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Long Waves: How Innovation Cycles Influence Growth
Creative destruction plays a key role in entrepreneurship and economic development.

Coined by economist Joseph Schumpeter in 1942, the theory of “creative destruction” suggests
that business cycles operate under long waves of innovation. Specifically, as markets are
disrupted, key clusters of industries have outsized effects on the economy.

Take the railway industry, for example. At the turn of the 19th century, railways completely
reshaped urban demographics and trade. Similarly, the internet disrupted entire industries—
from media to retail.

The above infographic shows how innovation cycles have impacted economies since 1785, and
what’s next for the future.

Innovation Cycles: The Six Waves
From the first wave of textiles and water power in the industrial revolution, to the internet in
the 1990s, here are the six waves of innovation and their key breakthroughs.
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Source: Edelsen Institute, Detlef Reis

During the first wave of the Industrial Revolution, water power was instrumental in
manufacturing paper, textiles, and iron goods. Unlike the mills of the past, full-sized dams fed
turbines through complex belt systems. Advances in textiles brought the first factory, and cities
expanded around them.

With the second wave, between about 1845 and 1900, came significant rail, steam, and steel
advancements. The rail industry alone affected countless industries, from iron and oil to steel
and copper. In turn, great railway monopolies were formed.

The emergence of electricity powering light and telephone communication through the third
wave dominated the first half of the 1900s. Henry Ford introduced the Model T, and the
assembly line transformed the auto industry. Automobiles became closely linked with the
expansion of the American metropolis. Later, in the fourth wave, aviation revolutionized
travel.

After the internet emerged by the early 1990s, barriers to information were upended. New
media changed political discourse, news cycles, and communication in the fifth wave. The
internet ushered in a new frontier of globalization, a borderless landscape of digital
information flows.

Market Power
To the economist Schumpeter, technological innovations boosted economic growth and
improved living standards.

However, these disruptors can also have a tendency to lead to monopolies. Especially during a
cycle’s upswing, the strongest players realize wide margins, establish moats, and fend off rivals.
Typically, these cycles begin when the innovations become of general use.

Of course, this can be seen today—never has the world been so closely connected. Information
is more centralized than it has ever been, with Big Tech dominating global search traffic, social
networks, and advertising.

Like the Big Tech behemoths of today, the rail industry had the power to control prices and
push out competitors during the 19th century. At the peak, listed shares of rail companies on
the New York Stock Exchange made up 60% of total stock market capitalization.

Waves of Change
As cycle longevity continues to shorten, the fifth wave may have a few years left under its belt.

The sixth wave, marked by artificial intelligence and digitization across information of things
(IoT), robotics, and drones, will likely paint an entirely new picture. Namely, the automation of
systems, predictive analytics, and data processing could make an impact. In turn, physical
goods and services will likely be digitized. The time to complete tasks could shift from hours to
even seconds.

At the same time, clean tech could come to the forefront. At the heart of each technological
innovation is solving complex problems, and climate concerns are becoming increasingly
pressing. Lower costs in solar PV and wind are also predicating efficiency advantages.

Big Tech# Clean Energy Transition# Innovation Cycles# Joseph Schumpeter# Creative Destruction#
Kondatrieff Waves# Business Cycles# Industrial Revolution# Fourth Industrial Revolution#
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Synthetic biology (SynBio) is a field of science that involves engineering life for human
benefit. Here’s an in-depth look at how it works.
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Synthetic biology (SynBio) is a field of science that involves engineering life for
human benefit. It has the potential to reshape many facets of society—from the ways
we produce food, to how we detect and cure diseases.

It’s a fast-growing field of science. In fact, by 2026, the SynBio market’s global revenue
is expected to reach $34.5 billion, at a CAGR of 21.9%.

While this fascinating area of research is worth paying attention to, it might be
daunting to wrap your head around—especially if you don’t come from a scientific
background. With this in mind, here’s an introduction to synthetic biology, and how it
works.

