with technology and digital 
innovations applied to the financial sector (PHILIPPON, 2016) - are the leaders in the 
market in the use of blockchain in business, but that companies from other sectors 
are also innovating in their initiatives, such as organizations in technology, media, 
telecommunications, biological sciences, health care and the government itself. 

In a recent report published by Juniper Research (KIMMICH, 2019), the most 
promising applications of the technology are in the areas: food safety in the supply 
chain, drug and medicine tracking, financial transactions, such as those of the cross-
border settlement, insurance and digital identity. The same report indicates that the 
blockchain has a long path of research and improvement ahead until its 
consolidation, but such use cases already point to improved efficiency, reduced fees 
and frauds, as well as full transparency among agents throughout the network of 
relationships. 

Blockchain is a potential technology, with the capacity to provide effective 
management and control of costs and transactions, especially providing security for 
digital supply chains, which are a cluster of many stakeholders involved, each with 
different interests and needs (KORPELA; HALLIKAS; DAHLBERG, 2017). In the 
context of supply chains, traceability leverages the transparency that leads to 
organizational objectives from the source of the resource to the final product, being a 
competence delivered by blockchain technology, as well as the immutable history of 
the state of a good or product within the supply network (FRANCISCO; SWANSON, 
2018). 

3 METHODOLOGY 

This article can be classified as a systematic mapping, thus being a secondary 
study on the subject of research involving blockchain technology and its application 
in business models, and what researchers expect from technology for organizations. 
Primary papers on the topic will be studied, where the main feature of systematic 
mapping will be the definition of the scope of the topic. The objective is to identify the 
articles already published that meet the requirements and criteria established in this 
study. The objectives of the documents will be read and identified, and the main 
areas of research and contributions already exposed on the theme will be mapped. 

The literature review works, like the systematic mapping, aim at bringing a 
broad view on a given theme, in order, for example, to find alignments in a certain 
number of researches and to guide future works in areas not yet explored or in topics 
on which scientific research still needs focus and deepening (KITCHENHAM; 
CHARTERS, 2007). The description of data extraction methods is used to answer a 
question formulated as an objective of the research (CORDEIRO et al., 2007). 
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According to Kitchenham and Charters (2007), systematic mapping has 3 basic 
phases, being planning, conducting and communicating the results, on which this 
work was based. Figure 2, adapted from Falbo's work in his research methodology 
course, illustrates the stages of the research, and the planning phase is marked by 
the definition of the theme of the work according to the research objective and scope 
that led to the exploration of the theme, the actual conduction of the plan, with the 
extraction and filtering of the primary articles with the reading of the material for 
analysis and finally the dissemination of the results along with the answers to the 
questions proposed in the planning. 

 

Figure 2. Research activity flow 

Source: elaborated by the author based on FALBO, [n.d.] 

4 RESEARCH SCOPE 

4.1 OBJECTIVE AND RESEARCH QUESTIONS 

Based on the presented reference, understanding the importance of research 
around the emerging blockchain technology and the impact it can generate in several 
business models, not only in existing ones, but also creating new modalities, new 
companies and new organization formats, the idea of this systematic mapping is 
born. One of the goals of this work is to help the researcher and technology 
enthusiast to know and expand the knowledge about this subject. From then on, the 
guiding goal of this work is: to offer an updated view on scientific research around the 
adoption of blockchain technology in business. With such proposal, derived 
objectives were elaborated, in the form of four guiding and specific questions: 

Q1: What are the advantages and disadvantages of blockchain adoption by 
companies? 
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Q2: What is the landscape of the areas of technology adoption by 
organizations? 

Q3: What is the impact on future business as technology advances? 

Q4: What is the future direction of research involving blockchain? 

The base platforms chosen to apply the search string developed were: IEEE 
Xplore; Scopus; Springer Link; Web of Science. 

