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Global Glass Coating Industry Overview

» Glass industry is not new but global demands are increasing

* High-value coating and glass products, leading to high-value
post-manufacturing processes.

e Great opportunity for innovation due to emerging needs such
as energy efficiency, mobile gadgets, smart glass, etc.
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Southeast Asia Glass Coating Industry Overview

 The market for coated flat glass has been growing at a significant rate in pace with
the flat glass industry for the past five years.

e The economic downturns have affected many end-user industries of coated flat
glass, including construction, automotive and solar glass industries.

e The demand for coated flat glass is driven by the increasing demand for their
application in construction, solar and electronic industries coupled with the global
economic recovery.

* In addition, legislations and regulations focusing on reduction of CO2 emissions and
energy saving are contributing toward growth in the coated flat glass market.

 The upgrading of the existing buildings in these regions offers a huge opportunity for
the coated flat glass market, mainly for low-E glass, which has insulating and solar
control properties to increase the energy efficiency.

* Inthe longer-term, the developing countries, including China, Thailand, India and
others, will create many opportunities for the coated Southeast Asia Coating Glass
Industry.



Southeast Asia Glass Coating Market— Indonesia
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Southeast Asia Coating Glass Market— Indonesia
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Asahimas Flat Flat Glass; Automotive Glass 15807
Glass
MAGI Clear Float Glass; Tinted Float 10972 125
Glass:; Reflective Glass; Low-E
Glass,etc
PT. Tamindo Safety Glass (Laminated Glass, 5368 57
Permaiglassl Tempered Glass) Insulating

Glass for Automotives,
Buildings, Furnitures

Intan Glass Product Reflective Glass;Pattern 993 10
Glass;D'Glass
(Laminated);Safety Glass,etc.

PT. BMG Float Glass;Tempered Glass; 973 10
Laminated Glass;
Glass;Ceramic Fritted Glass

Source: QYR Coating Glass Research Center, Dec 2016



Southeast Asia Glass Coating Market— Thailand
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Southeast Asia Glass Coating Market- Thailand
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Guardian Automotive, Building materials 10452
distribution, Glass

AGC Flat Glass construction, automotive, 8017 169
Thailand industrial various float glasses,

figured glass, mirror, and

architectural fabricated glass

Thai-German Standard Product Glass; 4724 44
Specialty Glass Energy saving Glass;
Co., Ltd Decorative Glass; Secrity

Glass;Specialty Glass; etc.

Glassform Co., Ltd Mirror, Decorative, etc 2853 27
Wattanachai Safety = Tempered Glass; Laminated 2197 20
Glass Glass; Mirror Glass; Reflective

Glass; Float Glas;, etc.

PMK safety glass. energy-saving 9258 89
glass, interior decoration galss
and glass for other industrial

V.M.C. Canopy; Bullet-proof glass; 1163 10
¢ Automotive glass;etc



Southeast Asia Glass Coating Market - news

1. AGC to Set Up Solar Control Coating Facility in Indonesia for its Architectural
Glass Production (Nov. 9, 2016)

2. Gomelsteklo put into operation a line for the production of coated glass (Nowv.
15, 2016)

3. China’s largest glass manufacturer Kibing raise its investment in Malaysia by
100% to US$400mil (RM1.6bil) and to set up its overseas headquarters in Kuala
Lumpur (10 Sept 2016)



Southeast Asia Glass Coating Market Overview

Market is growing!

Technology is old!

Very few R&D in glass coating industry!

Very few R&D in university and RIs!
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Glass Coating R&D in Singapore
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Building and Construction Authority

SINGAPORE

Institute of
Materials Research
and Engineering

A*STAR

A*STAR

Institute of
Chemical and
Engineering Sciences

Institute of
High Performance
Computing

A*5TAR

BCA SkyLab is a state-of-the-art rotatable test
facility pivotal to developing innovative energy
efficient building technologies.

