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The state-of-the-art quantum technologies leverage the unique principles

of quantum mechanics, which include quantization, uncertainty principle,

interference, entanglement and decoherence, to produce useful devices

and scientific advancements not possible with classical technologies. As a

result, quantum technologies, in particular, o�er specific advantages that

make communications networks secure and unbreakable and devices with

unprecedented levels of accuracy, responsiveness, reliability, scalability and

e�ciency than classical emerging technologies. These capabilities can contribute

significantly to addressing energy, agriculture, climate change, national security,

healthcare, education and economic growth challenges. Unfortunately, these

developments in these areas have not been evenly distributed between the Global

North and the Global South, inadvertently creating a societal and economic

gap. Closing this gap is critical to creating a more inclusive and sustainable

future for all, thus delivering key sustainable goals. Therefore, to close this gap,

this article proposes a quantum diplomacy framework as a means to deliver

science diplomacy. Moreover, we discuss how emerging quantum technologies

could profoundly impact all 17 United Nations Sustainable Development Goals.

We consider this work a timely and vital intervention to prevent the gap

from increasing.

KEYWORDS

quantum diplomacy, quantum technology, Global North, Global South, Sustainable
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1 Introduction

The United Nations (UN) has declared 2020 to 2030 the decade of action and delivery

for the Sustainable Development Goals (SDGs) (UNGA, 2019). The SDGs are 17 global

goals that were adopted by the UNMember States in 2015 as a universal call for action by all

countries to end poverty and other deprivations that must go hand-in-hand with strategies

that improve health and education, reduce inequality, and spur economic growth-all while

tackling climate change and working to preserve our oceans and forests.1 To leave no one

behind, these goals must be pursued in an integrated manner (O’Sullivan, 2021). Notably,

these goals have far-reaching and transformative implications requiring concerted effort

from the government, businesses, and individuals worldwide to address the world’s social,

economic, and environmental challenges. These implications embrace global collaboration,

1 https://sdgs.un.org/goals
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policy integration, inclusive development, monitoring

and accountability, private sector engagement, sustainable

consumption and production, behavioral changes and climate

action. Therefore, by embracing these implications, the world

can work toward a more equitable, prosperous, and sustainable

future for everyone. As a result, within the context of quantum

technology (QT), we broadly explore how the proposed Quantum

Technology for Development (QT4D) framework can effectively

advance these implications.

The framework of Information and Communications

Technology for Development (ICT4D) and Artificial Intelligence

for Development (AI4D) have been used previously to deliver

the Sustainable Development Goals (SDGs) (Unwin, 2009;

Walsham, 2017). Since ICT and AI are directly related to QT

(Singh et al., 2020; Aithal, 2023), it can be seen as another unique

technological tool to deliver the SDGs. Fundamentally, QT is a field

encompassing technology that solely relies on the unique properties

of quantum mechanics to deliver devices and process information

in a manner that offers advantages over current conventional

technology, which can be understood within the framework of

classical mechanics (Nielsen, 2002). Generally, QT is driven by

two imperatives: practicality, which drives miniaturization, which

has become a dominant trend in technological innovation, and

fundamentality, where quantum mechanics provides unmatched

performance over what can be achieved in classical frameworks

(Dowling, 2003). This is called “quantum supremacy”, which

is not simply about how fast and more powerful the quantum

technologies are but rather about solving complex problems

beyond the capacity or design of classical technologies. Essentially,

there are four main QT categories: quantum communication,

quantum computing, quantum metrology and sensing (Thew,

2019). Most significantly, these QT fields have become a key

enabler of several emerging technologies, with applications in

sports (Torgler, 2020), biology (Marais et al., 2018), chemistry

(Lanyon et al., 2010; Deglmann et al., 2015), nuclear physics

(Carlson et al., 2015, 2018), chemical engineering (Ajagekar and

You, 2022), business and finance (Orús et al., 2019; Aljaafari,

2023), education (Fox et al., 2020), healthcare (Ur Rasool et al.,

2023), agriculture (Wang and Blagrave, 2021), cybersecurity and

defense (Krelina, 2021) and, surprisingly, the social sciences and

humanities, for instance, psychology (Busemeyer and Wang,

2015). Therefore, this broad influence of QT signals that, in

addition to being a fundamental technological enabler that could

impact every sector (Jaeger, 2018), it has significant potential to

revolutionize how countries conduct international relations and

science diplomacy. Furthermore, this demonstrates that current

and emerging quantum technologies could have substantial social

and economic competitiveness and geopolitical impact.

