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Quantum Computing

Is that the real and only technology 

we will need for the future?

prof.dr. K. Bertels

UGhent (BE)
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Some important questions…

• What is happening in the world?

• How important are computers?

• Who needs computers?
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Outline

•Why?

•What?

•Which?

•How?

•Who?
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Why the interest in 
Quantum Computing?
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WHY?
• CMOS-transistors

• For computing
• 2nm size è classical computers will NOT get more powerful
• Below 1nm è quantum properties

• Data Storage 
• 2nm also holds here
• Too much digital data to be saved and processed

• Quantum Computing
• A couple alternatives exist but QC has the largest potential for computing
• Q hardware needs 10-15+ years to mature
• Analogue and digital combined

• DNA-Data Storage
• The only scalable and robust alternative to digital and quantum storage 7
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Digital QC DNA

2024 203x

Computer Platform Evolution
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Scientific Revolution…
Not by an individual, but by international collaboration with 

people from industry, universities, research centres

Different competences need to be combined

A new way of thinking and reasoning is needed!
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Our suggestion

Perfect (Qubit) Intermediate Scale Quantum (PISQ)

vs
Noisy Intermediate Scale Quantum (NISQ)
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Quantum Computing
1. The Quantum Physics community drives it

• Physicists are absolutely needed

• But…they monopolise the budgets in 

Europe

2. Unsolved challenges in Q Physics

• What kind of qubits can we use?

• How many  qubtis are needed?

• How many  quantum gates do we need? 

• 20 (now) or 10.000?

3. QC applications –

• What kind of quantum gates are needed?

• Increase the number of quantum gates 

• How to make a good logical qubit?

• How many qubits are needed for that?

• How to program qubits?

4. Physics based metrics 
• T1 =  thermal relaxation time or lifetime or the qubit

• Go from high energy |0> to low energy |1>
• T2 = qubit coherence time

• Go from | +> = !

"
|0 > + |1 >

• To | −> = !
"
|0 > − |1 >
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But….what about data storage?

Data storage èNot clear!

• How many data items represented in a QC-logic way?

• How to store the results in a scalable  and long-term way?
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20-25 Q gates

vs

10.000 electr. gates

QC – Full Stack

8 or 9 qubit technologies
in competition
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The Quantum Logic Compiler
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THE FUTURE COMPUTER PLATFORM
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WHAT? FUTURE COMPUTER & DATA STORAGE PLATFORMS

• FOR COMPUTING • FOR DATA STORAGE
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Quantum Computing Logic and DNA data storage are
the birth of a new way of thinking scientifically and technically
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Outline

•Why?

•What else?

•Which?

•How?

•Who?
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Data needs for our planet
By 2025…

• Per day – 250 zettabytes (1021) are generated on our planet

• 1 gram of dried DNA= 455 exabytes of data

• Exabyte=1018, petabyte=1015

• 66% of this data - needs to be saved for around 20 years

• 27% of this data – needs to be saved for longer than 100 years
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DNA advantages
• Durability – days to millions of years

• Density – 215 million GB in DNA size 50% of sugar cube

• Sustainability and energy efficient – 1 base pair degrades per 6.830.000 years

• Format Immutability – stable structure

• Cost effective – negative exponential lowering of costs

• Parallel computing – can also be used for computing
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THE FUTURE COMPUTER 
PLATFORM

26

26

THE FUTURE COMPUTER 
PLATFORM
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The DNA full stack
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DNA basics and 
DNA Storage
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What is 
DNA?

• DNA = DeoxyriboNucleic Acid
• Composed of 4 Amino Acids
• The Amino Acids are always combined : AT 

or TA and CG or GC
• Every living organism

• Same basis DNA structure
• Humans differ from monkeys in 4% 

of the DNA
• DNA contains the instructions to make 

proteins
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THE COMPLEMENTARY 
DNA CODE

34

34



28/06/2024

17

35

Genome Sequencing and Genetic Analysis
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Begin and end 
of a stored object

37

38



28/06/2024

19

Frequency of use of DNA-based data
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Daily frequency Digital Data Storage

Monthly and yearly frequency DNA Data Storage

Multiple years frequency DNA Data Storage

DNA Data Storage for MARS Resistant to radioactivity
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WHO? QBee team
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Prof. Dr. Koen Bertels
Founder

past Prof. QCE TUD
past PI QCA QuTech

Prof. UGhent

Full-stack Q 
accelerator

Quantum genomics
DNA data storage

Dr. Ir. Aritra Sarkar
Lead Q Applications

Post-Doc TUD

Quantum 
genomics

Quantum AI
Author of QGS

Moves to India but will 
collaborate remotely

Dr. Tamara Sarac
QC Chemistry 

researcher

Quantum 
computational 

chemistry 
DNA data storage 

+ 1 new CEO
+ 2 researchers on genetics topics
+ 2 researchers on DNA-data storage

Prof. Dr. Emma Turki
Lead in coastal 
dynamics & EO

Assoc. Prof. 
Un. Rouen 
Normandie

Quantum Earth 
Observation  
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Conclusion
• Large changes in all scientific and technology based fields….so everywhere !
• Classical and digital data will keep on growing, including classical computers

• But we need additional computer platforms…

• Because the problems on our planet become larger and more complicated

• Two possible solutions
• Quantum Computing and QC-logic applications
• DNA-data storage devices need to be made better

• Read the DNA&QC paper you received and talk to your promotors!
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Important for space 
but also for our 

planet
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Quantum Genetic Analysis

DNA-data Storage, also for Mars
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