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Quantum technologies are expected to lead to 
new products and services having potentially 
transformative impacts across many sectors. 
Recognising the disruptive potential of quantum 
technologies in the future, several countries 
and funders have taken active measures to 
invest in quantum technologies research 
and innovation (R&I). However, despite the 
numerous opportunities, the development and 
application of quantum technologies also pose 
several challenges and risks that will need to be 
addressed if the benefits of the technologies 
are to be fully realised. 

This report analyses the development and 
adoption of quantum computing technologies 
in the life sciences sector with a particular 
focus on quantum computers and quantum 
simulators. The scope of the research – 
referred to by the phrase quantum computers 
and simulators – covers different aspects 
related to the hardware and software 
components required for operation. This 
includes topics such as quantum electronics, 
quantum software, quantum algorithms, 
quantum materials, and qubit control and 
engineering, and the applications of these 
topics to the life sciences (the broader 
topics of quantum sensing and quantum 
communication were not considered within the 
scope of the research).

We have analysed the research landscape 
of quantum computers and simulators 
focusing on key R&I developments, potential 
applications and the general direction of 
travel of developments within the ecosystem. 
Specifically, through a detailed literature review, 
interviews with a range of stakeholders and 
a comprehensive scientometric analysis, the 

work focuses on addressing the following main 
research questions:

1. What are the current developments 
associated with the application of quantum 
computers and simulators to the life 
sciences? 

2. What are the potential opportunities and 
challenges associated with the application 
of quantum computers and simulators to 
the life sciences?

3. How are initiatives (including policy 
measures, strategies, actions and plans) 
being adopted globally to strengthen the 
quantum technology R&I ecosystem?

The work analyses and synthesises evidence 
– both qualitative and quantitative – on 
various aspects associated with the global 
quantum computers and simulators and 
life sciences research ecosystem including 
growing research areas and key countries, 
institutions, companies and funders that are 
engaged in emerging quantum computer and 
simulator research in the life sciences domain. 
The research presented in this report will be of 
interest to a range of stakeholders including 
those in academia and industry, policymakers 
and more generally to anyone interested in the 
development, adoption and impact of emerging 
technologies. 

This research was prepared for the Novo 
Nordisk Foundation and Novo Holdings. 
However, RAND Europe had full editorial control 
and independence of the analyses performed 
and presented in this report, which has been 
peer-reviewed in accordance with RAND 
Europe’s quality assurance standards. This 
work is intended to inform the public 
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Background and context
Quantum technologies are expected to lead to 
new products and services having potentially 
transformative impacts across many sectors. 
Recognising the disruptive potential of quantum 
technologies in the future, several countries 
and funders have taken active measures to 
invest in quantum technologies research and 
development (R&D). However, despite the 
numerous opportunities, the development and 
application of quantum technologies also pose 
several challenges and risks that will need to be 
addressed if the benefits of the technology are 
to be fully realised.

There is widespread acknowledgement that the 
life sciences – with its consideration of complex 
phenomena at molecular levels – is one of the 
key areas of potential application for quantum 
technologies. Indeed, quantum technologies 
(for example, quantum computers and quantum 
simulators) are already making significant 
progress in areas such as drug development, 
simulation of chemical processes, and genetic 
and genomic sequencing.

Objectives of the study
The overarching aim of this study 
commissioned by the Novo Nordisk 
Foundation and Novo Holdings was to 
conduct a landscape review to understand key 
trends and the challenges and opportunities 
associated with the development and adoption 
of quantum computing technologies in the 
life sciences sector with a particular focus on 

1 The broader topics of quantum sensing and quantum communication were not considered within the scope of the 
research, despite topics like quantum sensing potentially having applications within the life sciences.

quantum computers and quantum simulators. 
The scope of the research – referred 
throughout the report by the phrase quantum 
computers and simulators – covers different 
aspects related to the hardware and software 
components required for operation of quantum 
computers and simulators. This includes 
topics such as quantum electronics, quantum 
software, quantum algorithms, quantum 
materials, and qubit control and engineering, 
and the applications of these topics to the life 
sciences.1 This report focuses on addressing 
the following main research questions:

1. What are the current developments 
associated with the application of quantum 
computers and simulators to the life 
sciences? 

