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[ 1]
The Power

of International
Education

International Academic Partnership Program

JAPP Thailand 2025

With the partnership and support of the U.S. Embassy Bangkok and the Ministry of Higher
Education, Science, Research and Innovation (MHESI), the Institute of International Education
(IIE) invites your institution to apply for the International Academic Partnership Program
initiative focused on Thailand (IAPP Thailand 2025) with a thematic focus on STEM and the
digital economy. This initiative will engage a select group of U.S. and Thai higher education
institutions in a dynamic and strategic effort to establish and deepen academic partnerships
between Thailand and the United States.

ACTIVITIES APPLY NOW FOR
IAPP THAILAND 2025

Strategic planning process

including guidelines for assessing on- The IAPP.ThaiIand ZAVZ
campus international partnership program is open to all
capacity and developing practical accredited U.S. and Thai
strategic plans for partnership activities colleges and universities,
in Thailand and the United States. including participants from

IAPP Thailand 2024.
A Expert advice and guidance
oW

on developing or expanding a strategic Deadline: July 31, 2025
.r plan for partnerships with Thailand and
the United States.

()v‘. Study tour in Thailand and USA

to visit higher education institutions,
() educational exchange organizations
and government partners.

A series of training webinars https://bit.ly/IAPPTHAILAND2025
18 focused on topics such as . .
implementing strategic partnerships, For more information:
aY&a developing a consolidated Chainarong Thongboonchuen
— Thailand/U.S. strategy, and the | CThongboonchuen@iie.org

Thai/U.S. higher education landscape. Hathaiphat Kongpos

HKongpoe@iie.org
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The Power
of International
Education
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MHESI send a letter to publish on Policy Brief on Quantum Science
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Please kindly assign International Affairs to publish to
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7, Place de Fontenoy
75352 Paris 07 SP, France
T:+33(0)14568 1000
F:+33(0)14567 16 90

unesco.org

To all Permanent Delegates
and Observers to UNESCO

cc: National Commissions for
UNESCO

24 June 2025

The Assistant Director-General
For Priority Africa and External Relations a.i.

Ref: SC/PBS/RIE/25/5289

Sir/Madam,

| am pleased to inform you that UNESCO has released a new Policy Brief on
Quantum Science for Inclusion and Sustainability, which has been developed in
the framework of the organization’s work on science and emerging technologies.

This policy brief addresses the growing global interest in Quantum Science and
Technology (QST) and highlights its relevance to achieving the Sustainable
Development Goals (SDGs). It examines the risks of a widening quantum divide
and proposes actionable recommendations for policy and capacity-building
that ensure QST develops ethically, inclusively, and aligned with sustainable
development priorities.

The brief contributes directly to UNESCO's strategic objectives by:

» Highlighting the importance of equitable access to quantum knowledge and
infrastructure;

e Supporting Member States in designing inclusive and future-oriented QST
policies;

e Encouraging international cooperation and regional dialogue for shared
capacity-building.

It builds upon UNESCO’s broader efforts, including the International Year of
Quantum Science and Technology (IYQ 2025) and the International Decade
of Sciences for Sustainable Development ( IDSSD; 2024-2033).

The policy brief is attached herewith and is also available for download at the
following link:
https://unesdoc.unesco.org/ark:/48223/pf0000393921

We hope this document will serve as a useful reference for policy formulation and
strategic planning in your country.
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Ms. Amal Kasry, Chief of the Basic Sciences, Research, Innovation and
Engineering Section (email :a.kasry@unesco.org), is available if you require
further information.

Please accept, Sir/Madam, the assurances of our highest consideration.

Enc.
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SHORT SUMMARY

Closing the Quantum Gap to Advance the SDGs

Quantum Science and Technology (QST) is rapidly emerging as a transformative field, with the
potential to impact sectors such as healthcare, energy, agriculture, and secure communication. Its
relevance to the Sustainable Development Goals (SDGs) is increasingly recognized. However,

access to its benefits remains highly uneven.

In 2022, quantum technology startups attracted $2.35 billion in investments, an all-time high, yet still
modest compared to the $90+ billion invested globally in Artificial Intelligence (Al) startups the same
year. While QST investment is projected to grow to $8 billion by 2030, it remains
significantly behind Al, both in scale and geographic distribution, highlighting the need for
immediate, coordinated action to avoid widening the divide.

