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COMPARATIVE ANALYSIS BETWEEN CHALLENGES IN A BRAZILIAN PERSPECTIVE AND 
WORLDWIDE INITIATIVES IN ADVANCED MANUFACTURING

ABSTRACT
The purpose of this paper is to analyze possible actions to overcome the chal-

lenges in the process of development Advanced Manufacturing in Brazil, based on a com-
parative analysis of projects developed in these subjects in other countries and a survey 
of research intensity on the theme. The first step is the survey of Brazil’s Challenges in 
Advanced Manufacturing based on the results of a series of workshops conducted by the 
Brazilian government with experts, followed by validation and consolidation of results 
by confronting with a National Confederation of Industries’ survey on Industry 4.0. The 
second brings a survey of the intensity and relevance of the research on the main aspects 
of the theme. The last step presents a correlation of the main challenges raised in the 
first step with global initiatives that work on these subjects, as well as a detailed analysis 
of the main challenges. The results highlight a direction for the sector from the analysis 
of research intensity on the themes and a matrix with 40 initiatives correlated to this 
challenge. From that, it is possible to conclude that the challenges can be overcome by 
integrating government, companies and universities into initiatives focused on the tech-
nologies needed to serve the priority sectors.
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1. INTRODUCTION

Advanced Manufacturing, a nomenclature used by some 
experts for the current revolution, is the joining of a fami-
ly of activities that rely on the use and coordination of in-
formation, automation, computing, software, sensors and 
networks, and/or the use of cutting-edge materials and 
processes, where new methods of manufacturing of existing 
products are possible as well as the production of new prod-
ucts through new manufacturing techniques (President’s 
Council of Advisors on Science and Technology, 2011). 

This industrial race has involved the players of the sector 
in the world scenario, which has invested in structured pro-
grams, in order to favor and encourage the development of 
the Advanced Manufacturing, maintaining and advancing its 
markets and position in this sector, namely:

• USA: In 2012, the National Science and Technology 
Council of the USA published the work titled “The 
National Strategic Plan for Advanced Manufactur-
ing”, which brings national planning to support re-
search in advanced manufacturing, bringing togeth-
er industries, universities and government in order 
to accelerate investment, direct the education mod-
el to future work, create and support public-private 
partnerships and map the necessary and strategic 
investments for the sector. 

• Germany: In 2013, the German Academy of Science 
and Engineering (ACATECH) published the work ti-
tled “Recommendations for implementing the stra-
tegic initiative INDUSTRIE 4.0”, which establishes a 
strategy for the country to become the main suppli-
er of intelligent production technologies, and inte-
grates production with other leading countries, with 
the aim of monitoring technologies and generating 
standards.

• China: In the 13th Five-Year Plan 2016-2020 (13th Five-
Year Plan), the government envisions concentrating 
on manufacturing innovation and integration of in-
formation and manufacturing technologies, as well 
as encouraging the opening and relaxing of restric-
tions to encourage foreign investment in Advanced 
manufacturing in the country.

• In Brazil, several challenges will arise along the new 
industrial revolution. The country has a closed mar-
ket, bureaucracy and high investment cost - a Brazil-
ian company spends an average of 37% more than 
a USA company in acquiring the same equipment – 
which directly affects the updating and acquisition 
of equipment and technologies necessary for the 
implantation of Advanced Manufacturing (Exame, 

2014). In some sectors of the economy, such as the 
automotive industry, the application of national con-
tent finds great difficulty since the entire value chain 
is monopolized by multinationals; however, other 
sectors such as food, in which Brazil is a big player, 
the country has great opportunities. 

The objective of this article is to analyze possible actions 
to overcome the challenges in the development process 
of advanced manufacturing in Brazil, pointed by experts, 
through a comparative analysis of several initiatives in these 
subjects developed in other countries and a survey of re-
search intensity on the theme.

2. BACKGROUND

Countries such as Germany, the United States and China 
see a unique opportunity for economic growth in the new in-
dustrial revolution underway. To this end, they have created 
public policies for the development of Advanced Manufactur-
ing, which are already beginning to present successful results.

In the United States, with the National Strategic plan 
for Advanced Manufacturing, the government has shown 
signals concerning Human Resources by investing and cre-
ating public-private partnerships (NSTC, 2012). The entire 
development program is led by the Manufacturing USA ini-
tiative, whose mission to convene and enable public-private 
partnerships focused on manufacturing innovation involv-
ing US universities to design and implement an integrated 
whole-of-government advanced manufacturing initiative to 
facilitate collaboration and information sharing across feder-
al agencies (Manufacturing USA, 2016).

In Germany, the leading country in the manufacturing 
sector, ACATECH, made several recommendations for the 
new industrial revolution to be part of country’s strategic 
plan. The theme today is part of the German strategic plan 
and several initiatives are being developed to support with 
the necessary technologies the priority sectors of the coun-
try (ACATECH, 2013). 

In China, which is the largest producer of manufactured 
goods, the Advanced Manufacturing theme is one of the 
central themes of the Chinese government’s plan titled 
“Made in China 2025” (PWC, 2016). The goal of the plan is 
to modernize the manufacturing sector of the country with 
advanced technologies, and for that it have already invested 
150 billion dollars. The Chinese Manufacturing may domi-
nate the sector in the future, according to Forbes magazine 
(FORBES, 2016).

