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The future of solar energy appears exceedingly promising.
At Emerge Renewables, with advanced research and
development aimed at improving efficiency, reducing costs,
and integrating solar power seamlessly into our energy
grids. As technology advances, the widespread adoption of
solar energy will play a pivotal role in creating a sustainable,
cleaner, and brighter future for generations to come.

Clean Energy | Renewables

Emerge Renewables Pvt Ltd. m r
15th Floor, Vijaya Building. 17, Barakhamba Road,
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From the President’s Desk

Parallel to the AIGMF Executive Committee meeting, a
workshop on the Future of Security Glasses was organised on
March 27 at K R Mangalam University, Sohna GURUGRAM.

The program was organised in association with the Federation
of Safety Glass (FOSG) and the Glazing Society of India (GSI)
with stakeholder participation from all segments of glass and
related associations.

The keynote address was delivered by Mr. Aashish Tyagi,

Director of Gold Plus Glass Industry Ltd. Technical presentations
followed on Burglary Resistance Glasses by Mr. Rishabh Patel, Technical Manager, AlS;
Bulletproof Glasses by Ms. Pallavi Mungekar, Country Sales Manager — Security, FG
Glass Industries Pvt. Ltd.; Blast Resistant System by Mr. Ashwin K B, Technical Engineer,
Vetrotech Saint Gobain and Transparent Glass-Ceramics for Armour by Dr. Atiar Rahaman
Molla, Sr. Principal Scientist, CSIR-CGCRI.

The interactive session included over 100 participants covering students, faculty, and
industry members from AIGMF FOSG, CCPS, ICG, GSI, BIS, uPVC, IIT, CGCRI, K R
Mangalam University, Glass Bulletin magazine, Alfred University USA, Glass manufacturers,
and affiliate members via hybrid mode.

Overseas participants from the USA, Japan and Iran were noteworthy. A brief tour of the
University was also organised.

All participants received a glass memento specially made by AGI Greenpac and La Opala
from 100% recycled glass. The presentations and select photos of the event are available
under past events at www.aigmf.com

In view of the evolving geopolitical situation in the Middle East and its potential implications
for global supply chains, energy markets, logistics, and trade flows, the AIGMF Secretariat
organised meetings with DPIIT, Ministry of Commerce, Cll, ASSOCHAM, FICCI, Media and
other stakeholders. These meetings were aimed to assess emerging concerns and gather
structured industry inputs for various Ministries and Departments of the Government of
India.

The continuous manufacturing issue was flagged to all stakeholders requesting assurance
of uninterrupted Natural Gas supply for glass manufacturing units related to the sector’s
critical downstream linkages, particularly: Pharmaceutical glass products (vials, ampoules,
cartridges and tubing); Food and beverage glass packaging; Solar glass, linked to renewable
energy projects and national infrastructure programs; Float Glass used in automobiles,
metro trains, airports, hospitals, window/facade, and glass partitions. These issues will

continue to be raised seeking support under essential manufacturing =
/

[
g 2
Rajesh Khosla
President AIGMF and CEO/President AGI Greenpac
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MANUFACTURING
EXCELLENCE: SYSTEMS,
PEOPLE AND PSYCHOLOGY

Manufacturing Excellence: Systems,
People and Psychology by Er. Ashoka
Rao Manikala (Member Editorial
Board KANCH) offers a distinctive
and deeply practical perspective on
building world-class manufacturing
organizations by integrating technical
capability,
psychology into
coherent framework. Drawing from

systems, human and

industrial one
more than four decades of leadership
across complex
the

author demonstrates that sustainable

experience
manufacturing  environments,

excellence cannot be achieved
through technology and systems alone;
it requires disciplined processes,
engaged people, and a culture shaped
and

by purpose, responsibility,

continuous learning.

The book explores critical dimensions
of manufacturing success including
quality

productivity improvement,

assurance, reliability enhancement,
cost optimization, safety, maintenance
effectiveness, and operational
leadership. What makes this
work unique is its emphasis

on the psychological and

behavioral foundations |
behind shop-floor [
performance, how
attitudes, habits, trust,

motivation, and leadership
influence outcomes as [

strongly as machines and

methods.
Through practical
examples, structured

MANUFACTURING

EXCELLENGE

Systemns, People & Psychology Behind
World-Class Performance

ER. ASHOKA RAD MANIKALA

insights, and  experience-based
reflections, Er. Ashoka Rao Manikala
presents manufacturing excellence
as a living system where systems
thinking, human commitment, and
managerial wisdom must operate
together. The book servesasavaluable
guide for industrial leaders, engineers,
plant managers, consultants, and
students seeking to create resilient,
competitive, and people-centered
manufacturing enterprises in a rapidly

changing global environment.
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This book is available in India and
overseas through Amazon as well as
Flipkart in India.