Globally, QT investment is about $30 billion and is expected

to be $42.4 billion by 2027 [Oxford University Innovation

(2014)]. This demonstrates commitment and understanding of

QT’s strategic potential and illustrates the massive cost of investing

in QT infrastructure. Unfortunately, these programs are absent

or inadequately coordinated in the Global South. Since these

advances reflect a promising future, the prevailing power dynamics

have resulted in the critical uneven adoption and distribution

of quantum technologies between the Global North and the

Global South (Reuveny, 2008). Some barriers to adoption are

due to regulatory, technological, talent acquisition, identification

of practical use cases and financial (Al Natsheh et al., 2015;

Krishnakumar, 2020). Moreover, while the Global North has

recognized the need for cooperation to share advances and

has signed various agreements, this contrasts with the Global

South. This has exacerbated existing inequalities and created new

ones. For instance, in most Global South countries, societal and

economic development has unevenly resulted in social unrest,

political instability, economic stagnation and unending intellectual

migration to the Global North countries. This is an opportune

moment to close this gap for all societies to flourish in the

modern world. As a result, we propose a QT4D to catalyze

effective science diplomacy between the Global North and the

Global South, including the Global South-South. The QT4D

is based on the premise that QT can significantly address

global development challenges. Specifically, science diplomacy uses

diplomatic assistance to foster scientific cooperation and exchange

to promote international relations (Xuereb, 2022). While this

concept is relatively new, QT’s accelerated development and impact

have become increasingly crucial in transforming modern society

and international collaboration among scientists, policymakers,

and industry partners. Thus, we leverage the QT4D to promote

international cooperation and collaboration driven by diplomatic

assistance. The main research questions or objectives of our

study are:

1. What can QT4D do to minimize the gap between the Global

North and the Global South?

2. Why quantum technologies, as a specific example of emerging

technologies have a potential to deliver science diplomacy

between Global North and South?

3. How can QT address global challenges such as climate

change, energy sustainability, and improved healthcare and

food security?

The Global South has a long history of manufacturing and QT

dating back to the 19th century (Reuveny, 2008). For instance,

Satyendra Nath Bose co-discovered bosons, a fundamental particle

in quantum mechanics, with Albert Einstein [The Nobel Prize

(1979)]. Sheldon Lee Glashow and Steven Weinberg also shared

the 1979 Nobel Prize for Physics with Abdus Salam for their

contribution to electroweak unification theory [ICTP (1964)].

Abdus Salam played a critical role in establishing the International

Centre for Theoretical Physics in Italy, which has trained

thousands of Global South scientists. In 1988, Marcos Moshinsky

Borodiansky, a Mexican, won the Prince of Asturias Prize for

Scientific and Technical Investigation and 1997 the UNESCO

Science Prize in recognition of his work on elementary particles

[ICTP-SAIFR (2019)]. Further, countries in the Global South, such

as Brazil, Chile, and South Africa, have significantly contributed

to quantum physics (Forbes, 2021). Despite these achievements,

technology advancement has shifted unevenly toward the North

over the past few decades. As a result, there has been an ever-

increasing QT gap and uneven adoption of sophisticated resources

between the Global North and the Global South, leading to

prevailing power dynamics that are likely to continue (Jang, 2022).
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FIGURE 1

Conceptual framework for fostering collaborations between the

Global North and Global South.

