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Editor's note: With the theme of "Frontier Technologies: Shaping the Future through Innovation
Cooperation", the Frontier Technology Development Forum under the 2024 Pujiang Innovation Forum
invited domestic and overseas experts, government authorities and enterprise representatives from
various fields to conduct in-depth discussions on the development of frontier technologies and global
cooperation. This special report summarizes the viewpoints of the guests at the Frontier Technology

Development Forum for your reference.
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Embracing cooperation and competition, and
pooling efforts to promote the development of

frontier technologies
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With the accelerated evolution of a new round of technological
revolution and industry transformation, global scientific and
technological innovation has entered an unprecedented active period.
Frontier technology fields represented by Al, quantum technology,
genetic technology, new energy, new materials, deep-sea exploration,
etc. are flourishing, and have far-reaching influence on the whole
scientific and technological innovation system, and human society.

The experts present unanimously thought that the development
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of frontier technologies provides new opportunities to promote
the transformation of the times and address global concerns. We
should strengthen the analysis and judgment of the layout of
frontier technologies, give full play to the role of corporate
innovation entities, accelerate breakthroughs in frontier
technologies with a scenario-driven approach, release the
driving force of innovation entities through the reform of
scientific and technological institutional mechanisms, and
explore new models of frontier technology development in which

cooperation and competition coexist actively.
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1. Frontier technologies are driving profound

changes in the economy and society
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Frontier technologies are empowering numerous industries

deeply. Frontier technologies are changing operation models and



development paths of conventional industries profoundly. For
example, in multiple industries such as healthcare, education,
transportation, finance, and manufacturing, the application of Al
technology has not only improved production efficiency and service
quality, but also spawned new business models and industry
ecosystems. David Srolovitz, Member of the National Academy
of Engineering and Dean of the Faculty of Engineering,
University of Hong Kong, pointed out that Al technology has
helped us accelerate data generation and material design, predict
material properties, performance and other attributes, and shorten
material design and development lead times greatly.
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Breakthroughs in frontier technologies will disrupt the
global industry landscape. Currently, frontier technologies in
various fields are interacting, integrating, and relaying in

breakthroughs, accelerating the formation of new industry



ecosystems and reshaping the development landscape. Gan Yong,
Academician and Former Vice President of the Chinese
Academy of Engineering, pointed out that the extreme of Al
technology i1s computing power, and the extreme of computing
power is electricity, super Al will become an "abyss" of electricity
demand, and Al cannot develop without breakthroughs in energy
technology in the future. David Srolovitz said that breakthroughs in
energy technology will have profound influence on the aerospace
industry; given that 40 percent of the weight of aircraft comes from
the fuel carried, more efficient and lightweight fuel can reduce the
weight of the aircraft structure greatly, and small changes in energy
materials will bring big profits.
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Frontier technologies will reshape the rules of economic and

social operation in the new era. On the one hand, frontier



technologies will redefine the rules and standards for addressing
physical measurements and social problems. Dan Stamper-Kurn,
professor at the University of California, Berkeley and Director
of the Quantum Computing Challenge Institute in California,
pointed out that quantum computers can solve some problems that
may never be solved by classical computing, and evidence of
existence can hardly be found directly for new materials proposed in
some theories, but quantum simulator technology can be used for
simulation verification. On the other hand, breakthroughs in frontier
technologies will change the underlying logic of economic operation.
Gan Yong pointed out that the new energy industry and supply
chains are based on the development and utilization of mineral
resources and materials, and after entering the 2050 "carbon
neutrality” era driven by new energy, the global economy will also

shift from a "fuel driven" one to a "material driven" one.
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2. Global trends and key directions in the

development of frontier technologies
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New energy and Al are the core focus of current global
frontier technology development. Gan Yong pointed out that
current international competition in technologies and industries
focuses on two lines: One is China's future energy technology based
on its advantages in new energy, and the other is globally leading Al
technology based on computing power and large models in the U.S.
The development of AI relies highly on the development of new
energy and energy storage technologies, and the two main lines will
intertwine to affect the future global competitive landscape. Tang
Guangfu, academician of the Chinese Academy of Engineering
and Director of Huairou Laboratory, pointed out that the
large-scale development of clean energy, the clean transformation of
fossil energy, and the comprehensive utilization of multiple energy