NEXT GENERATION INDUSTRY
CONFERENCE SHOWCASES
THE FUTURE OF Al AND
DIGITALISATION

Nearly 150 delegates attended in
person or joined online as Glass
Futures hosted the Next Generation
Industry Conference on March 18
2026, bringing together industry
leaders, academics and technology
providers to explore how Al and
digitalisation are transforming the
foundation industries.

Held at Glass Futures’ state of the
art facilities in St. Helens (UK), the
conference offered a unique forum
to share real world applications,
emerging research and future focused
thinking across the glass and wider
foundation sectors.

Delegates were welcomed by Mr.
Justin Kelly, CEO of Glass Futures,
who emphasised the importance
of cross sector innovation and the
role digital technologies will play in
and

accelerating  competitiveness

decarbonisation.




With Al now firmly established as a
key industry focus, the conference
agenda reflected the pace of change
across the supply chain and the
growing need for data driven decision
making.

Morning sessions highlighted how Al
is already delivering impact at scale:

e Dr. Gokce Yice (Digital
Technologies &  Simulation
Services  Manager, Sisecam)
demonstrated how one of
the world’s largest glass
manufacturers is embedding

Al across its operations. From
autonomous furnace control
to predictive quality and defect
detection systems, Al is delivering
tangible reductions in waste and
emissions.

* From a systems and engineering
perspective, Mr. Daniel Smalley

(Business  Manager  Factory
Automation Digitalisation,
Siemens  Digital  Industries)
explored the transformative
potential of industrial Al

digital twins and agent-based
automation,  outlining  how
Al-enabled engineering
workflows are redefining design,
simulation and manufacturing
performance.

* Academic insight was provided
by Prof. Hujun Yin (Professor of
Artificial Intelligence, University
of Manchester), who gave a clear
and accessible overview of Al
principles, associated risks and
real-world industrial applications,

grounding  innovation  within
a robust data and governance
framework.

* Materials innovation featured
strongly, with Mr. Stephen
Forrester  (Finance  Director

(Projects), Lucideon) highlighting
the use of Al-enabled approaches
in  materials research and
underlining  the continued
importance of scientific rigour
and validation. Dr. Katharina
Roettger (Principle Scientist,

Digital Technologies & Data
Science, CPI) complemented
this with practical insights into
how SMEs can establish strong
data foundations to unlock
future Al adoption and process
optimisation.

The afternoon sessions focussed on

innovation at scale and long term

sustainability:

e Showcasing Glass Futures’ own
work, Dr. Jim Scotson presented
the flagship AI-GLASS Project,
introducing the organisation’s
evolving digital twin ecosystem,
multi-physics furnace modelling
capabilities and operator training
platform designed to support
decarbonisation and operational

excellence.

* Further industrial perspectives
included Dr.  Juraj Rai¢
(Development Manager, FEIL.C.

UK), who outlined advances
in furnace modelling, electric
boosting  technologies  and

Al-supported process control.

e A key technology focus was

provided by Mr.  Salvador
Sumohano-Verdeja (New
Business Development Lead,
Industrial Manufacturing,
NVIDIA), who explored
next-generation industrial
Al capabilities enabled by

accelerated computing, advanced

° Kanch | Vol. 13 | No. 4 | January-March 2026

simulation technologies and the
NVIDIA  Omniverse platform,
illustrating how Al can be
deployed at industrial scale using
real-time operational and sensor
data.

* Rounding out the programme,
Mr. Konstantin Vikhorev (CTO,

Virtual  Engineering  Centre
— University of Liverpool)
showcased cutting-edge

applications of high-fidelity digital
twins, immersive  simulation
and Al-enabled engineering
tools being developed to solve
real-world industrial challenges.

Delegates were united by a
shared ambition to embrace digital
transformation and shape the next
generation of industrial innovation.
The strong turnout and engaged
discussions reflected the growing
momentum behind Al adoption
across the foundation industries.
The message is clear: Al is no longer
a future aspiration, it is already
shaping productivity, sustainability
and innovation across the foundation
industries today.

WIEGAND-GLAS CHOOSES
HEYE SMARTLINE 2 WITH
RANGER 2 FOR SPECIALITY
GLASS PLANT UPGRADE

Following a successful trial, Wiegand-
Glas has installed six SmartlLine 2




inspection machines equipped with
Ranger 2 optical check devices
for its Ernstthal plant in Thuringia,
GERMANY.