Figure 1 illustrates the concept framework we developed to

demonstrate how quantum diplomacy could bridge the technology

gap between the Global North and the Global South. The

Global North countries have the most sophisticated technologies,

including QTs. By utilizing science diplomacy, the proposed

QT4D and the primary elements, including quantum science

technologies, science diplomacy, SDGs, and policies, could close

the gap. We will discuss how some of these elements could

impact collaborative activities. The highly specialized nature of QT

challenges the full adoption of sophisticated technologies in the

Global South. The Global South must train, retain, and attract

the best talent to participate effectively in the second quantum

revolution. Furthermore, QT academic and research programs

remain underfunded in the Global South. Additionally, intellectual

property awareness and expertise could be higher, partly due to a

lack of effective national systems supporting technology transfer

and commercialization. As a tool to drive science diplomacy

between the Global North and the Global South, we propose the

QT4D framework shown in Figure 2.

2 Quantum technology: applications
and potential driver to deliver science
diplomacy

QTs, which encompass a wide range of scientific advancements

with no classical analog, have emerged as prime examples

of emerging technologies that hold a significant potential to

revolutionize various fields, including science and diplomacy

(Bjola, 2016; Degelsegger-Márquez, 2020). Specifically, through

harnessing the unique properties of quantum mechanics, QTs offer

innovative solutions to complex problems and have a potential to

address several global challenges (Acín et al., 2018), hence bridge

the gap between Global North and South and contribute to the

SDGs. Below we provide reasons why QTs have the potential to

deliver science diplomacy and summarize use cases in Table 1.

SDG 1–2 and SDGs 11–15: Quantum computers use

superposition and entanglement to perform complex

computations more efficiently or “exponentially” faster

than classical computers (Steane, 1998). The unprecedented

computing power and capability make it possible to solve

complex optimization problems and analyze multiple datasets

simultaneously. Most significantly, quantum computers can

efficiently process and learn quantum algorithms, offering

novel approaches to machine learning tasks such as optimizing

the training of deep neural networks, enabling them to learn

complex pattens more effectively. Hence, quantum computers

can analyze big data more efficiently, which allows conclusions

to be drawn more efficiently and predictions to be made more

accurately (Chen and Zhang, 2014; Mallow et al., 2022). As a

result, quantum computers could be used to model climate and

optimize agricultural processes, such as weather forecasting

and crop management, leading to increased crop yields and

food security. Additionally, quantum computers can monitor

financial markets in real-time, enabling traders to make

informed investment decisions in a fraction of the time required

by classical computers (Orús et al., 2019).

SDG 3: QTs have the potential to revolutionize healthcare and

medicine (Batool et al., 2022; Ur Rasool et al., 2023). Quantum

sensors can detect and diagnose diseases with unprecedented

sensitivity (Tarasov et al., 2020). This enables early detection

and diagnosis of diseases. Moreover, quantum computing can

simulate complex biological systems, leading to the development

of new drugs and therapies (Cao et al., 2018). QTs can provide

secure transmission of medical data, ensuring privacy (Senekane

et al., 2017; Senekane, 2019) and confidentiality (Garapo et al.,

2016; Mafu and Senekane, 2018).

SDG 4 and SDG 8: Quantum machine learning (QML)

algorithms can improve the accuracy of machine learning

(ML) tasks by incorporating quantum algorithms and data

structures (Mafu and Senekane, 2021; Caro et al., 2022).

Thus, using QML, educational institutions can analyze a vast

amount of data (Ciliberto et al., 2018). This data could include

student performance, attendance records, and demographic

information, to identify students at risk of dropping out or

struggling academically. Moreover, this data can relate to

employees requiring upskilling or further development. An

important point to note is that identifying at-risk students and

people requiring further training or upskilling is a complex task

that requires careful consideration of several factors. Classical

ML algorithms may have difficulties handling the complexities

of educational data, such as nonlinear relationships and noisy

data. QML can overcome these limitations by providing

enhanced computing power and quantum-inspired algorithms.
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FIGURE 2

A schematic diagram of the proposed QT4D framework.

Thus, QML is poised to revolutionize the field of educational

analytics or predictive learning analytics (Mafu, 2023) and

provide targeted support to students in need worldwide.

SDG 5 and SDG 10: QT can significantly impact the

algorithms and decision-making process of AI systems. AI

models trained on historical data often exhibit inherent biases,

resulting in discriminatory outcomes (Mehrabi et al., 2021).