Moreover, this investment is heavily concentrated in fewer than 15 countries, leaving a huge number
of countries in several regions without national strategies or the capacity to meaningfully participate
in shaping the quantum future. If urgent measures are not taken, this gap will deepen, excluding

entire regions from the benefits of quantum advancement.

UNESCO calls for proactive and equitable
strategies to ensure QST contributes to a fairer,
more inclusive global future.

<15 countries
receive most of

This Policy Brief is intended primarily for UNESCO $2.35B QST
Member States and policymakers, but is also relevant investment,
to  educators, researchers, international development while

partners, and science communicators engaged in Al startups got
shaping inclusive and responsible quantum $90B in 2022

strategies before the global landscape becomes further
imbalanced.

“Since wars begin in the minds of men and
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Quantum Science and Technology (QST) and
Sustainable Development Goals (SDGs): Strengthening
Foundations and Innovation for Global Equity

INTERNATIONAL YEAR OF

Quantum Science
and Technology

Quantum Science: A New Era of Possibilities

Quantum Science and Technology (QST) represents a significant
frontier for 21st-century research, holding potential for future
innovation and addressing global challenges. By exploring the
principles of quantum mechanics like superposition and
entanglement, QST research aims to advance areas such as
computing, communications, and sensing. However, participation
in this cutting-edge scientific field is currently uneven. Unlike some
past technological waves, there is an opportunity to foster more
inclusive engagement in QST research and development from the
outset, particularly for developing countries. As a global advocate
for equitable science, UNESCO has a role in supporting efforts to
ensure that the scientific community exploring QST is diverse and
that future benefits are shared broadly.

From Theory to Application: The Evolution of Quantum Science
From Theory to Application: The Evolution of Quantum Science The

term quantum originates from the Latin word quantus, meaning
"how much". Max Planck first introduced it in 1900 to describe
the discrete nature of energy levels, laying the groundwork for
quantum mechanics. This field was subsequently advanced by
prominent physicists like Einstein, Bohr, Heisenberg, and
Schroédinger, fundamentally altering our comprehension of the
physical universe.

By the mid-20th century, the principles of quantum theory
had already led to significant real-world applications, enabling
the development of technologies such as semiconductors, lasers,
and Magnetic Resonance Imaging (MRI). These represent the
first generation of quantum-enabled technologies. Currently,
research and development efforts are intensely focused on a
second generation of quantum technologies, including quantum
computing, quantum cryptography, and quantum sensing. While
these fields hold immense promise and are driving cutting-edge
scientific

In Summary: Quantum'’s
Promise and Path Forward

Quantum Science and

Technology (QST) holds
significant potential for future
innovation, including
applications in healthcare,
climate science, materials
design, secure communications,
and cybersecurity. However,
proactive policies are needed to
address current disparities in
scientific participation,
especially for the Global South,
ensuring equitable engagement
as these technologies mature.

This brief explores QST's
potential SDG contributions and

outlines policy considerations for

equitable engagement. It calls for
inclusive governance, ethical

safeguards, environmental
sustainability, collaboration,
capacity-building, and stronger
public-private partnerships to
broaden participation in
quantum science. UNESCO is
key in fostering cooperation,
advocating responsible policies,
and ensuring QST development
includes diverse global
contributions while aligning with
sustainable development goals.
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exploration, they have not yet resulted in widespread practical breakthroughs comparable to the first
generation. However, notable progress is being made, particularly in areas like
quantum communication, which has seen advanced experimental applications, especially in countries
like China.

Concerns exist regarding global equity in this rapidly evolving field. The challenge at this stage is less
about uneven access to mature quantum advancements, as many are still under development, and
more about the uneven participation of institutions, particularly those in developing countries, in the
fundamental and applied scientific research, as well as in the development of the advanced enabling
technologies required for progress in quantum science. To address this disparity and foster a
more inclusive global quantum ecosystem, UNESCO, among other international organizations, is
working to promote international cooperation, inclusive policies, and capacity-building
initiatives, aiming toensure broader participation in the ongoing quantum revolution.

