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Abstract

This article investigates and analyzes 35 nanotechnology strategic plans and
reports released by major countries worldwide in recent years, including China.
First, it examines the commonalities in national nanotechnology development
prospects or deployments from perspectives including investment intensity, re-
search personnel, R&D priorities, platform construction, and education. Sec-
ond, acknowledging the differing national contexts, it analyzes the similar-
ities and differences in the overall direction and goal achievement of these
prospects/deployments, with particular focus on the distinctive features and
priorities of nanotechnology strategic deployments in the United States, Japan,
South Korea, Germany, the European Union, Australia, and China. Finally,
through comprehensive excavation and analysis of nanotechnology development
prospects/deployments, the research directions covered in the 35 reports are
comparatively analyzed across seven domains: biology, environment, energy,
devices and manufacturing, measurement, instrumentation, and standards and
safety. The analysis reveals that countries place considerable emphasis on nano-
biology research, a field frequently addressed in national nanotechnology strate-
gic plans, whereas research strategies related to nanotechnology standards and
safety are mentioned in relatively few national strategic plans.

Full Text

Preamble

This paper investigates and analyzes 35 nanoscience and technology strategic
plans and reports published in recent years by major countries worldwide, in-
cluding China. First, we examine the common characteristics of these national
nanotechnology development plans from perspectives including investment scale,
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research personnel, R&D priorities, platform construction, and education. Sec-
ond, given the different national circumstances, we analyze the similarities and
differences in the overall direction and implementation goals of these plans, fo-
cusing on the unique features and emphases of the United States, Japan, South
Korea, Germany, the European Union, Australia, and China. Finally, through
in-depth mining and analysis of these nanotechnology development plans, we
compare the research directions mentioned in the 35 reports across seven do-
mains: biology, environment, energy, devices and manufacturing, measurement,
instruments and equipment, and standards and safety. Our analysis reveals that
nanobiology is a research area receiving considerable attention across countries,
frequently mentioned in national nanotechnology strategic plans, while research
strategies related to nanotechnology standards and safety are mentioned in rel-
atively few national plans.

Keywords: nanoscience and technology plans, strategic goals and deployment,
planned research areas, differences/commonalities, major countries

Nanotechnology is a strategic frontier technology with broad application
prospects. In 2001, the United States took the lead in formulating the National
Nanotechnology Initiative, followed by the United Kingdom, Germany, Russia,
the European Union, China, Japan, South Korea, India, Australia, and others,
which subsequently developed their own national or regional nanotechnology
development plans. Entering the second decade of the 21st century, countries
have carried out new foresight exercises or deployments.

Common Characteristics of Nanotechnology Plans in Major
Countries

In recent years, nanoscience and technology have developed rapidly, and
national R&D plans for nanotechnology have undergone significant changes.
Through content and comparative analysis of the 35 nanotechnology devel-
opment plans or foresight reports obtained (Table 1 ), we found that despite
different national conditions, these plans share certain common features: (1)
Enhanced confidence and increased investment in nanotechnology.
For example, South Korea’ s “4th Comprehensive Nanotechnology Development
Plan” increases government R&D investment in nanotechnology from 531.3
billion won in 2014 to 880 billion won in 2025, raising its share of total
government R&D investment from 3% to 4%. The number of core researchers
and related enterprises has also increased substantially—South Korea’ s core
research talent in nanotechnology grew from 1,100 in 2001 to 8,548 in 2014 [1].
(2) Nanotechnology is designated as a key technology for national
economic development and solving critical problems, particularly in
energy storage and conversion and targeted therapy in biomedicine [2]. (3)
R&D focus has shifted from single nanomaterial preparation and
function control to application and commercialization, marking a new
stage in nanotechnology research. For instance, the U.S. nanocellulose com-
mercialization project identifies “nanocellulose as an enzyme immobilization
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carrier and its application in antimicrobial packaging” and “nanocellulose
materials for food preservation” as investment directions for commercializa-
tion [3]. (4) Public R&D platforms and industrial parks promote
industry-academia-research collaboration and integration with other
fields, significantly shortening the time from “proposal” to “industrialization.”
In China, there is the National Center for Nanoscience and Technology in
Beijing—an international academic hub—and Suzhou has built the large-scale
industry-government-university collaborative innovation center, the Suzhou
Nanotechnology Collaborative Innovation Center. Japan also launched the
“Nanotechnology Platform Program” led by the Ministry of Education, Culture,
Sports, Science and Technology in 2012. (5) EHS (environment, health,
safety) and ELSI (ethical, legal, social implications) research and
the development of international standards and norms (ISO, IEC)
are promoted to facilitate societal acceptance of nanotechnology-enabled
industries. (6) Basic and higher education in nanotechnology is
emphasized. South Korea has completed English-language higher education
textbooks based on nanotechnology, and universities in the United States and
South Korea offer undergraduate courses incorporating nanotechnology. The
United States and Taiwan, China have also intensified textbook revision and
teacher training programs to build a K12 science education system based on
nanoscience and technology [4].