Wiegand-Glas has been established for
more than 450 years and makes around
8 million bottles a day at four glass
plants. Its plant in Ernstthal, Thuringia
makes about [.3 million bottles a
day and specialises in short runs and
complex shapes for the spirits industry.
As part of its furnace renovation
programme this year, Wiegand sought
new hot and cold end equipment to
optimise performance.

The plant’s high output of non-round
containers was the primary reason to
test Heye SmartLine 2 with Ranger
2 technology. It also has a colourant
forehearth and extra flint containers.
Such high-quality glass containers have
very tight specifications and, therefore,
require the most accurate inspection
equipment to remove all defects without
over-rejecting and making the plant less
productive than it should be.

Heye International has a decade long
relationship with the glassmakers
at Ernstthal,
equipment there in 2012. Over the

having first installed

years, Heye machines have proved to
be stable and very robust.

The company installed a test line at
the plant so Wiegand could assess
whether or not they wanted to invest
in Ranger 2. Heye engineers were
confident the system could handle
non-round containers better than
its competitors. Wiegand tested the
machines with a range of different
various non-round

toolings and

container shapes and sizes.

“Our glassmakers are highly skilled and
know what good glassmaking looks like,”
says Dr. Thomas Struppert, CEO of
Wiegand-Glas. “We soon realized the
advantages of Heye’s SmartLine 2. It
handles complex containers in a fast and
stable manner and provides excellent

data to help us rectify problems before
they multiply.”

At the hot end, Heye installed a new
Multi-weight assortment feeder, part
of the company’s Industry 4.0 Smart
Plant initiative.

It uses a servo drive control, in
combination with a servo plunger and
dual motor shears, to deliver gobs
of different weights to the same IS
machine, even in NNPB format. This
allows Wiegand to produce a variety
of containers simultaneously on one
forming line. Heye has overhauled
and upgraded the line’s existing servo
plunger and dual motor shears as part
of the contract.

The plunger and shears work in
tandem to ensure less energy is used
and no gob is wasted. It is perfect
for samplings and short runs and
means that downtime is reduced to
a minimum. The manufacturer needs
fewer moulds for each low volume
item and fewer machine-widejob
changes, so longer jobs keep running
alongside several shorter ones.

At the cold end, Heye installed six
SmartLine 2 machines. These are all
equipped with Ranger 2 optical check
This
system allows users to capture five

detection devices. modular
images simultaneously through one

camera to check different aspects

of the container, such as horizontal,

L" M
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vertical, bottom, and shoulder.

The bottles tested at Ernstthal were
largely heavy, premium containers.
Mr. Uwe Schitter, Head of Cold End
at Heye International, says that “Heye
Smartline 2 is just as comfortable in this
complex environment as it is in a high-
speed NNPB scenario.” Wiegand-Glas
sees light weighting as a key part of its
sustainability strategy.

The SmartlLine 2 interface controls
the parameters for each job and gives
the operator full visibility and detailed
feedback on the check results. The
SmartLine 2 can be configured to
the customer’s precise specifications
through this intuitive graphic interface.
One of its core competences is non-
round containers, which is such an
important consideration for Wiegand-
Glas given Ernstthal’s high value,
specialist, short-run product mix.

SmartLine 2 with Ranger 2 addresses
the key
container glass inspection. It is fast

challenges of modern
and runs accurately at speed with
different types of bottles. It offers
repeatability, spotting the same defect
time and again. Ranger 2 is effective
at detecting defects and relaying
information regarding which machine
sections are affected. It is based
on a fixed camera position, with a
higher accuracy than other systems,
which are available in the market.

Ranger 2 performs reliably across




different sample types and inspection
challenges.

Mr. Uwe Schitter, Head of Inspection
Technology concludes, ‘A specialist
glass plant like Wiegand Ernstthal is
made for Ranger 2. We tested dll its
capabilities and it passed with flying
colours. Now it is running on all six
lines after furnace reconstruction this
summer.”

Wiegand-Glas speaks of itself as
a company where experience
meets the latest technology and an
innovative spirit. Its partnership with
Heye International demonstrates all

of these qualities.

INDUSTRIAL ACCELERATOR
ACT: EUROPEAN GLASS
PACKAGING INDUSTRY
WELCOMES RECOGNITION
OF GLASS AS A STRATEGIC
SECTOR

On the European Commission’s
proposal for an Industrial Accelerator
Act (IAA), the European Container
Glass Federation (FEVE) welcomes
the recognition of glass manufacturing
as a strategic industrial sector and the
streamlining of permitting procedures
for energy-intensive industry

decarbonisation projects.