2. What are the potential opportunities and 
challenges associated with the application 
of quantum computers and simulators to 
the life sciences? 

3. How are initiatives (including policy 
measures, strategies, actions and plans) 
being adopted globally to strengthen the 
quantum technology R&I ecosystem?

The work analyses and synthesises evidence 
– both qualitative and quantitative – on 
various aspects associated with the global 
quantum computers and simulators and 
life sciences research ecosystem including 
growing research areas and key countries, 
institutions, funders and companies that are 
engaged in emerging quantum computer and 
simulator research in the life sciences domain. 

Summary
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Defining quantum technology

Quantum technology is an umbrella term for a range of different technologies that harness 
quantum effects (physical effects on the subatomic level). Systems based on quantum 
technologies use the properties of electrons, photons, atoms or molecules. For several 
decades, so-called ‘Quantum 1.0’ technologies – such as lasers and transistors – have been 
widely used. The new wave of quantum technologies, sometimes referred to as ‘Quantum 2.0’, 
is expected to lead to new products and services potentially impacting sectors like finance, 
defence, aerospace, energy, telecommunications and health. Key areas of advancement include: 
quantum communication, quantum sensors and metrology, and quantum computers and 
simulators. In this study, we have focused on quantum computers and quantum simulators, and 
the development and adoption of their applications in the life sciences. 

Quantum computers store data in ‘qubits’ and exploit quantum mechanical properties of 
entanglement and superposition. This allows quantum computers to tackle tasks significantly 
faster than a traditional computer and simulate complex quantum systems in nature. Quantum 
computers are thought to be particularly suited to problems with factorisation, searches, 
optimisation or simulations. It is estimated that within the next 15–30 years a universal 
quantum computer could be developed which would be able to run any type of algorithm, 
although it is likely there will remain some problems quantum computers will be unable to solve.

While quantum computers, once realised, will be able to tackle complex problems, fault-tolerant 
machines may not be available until far into the future, so in the short term, quantum simulators 
are being developed. Quantum simulators, which are easier to construct than a full quantum 
computer, are controllable systems which reproduce the behaviour of another quantum system. 
These are systems which do not necessarily simulate quantum dynamics of physical systems 
but can still generate superposition states.

The independent research presented in this 
report is intended to inform the direction 
of the Novo Nordisk Foundation and Novo 
Holdings in relation to their strategic focus 
area on quantum computers and simulators 
for future life science applications. In addition, 

the research will be of interest to a range of 
stakeholders including those in academia and 
industry, policymakers, and more generally to 
anyone interested in the development, adoption 
and impact of emerging technologies.
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Research approach
We adopted a mixed methods approach 
to address the objectives of the study 
drawing on distinct but inter-related research 
methodologies that complemented each other. 

First, we conducted a rapid evidence 
assessment of the literature (including 
targeted searches of the grey literature) to 
identify and analyse information associated 
with key international developments in 
quantum computer and simulator research 
and applications in the context of the life 
sciences. The search was conducted using the 
Dimensions database and Google.

Second, to complement the literature review, 
we carried out a series of semi-structured 
interviews with key opinion makers and 
stakeholders with knowledge of the quantum 
technology R&I ecosystem. The interviewees 
included senior experts from academia, 
industry and the third sector. 

2 The so-called first quantum revolution happened in the first half of the 20th century when the field of quantum 
physics was created, for instance leading to the development of lasers and transistors (14).

Third, alongside the literature review and 
interviews, we carried out a comprehensive 
scientometric analysis of global quantum 
technologies research, focusing on quantum 
computers and simulators in the life sciences. 
We used Dimensions as the global dataset. By 
identifying quantum computer and simulator 
research publications, we aimed to develop a 
rounded picture of the surrounding research 
ecosystem in order to provide insight into the 
countries, funders, institutions and companies 
engaged in the research.