sources are the key to promoting the transformation of China's



energy from the coal era to the renewable energy era, and realizing
the goal of carbon neutrality. We should promote the diversified
development of geothermal energy, wave energy, biomass energy
and other energy sources according to local conditions, and reduce
dependence on a single energy source. Hasan Mandal, Chairman
of the World Association of Industry and Technological Research
Organizations, and President of Istanbul University of Science
and Technology, pointed out that humanity has experienced six
waves of innovation, and the current sixth wave 1s defined as the
"green and digital transformation" wave.
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Biotechnology and chip technology are common

fundamental technologies essential to the development of future



industries. For biotechnology, Tan Tianwei, academician of the
Chinese Academy of Engineering and President of Beijing
University of Chemical Technology, said that the
bio-manufacturing industry is one of the most promising
technologies to realize sustainable development, has prominent
features such as renewable raw materials, ecofriendly processes, and
product designability, and involves many important sectors in the
national economy, such as energy, chemicals, materials, food,
agriculture, and medicine. It is predicted that 70 percent of products
around the world can be produced biologically by the end of this
century. For chip technology, You Zheng, Vice Chairman of the
China Association for Science and Technology, academician of the
Chinese Academy of Engineering, and President of Huazhong
University of Science and Technology, pointed out that microsystem
technology is an important direction beyond the Moore era. The U.S.,
Europe and other countries attach great importance to the R&D of
common fundamental technologies such as integrated intelligent
microsystem design. DARPA has a dedicated microsystem
technology office (MTO), which leads the diversified development
of microsystem technology through systematic, long-term and
intensive investment under the leadership of the government.
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The development of quantum technology is full of infinite
and disruptive possibilities. Fang Xiang, Director of the National
Institute of Metrology, China, pointed out that the development of
quantum technology changed the International System of Units in
2019 fundamentally, and quantized transformation will make
optimal measurement possible anywhere and anytime, and also
make the unification of all quantities possible. Dan Stamper-Kurn
said that ultra-cold atom technology is an emerging technology that
1s expected to achieve breakthroughs in quantum simulation and
quantum sensor materials, and provide support for a wide range of

quantum information, implying an extensive application prospect.
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3. Relevant suggestions
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First, explore a frontier technology development model in
which cooperation and competition coexist. Frontier technologies
cannot develop without international cooperation and open
innovation; open markets and international standards should be
taken as a bridge to overcome competition and barriers, and
accelerate the formation of an institution-based open scientific and
technological innovation ecosystem. Long Teng, Vice Minister of
Science and Technology, pointed out that international cooperation
is mandatory for promoting scientific and technological innovation.
Only by keeping strengthening scientific and cultural exchanges
with countries around the world, and enhancing mutual friendship
can we accomplish the global and contemporary task of scientific
and technological progress. Dan Stamper-Kurn pointed out that
there are many debates and differences regarding the long-term
development and application of quantum technology, and further
breakthroughs cannot be achieved without the progress of basic

sciences. That's also an important reason why many foreign scholars
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seek cooperation and collaboration in China. Hasan Mandal
pointed out that frontier technology development faces complex and
diverse challenges, and only through cooperation can these

challenges be overcome.
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Second, accelerate the upgrading efficiency of frontier
technologies through scenario applications. Scenario applications
can discover technological problems constantly, promote technology
upgrading, and expand the scope of application. As for new energy,
Gan Yong said that the proportion of strategic emerging industries
in China 1s growing rapidly, providing the most prosperous
application scenarios for new energy. In the Al field, the U.S. has
advantages in algorithms, computing power, and data. China should
fully leverage its advantages in application scenarios, and accelerate
the implementation and achievement transformation of application

scenarios 1n fields such as autonomous driving, intelligent finance,
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smart healthcare, and manufacturing. You Zheng pointed out that
the key to accelerating research on microsystem technology is
choosing design tools, integrated processing equipment and

technology, and testing application scenarios as breakthrough points.
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Third, keep strengthening the role of enterprises as the
main body in frontier scientific and technological innovation.
Dan Stamper-Kurn pointed out that many new enterprises in the
U.S. are entering frontier technology research fields boldly, and
participating actively in laboratory stage technology R&D, while
there are relatively fewer similar enterprises in China. Hassan
Charaf, President of Budapest University of Technology and
Economics, and Dean of the Faculty of Electrical Engineering
and Informatics, Budapest University of Technology and
Economics, said that research activities in Hungary are often
organized through consortia, including many small technology

enterprises, and such collaboration can accelerate the development
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and upgrading of application scenarios and systems substantially.
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