In Brazil, the Ministry of Development, Industry and For-
eign Trade (MDIC) and the Ministry of Science, Technology 
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and Innovation (MCTI) have set up an advanced manufac-
turing task force with the participation of government repre-
sentatives, public institutions and the private sector with the 
aim of elaborating the National Policy on Advanced Manu-
facturing. The first result of this effort points out challenges 
and opportunities from the perspective of Brazilian experts 
on advanced manufacturing (MDIC, 2016).

The mentioned results are present in the work entitled 
“Perspectivas de Especialistas brasileiros sobre a Manufa-
tura Avançada no Brasil” (Perspectives of Brazilian Experts 
on Advanced Manufacturing in Brazil), in which the various 
subjects are divided into five themes: Technology, Human 
Resources, Regulation, Production Chain and Infrastructure 
(MDIC and MCTI, 2016). The aspects raised in the work as 
challenges for Brazil in the new industrial revolution are pre-
sented in Figure 1.

Another work carried out in the country by the National 
Confederation of Industries (CNI), which believes that the 
advance of Industry 4.0 in Brazil is directly related to the use 
of digital technologies and the greater knowledge gained by 
the companies, has the objective to verify the level of the 
national industry with respect to the knowledge and use of 
digital technologies (CNI, 2016).

3. MATERIALS AND METHODS

The method applied in this article is divided into three 
stages:

• Step 1: Survey of Brazil’s Challenges in Advanced 
Manufacturing.

• Step 2: Assessing the Intensity and Relevance of 
each Challenge in the world.

• Step 3: Correlation between the Brazilian challenges 
and worldwide initiatives.

The first stage contains a validation and consolidation 
of the challenges present in the work “Perspectivas de 
Especialistas brasileiros sobre a Manufatura Avanaçada 
no Brasil” (Perspectives of Brazilian Experts on Advanced 
Manufacturing in Brazil), a series of workshops accom-
plished in some state capitals, confronting with CNI’s 
research on the subject, generating a final listing of the 
challenges for the country. The second stage consists of a 
survey to evaluate the relevance of the challenges raised, 
in order to show the intensity of these aspects in the 
global scenario. The third stage analyzes the challenges 
and opportunities, comparing them with related initia-
tives developed in other countries.

Step 1: Survey of Brazil’s Challenges in Advanced 
Manufacturing

Differently of the Advanced Manufacturing work-
shops, which counted with the participation of special-
ists from the country in areas related to the new indus-
trial revolution, CNI’s Special Survey on Industry 4.0 was 
carried out in a general way and counted on 2,225 com-
panies of all sizes and sectors, and on different stages of 
the value chain. This survey was used to map the current 
national industry scenario and check the challenges for 
the deployment of the green and yellow Industry 4.0 
(CNI, 2016).

In order to validate and consolidate the Brazilian vision 
regarding challenges of the fourth industrial revolution, 
the results obtained in the workshops were confronted 
with CNI’s special survey. With different points of view, 
the two studies work in a complementary way and their 
results were used as support to map the challenges of 
Brazil in Advanced Manufacturing, the main objective of 
this first stage.

Technology Human Resources Regulatory Production Chain Infrastructure
Cyber-Physical 

Systems Cognitive Abilities Legislation Insertion mechanisms
Infrastructure 
Development

Management of 
Information and 
Technological 

Knowledge

Academy-Company 
Integration

Government funding 
and incentive

Strengthening of the 
partnership between 
government, industry 

and Universities

Infrastructure Access

Artificial Inteligence
Resource Management 

Skills Regulatory Priority Technologies Founding Access

Interoperability Systems Skills Priority sectors Broadband
Advanced Materials Social Skills Gap Analysis Energy

Robotics Technical Skills Intellectual property
Internet of Things Basic Skills

Investment

Figure 1. List of challenges for Brazil in Advanced Manufacturing (MDIC and MCTI, 2016).
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Step 2: Assessing the Intensity and Relevance of each 
Challenge in the world 

The second step is to evaluate the intensity of research 
and relevance of each key term. In this way, the first activity 
of this step is to define this list of key words, which allows 
carrying out a survey for the intensity evaluation.

Activity 2.1: Definition of the Keywords List

In order to define the keywords for the intended re-
search, the sub-themes from the Advanced Manufacturing 
workshops were taken into account. Secondly, the key issue 
raised in the public policies of the United States, Germany 
and China, as well as reports from the World Economic Fo-
rum (WEF) and consulting firms on the subject, were com-
pared to the list of keywords resulting from item 3.1. At the 
end of this analysis, the final list of key words, divided by 
theme, will be generated for the search intensity.

Activity 2.2: Survey of research intensity

To raise the search intensity of the selected key words 
the search engines CAPES, Science Direct and Google Schol-
ar were used. For all of them, each keyword was combined 
with expressions that define the new industrial revolution 
as “Advanced Manufacturing” or “Industrie 4.0” or “Industry 
4.0”, so that the result would show contents in the desired 
area.

In Google Scholar the search was performed in two ways: 
considering the presence of keywords only in titles (TITLE) 
or in any part of the text (ALL). For this search engine only 
articles, without restriction of theme, and not including ap-
pearances in patents or quotations were considered. For 
Science Direct, similar strategy was used with the difference 
that the first step would be in the title, keywords and ab-
stract (TITLE-ABSTR-KEY). And for the CAPES journals’ portal, 
the research is carried out in the title, subject and authors.