Key findings from the research

What are some of the general trends 
observed in the wider quantum 
technology ecosystem?

Below we summarise some of the high-
level trends observed in the wider quantum 
technology (including quantum computers and 
simulators) ecosystem.

Summary of general trends in the wider quantum technology ecosystem

• With ‘Quantum 2.0’, industries  are in the midst of a second quantum revolution.2 

• Quantum computers are starting to show advances over classical computers in specific 
and limited problem areas.

• There is an increasing diversity of technological approaches in quantum computing 
hardware and software. 

• There are increased investments in quantum technology by the public and private sectors.

• Currently, national governments remain the major source of funding for quantum computer 
and simulator research, far exceeding the private sector.

 ‣ Globally, the top five funders of quantum computer and simulator research originate 
from China, the European Union (EU) and the United States.

 ‣ The majority of companies funding research are headquartered in the United States 
and Asia (primarily China, Japan and South Korea).
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• Globally, publication activity related to quantum computer and simulator research has 
diversified and increased sharply over the last few years. 

 ‣ Publication activity by researchers has increased rapidly in the United States and 
China; however, when normalised against publication output for the physical sciences, 
Denmark and Switzerland stand out with notably increasing quantum computers and 
simulators output.3

 ‣ Since 2017, universities and research institutions that feature in the top 20 by number 
of citations come from: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ‣ Since 2017, the top 20 companies (by citations) involved in authoring quantum 
computer and simulator research originate from: 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 A normalisation of quantum computers and simulators publications against overall physical sciences output provides 
a rough measure of the prioritisation of quantum computer and simulator research against overall research activity in 
the physical sciences.
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What are the current developments 
associated with the application of 
quantum computers and simulators to the 
life sciences?

Below we outline how quantum computers 
and simulators are currently being applied and 
tested across different life sciences domains.

Summary of current developments in research and application of quantum 
computers and simulators to the life sciences

• Quantum computers and simulators are increasingly being applied and tested within the life 
sciences: 

 ‣ This is occurring across several domains including quantum chemistry, drug design 
and discovery, biomolecular processes, and genetics and genomics.

 ‣ The application in these areas is currently at an early, proof of concept stage, where 
testing is taking place on small-scale problems.

 ‣ Since 2017, there have been 1,350 publications from the life sciences that cite 
quantum computers and simulators publications (approximately 0.15 per cent of total 
quantum computers and simulators citations), with 46 per cent of these focusing on 
quantum algorithms.

• Quantum computers and simulators are being investigated for simulating chemical 
processes at the molecular level: 

 ‣ A key application area is that of quantum simulation to solve specific problems in 
fields such as materials science and quantum chemistry.

 ‣ Quantum algorithms are currently being developed for complex chemistry simulations.
 ‣ Drug discovery is another key application area.

• Quantum computers and simulators are being investigated for optimisation in biomolecular 
problems:

 ‣ This includes the protein folding problem, as well as molecular recognition, protein 
design and sequence alignment.

 ‣ Quantum algorithms have been used in noisy quantum computers to simulate protein 
folding using lattice models.

 ‣ Quantum annealing algorithms have been used to model the energy landscape of proteins.
 ‣ Quantum computing, particularly quantum annealing, has shown promise in the 

field of genomics, including within genome sequencing, optimisation problems and 
classification of genomic data.
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What are the potential opportunities 
and challenges associated with the 
application of quantum computers and 
simulators to the life sciences?

Below we provide an overview of some of 
the opportunities presented by quantum 

computers and simulators across key 
domains of application within the life 
sciences, as well as a series of challenges 
that will need to be overcome to realise these 
potential benefits.

Key opportunities

• While there are multiple and differing predictions and forecasts, there is general agreement 
among experts that, in the long term, quantum computers and quantum simulators promise 
a myriad of opportunities in the life sciences that could fundamentally change the industry.

• There are potential opportunities in the areas of quantum chemistry and simulation of 
chemical processes. 

