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Innovation Index 2021 (WIPQ)
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It measures innovation based on criteria that include institutions, human capital and research, infrastructure,
credit, investment, linkages; the creation, absorption and diffusion of knowledge; and creative outputs.




World Competitiveness Ranking 2021

International Institute for Management Development (IMD). Swiss

2021 Country 2020 Ranking Change 2021 Country 2020 Ranking Change
1 Switzerland 3 +2 T 11 Finland 13 +2 T
2 Sweden 6 +4 T 12 Luxembourg 15 +3 T
3 Denmark 2 -1 l 13 Ireland 12 -1 l
4 Netherlands 4 - - 14 Canada 8 -6 l
5 Singapore 1 -4 l 15 Germany 17 +2 T
6 Norway 7 +1 T 16 China 20 +4 T
7 Hong Kong SAR 5 -2 l 17 Qatar 14 -3 l
8 Taiwan, China 11 +3 T 18 United Kingdom 19 +1 T
9 UAE 9 - - 19 Austria 16 -3 \
10 USA 10 - - 20 New Zealand 22 +2 T
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Y Ceramics are everywhere.
YCramics market potentials are endless.
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. Additive Manufacturing

. Aerospace

. Automoive Engineering

. Ceramics and Joining Technology
. Chemicals-Pharmaceuticals
Electrical Engineering, Electronics
Environmental Engineering
Food Processing Technology
Glass Engineering

10. Lifestyle and Leisure

11. Measuring Systems

12. Medical Engineering

13. Metal Engineering

14. Military Engineering

15. Optics

16. Paper Technology

17. Plastics Engieering

18. Power Engineering

19. Textile Industry

20. Institutes

21. Equipment Suppliers

22. Power suppliers

©CONDOMON -

(K Ffr) Ceramic Application (BRI ZTFIFE)
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Optical Ceramics Market, 2021-2026

Stratview
Research .

Research Repor

202216 B 1T

Optical ceramics market is likely to withess an
Impressive CAGR of 14.8% during the forecast period. The

key factor that is contributing to the demand for optical

ceramics is mainly attributed to its increasing usage in
various industrial applications, such as aerospace &
defense, medical, and optics & optoelectronics.

Optical Ceramics Market Segmentation

By Type

. Monocrystalline
Optical Ceramics

- Polycrystalline
Optical Ceramics

By Material Type

* Sapphire

, Aluminum
Oxynitride

» Spinel
» YAG

* Others

By End-User
Industry Type

Optics &

* Optoelectronics
, Aerospace and

Defense & Security

» Energy
» Others

By Region

» North America

» Europe

» Asia-Pacific

» RoW
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MARKET RESEARCH PVT. LTD.

Optical Ceramics Market, 2021-2027

Optical Ceramics market size was estimated at USD 189.3 Mn. in 2020. It is
expected to grow at a CAGR of 12.4% from 2021 to 2027.
KFEEIIVIREMEFECATRILIMAZIR  F i, HEROANILAVE BEIE
OMERGEFER X ) TR BN EELTEG. MEFH. HE. XV T1EEIC
BIFONAFEIIVIADERBEEN, — 7. XFEIIVIADIARMDFNEN, F
AEAR R O TSI KRERL  FFRMIZIE. EEDPFTOEEENFYUR,

Optical Ceramics Market

Report Coverage Details

Base Year: 2020 Forecast Period: 2021-2027
Historical Data: 2016 to 2020 | Market Size in 2020: |US$ 189.3 Mn.
Forecast Period 2021 to 2027 CAGR: 12.4 % Market Size in 2027: |US$ 429.06 Mn.

e Sapphire, YAG, Aluminium Oxynitride
by Material e Spinel
e Others

Segments Covered: e Aerospace & Defense

e Energy
¢ Electrical & Electronics
e Others

by End-Use

202218128 #17



AR CHAND MARNEYS

Optical Ceramics Market,2021-2030

The global optical ceramics market was valued at $189.3 million in 2020, and
IS projected to reach $603.4 million by 2030, growing at a CAGR of 12.4%

from 2021 to 2030.