Distinctive Features and Priorities of Nanotechnology
Plans in Major Countries

The overall direction and implementation goals of these plans vary across coun-
tries, each with its own characteristics and priorities.

(1) United States. As a leader in nanotechnology innovation strategy, the U.S.
nanotechnology strategy and research goals are more specific. In recent years,
the National Nanotechnology Initiative (NNI) has developed mission-oriented
research plans on carbon nanotubes [5], nanocellulose commercialization [3],
and sustainable water utilization through nanotechnology [6]. Simultaneously,
its strategic plans are committed to solving major challenge problems through
multidisciplinary integration, such as the “Nanotechnology-Inspired Grand Chal-
lenge for Future Computing” issued by the White House Office of Science and
Technology Policy in 2015 [7].

(2) Japan. Japan aims to systematize nanotechnology to promote problem-
oriented research. In December 2013, the Japan Science and Technology Agency
(JST) published the “2013 Comparative Report on R&D in Major Countries,”
which identified three priority directions for Japan’s future nanotechnology: bio-
nano, green nano, and nanoelectronics. The goal is to leverage existing achieve-
ments in nanotechnology “sophistication”and “integration”to further systematize
nanotechnologies that can address societal needs and promote problem-oriented
research [4].
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(3) South Korea. While continuing to emphasize strategic basic research
in nanotechnology, South Korea stresses promoting nanotechnology industrial-
ization to achieve national strategic technology goals [1]. In April 2016, the
National Science and Technology Council of South Korea announced the “4th
Comprehensive Nanotechnology Development Plan (2016-2020),” jointly formu-
lated by ten ministries including the Ministry of Science, ICT and Future Plan-
ning, Ministry of Education, and Ministry of Environment. Over the next five
years, the plan will focus on promoting innovation-led nanotechnology industri-
alization, conducting strategic basic research in nanotechnology, systematizing
government investment in the field, strengthening nanotechnology innovation
infrastructure, ensuring nanotechnology safety management systems, and build-
ing innovation support information systems to facilitate the realization of five
major national strategic technology goals: emerging industries integrating infor-
mation technology, future development drivers, clean and convenient environ-
ments, health and longevity, and a safe and secure society.

(4) Germany. Germany has focused its research priorities on the effective
translation of existing research results to enhance the competitiveness of Ger-
man enterprises [8]. In September 2016, the German Federal Cabinet adopted
the “Nanotechnology Action Plan 2020” proposed by the Federal Ministry of
Education and Research, defining cooperation among federal government de-
partments in nanotechnology for 2016-2020. The plan targets nanotechnology
toward priority areas of Germany’ s high-tech strategy (including digital econ-
omy and society, sustainable economy and energy, intelligent transportation,
etc.), aiming to further leverage the opportunities and potential of nanotechnol-
ogy, enhance German enterprise competitiveness through effective translation
of research results, and ensure nanotechnology’ s contribution to sustainable
development through safety research on nanomaterials.

