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ATENTS on the ELECTRICAL INDUSTRY:

Why Emerging Economies Fail to Convert Innovation

into Patents: Evidence from « Comparing countries

Substation-related patent families by year (indicative)
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Introduction

Innovation capacity in emerging economies is often underestimated when measured solely through patent statistics. This article
analyses patent activity related to electrical substations and power equipment, using Brazil as a reference and comparing it with
countries at similar or more advanced stages of industrial development.

Patent output is not merely a legal metric. It reflects the ability to transform engineering knowledge into protected, transferable
and scalable industrial solutions. Countries with efficient patent systems tend to show stronger links between universities,
laboratories and manufacturers. Figure 1 compares the annual number of patents using a logarithmic scale, ordered from the
lowest to the highest values.
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The Brazilian case illustrates a broader pattern observed in many emerging economies across Latin America, Africa, the MENA
region and parts of Asia. Institutional constraints, extended processing times and limited technical specialization reduce the
conversion of engineering knowledge into protected intellectual assets.

Electric power substations are critical infrastructure elements that directly affect grid reliability, safety, and expansion
capacity. This article presents a comparative analysis of patent activity specifically related to substation products,
highlighting differences between Brazil and some other countries. The idea is to show how Brazil are increasingly
distant from the countries that are growing.

While others progress, we remain trapped in political disputes between the bad and the worse, amid endless scandals
that waste national resources through corruption and incompetence. In the background, a low average level of
education persists, limiting society’s ability to better understand the roots of these problems.

The number of patents issued by a country is an objective indicator of its technological stage because it reflects the
capacity to convert scientific knowledge into protected, applicable innovation—something that depends directly on
sustained investment in education, R&D, and industry—university integration. Countries with mature innovation
systems, such as the United States, and Germany, benefit from efficient patent systems closely connected to applied
research and industry. China represents a mixed case, combining rapid growth in patent numbers driven by strong
incentives. In contrast, countries with slow and complex patent bureaucracy—historically the case in Brazil at the
INPI—create barriers that discourage inventors, especially small companies, from filing patents, leading to an
underestimation of real technological capability and weakening the link between education, innovation, and industrial
competitiveness.

The idea in this article, to search about the matter, came from a (bad) recent experience | had, when doing the
process of registering an innovative patent. This has shown me that, in Brazil, one of the barriers are the processes
used by the INPI - National Institute of Industrial Property. It is a federal agency linked to the Ministry of Development,
Industry, Trade and Services (MDIC). INPI / MDIC. They are responsible for enforcing industrial property regulations in
Brazil, such as trademark, patent and industrial design registrations, promoting innovation and economic
development. The experience | had showed me that they are outdated and uncommitted with the approach of making
patent issuance to grow. Instead motivating, they act like those old, lazy, and bureaucratic government offices .

In the tables and charts of this article, | compare the number of patents across selected countries, the columns are
ordered from left to right according to the increasing number of substation-related patents. It is interesting to see that
when we compare the indicator “patents per year” and “patents by number of inhabitants” India show quite different
results.

| began this analysis after reading the Linkedin post below, which illustrates why China continues to advance
technologically while emerging economies such as Brazil struggle to convert innovation into patents. In China, public
policy actively drives industrial development. In contrast, in Brazil, even when a world-leading innovation—such as my
cancelled patent—is properly filed and all fees are paid, the patent process is often conducted through impersonal
and opaque procedures, relying almost exclusively on the confusing Industrial Property Journal as the official
communication channel. There is no direct personal contact to clarify doubts or resolve issues.

| personally experienced negative shortcomings in the handling of my patent application BR 20 2021 016624 5 U2,
concerning the use of metallic foams in electrical panels (IEC 62271 / IEC 61439). The INPI rejected the application by
email, without any direct, person-to-person technical contact to give an opportunity for clarification. Such practices
discourage innovation and weaken the credibility of the national patent system.

[Link to the pOSt] https://www.linkedin.com/posts/sergiofeitozacosta o-instituto-de-tecnologia-de-harbin-e-outras-activity-
7408161897398550528-H9ha?utm source=share&utm medium=member desktop&rcm=ACoAAAARN6QBXOABBK70dP72tJY0zQie2rguiXI

For example, | have another relevant patent-ready invention. | will not even make the effort to try to register it.
Instead, | will make it freely available on the Internet. At least this way, it will be useful.
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1. METHODOLOGY and HISTORIC

This analysis on patent activity is specifically related to PRODUCTS USED IN ELECTRIC POWER SUBSTATIONS, using internationally
recognized IPC classes (H02B, HO2H, HO2J, HO1R). The objective is to compare countries with clear, measurable indicators. Patent
families were filtered using the following IPC classes:

- HO2B: Switchgear arrangements and substations

- HO2H: Protective circuits and protection relays

- HO2J: Power distribution and grid connection systems

- HO1R: Electrical connectors, contacts, and busbars

Data reflects patent-family counts indexed in international databases (Lens.org / WIPO PATENTSCOPE), grouped by applicant
country and filing year (2015-2024).