S ESIvoR (T, B EEMEROTL S OR— A, LR—LA%5E OBEY
BAISTZ N B THRASNTEY, 5%, AT HMEFH P, THLF—

EXTOFZEEMARAEND,

OPTICAL CERAMICS MARKET,
BY END USE

5.1. Overview

5.2. Optics & optoelectronics
5.3. Aerospace & defense and
security

5.4. Energy

5.5. Others

(Key Players)

lI-VI Optical Systems (US), CeraNova (US),
CeramTec (Germany), Surmet Corporation
(US), Schott AG (Germany),

CoorsTek (US), MurataManufacturing
(Japan), Konoshima Chemicals

(Japan), Kyocera (Japan), and Saint-
Gobain (France).

20225211 B #1417
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JFCA/REIUSACA/ERMPECHE#E

USACA:SEE173v) A0

<ERDH>

Ot 33 y/ilii ECMCRE
(Ceramic Fiber and CMC
Manufacturing)

OZRESIVIR

(Transparent Ceramics)
OIRFHtEI=vI R
(Nuclear Ceramics)

O 78 B F

(Workforce Development)

USACA: US Advanced Ceramics Association

PEC:EXMt73v) At/ 5-

<ER7TH>

O35 oa7)—LEIE
(Luxury & creation)
Of2fE.IRIE. £=E

(Health, Environment,
housing)

OIRI)LF—, EiE
(Energy & transport )
OILYbA=HR HF
(Electronics & photonics)

PEC: P6le Européen de la Céramique
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Widespread Use of Ceramics in
Multiple Aerospace Systems




Ceramic Matrix Composites for Hypersonic Vehicles

Reentry TPS
Ceramic Matrix Composites
Hypersonic
3000 F + Control
temperature Surfaces
capability
required Leading
Edges
Benefit:
Reduced Leading Edges Exhaust-
5 Washed
welght Structure

In-test photo at

Acreage TPS Actively Cooled CMC Combustor Control Surfaces

Glenn Research Center at Lewis Field




Application of Piezoceramic Materials

ENGINES

Piezoeletric Devices
» Energy harvesting
+ Power amplification
» Vibration suppression
* Noise suppression

/hallenges \

High temperature capability
(>> 300°C)

 Large displacement

« Integration with structure and

durability of integrated

AIRFRAME

Piezoresistive Devices
» Embedded pressure sensors
« Embedded strain sensors
Piezoelectric Devices
« Energy harvesting
« Cabin noise suppression
* Active flow control
Variable control surfaces

structure
« Multifunctionality

Glenn Research Center at Lewis Field



Ceramics Iin Satellite Communication

» Ceramic dielectric materials
with engineered properties for
microwave, millimeter wave
communication system

 Dielectric ceramics as
resonators, filters, oscilators

- » Miniaturization continuing
'\\__ trend J

' Piezoceramic materials |

« Change in shape of reflector to
Improve signal quality

« Vibration control

» Positioning control

0 y

Glenn Research Center at Lewis Field
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FC Roadmap 2 2021 | JFCA

Primary Fields

Medical care
Mobility and woltars Infrastructure
Telecommu
nications Energy Environment
o
£
58
FC Roadmap 2050 G0
20214608 O Battery
O
—MRHEHEA Semiconductor
BEIPAIIARR materials
& devices
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1-1) CCUS : Carbon dioxide Capture Utilization and Storage.

1-2) DME : Dimethyl Ether.

1-5) PEM : Polymer Electrolyte Membrane, 1-6) AEM : Anion Exchange Membrane

1-3) MRF : Membrane Re-Former.

1-4) SOEC : Solid Oxide Electrolysis Cell.
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