The powerful computational capabilities of quantum computers

can overcome these limitations. A quantum algorithm can

analyze large datasets more efficiently and accurately, allowing

it to identify and resolve biases (Bharti et al., 2022). Therefore,

quantum computers can provide alternative solutions to

complex problems, offering more diverse and unbiased results.

This could include applications in healthcare, finance, and

criminal justice industries, where bias can have significant

consequences. This implies, QT can foster global inclusivity,

reduce disparities, and connect remote areas. As a result, QT

has the potential to revolutionize the pursuit of inclusive and

equitable representation in various sectors of society. Overall,

this will promote diversity, equity, equality and inclusion.

SDG 6: Quantum sensors operate by applying the principles of

quantum mechanics to improve their sensitivity and accuracy

(Dowling, 2003; Degen et al., 2017; Jaeger, 2018). Thus, they

operate at the quantum level, where classical physics rules

cease to apply. There are two kinds of quantum sensors:

photonic quantum sensors, which are based on the interaction

of light withmatter, and quantummechanical sensors, which use

quantum phenomena to detect and quantify physical quantities.

Due to their high levels of precision, these sensors are ideal

for applications that require high levels of accuracy, such as

metrology, spectroscopy, and remote sensing (Mukamel et al.,

2020; Yin et al., 2020). As a result, quantum sensors have several

advantages when identifying water sources since they feature

high sensitivity, wideband detection, non-invasive and non-

destructive techniques, real-time monitoring, and long-term

monitoring and maintenance of water sources. Due to this, as
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TABLE 1 The proposed QT4D potential use cases.

SDG Potential use case

SDG1 Quantum analysis using quantum computers

SDG2 Quantum machine learning to predict

climate-resistant crops

Quantum computers for analysis of big data for

land use, agricultural drought

Quantum sensing for imagery Quantum machine

learning for yield forecasting

SDG3 Quantum computers for health big data analytics

Quantum cryptography for health data protection

Quantum machine learning for drug discovery

SDG4 Quantum machine learning to identify

at-risk students

Equitable QT training (skills development)

SDG5 Inclusive and equitable representation in QT

Female-friendly QT environment

SDG6 Quantum sensing to identify water sources

Quantum dots to test water quality

SDG7 Quantum machine learning for energy forecasting

SDG8 Intensive QT up-skilling

SDG9 Innovation in QT

QT industrialization and entrepreneurship for

inclusive job creation

Fair and equitable access to QT infrastructure

SDG10 Inclusive access to QT tools

SDG11 Quantum computers for big data analytics

SDG12 Quantum computers for big data analytics

SDG13 Quantum computers for climate modeling

SDG14 Quantum computers for big data analytics

SDG15 Quantum computers for big data analytics

SDG16 Quantum cryptography to combat cyber-terrorism

SDG17 Strategic partnerships for equitable access to QT

resources; ensuring that no one is left behind

This illustrates how utilizing the appropriate quantum technology described could be used to

achieve the 17 SDGs described in Figure 2. This provides a correlation between each of the 17

SDGs and the quantum technologies that could assist in achieving those goals.

SDGs, Sustainable Development Goals; QT, Quantum Technology.

QT continues to evolve, they have the potential to revolutionize

the field of water resource science and engineering. Therefore,

QT can be a valuable tool for addressing water scarcity and

promoting sustainable water management in the Global North

and South.

SDG 7: Quantum computers can simulate complex chemical

reactions (Brown et al., 2010) while quantum sensors can

accurately monitor and optimize energy production systems

(Polymeni et al., 2023). This leads to more efficient utilization

of resources and sustainable energy solutions, which can

benefit both regions since the Global North strives for more

efficient and sustainable energy solutions. At the same time,

the Global South often struggles to access reliable and clean

energy sources. As a result, working together will facilitate the

development of innovative solutions with both economic and

environmental benefits.

SDG 3, SDG 9, and SDG 16: Quantum cryptography provides

authentication and unbreakable encryption or unconditional

security over traditional cryptographic methods by exploiting

the principles of quantummechanics, such as superposition and

entanglement (Gisin et al., 2002; Mafu and Senekane, 2018).