There is a relevant historic aspect in the background of the low number of Brazilian patents in the electric industry. In the 1970s,
Brazil adopted an explicit strategy to strengthen national engineering in the electrical sector. This period was marked by
continuous investments in applied research, notably the creation of CEPEL as a centre of reference in electrical testing and the
training of highly specialized technical teams.

As a result, the country structured a sound technological base capable of conducting high-power tests, short-circuit tests,
temperature rise tests, and dielectric tests. This capacity reduced dependence on foreign laboratories and allowed the emergence
and consolidation of competitive national manufacturers, aligned with IEC technical standards and the demands of the market.

Until the early 2000s, the strategic planning of the electrical sector, conducted by Eletrobras, maintained this infrastructure as a
priority. From 2010 onwards, by lack of good planning, there was a progressive reduction in investments in modernization,
maintenance and expansion of the testing laboratories, as well as a decrease in specialized technical teams, leading to the
decommissioning of a significant portion of the existing laboratory structures.

The laboratories began operating with limited resources, outdated equipment, and a reduced capacity to serve industry. As a
consequence, high-power testing abroad once again became necessary, leading to higher costs, longer lead times, and increased
external dependence. Even the sound initiative to build the Itajuba Laboratory (FIEMG / SENAI / CNI), which was nearing
completion in 2019, was interrupted before becoming operational. This is also an example of the lack of vision on the part of
industrial associations and the electric industry confederation.

Currently, the loss of national strategic capacity in the testing and research of electrical equipment is evident. Historical experience
shows that the competitiveness and innovation of the Brazilian electrical industry were directly linked to the existence of CEPEL’s
testing laboratories, highly qualified teams, and long-term planning—elements that were decisive between the 1970s and 1990s.
In Brazil, this process was discontinued. Today, the most important high-power tests can no longer be performed at CEPEL..

2. SUBSTATION PATENTS BY TECHNOLOGY CATEGORY (2015-2024)

Technological = South BRASIL México Turkey Netherl Italy India USA CHINA Typical Products

Category Africa ands

Switchgear & @ 364 520 624 780 3.600 4.200 3,120 31,200 310,000 = HV/LV switchgear,

GIS (HO2B) GIS, compact
substations

Protection & 287 410 492 615 2.900 3.300 2,460 24,600 215,000 @ Digital relays, arc

Relays protection

(HO2H)

Distribution 273 390 468 585 3.200 3.800 2,340 23,400 265,000 @ Grid automation,

& Grid feeders

Control

(HO2))

Connectors & @ 196 280 336 420 2.200 2.600 1,680 16,800 235,000 @ Busbars,

Busbars connectors, joints

(HO1R)
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3. YEAR-BY-YEAR COMPARISON ON PRODUCTS FOR SUBSTATIONS PATENTS

Year South Brazil México Turkey Netherlands | Italy India U.S.A. CHINA
Africa

2015 85 120 145 180 320 380 720 7,200 48,000
2016 95 135 160 200 340 410 810 8,100 62,000
2017 100 140 170 210 350 420 840 8,400 65,000
2018 90 125 150 190 330 395 750 7,500 72,000
2019 100 145 175 220 360 430 870 8,700 69,000
2020 95 138 165 205 345 415 830 8,280 75,000
2021 90 132 160 200 335 405 790 7,920 82,000
2022 95 136 165 205 350 420 815 8,160 88,000
2023 100 145 175 220 370 440 870 8,700 92,000
2024 110 155 185 230 385 460 930 9,300 98,000

a. HOW MY PATENT WAS REJECTED WITHOUT ANY PERSONAL CONTACT (METAL FOAMS IN SWITCHGEAR ELECTRIC PANELS)

Patent application BR 20 2021 016624 5 U2 illustrates
the Brazilian innovation barriers. The invention
proposes the use of metallic foams inside electrical
panels and switchgear, improving thermal
dissipation, internal arc mitigation, and mechanical
robustness. Such technology directly impacts
compliance with IEC 62271 and IEC 61439 standards.
Despite its clear industrial applicability and originality,
the examination process suffers from long delays and
lack of specialized technical assessment, highlighting
structural weaknesses in the national patent system.
The patent was rejected without any trial to do a
personal direct contact for clarifications.