A New Era for Quantum Science

Quantum Science entered a new phase in the 1980s with the conceptualization of quantum
computing by Richard Feynman and others, who envisioned solving complex problems beyond
classical computing's capabilities [1]. Since then, advances in quantum cryptography, sensing, and
algorithm design have unlocked transformative applications across sectors, from secure global
communications to precision medicine and materials science.

Recognizing this momentum, the United Nations General Assembly designated 2025 as the
International Year of Quantum Science and Technology (IYQ 2025) [2], a milestone that underscores
quantum's growing role in global development. Unlike previous high-tech revolutions that were
concentrated in a few regions, IYQ aims to broaden international participation, particularly for
developing nations. This initiative directly supports the United Nations' 2030 Agenda for
Sustainable Development, positioning quantum advancements as essential tools for achieving
the Sustainable Development Goals (SDGs), including climate resilience (SDG13), equitable
access to technology (SDG 9), and global partnerships (SDG 17).

Opportunities in Quantum Science and Technology

Quantum Science and Technology (QST) holds significant potential to impact multiple
industries, offering prospective advancements in security, healthcare, climate science, and
materials research. Quantum cryptography aims to enhance communication security, notably
through Quantum Key Distribution (QKD). While QKD leverages quantum mechanics principles
for security, the actual security provided is not the theoretical unconditional security often
suggested, but rather the more limited security achievable through hardware and engineering
designs. Practical implementations rely on physical infrastructure and specific hardware which
can introduce vulnerabilities, potentially compromising the intended security through various
physical attacks [3, 4]. A significant demonstration related to this technology occurred with
China’s Micius satellite, which successfully transmitted quantum-encrypted messages over a
distance of 1,200 kilometers, showcasing the potential viability of secure quantum
communication on a global scale [3].

Quantum computing, another potentially transformative area, is poised to address complex
problems that may be beyond the capabilities of classical systems. By simulating molecular
interactions at an atomic level, it is anticipated that quantum computers could eventually

2|Page



accelerate drug discovery, enhance climate modeling, and optimize logistics and financial markets,
although these applications are still largely in the research and development phase and not yet
impacting industry broadly. Technology leaders such as IBM and Google have already made strides
in exploring quantum advantage, where quantum processors outperform traditional
supercomputers in specific computational tasks [5, 6]. In certain tasks, quantum systems have
demonstrated speeds millions of times faster than classical supercomputers, highlighting their
disruptive potential.

Beyond computing and cryptography, quantum sensing and imaging are emerging fields set to
redefine precision measurement. Quantum sensors provide ultra-sensitive tools for detecting
minute changes in gravitational fields [7] and show potential in medical imaging [8]. In geophysics,
experimental quantum sensing technologies are being explored for detecting seismic activities and
hidden geological formations [9, 10], while in medicine, research suggests quantum-based
MRI scanners could potentially offer higher-resolution imaging with reduced scanning time,
though these applications remain highly experimental and are not yet standard practice [11].

Additionally, quantum simulations show promise for advancing material science [12], potentially
paving the way for the development of next-generation superconductors [13], energy-efficient
batteries [14], and novel materials [15]. By enabling researchers to model atomic interactions with
unprecedented accuracy in simulations, QST could contribute to optimizing renewable energy
storage [16], improving solar panel efficiency [17], and creating more sustainable industrial
materials, although translating these simulation results into tangible industrial impact remains
a significant, long-term challenge.

However, despite the vast opportunities, the global accessibility and development of QST remain
pressing challenges, raising concerns about technological disparity, ethical risks, and
environmental sustainability:

The Quantum Divide; A Growing Disparity: Despite its promise, the development of quantum
science is currently heavily concentrated in a handful of technologically advanced nations,
reflecting existing disparities in scientific research capacities across countries and potentially
exacerbating the global digital divide [18]. The United States, China, and the European Union have
collectively invested substantial amounts in quantum research. As of 2022, China had announced
public funding of $15.3 billion for quantum technology [19], close to double the
planned investments by the European Union and approximately eight times more than the
United States [20]. Since 2018, roughly 20 countries, including the US, the UK, India, Israel,
and Japan, have codified national quantum strategies aimed at fostering research and
development [21]. This concentration highlights that many nations, particularly in regions like
Africa and Latin America, currently lack dedicated national strategies and the resources to fully
participate in this emerging technological field [4, 21].