The
manufacturing to account for at least
20% of EU GDP by 2035 sends an
important signal of renewed industrial

proposed  objective  for

ambition. However, urgent action on
multiple fronts is needed to get there
and safeguard the competitiveness
of the
decarbonisation at scale in a moment

industry, while enabling
marked by increasing energy and
carbon costs and intense competition,
leading to unprecedented production
decline and furnaces closures across
Europe.

“Europe’s glass packaging industry is
fully committed to decarbonisation and
is investing to make it happen” said Mr.

Carlo Pirrone, Secretary General of
FEVE. “While today’s proposal is a step
in the right direction, we need bolder
action to lower energy prices, boost
grids development and simplify rules to
maintain our competitive edge”

The glass
industry stands as a resilient and
strategically

European  container
important contributor
to the EU economy and to local
supply chains. Glass packaging also
underpins
strength,
high-value goods — from food and

Europe’s trade

supporting

global
exports of

beverages to pharmaceuticals and
cosmetics — worth over €140 billion,
or 6.1% of total EU exports. With
the right framework conditions,
the sector can deliver fully circular,
non-toxic packaging solutions while
advancing towards decarbonised
manufacturing— preserving industrial
capacity, jobs and strategic autonomy

in Europe.

FEVE is the Federation of European
of glass
for food and beverage, perfumery,
cosmetics and pharmaceutical sectors.

manufacturers containers

Its members produce over 20 million
tonnes of glass or more than 80 billion
containers per year. The association
has 24 independent group members.
Manufacturing plants are located across
23 European States and include global
blue-chip and major companies working
for the world’s biggest consumer brands.
The Container Glass sector in Europe
makes a significant contribution to the
EU Economy and supports essential
sectors. More than 125,000 people
work in the glass packaging value chain
across Europe. It guarantees resilient
local supply chains with a proximity
of service to its suppliers and clients.
Every year €610 million is invested
in upgrading plants for better energy
efficiency and reduced CO, emissions
(i.e. representing a significant 0%
of the operational and maintenance
costs). The sector exports around €1.2

Q Kanch | Vol. 13 | No. 4 | January-March 2026

billion (empty bottles and jars) and if we
take account of items almost always or
often packed in glass, glass is an enabler
of extra EU exports of around €140
billion.

COMPLETION OF FIRST TRIALS
CAMPAIGN MARKS NEW
CHAPTER IN GLASS FUTURES’
DECARBONISATION MISSION

Glass Futures has reached a
significant milestone in its mission
to accelerate the decarbonisation of
energy intensive industries, with the
successful completion of alternative
fuel  trial programmes  testing
biofuels and electric melting, and
commissioning hydrogen capabilities

on its 30 tonnes-per-day pilot line.

The achievement comes almost

exactly seven years after the
organisation secured funding for its
first Industrial Fuel Switching projects
from the Department for Energy
Security & Net Zero, marking a new
phase of innovation and momentum

for the global glass sector.

These complex, multi-pathway trials
that started in October 2025 have
delivered groundbreaking results that
demonstrate the technical potential
of low-carbon fuel technologies at
industrially relevant scales.

Key successes include the installation
and commissioning of a bespoke
biofuel  delivery  system, fully
integrated into the site’s digital control
environment which has been used to
successfully fire four novel, low-cost,
waste-derived biofuels for sustained

periods over several days.

The Glass Futures team, supported by
FI.C UK Ltd, installed, commissioned,
and trialled a custom electric-boost
(e-boost) system. The work tested a
wide range of power settings, including
rapid

switching, to demonstrate

how a glass furnace could provide



demand-side response capabilities to

local electricity networks.

Glass Futures also commissioned a
new hydrogen fuel delivery system on
the pilot line, enabling successful firing
of hydrogen supplied by Ryze Power
and natural-gas blends, up to 100%
hydrogen.

first
hybrid pilot-scale glass

Commissioning the world’s
multi-fuel
furnace involved several technical
complexities, and this achievement
has already attracted strong interest
across Glass Futures’ membership,
government, and the wider foundation

industries.

Mr. Justin Kelly, CEO of Glass Futures,
said: “The successful completion of
these trial programmes marks a crucial
milestone not just for Glass Futures, but
for the industry’s journey to net zero.
We have demonstrated, at industrial
scale, the technical viability of a number
of alternative low-carbon fuel pathways
that have never before been trialled
in this way. It is a testament to the
resilience, ingenuity, and collaboration
of the entire Glass Futures team.”

Mr. Barry King, Engineering Manager
at Encirc said: "Encirc is delighted to be
part of Glass Futures’ groundbreaking
trials in biofuels, electric, and hydrogen
technologies. Collaboration and
innovation are at the heart of our

decarbonisation journey, and working

together on these pioneering projects
brings us closer to finding viable
alternatives to fossil fuels. By exploring
new energy pathways side by side with
industry partners, we're helping to
shape a more sustainable future for glass
manufacturing and the communities we
serve.”