The purpose of this differentiation is to increase the vari-
ability of the results and to show the important degree of 
certain keywords for the article in question. When such dif-
ferentiation is highlighted in the title, abstract or as a key-
word, it provides more information, opposed to just being 
present in the text.

Step 3: Correlation between Brazilian challenges and 
worldwide initiatives 

This step consists of an analysis of the results obtained so 
far and a comparison with the actions adopted by the United 

States, Germany and China in each of the highlighted topics.

Activity 3.1: Survey of initiatives that solve the 
challenges raised

This activity aims to show a correlation matrix between 
the challenges raised in the Advanced Manufacturing work-
shops and initiatives developed by leading industry coun-
tries (USA, Germany and China).

The developed matrix allows the researched initiative to 
correlate with one or more themes, and the relationship is 
proven by the initiative’s mission or the work developed by it. 
The final result will be a matrix with the left column bringing 
the initiatives where “A1” means the first German initiative, 
“C1” the first Chinese and “E1” the first American, with the 
numbering increasing until reaching the number of initiatives 
surveyed by country. On the horizontal, the sub-themes ap-
pear within each large theme, shown in total for easy viewing.

Activity 3.2: Analysis of challenges and opportunities to Brazil 
in Advanced Manufacturing

As a final step, this article links the main initiatives re-
searched to each one of the challenges raised and to its re-
search intensity around the world, in order to highlight the 
challenge and show methods adopted by other countries in 
their dealings.

4. RESULTS AND DISCUSSION

This chapter brings the results of this article: a consolida-
tion of challenges for the country in Advanced Manufacturing, 
and analysis of the intensity research of each main theme, and 
finally an analysis of the challenges raised and their research 
focus, relating to initiatives undertaken in other countries that 
seek to overcome them.

Step 1: Survey of Brazil’s Challenges in Advanced 
Manufacturing

This step is a validation of the results obtained in a series of 
workshops that were attended by representatives of the pub-
lic, industrial and academic sectors (MDIC and MCTI, 2016), 
as shown in Figure 1, compared to the special survey on the 
use of digital technology carried out by CNI with several com-
panies (CNI, 2016), consolidating a list of national challenges 
regarding the progress of the new industrial revolution.

The CNI’s Special Survey shows that less than half of Bra-
zilian industrial companies use one of the ten types of digital 
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technologies listed in the survey, which reveals an even more 
challenging truth for the country to be successful in the new 
industrial revolution: Brazil is still adjusting to the third indus-
trial revolution (CNI, 2016). On the other hand, the fourth in-
dustrial revolution uses technologies present in the current 
industry, combined with intelligence in data processing, which 
makes it possible to evolve directly into this new phase.

In the workshops held all over the country, experts from 
the industrial, academic and public sectors also raised issues 
that they consider challenges for the country in the sector, 
which ratify the CNI’s research showing that the adoption of 
digital technologies will be essential for Brazil’s competitive-
ness in Advanced Manufacturing.

As highlighted in the CNI’s survey, only 48% of the com-
panies that participated in the interview use, at least, one 
of the listed technologies, including digital and sensorless 
automation, remote monitoring and production control, 
Big Data, IoT, among others (CNI, 2016). This low number 
shows that the points raised in the workshops will really be 
a challenge, and suggests the insertion of other important 
aspects mentioned in the CNI’s research, such as Big Data 
Management and Sensors/Actuators. Thus, the final list of 
challenges raised in the two surveys is shown in Figure 2.

The human factor is also remembered in the CNI’s sur-
vey and presents the lack of qualified worker as the main 
external barrier that delays the adoption of digital technolo-
gies. In addition, government investment in new educational 
models and training programs is mentioned as one of the 
most important government measures to accelerate the 
adoption of digital technologies (CNI, 2016). Thus, the final 
list of country challenges in HR is identical to the final result 
of the workshops, shown in Figure 1.

In CNI’s research, among the main internal barriers to the 
adoption of digital technologies cited are the high cost of 
implementation, which can be solved by incentives, and the 
risk of information security, which requires changes in legis-
lation. Other aspects directly related to regulation present 
in survey’s results are the absence of appropriate funding 
lines, lack of technical standards and the establishment of an 
adequate regulatory framework (CNI, 2016). In this way, the 
results of the special survey corroborate those of the work-
shops, making the final listing for regulation identical to that 
shown in Figure 1.

As a result of the survey there are external barriers to 
the adoption of digital technologies that are pointed by the 
industry as some of the main “difficulties to identify tech-
nologies and partners” and “the market is not yet prepared 
(customers and suppliers)”. Also, internal barriers are con-
sidered important as “Structure and culture” (CNI, 2016), 
which corroborates the challenges listed in the CNI’s survey, 
keeping the list of challenges in Productive Chain.

The infrastructure theme is central to the development 
of Advanced Manufacturing and appears in CNI’s research 
as the most important measure of government to acceler-
ate the adoption of digital technologies, listed as “Promot-
ing the Development of Digital Infrastructure (broadband, 
sensors)”, and the challenge of an inappropriate IT structure 
also appears as an internal barrier (CNI, 2016). Thus, the fi-
nal list in the infrastructure theme also remains as shown in 
Figure 1.