(5) European Union. Recent EU nanotechnology strategic plans have focused
on graphene R&D and application, particularly in the energy sector [9]. In
October 2014, the Flagship European Research Area Network (FLAG-ERA)
issued a joint transnational call for graphene as an emerging future technology,
with research themes involving its applications in nanofluidics and energy. In
February 2015, the EU “Graphene Flagship” proposed a 10-year roadmap for
graphene science and technology, identifying 11 scientific and technological tasks
including energy conversion and storage, and providing an R&D timeline [10].

(6) Australia. Australia aims to use nanotechnology to solve major chal-
lenge problems. In 2012, the Australian Academy of Sciences released the
“National Nanotechnology Research Strategy” [11], proposing that to achieve
nanotechnology-driven economic development, nanotechnology R&D opportu-
nities must be aligned with the country’ s major challenges. Through multi-
disciplinary research at critical scale using nanotechnology, solutions to these
major problems can be found. Key challenges where nanotechnology can play
a role include improving community health, providing drinking water, environ-
mental remediation, developing clean energy, defending national security, and
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revitalizing Australian manufacturing.

(7) China. China formulated its nanotechnology development plan early. In
2001, the Ministry of Science and Technology, National Development and Re-
form Commission, Ministry of Education, Chinese Academy of Sciences, and
National Natural Science Foundation of China jointly issued the “National Nan-
otechnology Development Outline” [12]. During the 10th Five-Year Plan period,
various ministries provided large-scale funding for nanoscience and technology
through national programs such as the “973 Program,” “863 Program,” “Key
Technologies Support Program,” major and key projects from the National Nat-
ural Science Foundation, the Ministry of Education’ s Revitalization Plan, the
National Development and Reform Commission’ s industrialization demonstra-
tion projects, and major scientific engineering projects. In early 2006, the State
Council issued the “National Medium- and Long-Term Program for Science and
Technology Development (2006-2020),” which included nanomaterials and de-
vices in its priority development areas [13]. In 2016, the Ministry of Science and
Technology released the “13th Five-Year National Science and Technology Inno-
vation Plan” [14], which included specific provisions for nanoscience and technol-
ogy in sections on “Major International Science and Technology Programs,”“New
Generation Information Technology,” and “Materials Technology.” For example,
the new materials technology direction included research on nanomaterials and
devices. In the same year, the National Development and Reform Commission
released the “13th Five-Year Strategic Emerging Industries Development Plan”
[15], which mentioned nanomaterials and technologies in information, manufac-
turing, and new energy fields, such as forward-looking deployment of cutting-
edge new materials R&D involving breakthroughs in graphene industrialization
application technology and expanding the application scope of nanomaterials in
optoelectronics, new energy, biomedicine, and other fields.

Comparison of Research Directions in Major Countries’
Nanotechnology Plans

The key research directions in nanoscience and technology development plans or
deployments of major countries show both differences and commonalities. This
paper compares the research directions mentioned in these 35 reports across
seven domains: biology, environment, energy, devices and manufacturing, mea-
surement, instruments and equipment, and standards and safety (Table 2 ).

(1) Biology. The UK emphasizes the industrialization of bionanotechnology,
such as establishing nanofiber production platforms and nanofactory design.
China focuses on the biological applications of carbon nanomaterials and the de-
velopment of biomedical materials with immune response. Australia emphasizes
research on human bionic nanodevices. India hopes to develop pest-resistant
plant varieties using nanoparticles. Russia, Germany, South Korea, and the EU
consider nano-implant materials as important research directions. The United
States, Russia, Australia, Japan, and India have listed targeted delivery of nan-
odrugs as a key support direction. The United States, Japan, and Germany
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attach great importance to applications in medical imaging.