With completion of our first trial
campaign around alternative fuels,
Glass Futures has already progressed
into detailed discussions with its
members around our next campaign,
exploring the next generation of raw
materials and process innovations,
and looking to our third campaign, to
explore product innovations in both
flat and packaging glass.

Our technical teams are collating
the results from this first campaign
to ascertain the technical readiness
of each alternative fuel pathway, and
how this will influence the broader
policy landscape for decarbonisation.

There remain additional technical
and adoption barriers to each, and
we work directly with our members
to explore the right combination of
solutions to help decarbonise. The
outcomes from these trials will act
as a catalyst for further research and
investment to overcome remaining
technical and commercial challenges
to support the energy transition and
accelerate the pathway to net zero.

Glass Futures’ Head of Innovation, Mr.
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Rob Ireson, added: “These results show
that waste-derived biofuels, e-boosting
technologies, and other emerging
solutions can all play a critical role in
decarbonising high-temperature sectors
without compromising product quality
or operational reliability. Now, we
need coordinated action across supply
chains, regulators, and energy providers
to turn these technical successes into

deployable solutions.”

Glass Futures has now commenced
the next phase of pilot activity
through its AI-GLASS project, funded
by the Made Smarter Innovation
Programme at Innovate UK, which
will gather operating data to validate
the advanced furnace model, allowing
advanced sensing, digitalisation and
intelligent control to further optimise
industrial furnace performance and
reduce emissions.

GLASS TECHNOLOGY SERVICES
SECURES UKAEA FUNDING TO
PIONEER GLASS AND GLASS-
CERAMIC SHIELDING FOR
FUSION ENERGY SYSTEMS

Glass Technology Services (GTS)
has been awarded a contract under
the United Kingdom Atomic Energy
Authority’s (UKAEA) Fusion Industry
Programme, as part of a national £8.1
million investment supporting next-
generation shielding and fuel-cycle
technologies for future fusion power

plants.

Working in partnership with Sheffield
Hallam University, GTS is leading the
project “Glass and glass-ceramics for
fusion reactor shielding applications.”
The project investigates the potential
of glass and glass-ceramic materials to
serve as economical and sustainable
radiation shielding solutions within
fusion energy systems and associated
plant environments.

The project is taking an economics
and sustainability driven approach to
identify materials that are both low



cost and environmentally responsible,
while still meeting the stringent
performance requirements of nuclear

fusion.

By exploring alternatives that
are holistically competitive with
traditional shielding materials, such
as lead, concrete, and specialist
metal alloys, the team aims to deliver
solutions that combine high physical
performance with lower costs,
reduced environmental impact, and
simpler end of life management. This
work aligns closely with the UK’s
commitment to sustainable innovation
and the advancement of clean energy
technologies.

As part of the programme, GTS
and Sheffield Hallam University
are undertaking a comprehensive
programme of work including:

* Identification and modelling of
high-performance glass and glass-
ceramic materials.

e Simulations to evaluate radiation
attenuation behaviour.

* Laboratory-scale melting trials to
validate material feasibility and
performance scale melting trials
to validate material feasibility and
performance.

* Assessment of commercial
manufacturing routes, including
integration of secondary raw
materials.

e Lifecycle and environmental
impact analysis to ensure long-
term sustainability and end-of-life
viability.

Dr. Owen McGann, Principal

Technologist and Innovation

development lead said “Glass and

glass-ceramic  technologies offer a

unique combination of compositional

flexibility, ~manufacturability and
radiation shielding capability.

“This project gives us the opportunity to
demonstrate how these materials can
deliver sustainable, economical, high-
performance shielding solutions which
support the UK’s long-term fusion
energy ambitions.”

The outcomes of the project are
expected to contribute directly to
the UK’s growing fusion materials
capability and may offer broader
benefits to sectors such as nuclear
medicine, nuclear fission, aerospace,
and industrial radiography.

NEW STUDY BY STAZIONE
SPERIMENTALE DEL VETRO
CONFIRMS STRONG
RECYCLING PERFORMANCE OF
OPAQUE GLASS PACKAGING

ACROSS EUROPE
FERVER and FEVE welcome the
publication of a new technical

report by Stazione Sperimentale del
Vetro (SSV), which provides robust
scientific evidence on the actual
recycling performance of opaque
glass packaging in Europe.