Africa and Latin America, for example, currently host a few large-scale quantum research
initiatives. while the widespread societal benefits of the quantum revolution are still
largely prospective, this disparity in research activity risks excluding many regions from
participating in the development of these transformative technologies and potentially
hindering their ability to harness future quantum advancements for growth and
innovation. Without strategic intervention, this inequality could further entrench existing
economic and scientific dependencies.
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To bridge this emerging gap, global initiatives should prioritize sustainable capacity-building,
foster research collaboration, and promote technology-sharing programmes. Recognizing that
successful quantum research hubs often build upon long-standing centers of specialized expertise,
international support, such as a potential UNESCO-led Global Quantum Capacity Fund, could focus
on strengthening foundational scientific infrastructure and expertise in developing nations. This
could involve fostering STEM education, providing scholarships for specialized quantum training,
and supporting the development of research capabilities, potentially by integrating quantum
research into existing areas of scientific strength. Furthermore, establishing Quantum Knowledge
Exchange Hubs as regional centers of excellence could facilitate cross-border collaboration and
knowledge transfer. Open-access platforms for quantum computing resources, perhaps modeled
after CERN’s collaborative approach in particle physics, could also play a crucial role in
democratizing access and fostering broader participation in the quantum era, ensuring a more
equitable global landscape as the technology matures.

Ethical and Environmental Consideration: As quantum technologies advance, their ethical
implications and environmental footprint must be carefully managed. Quantum cryptography, for
instance, presents both opportunities and challenges [22]. While quantum cryptography can
enhance privacy protections, its misuse could enable advanced surveillance capabilities, raising
concerns about privacy and ethical governance. Furthermore, early adopters of quantum
decryption capabilities could gain a geopolitical advantage by breaking classical encryption,
potentially destabilizing global cybersecurity frameworks. These concerns are highlighted in
discussions about the misuse of quantum technologies, which could lead to increased surveillance
and erosion of privacy.

To address emerging governance concerns, multilateral consensus on what constitutes the
responsible development and use of quantum technologies is needed to strengthen trust
in cross-border collaborations [23]. Integrating ethical considerations proactively into the
design and development stages of quantum technologies has been advocated to help guide
breakthroughs toward societal benefit [24].

Beyond governance, the sustainability of certain quantum hardware approaches presents
potential challenges. Some quantum computing platforms, particularly those based on
superconducting qubits, require cryogenic cooling systems operating near absolute-zero
temperatures [25]. While these refrigeration processes consume energy, the overall energy
footprint must be considered in the context of the system size and the existence of
alternative technological approaches being explored. Furthermore, the specific helium
isotopes (Helium-3 and Helium-4) used in some advanced cooling systems are scarce
resources, raising potential concerns about resource availability and supply chain resilience for
certain hardware types [26].

To align with global sustainability goals, investment in and research into energy-efficient
quantum systems are essential and actively being pursued. Approaches such as photonic
quantum computing, which utilizes light for computation, offer the potential advantage of
operating at room temperature, thereby reducing the significant cooling requirements
associated with some other qubit modalities [27]. Additionally, developing sustainable
supply chains for relevant materials, including potential recycling strategies for critical
elements, should be considered to ensure environmentally responsible progress in the quantum
field.
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Establishing guidelines or standards for energy efficiency could also encourage the development of
quantum technologies that align with broader climate action goals (SDG 13).

UNESCO’s Mission: Bridging the Quantum Divide for Inclusive Progress

As a global leader in science policy, international cooperation, and capacity building, UNESCO
is committed to ensuring that advancements in Quantum Science and Technology (QST)
contribute to inclusive, ethical, and sustainable development. By addressing disparities in
access, participation, and research capacity, particularly in the Global South, UNESCO seeks to
harness QST as a strategic tool for innovation, education, and global equity, and to ensure that
the quantum revolution benefits all of humanity.

Global Landscape of QST

Market Growth and Investment

To navigate through growth and inequality in
quantum  development, this section
examines the current market growth,
investment trends, and the role of Quantum
Science and Technology (QST) in achieving
Sustainable  Development Goals (SDGs),
supplemented by case studies that highlight
these dynamics.