Thus, it offers a secure way to exchange sensitive information,

ensuring the confidentiality of sensitive data relating to

finance, healthcare, and government communications. Besides

its security benefits, quantum cryptography also offers scalability

(Pirandola et al., 2020). Thus, it has the potential to support

extensive networks, allowing for secure communication over

a global scale, thus ensuring data protection and combat

cyber-terrorism. Moreover, scalability is critical for applications

such as IoT and cloud computing (Hua et al., 2023), which

could enhance communication and connectivity, promote

economic growth and job creation, foster collaboration, and

scientific research, contribute to sustainable development, and

bridge divides.

3 Quantum technology for
development (QT4D) framework

The QT4D framework is an innovative tool that aims to

leverage the potential of QT and facilitate its deployment and

implementation to address global challenges and contribute toward

achieving the SDGs through science diplomacy. The QT4D

framework offers a unique platform to enhance access to QTs in the

Global South by creating opportunities for knowledge sharing and

international collaboration, which will lead to alignment of research

interests and identification of common goals, increased capacity

building, and facilitating implementation of innovative quantum-

based solutions. Thus, by integrating this framework with science

diplomacy, the Global North and South can unlock quantum

technologies’ full potential, foster coordinated cooperation, and

ensure no one is left behind. According to Figure 2, we first identify

a developmental challenge facing society. Therefore, the next step

is identifying the QT to be used to address the developmental

challenge. This is followed by assessing whether the QT solution

is sustainable. If the QT solution is sustainable, the next step

assesses the impact of the QT solution. Finally, if such a solution

is impactful, a partnership is formed through science diplomacy to

explore the QT solution.

Through diplomatic-assisted collaboration among

governments, the private sector, and academic institutions,

the QT4D framework provides an enabling environment for

QT development in the Global South. Furthermore, the QT4D

framework could facilitate South-South cooperation between

the QT haves and have-nots in the Global South. Since most

countries in the Global South face challenges in cybersecurity,

healthcare, climate change, energy sustainability, and agriculture

(Acharya, 2016), QTs such as quantum communication, quantum

computing, sensing, and materials could provide cutting-edge

solutions to these challenges. The QT4D framework can deliver

improved healthcare in the Global South by delivering QTs with

applications in precision medicine and accurate diagnostic tools

and fostering access to healthcare professionals and personalized,

affordable treatments. For instance, quantum sensors and imaging
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can aid in early disease detection (Matea et al., 2017; Tarasov et al.,

2020). Quantum communication through quantum cryptography

(Gisin et al., 2002; Mafu and Senekane, 2018) could ensure that

diplomatic dialogues remain confidential, fostering improved

candid discussions and trust and strengthening international

relations. Quantum computing is suited to analyze large datasets

(Mallow et al., 2022) and identify new drug targets (Cao et al.,

2018). This capability will enable personalized treatment options

based on the analysis of large datasets to identify patterns to

create more effective treatments for diseases such as malaria

and tuberculosis, develop accurate drug simulations, enabling

Global North and South researchers to create more effective

drugs. Furthermore, quantum computing could enable diplomats

to analyze vast amounts of data at unprecedented speeds, make

data-driven decisions, and engage in complex negotiations

more effectively.

Most Global South countries still face challenges in generating

sustainable energy solutions for their populations (Hostettler,

2015). QTs can transform the energy sector, offering new clean

energy generation, transmission, and storage solutions. Quantum

sensors can monitor and measure energy consumption patterns,

while quantum power plants can generate clean and renewable

energy more efficiently. Moreover, the Global South is home

to a substantial proportion of the world’s population who

rely on agriculture for their livelihoods and face challenges

in security (Carlson, 2018). Moreover, QT4D can provide a

platform for quantum sensor development. Sensors monitor

and measure environmental factors, including air, water, and

soil quality. They can also assist in monitoring crops and

detecting nutrient deficiencies, which lead to higher crop yields

and enhanced food security, including alleviating the effects of

climate change. On the other hand, quantum sensing holds

great promise for diplomacy. Quantum sensors can detect and

sense phenomena at unprecedented sensitivity levels, opening

up new possibilities for surveillance and security (Degen et al.,

2017). This technology can be implemented in various areas,

such as border control, cybersecurity, and defense. By leveraging

quantum sensing, nations can improve their ability to detect

and deter potential threats, ensuring the security of their citizens

and diplomatic personnel. Regarding information security, QTs

can provide enhanced cybersecurity solutions with cryptography,

encryption and authentication applications. Quantum computing

can potentially revolutionize the Global South’s agricultural

production levels. For instance, due to quantum computing, food

supply chains can be optimized, food waste reduced, and countries

in the Global South can make informed decisions about managing

natural resources and mitigating climate change through real-time

data. As a result, food production levels in the Global South will

likely match those in the Global North.