The study, which was commissioned
by FEVE and conducted with the
operational support of FERVER
members, identifies the minimum
visible light transmittance threshold at
which opaque glass fragments can still
be correctly recognised as glass by
the optical sorting systems nowadays
used in Cullet Treatment Plants
(CTPs). Through extensive laboratory
measurements and industrial-scale
trials, the research offers clear, data-
driven insight into the state-of-the-
art performance of Europe’s glass-

recycling infrastructure.

The findings of the study support
that today, in
Europe, optical sorting technologies

the conclusion

can reliably identify opaque glass
fragments with an average visible
light transmittance higher than 2.5%,
measured according to the opacity
protocol currently being defined
in the European Committee on
(CEN) taking
account the input of the International

Standardisation into
Technical Center for Bottling and
Related Packaging (CETIE). This
confirms that, when it comes to the
actual performance of glass packaging
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recycling in Europe, current CTPs’
capabilities significantly exceed the
much higher thresholds enshrined in
some national packaging laws, which
under-estimate real-world sorting
performance.

To ensure statistically robust findings,
SSV  conducted  comprehensive
industrial trials at nine CTPs across
Europe, using 2,700 kilograms of
standardised cullet from different
types of opaque bottles, measuring
false CSP (Ceramic, Stones, Porcelain)
rejection rates under real operating
conditions and across different sorting
technologies.

Due to its robustness, the findings
of this study are being taken into
consideration in the development
of the design-for-recycling technical
specifications for glass packaging,
currently being finalised by CEN
with input from the whole value
chain, including glass container
Cullet

Plants, fillers, label suppliers, closure

manufacturers, Treatment
producers, machinery providers and
EPR schemes. Recyclability guidelines
will require regular review and
improvement to reflect innovations
in design, collection, sorting and

recycling.

By grounding this work in industrial
and full
scrutiny, the study contributes to

evidence value-chain
ensuring that the future work of the
European Commission on design for
recycling criteria for glass packaging
is technically sound and aligned with
Europe’s state-of-the-art recycling
practices, thus contributing to
Europe’s circular economy and
industrial resilience.

FEVE and FERVER remain committed
to working with European and
policymakers
that the harmonized EU regulatory

national to ensure

framework on  packaging and

packaging waste fully reflects the
proven

capabilities of Europe’s

recycling system.



REMEMBERING SWARN
KANTA CHITKARA w/o LATE
MANOHAR LAL, FORMER
SECRETARY AIGMF

A very special volunteer who was
always active at the AIGMF booth
in the initial glasspex exhibitions in
2009 and 201 1; and wife of Former
Secretary Mr. Manohar Lal passed
away on March 15, 2026 at Delhi at
the age of 90 years.

Mrs. Swarn Kanta Chitkara was
remembered at the Executive
Committee meeting of the AIGMF on
March 27 at K R Mangalam University.

SORG ACHIEVES 100% ELECTRIC
GLASS CONDITIONING

SORG has successfully completed
long-term testing of its fully electric
‘Viking’ forehearth, which enables
glass conditioning for all tonnages.

The first installation on a glass melting
furnace has successfully passed
extended testing in a large-scale
industrial environment.

Conditioning remains one of the
major sources of CO, emissions in
the glass manufacturing process.

While  electrically
heated conditioning E T
systems have been ™=

available for some
time, their use has .+ "

generally been
limited to special
applications.

This is due to
limitations such

as contamination from the heating
elements, slow response times, local
overheating, and wear of the heating
elements.

The Viking forehearth is designed
to change this standard by offering a
100% electrically heated conditioning
system suited to all tonnages.

The forehearth benefits from
heating elements integrated into its
specially designed superstructure,
which completely eradicates local
overheating.

In addition, because the heating
element material cannot fall into
the glass bath, the design also
protects the melt from potential
contamination, ensuring a cleaner and
safer conditioning process.

The forehearth was equipped with
an emergency gas heating system
for safety at a production facility.
However, the forehearth’s reliable
performance meant it was not
necessary to put the safety system
into operation. With the Viking
forehearth, SORG continues to
advance sustainable glass production.

When combined with SORG’s VSM
and VSM+ fully electric melting
technologies - or the Clean Melter
hybrid system, which reduces CO,
emissions by 80% - the Viking
forehearth makes 100% CO, -free
glass production possible from the
initial melt to the final conditioned
glass.

ENERGY CONSERVATION AND
DECARBONISATION TRAINING

A 5-day training programme on Energy
Conservation and Decarbonisation
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in the Glass Industry was conducted
from March 16-20, 2026, at the
Centre for the Development of Glass
Industry, Firozabad. The programme
was organised by the Centre for
the Development of Glass Industry
(CDGil), an institution established as a
joint venture to support technological
advancement and sustainable
development in the glass sector.

