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Many undiscovered
allotropes for example
sp-sp“-graphyne
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(a) Composites & related (b) Energy (generation & storage)
|

Composites: Energy
— @ Multifunctional enhancement —_ © H, generation
o
e 000 o © Thermal enhancement 2 s ) © © Perovskite PV
4 Electrical enhancement °
4 ° ° o o © 2 Energy storage:
@ © rolymers @ - 2
b1 2 . ol © 4 generation batteries
2. © Barriers functions (polymers) L4 s 2
= © Mechanical enhancement S . ° UpgrCapacTIOn
=8 o w © H, storage
st 00 o © ceramics = .
§ Related: g
g it coatings g
- © Barrier coatings (anti-..) ™
] 8 4
; 0 @ Polymer membrane coatings/additives %
s @ col electrodes s
0 + ++ 0 + ++
Current technological potential (USP) Current technological potential (USP)
(c) Electronics & photonics (d) Biomedical
Electronics and photonics: Biomedical field:
o @ Photonic networks z © orug/gene delivery
o o
b e o ° ° ° © Flexible sensors B o © Prostheses
g (-] © Wireless communication g (-] © Brain electrodes
& © Biosensors & (bicelectronic medicine)
4 g Pressure sensors/microphones 2 ] © Biosensing/bioimaging
= ° ’ Flexible HF electronics o © Tissue engineering
= ¥ o ° o @ Magnetic sensors =, o o ’ © small implants
£ 000 (-] o © Photodetectors/imaging systems g 00 @ Antibacterial materials
§ © Optical switches and modulators §
g ical sensors g
® sensors (forc %
x o @ Printed electronics (conductive inks) o0
s @ HFtransistors s
@ Flexible antenna
) ¥ o @ Flexible batteries 0 : + vy
Current technological potential (USP) Current technological potential (USP)
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Past(2018) Todayi2020) - 2030 i -
high-yield of printable inks commoditized [l mass production
single-layer flakes [l (widely available) l master batches [l of printableinks
Global capacity & scale to
consolidation phase e
uE] functionalization diversification complex (bio-)
Graphene (at scale) (hBN, TMDC, etc.) ll functionalization
production
m toxicology concerns decarbonisation goals
/ (bottleneck or driver] {carbon footprint recuction)

Market demand
50-100 t/year

e ‘Graphene 200"
uality plenty suppliers insitu carbon black
standards TR e PR e A quality control comparison
low reliability
application-specific agree on
materials standards meaningful

15O standard equivalent

GNPs prize pricing?
s economics of scale

Graphene
pricing

KPI specific to
applications

co-development for
end product niches

Ford
arts)

Vittoria
{bike tyre)

Markets &
applications

Past (2018) Today (2020)
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¢ Graphene Engineering Innovation Centre (GEIC)
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' Catalan Institution for Research and Advanced Studies

¥ Leibniz Institute for High Performance Microelectronics

T Interuniversity Microelectronics Centre

¢ Institute of Chemical Engineering Sciences

° Korea Institute of Science and Technology

“Lawrence Livermore National Laboratory

v National Institute for Materials Science (NIMS)

* National Nanotechnology Coordinated Infrastructure (NNCI)

* Utah Advanced Materials and Manufacturing Initiative (UAMMI)
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' Hype Curve Cycle

" Technology Trigger

T Peak of inflated expectation
¢ Trough of disillusionment

* Slope of enlightenment

“Plateu of productivity
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Priority Matrix
benefit years to mainstream adoption
less than 2 years 2to 5 years 5to 10 years mare than 10 years
transformational Conservative (Type C) Moderate (Type B) Aggressive (Type A)
not already adopted investment profile investment profile investment profile

high Ioderate (Type B) Aggressive (Type A) Imvest with caution
investment profile investment profile investment profile

moderate Moderate (Type B) Aggressive (Type A) Invest with caution Invest with extreme
investment profile investment profile caution
low Aggressive (Type A) Invest with caution Invest with extreme Imvest wath extreme
investment profile caution caution
As of August 2018
ID: 370163 © 2018 Gartner, Inc.

' Benefit

" Years to mainstream adoption
" Type A (aggressive)

¢t Type B (the majority)

¢ Type C (conservative)
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