Therefore, the final list of challenges for Brazil in Ad-
vanced Manufacturing, divided into the five themes pre-
sented, is shown in Figure 2.

Technology Human Resources Regulatory Production Chain Infrastructure
Cyber-Physical 

Systems
Basic Skills Legislation Insertion mechanisms Infrastructure 

Development
Management of 
Information and 
Technological 

Knowledge

Cognitive Abilities Government funding 
and incentive

Priority sectors Infrastructure Access

Artificial Inteligence / 
Internet of Things

Resource Management 
Skills

Regulatory Gap Analysis Founding Access

Interoperability Systems Skills Priority Technologies Broadband

Advanced Materials Social Skills

Strengthening of the 
partnership between 
government, industry 

and Universities

Energy

Robotics Technical Skills Intellectual property

Bis Data Academy-Company 
Integration

Sensor / Actuator Investment

Figure 2. Final list of challenges for Brazil in Advanced Manufacturing.
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Step 2: Assessing the Intensity and Relevance of each 
Challenge in the world 

The second step is to evaluate the intensity of research 
and relevance of each key term. To do this, the first activity 
of this step is to define a list of words that allows carrying 
out a survey of research intensity.

Activity 2.1: Definition of the Keywords List

The definition of the list of key words to be used in the 
research intensity survey was based on the result of step 4. 
Then it was counterpoised to the public policies of the Unit-
ed States – the National Strategic Plan for Advanced Man-
ufacturing (NSTC, 2012); Germany – Recommendations for 
implementing the strategic initiative INDUSTRIE 4.0 (ACAT-
ECH, 2013); and the reports of the World Economic Forum 
on Advanced Manufacturing and Human Resources – Future 
of Jobs (World Economic Forum, 2016). Another source used 
is a survey conducted by the Deloitte titled Advanced Manu-
facturing Initiative – Manufacturing & Innovation (DELOITTE, 
2015).

It is noted in the above-mentioned plans that the United 
States bases their investments in public-private partnerships 
and in lists of ongoing initiatives in the country at that time 
that may be tied to the development plan in Advanced Man-
ufacturing. The German plan brings the main technical chal-
lenges very clearly in order to maintain the strategic position 
of the country in the sector on the world stage. Both are 
concerned about the Human Resources theme, hoping that 
the industries return to the country back from China, where 
they have searched for low cost in terms of human resourc-
es, as a manner of generating more jobs.

On the technological theme, a report published by the 
consulting firm Deloitte, named Advanced Technologies Ini-
tiative - Manufacturing & Innovation, brings a survey with 
executives from several companies on the technologies re-
lated to Advanced Manufacturing in the future. In the list, 
there are themes already present in initiatives developed in 
the countries highlighted and their respective importance 
within each of these, which can be related to the invest-
ments involved. 

In Human Resources, the report of the World Econom-
ic Forum titled Future of Jobs brings major skills related to 
work in the future. It should be noted that the final list of 
sub-themes in the Human Resources in the figure 1 is based 
on the report of the World Economic Forum. Discrepancies 
between the two results are “Academy-Company Integra-
tion” and “Investments”, which are not skills but the means 
to achieve the objectives.

By combining the documents raised in this subchapter 
and the list of keywords resulting from item 4.1, the pro-
posed list of keywords in Advanced Manufacturing, shown 
in Figure 3, is the outcome. 

Activity 2.2: Survey of research intensity

An important issue to guide the destination of the coun-
try’s effort is to know the rest of the world’s direction, and 
one way to have that response is to map the intensity of re-
search on a particular subject. In this way, this section brings 
the search intensity of the final keyword list resulting from 
the previous subchapter.

For the Technology theme and its keywords highlighted in 

Technology Human Resources Regulatory Production Chain Infrastructure
Predictive (Analytics / 

Maintenance)
Cognitive 

Abilities/skill
(Government) 

incentive
Public private 
(partnership)

Infrastructure

Internet of Things (Complex) Problem 
Solving Skills

(Government) funding Intellectual property (Internet) Network

Smart Products Content Skills Regulatory Priority Technologies Energy
Advanced Materials Process Skills Priority sectors

Smart Factory Social Skills Supply chain
Cyber-Physical 

Systems
Resource 

Management Skills
Value chain

Big Data Systems Skills Entrepreneurship
Artificial intelligence Physical Abilities/skill

Robotics Technical Skills
Additive 

Manufacturing
Cross-functional Skills

Sensor
Security

Figure 3 Advanced Manufacturing’s Keyword final list.
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Figure 3, it is possible to observe that, according to Hermann 
et al. (Hermann et al., 2015), terms that are components of 
Industry 4.0, such as Cyber-Physical Systems, Internet of 
Things and Smart Factory didn’t stand out in the research 
when compared in a generalized way. Mainly when including 
the general result of Google Scholar (Figure 4), 9th and 11th, 
respecti vely, but present a more consistent result when only 
more specifi c results are analyzed, where they are present in 
ti tles, abstracts and keywords.