Notably, there are further aspects the Global South can offer

quantum diplomacy, such as their distinct histories, cultures,

and geopolitical circumstances (Papastergiadis, 2017). By utilizing

these insights, quantum diplomacy can address specific global

challenges like climate change and social inequality with valuable

insights. Moreover, quantum computing technology already exists

in several Global South countries, a diverse talent pool, and an

entirely different perspective on diplomacy. Science, technology,

engineering, and mathematics (STEM) workers in many Global

South countries are highly skilled and highly educated, making

them well-positioned to shape quantum diplomacy in the future.

For example, Brazil, India, and South Africa, already have access

to quantum computing (Forbes, 2021). Through this expertise,

valuable insights and perspectives can be gained regarding the

use of QTs for diplomatic purposes, as well as training to work

with QTs. By utilizing these resources, we can develop a more

inclusive and equitable framework for quantum diplomacy by

providing insight into QT’s ethical and societal implications.

On the other hand, most of the Global North countries have

developed solid diplomatic relations worldwide (Lancaster, 2008).

Through the partnerships, a team of quantum scientists could

be assembled to conduct active research engagements, develop

promising technology cases for industry, hire quantum data

scientists, and redesign reskilling programs. Moreover, diplomatic

support can assist the Global South in offering specialized post-

graduate QT degree programs to bridge the skills gap, attract

top talent, create employment opportunities, and contribute to

economic growth. Another technological contribution realizes that

the “quantum internet”, one of QT’s primary goals (Kimble, 2008),

will ensure ultra-secure telecommunications and facilitate effective

communication between communities in the Global South and the

Global North. Ultimately, this has a significant potential to level all

societal and economic challenges, eradicating the digital divide and

bringing all societies together.

4 Discussion and conclusion

As we conclude, this work provides a novel approach to

utilizing QTs to facilitate science diplomacy, two fields that have

traditionally operated independently. Precisely, we demonstrate

how advances in QT can potentially be leveraged to foster

diplomatic-assisted international collaboration and cooperation in

scientific research and promote sustainable global development

in a mutually beneficial manner to achieve the 17 SDGs.

Most significantly, while QT continues gaining traction due

to its disruptive potential in various fields such as quantum

communication, quantum computing, quantum metrology, and

sensing, its application within science diplomacy goes beyond

its technical aspects and has only received limited exploration.

Thus, the QT4D framework recognizes the importance of bridging

this gap, particularly by exploring opportunities to address global

challenges such as climate change, energy sustainability, healthcare,

and agriculture. Other benefits include bridging political, cultural,

and geographical boundaries. As a result, the proposed framework

has practical implementations and significance in integrating

scientific research, policy formulation, and global cooperation,

providing a roadmap for the Global North and South to harness

QT effectively. Most significantly, it is essential to note that

even though the QT4D framework exhibits considerable utility

in fostering science diplomacy to advance science, it still faces

some inherent challenges, such as the limited availability of

quantum infrastructure (quantum devices, quantum laboratories,

and research centers), skilled personnel or quantum workforce,

countries exploiting QTs for strategic advantage and possible

misuse of QT for military purposes leading to the arms race,

preventing its full adoption. However, the QT4D framework can
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serve as a platform for establishing norms and guidelines for the

responsible development and implementation of QTs. Moreover,

this work provides the foundation for future advancements in

these two traditionally inherent fields, contributing to the broader

17 SDGs, science diplomacy, and global cooperation. Finally, this

work opens intriguing possibilities for exploration and discussion

in quantum diplomacy.
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