4.2 RESEARCH STRING 

With the objective of structured research, it was necessary to build a 
mechanism that would assist in the search for the primary articles that served as the 
object of research in this work. The search string was structured based on keywords 
that refer to the objectives, both main and derived from the scope of the research, so 
that such terms started from the central theme - the blockchain technology - and 
were triggered by other specific questions. Figure 3 presents the complete string, 
which was inserted in the advanced database search field. 

 

Figure 3. Search string 

Source: elaborated by the author 

Besides the search string, only papers in article format were selected in the first 
results, being excluded other publications that did not follow such format. 

4.3 EXCLUSION CRITERIA 

Even with a first filter being applied in the web platform of each database, being 
that of the selection of papers of the article category, other filters were listed that 
would be used after the extraction of data: 

a) No access to the full text; 

b) The paper is not a primary study; 

c) The scope of the paper is distinct from the application of blockchain in 
business; 

d) Language other than English; 

e) Duplicate articles; 

5 RESULTS 

After the data extraction step, still in the research conduction activity, some 
numerical results can be illustrated by Figure 4. The total of results collected at the 
time of extraction was 167 works, divided among the four bases. With this work, the 
filtering process of the articles was initiated, using the exclusion criteria described 
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above. Two filtering criteria were highlighted, which generated a number of primary 
papers of 126 in total, and any secondary articles were disregarded, such as 
mappings and literature reviews, or even editorial publications. This identification was 
made through the title of the papers and, when necessary, a reading of the abstract. 

With the first filter finalized, for the selection by papers that fit the scope was 
applied with the complete reading of the abstracts and, when necessary, a reading of 
the body of the articles in order to reject the studies that did not meet the objective 
raised of applying the blockchain to business. This process led to a total of 48 final 
articles, compiled in Appendix A - Table of primary articles at the end of the work. 

 

Figure 4. Research conduct diagram 

Source: elaborated by the author 

From the 48 results, we illustrate below in Figure 5 and Figure 6 a visualization 
of such works according to the basis on which they were extracted, and the year in 
which they were published in their respective platforms, be it newspapers or scientific 
magazines, etc. We can verify that the Springer Link database provided both a larger 
quantity of articles before the application of the filters, as well as after the selection 
process of the studies, totaling 40% of the 48 final articles. 

We can also see a significant evolution of publications over the last four years, 
with 2018 and 2019 having more than 80% of the data analyzed. This shows that the 
interest in distributed registration technology is increasing, and the tendency is to 
maintain this increase in the future, considering the maturation of the works and the 
scalability of the technology, which is being tested in more and more projects. 
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Figure 5. Papers by data source 

Source: elaborated by the author 

 

Figure 6. Papers by year of publication 

Source: elaborated by the author 

A demonstration of the frequency of publications by country of origin of their 
authors was also developed. An important observation to note is that each author 
was evaluated individually, thus generating a greater number of countries than the 
total number of articles analyzed. Table 2 below presents the data according to the 
country of each author, thus each of these countries contributed with the results of 
the applied research. The already mentioned Appendix A counts with each 
referenced work and with each corresponding country, showing a dynamic of 
integration of nations in the development of the studies. 

We can highlight China as the largest exporter of studies, followed by the 
United States, but with less than half of the previous publications. In third position we 
have Korea, Denmark and the United Kingdom, each with 6% of the papers, and the 
others with 4 to 1% of the total number of countries that are represented. 
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Table 2. Frequency of countries of each author 