The programme was conducted by
Er. Ashoka Rao Manikala, Former
President (Operations) of PGP Glass
and AGI| Greenpac and Member,
Editorial Board of KANCH, who
shared extensive practical knowledge
from his long industrial experience
in glass manufacturing and furnace
operations.

More than 30 participants from
various glass factories in and around
Firozabad attended the programme.
The training covered key aspects of
furnace energy efficiency, combustion
optimisation, reduction of heat
losses, fuel conservation and practical
measures for lowering carbon
emissions in glass production.

Special  empbhasis given
to improving  specific  energy
consumption, operational
discipline, and adopting sustainable
manufacturing practices. Interactive
discussions and practical examples
made the sessions highly relevant
to present-day industrial challenges.
The programme provided valuable
technical guidance for improving
competitiveness  through energy-

was

efficient and environmentally

responsible  glass  manufacturing

practices.




HIGHLIGHTS OF THE UNION BUDGET OF INDIA 2026-27

The Union Minister for Finance and Corporate Affairs Mrs. Nirmala Sitharaman presented the Union Budget 2026-27 in

Parliament on Feb |, 2026. The key highlights of the Budget are as follows:

Restructuring Power Finance Corporation (PFC) and Rural Electrification Corporation (REC).

Raising the STT on Futures from 0.02% to 0.05%.

Establishment of new Dedicated Freight Corridors connecting Dankuni in the East, to Surat in the West.
Operationalising 20 new National Waterways connecting mineral rich areas, industrial centres and ports.

Scheme to adopt Carbon Capture Utilization and Storage (CCUS) with an outlay 320,000 crore.

Exemption of BCD on import of sodium antimonate for use in manufacture of solar glass.

Exemption of BCD on import of capital goods required for the processing of critical minerals in India.

Extending exemption of BCD to capital goods used for the manufacture of Lithium-lon Cells for batteries to be used
in battery energy storage systems.

Extension of the existing basic customs duty exemption on imports of goods required for Nuclear Power Projects till
the year 2035 and expand it for all nuclear plants irrespective of their capacity.

Exclusion of entire value of biogas in Central Excise duty payable on biogas blended CNG.

‘Growth Connectors’ - 7 High-Speed Rail corridors between cities - Mumbai-Pune, Pune-Hyderabad, Hyderabad-
Bengaluru, Hyderabad-Chennai, Chennai-Bengaluru, Delhi-Varanasi, Varanasi-Siliguri - Environmentally sustainable
passenger systems.

Enhancement of duty-deferral period for Tier 2 and Tier 3 Authorised Economic Operators (AEO) from 15 to 30
days. Eligible manufacturer-importers to get the same duty deferral facility. Government agencies will be encouraged
to leverage AEO accreditation.

Individual Persons Resident Outside India (PROIs) will be permitted to invest in equity instruments of listed Indian
companies through the Portfolio Investment Scheme (PIS).

Reduce TCS rate on sale of overseas tour program package from 5% and 20% to 2% without any stipulation of
amount.

Reduce TCS for pursuing education and for medical purposes under the Liberalized Remittance Scheme (LRS) from
5% to 2%.

TDS on Supply of manpower services to be at the rate of either 1% or 2%.

Enable depositories to accept Form I5G or Form |5H from taxpayers holding securities in multiple companies.
Time available for revising returns extended from 3 I** December to up to 31 March with the payment of a nominal
fee.

Individuals with ITR | and ITR 2 returns will continue to file till 31* July and non-audit business cases or trusts are
proposed to be allowed time till 3 ** August.

TDS on the sale of immovable property by a non-resident to be deducted and deposited through resident buyer’s
PAN instead of TAN.

Introducing a one-time 6-month foreign asset disclosure scheme below a certain size for small taxpayers.

Allow taxpayers to update their returns even after reassessment proceedings have been initiated at an additional 10
percent tax rate over and above the rate applicable for the relevant year.

Framework for immunity from penalty and prosecution in the cases of underreporting extended to misreporting.
Immunity from prosecution with retrospective effect from 1.10.2024 for non-disclosure of non-immovable foreign
assets with aggregate value less than %20 lakh.

Constitute a Joint Committee of Ministry of Corporate Affairs and Central Board of Direct Taxes for incorporating the
requirements of Income Computation and Disclosure Standards (ICDS) in the Indian Accounting Standards (IndAS).
Tax buyback for all types of shareholders as Capital Gains. However, promoters will pay an additional buyback tax.
Single and interconnected digital window for cargo clearance approvals.