What is Synthetic Biology?
As we touched on in the introduction, SynBio is an area of scientific research that
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Which influencers have the most total social media followers? We tally up follower counts
across all major platforms, from Twitter to TikTok.
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In the modern digital world, social media reach is power.

The people with the most followers on Twitter, for example, have a massive platform
to spread their messages, while those with large, engaged followings on Instagram are
an advertiser’s dream sponsor partner.

Social media can also be an equalizer of power. It’s true that many celebrities boast
large followings across platforms, but social media has also enabled previously
unknown personalities to turn YouTube or TikTok fame into veritable star power and
influence.

Who has the biggest reach across the entire social media universe? Instead of looking
at who has the most followers on Instagram, Twitter, or other networks, we ranked
the most-followed personalities across all major platforms combined.CONTINUE READING
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Long Waves: How Innovation Cycles Influence Growth
Creative destruction plays a key role in entrepreneurship and economic development.

Coined by economist Joseph Schumpeter in 1942, the theory of “creative destruction” suggests
that business cycles operate under long waves of innovation. Specifically, as markets are
disrupted, key clusters of industries have outsized effects on the economy.

Take the railway industry, for example. At the turn of the 19th century, railways completely
reshaped urban demographics and trade. Similarly, the internet disrupted entire industries—
from media to retail.

The above infographic shows how innovation cycles have impacted economies since 1785, and
what’s next for the future.

Innovation Cycles: The Six Waves
From the first wave of textiles and water power in the industrial revolution, to the internet in
the 1990s, here are the six waves of innovation and their key breakthroughs.
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During the first wave of the Industrial Revolution, water power was instrumental in
manufacturing paper, textiles, and iron goods. Unlike the mills of the past, full-sized dams fed
turbines through complex belt systems. Advances in textiles brought the first factory, and cities
expanded around them.

With the second wave, between about 1845 and 1900, came significant rail, steam, and steel
advancements. The rail industry alone affected countless industries, from iron and oil to steel
and copper. In turn, great railway monopolies were formed.

The emergence of electricity powering light and telephone communication through the third
wave dominated the first half of the 1900s. Henry Ford introduced the Model T, and the
assembly line transformed the auto industry. Automobiles became closely linked with the
expansion of the American metropolis. Later, in the fourth wave, aviation revolutionized
travel.

After the internet emerged by the early 1990s, barriers to information were upended. New
media changed political discourse, news cycles, and communication in the fifth wave. The
internet ushered in a new frontier of globalization, a borderless landscape of digital
information flows.

Market Power
To the economist Schumpeter, technological innovations boosted economic growth and
improved living standards.

However, these disruptors can also have a tendency to lead to monopolies. Especially during a
cycle’s upswing, the strongest players realize wide margins, establish moats, and fend off rivals.
Typically, these cycles begin when the innovations become of general use.

Of course, this can be seen today—never has the world been so closely connected. Information
is more centralized than it has ever been, with Big Tech dominating global search traffic, social
networks, and advertising.

Like the Big Tech behemoths of today, the rail industry had the power to control prices and
push out competitors during the 19th century. At the peak, listed shares of rail companies on
the New York Stock Exchange made up 60% of total stock market capitalization.

Waves of Change
As cycle longevity continues to shorten, the fifth wave may have a few years left under its belt.

The sixth wave, marked by artificial intelligence and digitization across information of things
(IoT), robotics, and drones, will likely paint an entirely new picture. Namely, the automation of
systems, predictive analytics, and data processing could make an impact. In turn, physical
goods and services will likely be digitized. The time to complete tasks could shift from hours to
even seconds.

At the same time, clean tech could come to the forefront. At the heart of each technological
innovation is solving complex problems, and climate concerns are becoming increasingly
pressing. Lower costs in solar PV and wind are also predicating efficiency advantages.
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Synthetic biology (SynBio) is a field of science that involves engineering life for
human benefit. It has the potential to reshape many facets of society—from the ways
we produce food, to how we detect and cure diseases.

It’s a fast-growing field of science. In fact, by 2026, the SynBio market’s global revenue
is expected to reach $34.5 billion, at a CAGR of 21.9%.