When compared to the survey conducted by Deloitt e, the 
technologies of the future in Advanced Manufacturing do 
not have compati ble research indexes, such as Smart Prod-
ucts, which was only in 12th place in the research intensi-
ty. Other terms that present an expressive result, such as 
sensor are technologies already present in the industry, but 
considered for their strategic importance in the new indus-
trial revoluti on and for being listed as one of the challenges 
for Advanced Manufacturing in Brazil.

In the Human Resources theme, there is litt le expressive 
result of most of the terms, which reveals litt le research on 
subjects directly related to the theme, although it is one 
of the key aspects for Industry 4.0. It is noti ced that some 
subjects, such as Content Skills and Resource Management 
Skills, had no occurrence.

To bett er evaluate the importance of each aspect within 
the theme of Human Resources, a research was conduct-
ed of the terms “Human Resource” and “Talent”, and the 
keywords presented show the relevance of the theme in 
publicati ons such as The Future of Jobs (World Economic Fo-

rum, 2016). Also, the percentage of this search is presented 
for each keyword in Figure 5 – in this result it is considered 
the total number of occurrences of the keywords in all the 
search engines (Average i) and also the result, disregarding 
the Google Scholar (Average ii). In this way, it reinforces the 
small expressiveness of the keywords researched, mostly 
desired skills for the professional of the future. The largest 
concentrati on of research is based on the challenge of Hu-
man Resources management in Industry 4.0, with approx-
imately 49% of the results for the topic in Google Scholar.

Even the poor performance of the keywords searched 
for the cogniti ve, technical, social and problem-solving skills 
presented some prominence.

Figure 6 shows relevant results to the occurrence of the 
keywords of the regulatory theme when searched through-
out the text - Google Scholar (ALL) and Science Direct (ALL). 
This reveals the expressive presence of government funding 
and incenti ves in Advanced Manufacturing, which is always 
expected in innovati on projects. Even though these subjects 
are present in the arti cles in general, they are not present as 
key parts in the same arti cles.

Within the topic Producti ve Chains, there is a low rele-
vance for the keywords “Priority Technologies” and “Priority 
Sectors” (Figure 7), which is an expected result in a certain 
way, since the applicati ons performed are already in signifi -
cant sectors, using the priority technologies for that. On the 
other hand, researching in the area of the value/supply chain 
presented expressive results, confi rming the importance of 
the theme as a key part in Advanced Manufacturing.

Figu re 4 Intensity of research in Technology.
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In Infrastructure, it is noted a relevant amount of search 
for the three keywords examined for generalized and re-
stricted search (Figure 8). The result is expected, since the 
current moment of the industrial revoluti on is exactly the 
foundati on for the Advanced Manufacturing, and infrastruc-
ture in energy and internet network are essenti al parame-
ters in this journey.

Figur e 5. Proporti onal result of research intensity for Human Resources.

Figure 6. Research intensity in Regulatory.

Step 3: Correlation between Brazilian challenges and 
worldwide initiatives 

This step shows an analysis of the found results and a 
comparison with the acti ons adopted by the United States, 
Germany and China in each of the highlighted topics.
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Figure 7. Research Intensity in Producti ve Chain.

Figure 8. Research Intensity in Infrastructure.

Activity 3.1: Survey of initiatives that solve the 
challenges raised

In order to assist in proposing soluti ons to the challenges 
posed to Brazil in Advanced Manufacturing (Figure 2), global 
initi ati ves (Figure 9) that, somehow, deal with similar issues 
were pointed out. Initi ati ves developed in the United States 
(E), Germany (A) and China (C), which have more advanced 
programs in the area, and the correlati on matrix are shown 
in Figure 10.

In total, 40 initi ati ves were shown around the world, 18 
in Germany, 16 in the United States and 6 in China. In gener-
al, the initi ati ves are public-private partnerships that involve 
the parti cipati on of universiti es.
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Correlating the Brazilian challenges identified by the ex-
perts representing government, industry and universities 
with the worldwide initiatives in Advanced Manufacturing, 
stands out:

• In technology, information and knowledge man-
agement are present in almost all initiatives, more 
precisely in 95% of them. The technologies, such as 
Digitization/Cyber physical Systems, Big Data Man-
agement, Artificial Intelligence/Internet of Things 
and Interoperability are considered essential, as 
they are part of a third of the same initiatives. Mean-

A1
Smart Maintenance 
for Smart Factories

A11
Industrie 4.0 –

 The Aachen Approach
C3 Industrial Bases E7 Manufacturing USA

A2 The Academy Cube A12

Rack Racer - an 
automatic shuttle 

warehouse without 
lift

C4 Made in China 2025 E8
Materials Genome 

Initiative (MGI)

A3 Indústria 4.0 A13
RAMI4.0 - Reference 
Architecture Model 

Industrie 4.0
C5

R&D and Innovation 
Centres

E9
MForesight: Alliance 

for Manufacturing 
Foresight

A4
Application Center 

Industrie 4.0
A14

Semantic I4.0 
Component

C6
Smart Manufacturing 

Projects
E10 MTConnect

A5
Coaster - Smart 

devices
A15

SmARPro - Smart 
Assistance for 

Humans in Production 
Systems

E1
AMTech - Advanced 

Manufacturing 
Technology Consortia

E11
National Export 
Initiative/NEXT

A6
CyProF - Cyber- 

physical Production 
Framework

A16 SMART FACE E2
Clean Energy 

Manufacturing 
Initiative (CEMI)