• Quantum computing is expected to optimise the process of small molecule drug design and 
discovery.

• The application of quantum computers and simulators to biological processes is a potential 
prospect in the future. 

• Quantum computing could be used to help develop novel and more effective biological 
products and drugs.

• Quantum computing applied to genetics and genomics is expected to support the 
development of personalised and precision medicine. 

Key challenges

• The realisation of many life sciences use cases will require further developments to scale 
up quantum computers and simulators which could prove challenging. 

 ‣ Further developments in quantum hardware are needed.
 ‣ The development of specialised quantum algorithms is needed.

• There are challenges related to the availability and types of skills in the wider ecosystem.

• Further development of quantum computers and simulators requires sufficient investment 
in key enabling materials. 

• There is competition with rapidly improving classical computers.

• Certain regulations and compliance requirements may present hurdles when applying 
quantum computers and simulators to industry.

• There are challenges related to collaboration between different disciplines and sectors 
working towards growing the quantum computers and simulators ecosystem.

• The lack of a precise and proven business impact hinders long-term investments both by 
use case owners and ecosystem partners.

• Potential risks associated with the use of quantum computers and simulators could have 
ethical implications and undermine trust.
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How are initiatives being adopted globally 
to strengthen the quantum technology R&I 
ecosystem?

The global policy landscape surrounding 
quantum technologies consists of a plethora 
of initiatives in different countries and regions 

across the world. These include policy 
measures, strategies, actions and plans aimed 
at strengthening quantum technology R&I at 
the national, regional and international levels. 
Below we summarise the key themes related to 
the development of these initiatives.

 
 
National governments play a vital role in shaping the development and trajectory 
of the quantum technology R&I ecosystem. 
 

Joint national and international initiatives support and strengthen the quantum 
technology R&I ecosystem. 
 

The strategy of ‘coopetition’ among established companies in the quantum 
technology industry has resulted in mutually beneficial gains and growth in the 
industry.  
 

Start-up companies are adding dynamism and accelerating the pace of 
development in the quantum technology life sciences industry. 
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Future outlook
With widespread interest in its long-term 
disruptive potential as a technology, there is 
a great deal of activity taking place across 
the globe relating to quantum technologies 
and specifically quantum computers and 
simulators. It is a growing ecosystem that 
is moving rapidly. Our analysis of global 
publication activity demonstrates that research 
into quantum computers and simulators has 
dramatically increased over the last five years 
with a variety of academic institutions and 
companies – established and start-ups – 
active across the globe. 

The overarching vision is that quantum 
technology will potentially enable fundamental 
breakthroughs in a number of fields to address 
challenges that are currently difficult to solve. 
Our research shows that although being a 
rapidly growing area of R&I, life sciences 

interest in quantum computers and simulators 
is still relatively modest and currently focused 
in specific areas. Nevertheless, while there 
are many and divergent forecasts regarding 
its benefits, broadly there is consensus that 
quantum computers and simulators promise a 
multitude of opportunities in the life sciences.

Below we summarise a set of potential 
activities to help enable the quantum 
technology (including quantum computers 
and simulators) life sciences ecosystem in 
the future. Growing and nurturing the wider 
ecosystem will require a combination of 
activities, some of which are specific to the 
life sciences industry, and others that are 
more general which horizontally apply across 
multiple sectors and industries. These activities 
are unlikely to be achieved by governments or 
industry alone and will require an active, multi-
stakeholder approach.

Focusing on developing and nurturing a diverse and skilled workforce within 
academia and industry – by training, reskilling and upskilling – is key to 
helping create an environment in which R&I can flourish and will help build a 
resilient pipeline of talent working at the intersection of the life sciences and 
quantum computers and simulators R&I:

 ‣ While investing in doctoral programmes (both government and private-sector funded) 
related to quantum technology is vital to developing the much-needed ‘knowledge 
infrastructure’, it will not be sustainable to rely on this route as the primary source of 
skills and expertise in the long run. In this regard, the value of focusing on additional 
avenues of developing and retaining specialised talent – such as continual professional 
development, workplace learning through specialised courses, and apprenticeships – 
cannot be overestimated.