Market Growth and Investment: Figure 1
compares investment values in QST and Al for
2022 and projected for 2030. Globally,
quantum technology startups
attracted approximately $2.35 billion in
investments in 2022, surpassing previous
records and indicating heightened investor
interest [28]. As shown in Figure 1, this
investment is  projected to grow
significantly, potentially reaching around
$8 billion by 2030, although this remains
considerably smaller than the
investment scale seen in the Al industry.
Despite  this surge, the quantum
computing sector  remains smaller
compared to the artificial intelligence (Al)
industry, which saw startups secure $136
billion in funding in 2022,

1000

Value (log scale, Billion

usD)

l 1
2030 Investment (Billion USD)

- 2022 Investment (Billion USD)
QST Industry Al Industry
W 2022 Investment (Billion USD) 2030 Investment (Billion USD)

Figure 1: Comparison of Quantum and Al
Market Investments (2022 and 2030); the data
shows the market size and investment distribution.

highlighting a significant disparity between the
two fields [29].

Projections for the quantum computing
market vary, with some reports estimating it
will reach $1.3 billion by 2024 and $5.3
billion by 2029, growing at a compound
annual growth rate (CAGR) of 32.7% [30].
Another analysis anticipates the market to grow
to $8.6 billion by 2027 [31].

Quantum investments reflect future potential,
but remain modest compared to the more
mature Al sector.
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QST: A catalyst for SDGs

QST is an emerging field with growing
potential to contribute to multiple SDGs,
particularly through innovations in sensing,
communication, and computation. QST s
being explored in relation to specific SDGs:

Climate Action (SDG 13): Climate change
poses one of the most pressing global
challenges, demanding innovative solutions
for mitigation and
adaptation. Quantum technologies offer
unprecedented tools for:

e Optimizing Renewable Energy
Systems: Quantum algorithms can
enhance the efficiency of renewable
energy sources by optimizing the
performance of solar panels and wind
turbines.

e Carbon Capture and Storage: Quantum
simulations facilitate the discovery of
new materials capable of capturing and
storing carbon dioxide more effectively.

o Weather Forecasting: Quantum compu-
ting improves the accuracy of climate
models, aiding in better prediction and
management of weather-related disas-
ters.

Good Health and Well-Being (SDG 3):
The healthcare sector stands to benefit
immensely from the computational power
of quantum technologies:

o DrugDiscovery: Quantum computing
accelerates the process of drug discovery
by simulating molecular structures and
interactions with high precision.
Precision Medicine: Quantum

o algorithms enable the analysis of complex
genetic data, leading to personalized
medical treatments tailored to individual
patients.

¢ Maedical Imaging: Quantum-enhanced
imaging techniques provide higher-
resolution images, improving the early
detection and diagnosis of diseases.

2 4

Good Health
and Well-Being
(SDG 3)

« Drug discovery

« Precision medicine

QST « Medical imaging
and the

@ SDGs &

Diagram 1: QST and the SDGs

Industry, Innovation, and Infrastructure
(SDG 9): Innovation is at the core of SDG 9, and
QST is a cornerstone for next-generation
infrastructure:

¢ Quantum Communication Networks:
Developing quantum-secured
communication channels ensures data
privacy and protection against cyber
threats.

e Smart Cities: Quantum technologies
optimize urban infrastructure, enhancing
the efficiency of transportation systems
and energy grids.

¢ Advanced Manufacturing: Quantum
simulations aid in designing new
materials with superior properties, leading
to innovations in manufacturing processes.

Partnerships for the Goals (SDG 17):
Collaboration is essential for advancing QST, and
its global nature aligns perfectly with SDG 17:

e Global Research Networks: Collaborative
quantum  research initiatives foster
knowledge exchange and capacity
building across countries.
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e Access Equity: Partnerships between
developed and developing nations
could facilitate the transfer of
quantum technologies, reducing the
technological divide.

¢ Interdisciplinary Integration:
Quantum science serves as a nexus
for collaboration among various

scientific disciplines, driving
comprehensive solutions to complex
problems.

Challenges and Barriers

Quantum Science and Technology (QST)
holds transformative potential across various
sectors; however, several challenges must be
addressed to ensure its equitable and
sustainable development:

Accessibility and the Global Divide

As mentioned above, the high cost and
technical demands of quantum systems have
resulted in their development being
concentrated in a few technologically
advanced countries, leaving many others
without the infrastructure or expertise to
engage meaningfully. This widening gap risks
reinforcing existing global inequalities and
limiting the inclusive potential of QST.
Addressing this challenge requires urgent
and sustained international  cooperation,
investment  in foundational infrastructure,
and targeted capacity-building to ensure
all regions can contribute to and benefit
from the quantum future.