E12
National 

Nanotechnology 
Initiative

A7 Hub2Move A17
smaRTI - Smart 

Reusable transport 
items

E3

Hollings 
Manufacturing 

Extension Partnership 
(MEP)

E13
National Robotics 

Initiative

A8
iDisplay - Electronic 

labelling
A18

Socio-CPS (Cyber-
Physical Systems)

E4 IIC Testbeds E14

North American 
Advanced 

Manufacturing 
Research & Education 
Initiative – NAAMREI

A9 InBin - Intelligent Bin C1
Green Manufacturing 

Projects
E5

IIRA - Industrial 
Internet Reference 

Architecture
E15

Ontology-Based, 
Multi-Agent 

Reinforcement 
Learning Approach

A10
Internet of Things 

Architecture (IoT-A)
C2

High-end Equipment 
Manufacturing 

Projects
E6

Investing in 
Manufacturing 
Communities 

Partnership (IMCP)

E16 Startup America

Initiatives

Figure 9 Researched Initiatives.

while, Sensors/Actuators, New Materials, and Col-
laborative Robotics have 22%, 15% 7%, respectively.

• In Human Resources, most initiatives are committed 
to disseminate knowledge, involving at least one item 
related to the topic. The development of technical and 
systemic skills is the one that has the greatest correla-
tion with the initiatives, reaching more than half of 
them. Another highlight is university and company in-
tegration, which shows that these partnerships are the 
key to the formation of the new workforce in Industry 
4.0, and is present in 41% of the initiatives. The de-



Brazilian Journal of Operations & Production Management
Volume 15, Número 2, 2018, pp. 209-223

DOI: 10.14488/BJOPM.2018.v15.n2.a4

219

INIT 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 1 2 3 4 5 6 1 2 3 4 5

A1 x x x x x x x x

A2 x x x x x x x x

A3 x x x x x x x x x x x x x x x x x x x x

A4 x x x x x x x x x x x x x x x x

A5 x x x x x x x x x x x

A6 x x x x x x x x x

A7 x x x x x x x x x x x

A8 x x x x x x x

A9 x x x x x x x x x

A10 x x x x x x x x x x x x x x x x x

A11 x x x x x x x x x x x x x x

A12 x x x x x x x x x

A13 x x x x x x x x x

A14 x x x x x x x x x x

A15 x x x x x x x

A16 x x x x x x x x x x x x x x

A17 x x x x x x x

A18 x x x x x x x x x x x x

C1 x x x x x x x x x

C2 x x x x x x x x x x x x

C3 x x x x x x x x x x x

C4 x x x x x x x x x x x x x x x x x x x x x x x

C5 x x x x x x x x x x x x x x x x

C6 x x x x x x x x x

E1 x x x x x x x x x x x x x

E2 x x x x x x 0 x x

E3 x x x x x x x x x

E4 x x x x x x x x x x x x x x x x

E5 x x x x x x x x x

E6 x x x x x x x x

E7 x x x x x x x x x x x x x x x

E8 x x x x x x x x x x

E9 x x x x x x x x x x x x

E10 x x x x x x x x x x x

E11 x x x x x x

E12 x x x x x x x x x x x x x

E13 x x x x x x x x x x

E14 x x x x x x x x x x x x x x

E15 x x x x x x x x x

E16 x x x x x x x x x x x x

Technology Human Resources Regulatory Production Chain Infrastructure

Figure 10 Correlation Matrix of challenges and global initiative.

velopment of cognitive, basic and social skills has still 
slight alignment with the initiatives, having correlation 
with 10%, 17% and 20% of them.

• In regulatory, government funding and incentives are 
the ones that show the highest correlation with the 
initiatives, showing the importance of public-private 
partnerships for the development of Advanced Manu-
facturing. Legislation and regulatory frameworks pres-

ent small correlation to initiatives with 5% and 7%, re-
spectively however, the governments of the countries 
surveyed closely follow the progress of the new indus-
trial revolution, always attentive to the needs.

• In the topic of productive chains, the question of in-
sertion mechanisms presents a greater correlation 
with the initiatives with 68%, which is expected due 
the initial phase of the process. Shortly afterwards, 



Brazilian Journal of Operations & Production Management
Volume 15, Número 2, 2018, pp. 209-223
DOI: 10.14488/BJOPM.2018.v15.n2.a4

220

with a correlation with 63% and 56% appears the 
questions of gap analysis and Strengthening of the 
partnership between government, industry and uni-
versities, respectively. And lastly, the priority sectors 
and technologies and intellectual property are relat-
ed to, approximately, one-third of the initiatives – it 
is worth emphasizing that the initiatives themselves 
are developed in the sectors and with the required 
technologies, which, in some way, makes these re-
quirements always present.

• In terms of infrastructure, the development and ac-
cess of infrastructure necessary for the success of 
the Advanced Manufacturing are priorities and are 
present in 71% and 63% of the initiatives, respec-
tively. Access to government funding is addressed by 
39% of the initiatives, while the need for broadband 
and energy is directly correlated with approximately 
30% of the initiatives, but, indirectly, they represent 
the heart of the fourth industrial revolution.