 ‣ In addition to technical skills related to quantum technology and the life sciences, non-
technical skills – such as business expertise and commercial and leadership skills – are 
needed to help commercialise the technology and its applications.
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Stimulating the creation and continued support of inclusive, multi-stakeholder 
collaborations, particularly those that involve partnerships between industry, 
universities, and government, will be critical to capturing a variety of 
perspectives and aiding the development and eventual commercialisation of 
novel quantum technology applications in the life sciences:

 ‣ Successfully implementing quantum technology applications in the life sciences 
to tackle real-world problems at scale will require a multidisciplinary approach and 
the coming together – over several years – of different stakeholders in the industry, 
including developers of platforms and algorithms, hardware developers and companies 
operating in the life sciences domain.

 ‣ Given some of the potential risks associated with the use of quantum computers 
and simulators in the life sciences, it will be important to incorporate relevant social 
sciences, ethical and legal perspectives, and also actively to engage with the public as 
technological developments mature over the next few years.

 ‣ This will help to foster trust, buy-in and shared responsibility for the development of the 
ecosystem and contribute to growing opportunities in the medium to long term.

At the country level, developing and/or participating in national and 
international quantum technology initiatives (e.g. policy measures, 
strategies, actions and plans) – including bilateral and multilateral initiatives 
with multiple stakeholders – will be important to support and strengthen 
the ecosystem and help develop the necessary technical infrastructure to 
address the future needs of the industry: 

 ‣ In the long term, these activities will help create cross-cutting partnerships and 
effective governance frameworks, enable the adoption of responsible R&I practices, 
and may also accelerate commercialisation and the development of global quantum 
technology standards and frameworks for regulation.

Systematically capturing the lessons learnt from different activities in the 
quantum technology R&I ecosystem – on both ‘what works’ and ‘what does not 
work’ – and creating incentives to disseminate those lessons through various 
fora can help foster a culture of openness, transparency and knowledge sharing:

 ‣ More broadly, learning lessons from different approaches to the oversight of other 
emerging technologies (both current and historical) and adapting them to the 
distinctive quantum technology R&I life sciences ecosystem will help establish the 
enabling conditions within which businesses can flourish while benefiting society.

 ‣ It will be important to adopt a tailored approach and carefully consider the local 
context within which the quantum computers and simulators R&I developments are 
taking place rather than adopting a ‘one-size fits all’ approach.
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Given the relatively early stage of development of quantum technologies 
around the world (particularly in relation to the life sciences) and its potential 
to have a paradigm-shifting impact on society, it is important that key 
stakeholder involved are ‘patient’ and embrace a holistic, long-term and 
foresight-driven approach to its development and adoption:

Alongside the continuation of long-term public investment, incentivising 
private sector investment and nurturing the evolving start-up and small 
and medium-sized enterprises (SME) ecosystem will be key to ensuring 
dynamism and accelerating growth in the application of quantum computers 
and simulators to the life sciences:

The life sciences industry could consider engaging in discussions with 
different public and private sector stakeholders to encourage the growth 
of the specific remit of public sector support of quantum computers and 
simulators R&I beyond their current focus to more actively include the life 
sciences, as well as continue to collectively pull and re-direct life science 
industry resources towards further investment in quantum computer and 
simulator R&I.

 ‣ Embedding flexible, evidence-based and forward-looking approaches will help: explore 
and test the uncertainty surrounding how the quantum technologies R&I landscape 
will evolve over the next few years (and decades); better understand and respond to 
the various factors shaping its development; recognise and adapt to potential risks 
and opportunities; anticipate and prepare for unintended consequences; and ensure 
the benefits of the technology are equitably distributed.

 ‣ This could be achieved by approaches targeted at smaller, newer companies such 
as reducing barriers to entry; improving access to quantum technologies; introducing 
cooperative, supportive partnerships; public procurement of quantum technologies; 
and the sharing of knowledge and expertise.
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