Country Number Frequency Country Number Frequency 

Australia 3 4% Japan 2 3% 

Austria 1 1% Norway 2 3% 

Belgium 2 3% Poland 1 1% 

Canada 2 3% Portugal 1 1% 

China 18 26% Saudi Arabia 1 1% 

Corea 4 6% Spain 3 4% 

Denmark 4 6% Switzerland 2 3% 

Finland 1 1% Taiwan 1 1% 

Germany 2 3% Turkey 1 1% 

Greece 1 1% UK 4 6% 

India 1 1% United Arab Emirates 1 1% 

Italy 2 3% USA 8 12% 

Total 
Number Frequency 

68 100% 

Source: elaborated by the author 

6 RESULTS DISCUSSION 

This section deals with the analysis and highlights of the work that helps us 
obtain a broad and up-to-date view, from the procedures and methods used, on the 
application of blockchain in business, which projects are being developed and what 
we can expect from the future of research that will bring improvements and 
improvements to decentralized distributed registration platforms. The work is reported 
in Appendix A - Table of primary works, identified sequentially by an ID from 01 to 48, 
where this identifier will be used throughout the text for greater clarity of analysis. 

6.1 Q1: What are the advantages and disadvantages of blockchain adoption by 
companies? 

In several studies the advantages of distributed technology are addressed, and 
here some highlights of the analyzed works will be presented, such as the A01 study, 
which deals with frequency spectrum management and reports advantages such as: 
a) decentralization, where it is not necessary that an intermediary guarantees trust 
and validates transactions and the user controls his information; b) transparency, 
since the history of transactions and the algorithm that governs the blockchain 
network are basically public for anyone's review; c) immutability, being extremely 
difficult and laborious to modify a data registered in a blockchain; d) availability of the 
blockchain records, which are replicated through the many nodes of the network, 
making them highly available even if some node is inaccessible; e) security, where all 
registry entries are securely encrypted, and all transactions are digitally signed, and 
access works through both public and private encrypted key pairs. Similar to the first 
article cited, work A07 emphasizes the benefits of decentralized technologies, such 
as increased data transparency, assurance of trust, immutability, privacy and 
security, and study A15 highlights key features such as the ability to manage 
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decentralized information and transactions and the maintenance and verification of 
data created point-to-point, recorded in the distributed database. 

Study A12 deals with the application of smart contracts in corporate audit 
processes, and highlights that, essentially, such contracts deployed in the blockchain 
can facilitate the execution of audit procedures while providing near real-time 
communication and more transparency to stakeholders. The benefits of smart 
contracts, according to the authors, are: disintermediation, trust in a suspicious 
environment, mitigation of the risk of fraud or human error and efficiency of 
processes through self execution of contracts.  

According to the authors of article A27, which addresses the use of technology 
in lending to small and medium-sized enterprises (SMEs), the roles blockchain can 
play in the lending system are: a) reducing information asymmetry across the 
network, which makes the lending process more efficient; and b) reducing the 
incentive for individuals or organizations to manipulate and violate their information in 
the credit system. 

On the other hand, some articles report difficulties, for example in the A01 
study, in which the governance of the network is still seen as a challenge. Papers 
A05 and A12 report a gap in the scalability of the system they present, being 
proposed even as future research. Works such as A17 and A21, among others, only 
present a system construction architecture, also requiring a commitment in the 
development and application in real environments. Likewise, several articles, such as 
A05, A06, A09 etc., that have developed a prototype for test application, still require 
scaling in network size, which increases complexity. 

6.2 Q2: What is the landscape of areas of technology adoption by 
organizations? 

According to the final data obtained, a systematic map was developed - 
corresponding to Figure 7 - which is part of the stages of dissemination of results, 
where the areas in which each study can be classified are demonstrated. The map 
demonstrates a significant number of articles related to the supply chain and the area 
of application in health. Some of the papers address common themes and can be 
presented in two different categories, such as the study A07 and A09 that deal with 
internet devices of things applied to medical information. 

An important concept brought by the work A11 is in relation to the type of 
registration performed in the blockchain, which explains that the registered 
transaction is a state of transition and not necessarily an exchange of goods and 
assets. A transaction can include a quantity of data to store or execute an intelligent 
contract, for example. In this way, the blockchain can be more than a central 
database of records, but an abstract database of data authenticated according to the 
date they occur (time-stamped). From this information, it is possible for your 
application to be related to data that needs security and immutability, instead of 
simply creating a platform that presents or stores irrelevant contents. 