In general, it is possible to verify the existence of, at least, 
one initiative related to each challenge raised for the devel-
opment of Advanced Manufacturing in Brazil. It is also not-
ed that an initiative, in general, covers more than one chal-
lenge, one of them related to the Human Resources sector, 
even though it is not exclusively dedicated to this topic. In 
this way, seeking partnerships with educational institutions, 
the initiatives help to shape the future and capacity of pro-
fessionals that are already in the job market.

Activity 3.2: Analysis of challenges and opportunities to 
Brazil in Advanced Manufacturing

With the results presented in line with the most advanced 
countries in the industrial sector, the first step necessary for 
the development of Industry 4.0 in Brazil was given by the 
MDIC and MCTI with the execution of workshops by the 
country. Moreover, the results of CNI’s 66 survey showed the 
challenges that has to be faced, and helped to understand 
the current level of Brazil in the use of digital technologies.

The last stage goal is to analyze the challenges raised, link-
ing them with initiatives and research that are being carried 
out by the other countries that show methods that could 
work to help in the formulation of a national strategy to the 
development of Advanced Manufacturing in Brazil.

As a subject of a public policy, one example is conducted 
by the United States with the program Manufacturing USA, a 
centralizing body of the program with representatives of the 
government, industry and universities, with the mission to 
convene and allow public-private partnerships conducted by 
industry with a focus on manufacturing innovation, and en-

gaging universities in the country, in addition to acting with 
integrator of the initiatives generated to facilitate collabo-
ration and information sharing (Manufacturing USA, 2016). 
Such a program would also help to spread the technology, 
solving one of the main obstacles cited in the research car-
ried out by the CNI: lack of knowledge.

The union of these tree sectors will play a decisive role for 
the success of the Brazilian enterprise in the development of 
Advanced Manufacturing. The country needs to change the 
sequence of consecutive falls in competitiveness – accord-
ing to the ranking published by the World Economic Forum, 
the country occupies only 81st place in the ranking of the 
most competitive economies of the world – and this joint 
effort between government, industry and academic sector 
will be decisive to improve it. The deterioration of factors 
considered basic to competitiveness, such as economic en-
vironment, financial market development and, mainly, inno-
vation capacity are the reason of the consecutive decline in 
the position (Alvarenga, 2016).

On the subject of projects, a way to increase the probabili-
ty of success would be, firstly, to define the priority sectors of 
the industry, as exposed in the opinions of the experts during 
the workshops, and to focus efforts on the technologies nec-
essary for the development of these specific sectors. Sectors 
such as mining, agribusiness and aeronautics, where the 
country has some global prominence, are some of the main 
candidates. The automotive sector, one of the main players 
in the industrial sector of the country, also deserves special 
attention, encouraging multinational companies to import 
technologies developed in other countries to Brazil, which will 
stimulate the entire value chain to enter the process.

To help this importation and essential items to develop 
Advanced Manufacturing in Brazil, and also to help export 
our products, which are so important to our trade balance, 
the country could count on an initiative such as the National 
Export Initiative (NEXT), but also related to imports (Manu-
facturing USA, 2016). As an example of this need, technolo-
gies already present in the industry worldwide, as robotics, 
have low utilization rate in the country, precisely because of 
this difficulty to import due to legislation and high taxes.

Another important aspect to the success of Advanced 
Manufacturing in Brazil is the application of the technologies 
in an integrated way in all the stages of the value chain, in-
cluding logistics. For this, several initiatives can be followed, 
especially “Smart Face”, which integrates the production pro-
cess of electric cars with the entire logistics process involved 
(Autonomik Industrie 4.0, 2016). Because of this value chain 
initiative, other initiatives, such as “Hub2Move” – a system 
for material flow (Fraunhofer IML, 2015) – and “InBin” – intel-
ligent containers that help process decision making by provid-
ing supply data (Fraunhofer IML, 2016) –  could be developed.
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From these initiatives several products that can lead to 
the generation of new companies will arise. With an eye 
on these opportunities, the creation of an initiative such 
as the American initiative “Startup America”, which would 
foster entrepreneurship to meet the demands of the future 
market, would be very relevant (Manufacturing USA, 2016). 
In addition to developing cognitive skills in those involved 
in that, would allow the emergence of new entrepreneurs 
and, consequently, new businesses and jobs. Partnerships 
between large companies and startups can accelerate the 
process of developing new products, removing the slowness 
of the academic sector. To this end, specific calls for to pro-
mote this type of partnership and improvement of intellec-
tual property laws are necessary.

The issue of infrastructure necessary for development is 
also a matter of concern of the experts. In order to encour-
age the process, the government can launch specific funding 
programs to the development of structuring technologies 
such as broadband and mobile internet. Investment in basic 
industries should also be the focus of the advance Industry 
4.0 in Brazil, in line with the Chinese program, which aims 
to increase its self-sufficiency in the components and base 
materials of its industry, increasing the level of our self-suffi-
ciency and, thus, control the value chain. 

Also, in terms of infrastructure, Brazil needs to increase 
access and promotion to existing network, such as EMBRA-
PII (2016) and SIBRATEC (REDE TIC, 2016), optimizing the 
use of these structures and enabling the development of 
projects, especially for small and medium-sized compa-
nies. These networks are made up of technology labs and 
can be similar to the “IIC Testbeds initiative” - test bench 
of the Industrial Internet Consortium in the United States 
(Crawford, 2016). 