While this fascinating area of research is worth paying attention to, it might be
daunting to wrap your head around—especially if you don’t come from a scientific
background. With this in mind, here’s an introduction to synthetic biology, and how it
works.

What is Synthetic Biology?
As we touched on in the introduction, SynBio is an area of scientific research that
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In the modern digital world, social media reach is power.

The people with the most followers on Twitter, for example, have a massive platform
to spread their messages, while those with large, engaged followings on Instagram are
an advertiser’s dream sponsor partner.

Social media can also be an equalizer of power. It’s true that many celebrities boast
large followings across platforms, but social media has also enabled previously
unknown personalities to turn YouTube or TikTok fame into veritable star power and
influence.
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Innovation and Invention

▸ Invention is the conversion of cash 
into ideas.

▸ Innovation is the conversion of 
ideas into cash. 

▸ For invention to become an 
innovation, the organisation
needs to be introduced to the 
invention and invention should 
add value to the organisation in 
some way. 
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• Despesa em I&D em Portugal 2016-
2020 total e por setor (em %PIB)

• Evolução I&D em Portugal

IPCTN20 – Resultados provisórios 
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Quadro 3. Despesa em I&D em percentagem do PIB1, por setor de execução (2016 a 2020p) 

 

  Total2 Empresas Estado 
Ensino 

Superior 
IPSFL3 

2016 1,28% 0,62% 0,07% 0,57% 0,02% 

2017 1,32% 0,67% 0,07% 0,56% 0,02% 

2018 1,35% 0,69% 0,07% 0,56% 0,02% 

2019 1,40% 0,73% 0,07% 0,57% 0,03% 

2020p 1,58% 0,89% 0,08% 0,58% 0,03% 

 
 
 

Gráfico 3. Despesa em I&D em percentagem do PIB1, por setor de execução (2016 a 2020p) 

 

 
 

 
 
Notas: 
1 Valor do Produto interno bruto (B.1*g) a preços correntes (Base 2016 - €) atualizado a 24 de junho de 2021. 
2 Os totais apresentados podem não corresponder à soma das parcelas por razões de arredondamento.  
3 IPSFL - Instituições Privadas sem Fins Lucrativos. 

p - resultados provisórios. 
 

Fontes: DGEEC, IPCTN; INE, Contas Nacionais Trimestrais.  
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1. ATIVIDADES DE INOVAÇÃO 

 

EM PORTUGAL, 32,4% DAS EMPRESAS TIVERAM ATIVIDADES DE INOVAÇÃO, ENTRE 2016 E 2018 

No período 2016-2018, 32,4% do total das empresas tiveram atividades de inovação; 19,8% do total das 

empresas introduziram inovação de produto e de processo; 23% inovação de produto; 28% inovação de 

processo e 31,4% introduziram inovação de produto e/ou processo. 

7,5% das empresas tiveram atividades de I&D intramuros, 4,3% desenvolveram estas atividades de forma 

contínua e 4% contrataram serviços de I&D a outras empresas ou organizações de investigação públicas 

ou privadas (I&D extramuros). 

 

Figura 1.0.1 • Empresas com atividades de inovação e empresas sem atividades de inovação,  

em % do total de empresas (2016-2018) 

 

Fonte: DGEEC e INE, Inquérito Comunitário à Inovação (CIS) 

 

Por escalão de pessoal ao serviço, verificou-se que 61,5% das empresas com 250 ou mais pessoas são 

empresas inovadoras, sendo que nos escalões de 50-249 e de 10-49 pessoas ao serviço, as percentagens 

de empresas com atividades de inovação foram 46,5% e 29,2%, respetivamente. 
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Forças que determinam produção
• Globalização/geografia de produção
• Mudança Tecnológica

Forces changing manufacturing 
• Globalization 
• Technological Changes 

 

Forces changing manufacturing 
• Globalization 
• Technological Changes 

 



Fazer o futuro
hoje
transformando
a economia
pela ciência