The A37 paper deals, for example, with drug supply chain management 
integrated into an intelligent hospital, where the fact that in developing countries the 
rate of fake drugs or drugs that do not follow the proper regulations, according to 
research referenced in the text, can reach 30% of the total of all drugs marketed 
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there is contextualized. This reveals the importance with information security, and the 
ability to trace products through a reliable network. 

 

Figure 7. Mapping of blockchain applying per area 

Source: elaborated by the author 

6.3 Q3: What is the impact on future business as technology advances? 

The work presented several impacts on existing business models and the 
creation of new markets. The A07 work aims to expand the function of continuous 
glucose monitors (CGM), which are already an advance in such patient monitoring, 
but the act of reporting the results is not so evolved, and the authors propose to align 
it to the Internet of things, in a system based on blockchain and fog computing, so 
that the data are stored in a decentralized system, and are used for medical analysis 
to alert the patient himself about their blood glucose levels. To encourage data entry 
by users, a cryptomain-based system (GlucoCoin) is used, which makes use of a 
blockchain network that automates the CGMs in order to reward the patient who 
provides their data. Such data will assist in the development of applications for 
diagnosis, monitoring, study and public action to help control the disease and 
improve global awareness of increased diabetes. 

The A10 study presents the evolution of the Integrated Casino and 
Entertainment (ICE) field, talking about the complexity of the area, which involves all 
the activity of the branch in an entire city, including tourist centers, restaurants, 
hotels, theatres, shopping centers, shows, parking lots, supply chain of all the ICE 
agents, as well as the management of stocks and warehouses of this chain. The 
proposal of the work is to develop and present a blockchain based system that is the 
basis of the integration of all this network of supply and services of casinos and 
entertainment. An automated and open platform was developed, which uses smart 
contracts in its operation, and which will not record values in financial transactions, in 
order to maintain privacy for players, but ensuring transparency of activities. Two 
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application cases are studied at work: a) scheduling process and loading cost and b) 
loading, transportation and delivery process, to illustrate the applications and viability 
of the proposed platform, called TransICE. The impact of such implementation can 
change the network of relationships of an entire city, involving agents that provide 
products and services and all users, bringing a high dynamism, with gains in scale for 
the chain. 

Article A14 uses the case of Danish Motor Register (DMR) to present a new 
way of registering, managing and tracking asset ownership status, treating cars 
specifically as an example in order to develop, implement and evolve a blockchain-
based transaction system that seeks to replace centralized institutions as 
intermediaries. The contributions cited by the authors are a) building a mechanism to 
reduce the transaction risk associated with the irreversibility of blockchain 
transactions; b) addressing the challenges of providing and maintaining a complete 
and consistent public record of vehicle history, illustrating how to replace an 
expensive, centralized, incomplete, inconsistent and bureaucratic record with a cost-
efficient, stand-alone transaction log; c) mitigating adverse effects on the choice of 
used cars, and the so-called "lemon market," providing a complete, reliable and 
transparent record of the history of any asset in the market. 

The A15 study talks about the energy market and smart grid management. The 
authors contextualize the vision of business models, about adding value to some 
model, and that we should expand the conventional vision of only adding such value 
to an existing architecture for a holistic view of the ecosystem, thinking and creating a 
systemic value. As the topic is about the provision of electricity, the change must start 
first in the strategic field of business model analysis, where the authors present four 
basic archetypes guided by the market orchestrator, in which we have: a) firm as an 
integrator; b) firm as a collaborator; c) firm as a transaction enabler; d) firm as a 
bridge. The argument is that such models are centralized, or at most pseudo-
decentralized, and with this a fifth archetype is proposed: a marketplace based on 
blockchain, completely decentralized and without the need of an orchestrator. 