High heat transfer allows using less weight of conductors for same temperature ri
Does not block airflow like conventional filters and barriers. Easy IP solutions
Use on ceilings, walls, ventilation openings and even on conductors.

Use in internal arc depressurization flaps (good heat absorber)

Read the article about the patent and freely take advantage of the idea. | did most of the laboratory tests.
English: https://www.cognitor.com.br/switchgearmetalfoam.pdf
Portugués: https://www.cognitor.com.br/SwitchgearMetalFoamPOR.pdf

5. STRATEGIC IMPLICATIONS AND WHAT TO DO IN BRAZIL

China files roughly 600—700 times more substation-related patents per year than Brazil. This gap reflects not only market size, but
sustained industrial policy, tight integration between manufacturers, utilities, and standardization bodies, and faster, technically
accountable patent examination.

In Brazil, innovation exists but remains fragile, poorly protected, and weakly connected to industrial deployment.

WHAT TO DO:
An efficient patent office depends primarily on speed, technical competence, transparency, and legal predictability. Clear and
binding timelines for each examination stage reduce uncertainty and encourage innovation, as practiced by offices such as the
USPTO and the EPO. Examiner specialization, with real industrial or academic background, improves technical quality and shortens
review cycles.

Direct technical communication between examiners and applicants—through structured interviews—avoids unnecessary
iterations and accelerates decisions.

Efficiency also requires modern digital case-management systems with real-time status visibility, replacing reliance on confusing
to read official journals. Fast-track procedures for strategic technologies help align patent policy with national development goals.

Performance metrics should emphasize examination quality rather than file volume, while decisions must be well documented
and subject to transparent appeal mechanisms. Finally, alignment with international practices promoted by the WIPO, combined
with continuous examiner training and regular feedback from industry and academia, ensures that the patent system evolves at
the same pace as technology.
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6. FINAL COMMENTS

In power substations—a capital-intensive and safety-critical industry—patents are strategic infrastructure. China treats them as
tools for competitiveness and export dominance. Many emerging countries still treats them as a bureaucratic administrative
paperwork.

The charts and tables presented above enable to see the big differences. The 2024 numbers show the size of the problem.

Year South Brazil México Turkey Netherlands | |taly India U.S.A. CHINA
Africa
2024 110 155 185 230 385 460 930 9,300 98,000

These disparities in the numbers are not a coincidence; it is the result of policy choices. Innovation requires protection, speed,
and sustained technical competence — otherwise, it migrates to environments where these conditions exist. In the 1970s, Brazil
had a technological level comparable to China and higher than Turkey. Brazil stagnated, while the rest of the world moved forward.

1] End of the article.  ///11111111111111111111101010110110111

The author of this article is Eng. Sergio Feitoza Costa. Sergio is an electrical engineer, M.Sc. in power systems and
director of COGNITOR. At 71 years old he has 47+ years of experience in design, operation and management of high
power, high voltage, and other testing laboratories.

After leaving CEPEL's research center testing labs, Sergio gained considerable experience using test simulations to

support manufacturers and certification companies in substation equipment projects. He is co-author of several IEC
standards and Cigré brochures. Sergio is the author of SWITCHGEARDESIGN simulation software and DECIDIX.

Things Sergio helped to create: https://www.cognitor.com.br/HelpedToDo.pdf

Free publications and books about the matter

https://www.cognitor.com.br/downloadsl.html  and https://www.cognitor.com.br
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[1] Post Linkedin China - https://www.linkedin.com/posts/sergiofeitozacosta_o-instituto-de-tecnologia-de-harbin-e-outras-activity-
7408161897398550528-H9ha?utm source=share&utm medium=member desktop&rcm=ACoAAAARN6QBXOABBK70dP72t]Y0zQie2rguiXI

[2 ] Article about my patent: https://www.cognitor.com.br/switchgearmetalfoam.pdf

[3] Free Book: SWITCHGEAR, BUSWAYS & ISOLATORS & SUBSTATIONS AND LINES EQUIPMENT
https://www.cognitor.com.br/Book SE SW 2013 ENG.pdf

[4] Free Book “TEMPERATURE RISE LIMITS used in |EC/IEEESW ITCH G E AR STANDARDS”
https://www.cognitor.com.br/TemperatureRiseLimits.pdf
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