(2) Environment. The EU and Germany regard CO capture and utilization
as important research directions. The UK pays more attention to research on the
environmental toxicity of nanomaterials. Japan includes radioactive substance
removal technology as one of its strategic directions. South Korea emphasizes re-
search on atmospheric purification nanocatalysts. China focuses more on R&D
of extreme environment materials. Additionally, the United States, Russia, the
UK, Australia, and Japan attach great importance to nanomaterial water treat-
ment technologies.

(3) Energy. In the field of nanoscale energy storage materials, the United
States emphasizes R&D of lithium battery solid polymer electrolytes and ther-
mally self-charging batteries. In nanoscale power generation materials, it focuses
on porous solid oxide fuel cell electrolytes and photovoltaic power generation
enhancement materials. The EU emphasizes flexible batteries, lightweight elec-
trical storage, hydrogen storage systems, and new renewable energy including os-
motic power generation. Russia emphasizes solar cells, heavy-duty ceramic mag-
nets, and alternative energy materials. The UK focuses on perovskite battery
modularization. Japan emphasizes high-temperature superconducting power
transmission. South Korea mainly deploys flexible electrodes, smart windows,
and thermal insulation components. Australia emphasizes safe power batteries
and solar cells. China emphasizes thermoelectric materials and long-endurance
power batteries.

(4) Devices and Manufacturing. The United States, Russia, and the EU
all list nanosensor R&D as a strategic direction. Both the United States and
China emphasize chip R&D. The EU and China include flexible smart devices
and non-volatile memory in their research directions. The United States em-
phasizes soft matter manufacturing technology. Russia emphasizes memristor-
based electronic components. The EU emphasizes R&D of integrated circuits,
plasmonic optical switches, and transistors based on graphene. China empha-
sizes extremely low-power devices and circuits, 3D printing, and silicon-based
terahertz technology.

(5) Measurement. The United States focuses on heterogeneous material char-
acterization. The EU emphasizes selective single-molecule detection. Russia
emphasizes atomic-resolution material surface imaging systems. China will fo-
cus on developing characterization and measurement technologies with ultimate
resolution capabilities.

(6) Instruments and Equipment. Both the EU and South Korea have
strategic deployments in flexible displays. The United States, Germany, the
EU, South Korea, and Australia emphasize functional detectors/sensors (such
as molecular detectors, photodetectors, and sensor detectors). The EU em-
phasizes R&D of devices utilizing terahertz technology. Germany emphasizes
hazardous substance detection and rescue personnel protection equipment. Rus-
sia emphasizes nanorobotics research. China considers nanogreen printing and

chinarxiv.org/items/chinaxiv-201710.00022 Machine Translation


https://chinarxiv.org/items/chinaxiv-201710.00022

ChinaRxiv [$X]

nano-etching as important research directions.

(7) Standards and Safety. The United States emphasizes graphene regula-
tion and its effects on genes. Germany emphasizes necessary protective mea-
sures when applying nanotechnology and innovative research on food materials.
South Korea proposes research on infectious biological substance detection and
monitoring. China places more emphasis on important standards and detection
technologies for nanotechnology applications. Strategic deployments in the nan-
otechnology standards and safety domain by the United States, Germany, South
Korea, and China all involve biosafety technology research on nanomaterials.

Summary and Outlook

Nanoscience and technology not only benefit the economy but also play a sig-
nificant role in addressing major challenges such as sustainable energy, clean
water, and healthcare. Nanotechnology continues to flourish, and an increas-
ing number of countries are deploying nanoscience and technology development
plans suited to their national conditions to maximize opportunities for enhanc-
ing national competitiveness. It is hoped that relevant departments in China
will, while actively promoting basic research in nanoscience, strengthen the in-
tegration, focus, and utilization of existing achievements, identify and support
with emphasis the commercialization and industrialization of nanotechnologies
where China has advantages, making them a booster for China’ s industrial
transformation, upgrading, and innovation-driven development.

This article is adapted from the “Nanotechnology Research Frontier Analysis
Report.”
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