Gender Disparities in Quantum Science
Women are significantly underrepresented
in quantum science and related STEM
fields. Studies indicate that female
representation in quantum startups has
typically been around 10% [33]. This
underrepresentation highlights the need for
targeted efforts to promote inclusivity,

such as mentorship programmes, supportive
workplace policies, and educational initiatives
aimed at encouraging young women to pursue
careers in quantum science.

Environmental  Sustainability = Concerns
While some quantum systems, particularly
those using cryogenic cooling, require
significant energy, these currently represent a
small part of a still-emerging sector. At this
early stage, the overall environmental impact
of quantum technologies is limited. However,
as the field grows, attention to energy
efficiency and sustainable design will remain
important to ensure future scalability aligns
with broader sustainability goals.

Ethical Implications and Cybersecurity Risks
The advancement of quantum cryptography
offers enhanced security capabilities; however,
it also raises ethical concerns. The potential
misuse of quantum technologies could disrupt
existing  cybersecurity  frameworks and
exacerbate global inequalities if not governed
by robust ethical and legal safequards [34].
Establishing international ethical standards
and regulatory frameworks is crucial to prevent
the exploitation of quantum technologies and
to ensure they are developed and used
responsibly.

In Summary;

Addressing these challenges requires a
multifaceted approach that includes fostering
equitable  access, promoting  gender
inclusivity, ensuring environmental
sustainability, and developing robust ethical
guidelines.  Collaborative efforts among
governments, academic institutions, industry
stakeholders, and international organizations
are essential to harness the full potential of
QST for the benefit of all.
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Policy Recommendations for Diagram 2: Policy Recommendations

Advancing Quantum Science and Policy Recommendations for

Technolo ST Advancing Quantum Science
gy (QST) and Technology (QST)

To harness the transformative potential of Quantum ,?:}':s'ﬁ,';

Science and Technology (QST) while ensuring equitable, Ffamfi":ﬂks

ethical, and sustainable development, the following Quantum

Governance

policy recommendations are proposed:

1. Develop Inclusive Frameworks for Quantum
Governance

®e o 00
e o o0

Integrate

The rapid development of quantum science and Public Private | B

technology (QST) presents both unprecedented Partnerships
opportunities and complex global challenges related to

Development
Goals (SDGs)

ethics, security, and sustainability. Given the inevitability of progress in this field and the ongoing race
among nations, proactive and collaborative global action is essential. Governments and international
organizations should establish comprehensive governance frameworks, akin to the Paris Climate
Agreement [35], to guide the responsible development of QST. These frameworks must define ethical
standards to prevent misuse, such as for mass surveillance or actions that could undermine global
cybersecurity. They should also support international treaties addressing the role of quantum
technologies in global security, ensuring equitable access and averting a technological arms race.
Moreover, there is a pressing need to monitor and mitigate the environmental footprint of quantum
infrastructure, with incentives to encourage sustainable innovation. The United Nations' designation of
2025 as the International Year of Quantum Science and Technology highlights the urgency of developing
such inclusive and forward-looking frameworks.

2. Enhance Capacity Building

To ensure that the benefits of quantum science and technology (QST) are equitably shared and to avoid
deepening existing inequalities, it is essential to treat the global quantum landscape not only as a field of
challenges but also of transformative opportunities. Significant investments must be channeled
toward education and research in underrepresented regions, particularly in the Global South.
Establishing regional quantum education hubs can expand access to training, workshops,
and academic programmes in quantum science. Equally important are targeted initiatives to
promote gender equity, including scholarships, mentorship schemes, and inclusive recruitment
practices. Facilitating international exchange programmes can enable researchers from
developing countries to participate in and contribute to the global quantum ecosystem. One example of a
promising capacity-building initiative is the Open Quantum Institute, developed by GESDA in
partnership with CERN, which includes an educational pillar aimed at fostering inclusive participation in
the quantum field.
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3. Foster Public-Private Partnerships

Public-private partnerships are essential for advancing innovation, scaling quantum solutions, and
addressing global challenges. According to the Quantum Technologies Investment Landscape Report
2025-2045, over 300 companies are active across the quantum technology landscape, encompassing
startups, tech giants, and public-private partnerships. However, the majority of these startups are
concentrated in established hubs across North America, Europe, and parts of Asia, benefiting from
proximity to leading research institutions, talent pools, and infrastructure. Startups located in emerging
economies often face challenges such as limited access to specialized facilities and skilled personnel,
which can hinder their viability [36].