As another extremely important contribution and impact, we have the article 
A34, which proposed to present the project Australian Carbon Market Blockchain 
Design (ACMBD). The carbon market includes an emissions trading scheme (ETS), 
and an offset scheme. Behind these carbon market schemes are accounting 
systems, rules and institutions that may be suitable for blockchain technology. With 
their implementation, the economic performance of the market can improve, creating 
more transparency and reducing transaction costs. It can be fairer and equitable 
through transparency and disintermediation. 

6.4 Q4: What is the future direction of research involving blockchain? 

In the already mentioned article A27, the authors bring suggestions for future 
research, which range from taking into account the costs of obtaining corporate 
information on the platform and the possibility of guarantee providers from outside 
the platform and, secondly, to take into consideration the incorporation of smart 
contracts in the study of asymmetric information and credit rationing. All this related 
to the granting of loans to SMEs. 

In relation to the carbon market, the A34 recommends considering how 
legislation and institutions will be involved in supporting the blockchain. It is also 
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possible to explore the application of the model to other carbon markets. The paper 
makes important contributions by exploring the application of technology in this 
market, and is expected to contribute further as a bridge between existing carbon 
markets, new technologies and the future of market arrangements under the Paris 
Agreement. 

In article A35, where the concept of the intelligent traffic system is worked on, 
the authors state that in the future, with the development of artificial intelligence and 
the evolution of wireless communication in 5G, intelligent traffic will evolve on a large 
scale of IoT devices, being connected and communicating with each other, and from 
then on traffic conditions can be very precisely predicted and better conducted. There 
are still vulnerabilities to be studied in intelligent traffic systems, such as concern with 
the security of delivery hardware with distributed control processor, and 
communication problems with waiting time and data leakage. Other gaps to be 
studied are the increasing power consumption of IoT devices, the increasing demand 
for communication in network transfer and the expansion of the solution in existing 
blockchain service systems. 

7 CONCLUSION 

The blockchain, still in its early stages, has a long path of research and 
prototyping ahead of it. Several projects have been disseminated on scientific 
research platforms, or through reports or whitepapers from large companies such as 
IBM, for example, which has technology testing programs in order to promote the 
technology. This article aimed to support researchers and managers interested in the 
proposal, who seek to know or use it as references for future work. The methodology 
used was that of systematic mapping, and this is a work that explores primary 
research from a search protocol. 

48 papers were extracted from four scientific bases, which were demonstrated 
by means of the graphs and tables arranged in the results section of the research. 
The largest number of publications came from China, followed by the USA, and the 
largest number of publications happened in the year 2019, which demonstrates the 
actuality of the theme. The contributions of the work with the answer to the questions 
and with the exemplified mapping, demonstrates that the objective of providing a 
broad view of the application of blockchain in business and how this can impact the 
future of organizations and the government has been achieved. 

A significant part of the research focused on information recording, such as in 
medical data management and supply chain, as well as the use of distributed 
technology in the maintenance of IoT and power networks, was demonstrated. Given 
the immutability and security capability of the blockchain, networked systems can be 
based entirely on the block chain, improving record security, information reliability, 
gaining efficiency in transaction costs, and often removing the centralized and 
controlling character of many systems. 

As proposals for future work we can cite the use of mapping in order to detect 
an area that needs to be studied, starting with the feasibility of actual implementation 
of some systems whose prototypes were demonstrated in the work. Applying a 
different research protocol, which can be wider or optimized for a new review is also 
an alternative for new research. 
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APPENDIX A – TABLE OF PRIMARY WORKS 

#ID References Year Data Source Country 

1  (WEISS et al., 2019) 2019 IEEE Xplore USA 

2  (KANG et al., 2017) 2017 IEEE Xplore China/Norway/Canada 

3  (TANG et al., 2019) 2019 IEEE Xplore China/Australia 

4  (GAO, Jianbin et al., 2018) 2018 IEEE Xplore China 

5 
 (WANG, Shangping et al., 
2019) 

