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Our Challenge
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By 2030 it is conservatively estimated that more than 20% of the world's energy will be consumed by computing
• In 2020 datacenters used more energy than the whole of the UK, 
• cryptocurrency mining consumed more energy than the population of Argentina and 
• AI’s impact is yet to be fully understood, where a simple ChatGPT query uses over 5 times the energy of a 

standard search engine
Sources: Frontier Group, IBM, IEA  

At the heart of all of this are Semiconductor Technologies…
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The Ever-Increasing Demands on Semiconductors
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The Crux of the Situation

90nm      65nm    45/50nm    28nm      20nm   16/14nm    10nm       7nm

Source: International Business Strategies Inc.

‘The number of transistors on an integrated circuit will double every two years with minimal rise in cost’
Gordon Moore, 1965, 1975
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The Continuing & Impressive Advancements

New Materials

Source: Nature 561, 163-166 (2018)

However, the Biggest 
Challenge Persists

Advanced Products

Advanced EngineeringAdvanced Designs

To effectively drive to Net Zero additional, 
new approaches are clearly required
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The Two-Dimensional Step Forward

Elemental 2D
Binary 2D

Multiplane 2D

Graphene
Hexagonal 

Boron Nitride Transition metal 
dichalcogenide 

(TMD)

Bulk 3D Semiconductor Materials

Elemental (Silicon)
Binary (Gallium Nitride)

Tertiary (Indium Gallium Arsenide) 

Two-Dimensional Materials

Confinement of a material to a single atomic layer brings extraordinary properties…
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Two-Dimensional Superpowers

Thermally stable & highly 
conductive ~4000 Wm−1K−1  

Environmentally Robust
< 1mk to > 800°C 

Transparent (~97%) but very 
absorbent for thickness

Ultra Conductive
200,000 cm2V−1s−1

High strength
UTS of 130 GPA

Highly flexible & 
extremely light

Graphene 
An unprecedented material 

The first 2D Material

These combined properties deliver the ‘wonder’ material
and at >150x more conductive than Silicon a revolutionary electronic material
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427GHz Graphene transistors, just the beginning for 
the wonder material?

The Potential of a 2D Future
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In-Vehicle Ecosystem
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Graphene Electronics | Changing the State of Play

A simple sensor addressing the needs of a whole sector…  
Graphene 

magnetic field 
sensor

…driving energy efficiency, improved performance and waste reduction  
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A simple field effect transistor (gFET) transforming analysis…

…delivering industry advancing, life changing, lifesaving diagnosis with reduced impact and footprint 

AGRI-TECH

VETERINARY

FOOD

HEALTHCARE

ENVIRONMENTAL

Graphene Electronics | Changing the State of Play

Graphene 
Biosensor
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Minimizing material and processing requirements Resetting & reducing device complexity

2D Materials | Reducing the Manufacturing Impact of Electronics

Silicon FET

2D FET
< 1nm high

Si FET 
> 30nm high

Driving semiconductor device production to a cleaner, less intensive, resource lighter 
and more cost-effective enabling the drive to Net Zero 
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The healthcare sector is responsible for almost 5% of global greenhouse gas emissions and has a carbon footprint 
equivalent to 514 coal-fired power plants. 
If the sector were a country, it would be the fifth largest polluter on Earth. Under a ‘business as usual’ scenario, 
emissions from healthcare could triple between now and 2050.
The two largest challenges are Overdiagnosis & Ecosystem Transportation (Patient, Samples, Laboratories)
Sources: The Lancet VOLUME 397, ISSUE 10269, P129-170, JANUARY 09, 2021, Health Care Without Harm, 2019, 2021, BMJ 2021

By 2030 it is conservatively estimated that more than 20% of the world's energy will be consumed by computing.
In 2020 datacenters used more energy than the whole of the UK, cryptocurrency mining consumed more energy than 
the population of Argentina and the impact of AI is yet to be fully understood, where a simple ChatGPT query uses 
over 5 times the energy of a standard search engine.
Sources: Frontier Group, IBM, IEA,  

Graphene > 50% Reduction

Graphene > 50% Reduction
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