To bridge this gap, governments should implement targeted incentives, such as tax benefits, grants, and
co-funding mechanisms, to support quantum startups in emerging regions. Encouraging collaborations
between private companies and academic institutions can foster technology transfer and the
development of practical quantum applications. Establishing innovation clusters that bring together
researchers, businesses, and policymakers can further accelerate quantum advancements. For instance,
the collaboration between IBM and the German government to establish a Quantum Data Center
exemplifies the potential of such partnerships in fostering regional quantum ecosystems..

4. Integrate QST with Sustainable Development Goals

Quantum science and technology (QST) has immense potential to contribute to the achievement of
the United Nations’ Sustainable Development Goals (SDGs). Establishing a global task force
comprising scientists, policymakers, and industry leaders can help align QST research priorities with
specific SDG challenges. While developing precise, measurable indicators may be difficult due to
the complexity and evolving nature of the field, identifying qualitative benchmarks and case studies can
help assess how quantum innovations support areas such as climate action (SDG 13) through optimized
renewable energy systems, or improved diagnostics and treatment approaches for good health
and well-being (SDG 3). Promoting interdisciplinary research that embeds quantum technologies
within broader sustainable development strategies can maximize their societal relevance and
inclusivity. The World Economic Forum's report on quantum technologies highlights their potential
impact across several SDGs. Implementing these policy recommendations will require coordinated
efforts among governments, international organizations, academia, and the private sector. By
fostering inclusive governance, building capacity, encouraging public-private partnerships, and
embedding QST within sustainable development frameworks, we can help ensure that quantum
advancements benefit all and contribute meaningfully to global well-being.

10|Page




Conclusion: Ensuring Quantum Science and Technology Serve All of Humanity

Quantum Science and Technology (QST) has the potential to redefine industries, tackle
pressing global challenges, and accelerate sustainable development. From advancing
renewable energy efficiency and revolutionizing precision medicine to strengthening
cybersecurity and enabling next-generation computing, QST offers transformative solutions
that could reshape the future. However, without deliberate and inclusive policies, the
benefits of quantum advancements risk being concentrated in a few technologically
advanced nations, exacerbating existing global inequalities.

To ensure that QST serves as a catalyst for equitable and sustainable progress, decisive
action is needed. By implementing the recommendations outlined in this brief, including
establishing inclusive governance frameworks, expanding quantum education and
capacity-building efforts, fostering public-private partnerships, and directly integrating
QST with the Sustainable Development Goals (SDGs), UNESCO Member States can drive
innovation, empower underserved regions, and bridge the quantum divide.

The time to act is now. As quantum technologies continue to evolve at an unprecedented
pace, global collaboration, ethical foresight, and proactive policymaking will determine
whether QST becomes a force for inclusion and sustainability, or a driver of further
technological disparity. By making strategic investments today, we can shape a future where
quantum science benefits all of humanity, not just a privileged few.
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Quantum Science for
Inclusion and
Sustainability

Quantum Science and Technology (QST) is rapidly emerging as a transformative field
with the potential to impact sectors such as healthcare, energy, agriculture, and secure
communication. Its relevance to the Sustainable Development Goals (SDGs) is
increasingly recognized. Yet access to its benefits remains highly unequal, posing a
growing risk of global exclusion. In 2022, quantum technology startups attracted $2.35
billion in investments, still modest compared to other technologies, and funding remains
heavily concentrated in fewer than 15 countries, leaving many regions without national
strategies or the capacity to shape the quantum future.

UNESCO calls for urgent, proactive, and equitable strategies to ensure QST
contributes to a fairer, more inclusive global landscape. This policy brief explores QST’s
potential contributions to the SDGs and outlines key policy considerations for equitable
engagement, including inclusive governance, ethical safeguards, environmental
sustainability, international collaboration, capacity-building, and stronger public-private
partnerships to broaden participation in quantum science.
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