2019 IEEE Xplore China 

6  (SULIMAN et al., 2018) 2018 IEEE Xplore United Arab Emirates 

7 
 (FERNÁNDEZ-CARAMÉS et 
al., 2019) 

2019 Scopus Spain 

8  (MOTOHASHI et al., 2019) 2019 Scopus Japan 

9  (ZHENG et al., 2019) 2019 Scopus Spain/Denmark/Norway 

10  (LIAO; WANG, 2018) 2018 Scopus USA/China 

11  (OZERCAN et al., 2018) 2018 Scopus Turkey/USA 

12 
 (ROZARIO; VASARHELYI, 
2018) 

2018 Scopus USA 

13  (ZHANG, Peng et al., 2018) 2018 Scopus USA 

14 
 (NOTHEISEN; CHOLEWA; 
SHANMUGAM, 2017) 

2017 Springer Link Germany/Denmark 

15  (XU et al., 2019) 2019 Springer Link Finland 

16  (ELISA et al., 2018) 2018 Springer Link UK/China 

17  (KAUR et al., 2018) 2018 Springer Link India/China 

18  (OCHEJA et al., 2019) 2019 Springer Link Japan 

19  (GAO, Zhimin et al., 2018) 2018 Springer Link USA/China 

20 
 (SCHLUND; GERMAN, 
2019) 

2019 Springer Link Germany 

21 
 (EGELUND-MÜLLER et al., 
2017) 

2017 Springer Link Denmark 

22 
 (PARRA MOYANO; ROSS, 
2017) 

2017 Springer Link Denmark/Switzerland 

23  (BISTARELLI et al., 2019) 2019 Springer Link Italy 

24  (MA et al., 2019) 2019 Springer Link China 

25  (ZEILINGER, 2016) 2016 Springer Link UK 

26  (GUO et al., 2019) 2019 Springer Link China 

27 
 (WANG, Rui; LIN; LUO, 
2018) 

2018 Springer Link China 

28 
 (ZHANG, Shufan; WANG; 
XIONG, 2019) 

2019 Springer Link China 

29 
 (AVGOULEAS; KIAYIAS, 
2019) 

2019 Springer Link UK 

30  (YUAN et al., 2019) 2019 Springer Link China/Belgium 

31 
 (BAUER; ZAVOLOKINA; 
SCHWABE, 2019) 

2019 Springer Link Switzerland 

32  (SUN; YAN; ZHANG, 2016) 2016 Springer Link China 
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33 
 (ROECK; STERNBERG; 
HOFMANN, 2019) 

2019 Web of Science USA 

34 
 (HARTMANN; THOMAS, 
2019) 

2019 Web of Science Australia 

35  (REN et al., 2019) 2019 Web of Science China 

36  (CHANG; CHEN; LU, 2019) 2019 Web of Science Taiwan 

37  (JAMIL et al., 2019) 2019 Web of Science Korea 

38  (SABERI et al., 2019) 2019 Web of Science USA 

39  (YANG et al., 2019) 2019 Web of Science Korea/Australia 

40  (HANG; CHOI; KIM, 2019) 2019 Web of Science Korea 

41  (TEDESCHI et al., 2019) 2019 Web of Science 
Italy/Spain/ 
Austria/Poland 

42 
 (FERREIRA, Micael et al., 
2018) 

2018 Web of Science Portugal 

43  (LENG et al., 2018) 2018 Web of Science China/Belgium 

44  (ZAMANI; GIAGLIS, 2017) 2017 Web of Science UK/Greece 

45  (ENGELHARDT, 2017) 2017 Web of Science Canada 

46  (WAN et al., 2019) 2019 IEEE Xplore China/Saudi Arabia 

47  (RYU et al., 2019) 2019 Web of Science Korea 

48  (LIU; LI; QI, 2019) 2019 Web of Science China 

 