New functional glass coating:
materials & process

Experimental Power Grid
Centre (EPGC)

Green Building Environment
Simulation Technology
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Self Cleaning Glass (Smart Glass)

Dye in Water + Dye in Water +
Commercial Our IMRE
Nanoparticles

With Nano-Coating
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Photocatalytic degradation of Dye \

Patent:
A method to develop glass coating with self-cleaning,
UV-cutting properties (Patent filing in progress)

Test Results:
1SO10678 (Degradation of Methylene Blue Dye)



Hydrophobic Coatmg (Smart Coatmgs)

Un-coated




Nanomaterials for Green Building Industry

(Super-hydrophilic inorganic coatings for window glass)
Super-hydrophilic coating for self-cleaning Wide International Media coverage
New technology stops plastic,

anti-fogging application, improved visibility
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Electrical Conductive Glass (Smart Glass)

High transparent conductive ZnO films grown at room temp.
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Transmittance (%)
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Wavelength (nm)
Publications and Patents:
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1500

* Wong, L. M. et al. Solar Energy Materials and Solar
Cells 95, 2400 (2011).

* Wong, L. M. et al. Appl. Phys. Lett. 98, 022106
(2012).

» Patent: A method of improving the transparency and
conductivity of transparent conducting oxide for
various applications, SG 201203481.

» Patent: Method to fabricate highly conducting and
transparent zinc oxide at room temperature
SG 201105713.
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Low-temperature method ‘grows’ transparent
zinc oxide films for use in displays, solar cells
12 02 Science News

from gneverades, pomala. and LG RSB OFANZALON

Electronics: Low-Temperature Method Could 'Grow' Transparent Zine

Performance Comparison:

* Ga-ZnO on Glass
Transparency ~90% Sheet resistance 23.59 ohm/sq

* Ga-ZnO/Ag/Ga-ZnO on Glass
Transparency ~ 70% Sheet resistance 9.38 ohm/sq

 Conventional Product ITO/Glass (with PDA at 300 °C)
Transparency ~ 80% Sheet resistance 17.47 ohm/sq

Applications:

» Transparent conductive electrode for solar cell, display,
OLED, optoelectronics, consumer electronics.

» Heat rejection window coating for automotive, building,
etc.



Solar Cool Glass (Smart Glass)

IR heat rejection glass coating for green building and car window applications
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« Multilayer Structure for IR Glass Coatings
(US and SG Patent Application No0.13/893,024)

* A Method of Improving the Transparency & Conductivity of Transparent Conducting Oxide
(SG Patent No. 201203481-5)



Electrochromic Glass (Smart Glass)

Single-chromic behavior Long term stability / durability
il (10000 on-off cycles)
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Challenges & Opportunities:

v" New electrochromic materials
with long-term stability

v’ Large area device fabrication

v' Performance-morphology



Nanoimprint (Smart Glass)

Anti-Reflection Glass (Nanotextured Glass)

" Moth’s eye _
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Nanoimprint Foundry

Substrates: Flat GLASS and ultra flexible GLASS (Willow Glass)

Applications: Super hydrophobicity, optical properties (improved
ant reflectivity, transmission, 3D auto stereoscopy), antibacterial,
biomedical (glass fluidics)

Cured pattems ey 1) Area of collaboration: Flexible Glass Imprinting
e ) ooians” Strength and flexibility of substrate will enable
‘G patterns to be imprinted onto glass via roll to
Disparise Bl o d s D ‘ roll (mass throughput) techniques.
p - Area of focus : Resins for flexi glass
J LVt wi imprints, process optimization for flexi
SLT.Ibstrate Pressure rollers gIGSS imprinting.

Thermal Imprinting

2) Area of collaboration: Direct Glass Imprinting and

" Fabrication of High Temperature Templates

y Direct imprint on glass by-passes resins required
and serve as permanent fixtures on glass

‘ ‘ - Area of focus : Functionalities on glass with

no weakness relayed to substrate ? High

ﬁ temperature templates (for glass and metals)

Heat
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