In the energy aspect, Brazil is already one of the pioneers 
in some types of renewable energy as in the production of 
energy from biomass, and ethanol is the main biofuel (Bio-
massa & Bioenergia, 2016). Other important sectors in this 
area are wind and solar energies, as the country still has a 
great development capacity, for their use has consistently 
increased. In this regard, the creation of an initiative such as 
the US Clean Energy Manufacturing Initiative (Department 
of Energy, 2016), combined with some kind of government 
incentive to consume such energy sources, would further 
strengthen the use of renewable energy, especially in the in-
dustrial sector, aligning the country’s development with the 
terms of the Kyoto Protocol. 

From the technological point of view, the country needs 
a public policy to encourage the use of technologies adher-
ing to the Advanced Manufacturing, such as robotics, sen-
sors and actuators. Currently, the country has an average 

age of 17 years in the industrial sector, compared to five in 
the United States, and has a low rate in terms of robot use 
by the industry, mainly due to the high rates applied to the 
sector. Initiative such as the “National Robotics Initiative” 
(Manufacturing USA, 2016), developed in the United States 
with the mission of accelerating the development and use 
of robots employed in the industry of the country, working 
side by side in cooperation with people, can be a way for our 
country. 

Another point is that approaching the industries of the 
various sectors for the development of Advanced Manufac-
turing is essential for the country. The Brazilian IT industry 
ranks 7th in the world industry ranking in 2014, with an invest-
ment of $ 60 billion, corresponding to 46% of Latin America’s 
investment (Rio Negócios, 2016), and it is also prominent in 
other industrial sectors such as aeronautics. In this way, the 
country needs a management that integrates the various 
sectors, stimulating economically and providing income to 
obtain the other resources that will be demanded. 

To operate all this gear, the main resource needed will 
be the talent, according to a worldwide survey conducted 
by Deloitte (Deloitte, 2016). The Human Resources issue in 
Brazil needs drastic changes – Brazil forms only 40,000 en-
gineers a year, while the United States makes 237,000 and 
China 650,000, and 35% of those are trained. In addition, 
the quality of engineers trained in the country is far from 
ideal, which brings losses of around 15 billion dollars per 
year (Brito, 2013). 

Thus, in addition to increasing the number of professionals 
that will be trained for Industry 4.0, Brazil should increase the 
quality of its trainees. To this end, the country’s universities 
should approach industry in order to capacitate professionals 
to meet the challenges they will face and seek to develop not 
only technical skills, but also systemic and multidisciplinary 
skills – for example, leaving the theoretical and evaluations 
and moving on to integrated projects, working on the ability to 
solve complex problems. 

In addition to the universities, technical courses to meet 
specific needs will be extremely necessary – qualified profes-
sionals in the various areas of information technology, robotics, 
among others, will be demanded by the new industry. Not only 
the new professionals should be different – training by increas-
ing the technological competence within the companies will be 
necessary. 

Initiatives such as the German Academy Cube (Acedemy 
Cube, 2016) can be followed, in order to bring quality distance 
education, focused on market demands, working in conjunc-
tion with a company selection system, making the professionals 
fit to the needs of the industry, directing them to the market.
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5. CONCLUSIONS

The new industrial revolution is already ongoing in some 
countries, and they are taking steps to seize the moment and 
maintain or increase their manufacturing markets. Countries 
such as Germany, the United States, and China point to Ad-
vanced Manufacturing as one of the main economic pillars of 
the future and, for this reason, have already made heavy invest-
ments in the sector in recent years. Brazil, a leading country in 
some industrial sectors, needs to rush and start the industrial 
race in an organized and focused way in order to surf this new 
wave and maintain or increase its markets.

 Aimed to assist this process, the present work has consol-
idated two national surveys on the subject to get the list of 
the main challenges to the development of Advanced Manu-
facturing in Brazil, which was compared to the most relevant 
challenges in the world scenario, being evaluated from a quan-
titative perspective in the research intensity, in order to show 
where the greatest efforts are being used. Finally, a correlation 
of the main challenges to the initiatives developed by Germany, 
China, and the United States is sought, with the aim of present-
ing a possible method for progress in our country.

At the end of this process, the main results are:

Less than half of the national industries use digital technol-
ogies and one of the main factors is the lack of knowledge. The 
creation of a public policy with a central body, aiming to inte-
grate the initiatives to create and facilitate the collaboration 
and share information in the mold of the US initiative “Manu-
facturing USA”, could help with this challenge.

The definition of industry priority sectors is an essential 
step for enabling the focus of efforts on the technologies 
needed to develop these specific sectors. For each tech-
nological challenge to be faced, the creation of initiatives 
developed in public-private partnerships with government 
incentives, overcoming one of the main barriers listed by in-
dustry, the high cost, can be a way to achieve success.

Another barrier to the use of digital technologies in the 
industry view is the lack of skilled workers. The Human Re-
sources theme is critical and is the most important to the 
success of Industry 4.0, according to research conducted by 
Deloitte, and will require a professional that is different from 
the current standard. To achieve this, the approach between 
the academic and industrial sectors will be decisive, both 
for the training of the professional of the future and for the 
qualification of the current human resource. This process 
can be established within the initiatives to be developed, 
with a multidisciplinary character, or through dedicated ini-
tiatives, such as the German “Academy Cube”.
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