Honest taxpayers willing to settle disputes will now be able to close cases by paying an additional amount in lieu of
penalty.
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Workshop on Future of Security Glasses

(March 27, 2026, Gurugram)

Parallel to the AIGMF Executive
Committee meeting, a workshop
on the Future of Security Glasses
was organised on March 27 at K
R Mangalam University, Sohna
GURUGRAM. The program was
organised in association with
the Federation of Safety Glass
(FOSG) and the Glazing Society
of India (GSI) with stakeholder
participation from all segments of
glass and related associations.

The event started with a welcome
address by the Vice Chancellor
Professor Dr. Raghubir Singh and
an Opening Address on Security
of Health and Environment by the
AIGMF President Mr. Rajesh Khosla
and CEO/President of AGI Greenpac.

Mr. Khosla gave the overview on
glass packaging and how important
role it plays for protecting health and
environment vis-a-vis threats to the
general masses from the unsustainable
packaging. He said that role of the
AIGMF is to impart education by
taking help of the Youth to spread the
message of green packaging offering
security via Glass.
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The keynote address was delivered
by Mr. Aashish Tyagi, Director of Gold
Plus Glass Industry Ltd., on developing
the unbreakable Glass solutions
that set the stage for academia and
industry interaction.

The following technical presentations
were made:

- Burglary Resistance Glasses by
Mr. Rishabh Patel, Technical
Manager, AlIS

- Bulletproof Glasses by Ms.
Pallavi Mungekar, Country Sales
Manager (Security), FG Glass
Industries Pvt. Ltd.

- Blast Resistant System by Mr.
Ashwin K B, Technical Engineer,
Vetrotech Saint Gobain

- Transparent Glass-Ceramics for
Armour by Dr. Atiar Rahaman
Molla, Sr. Principal Scientist,
CSIR-CGCRI

The event was well organized and
well collected by industry leaders. |
had a great learning from the fellow
dignitaries as well as from the speakers
who talked about different subjects
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from safety glass to bulletproof
glass to the new ceramic glass.
Mr. Amit Malhotra, President of
Confederation of Construction
Products and Services, Treasurer
of uPVC Window & Door
Manufacturers Association and
Managing Director of McCoy
Silicones Ltd.

The future of security glass, particularly
bullet-resistant glass, is being shaped by
rapid advancements in material science
and engineering. Innovations in multi-
layer laminates, advanced interlayers,
and lightweight polycarbonate
composites are enabling superior
protection while maintaining high
optical clarity and aesthetic appeal.

As security requirements continue to
grow across commercial, residential,
and defence sectors, modern bullet-
resistant systems are evolving to
deliver higher ballistic performance
with reduced thickness and weight.

Enhanced durability, energy efficiency,
and  seamless integration  with
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contemporary architectural designs are
becoming key focus areas.

Looking ahead, the emphasis is on
intelligent protection, where safety

meets innovation. Next-generation
bullet-resistant glass will be lighter,
stronger, and more adaptable, offering
visually seamless solutions that meet
the dynamic challenges of modern

security environments.

However,  high-performance  glass

alone is not sufficient; a robust and
well-engineered framing and support
system is equally critical to ensure
overall ballistic integrity and real-world
effectiveness.

Ms. Pallavi Mungekar Country
Sales Manager - Security, FG
Glass Industries Pvt. Ltd.

The Q&A was chaired by the expert
panellists:

- Mr. Sharanjit Singh, Member

e Kanch | Vol. 13 | No. 4 | January-March 2026

Managing Committee, Federation
of Safety Glass (FOSG)

Mr. Gohul Deepak, Executive
Director, Glazing Society of India
(GSI)

Assistant
K R Mangalam

Dr. Gaurav Gupta,
Professor,
University

Mr. Amit Malhotra, President,
Confederation of Construction
Products and Services; Treasurer
of uPVC Window & Door
Manufacturers Association and

Managing  Director, McCoy
Silicones Ltd.
Ms. Sheetal Khanna, General

Manager, Gold Plus Glass Industry
Ltd.

Dr. Arun K. Varshneya, PhD
Hon FSGT Former President,
The Society of Glass Technology;
Professor of Management, Alfred
University; Prof. of Glass Science
& Engineering, Emeritus, Alfred
University & President Saxon

Glass Technologies, Inc., USA




- Mr. Mohit Garg, Deputy Director
& Member Secretary - CHD 10,
Bureau of Indian Standards, Gol

- Mr. Lakhan Singh, Editor &
Publisher Glass Bulletin Magazine

- Prof. N M Anoop Krishnan, Dept.
of Civil Engineering and Yardi
School of Al, [IT DELHI

Glass-ceramics are emerging as a
promising class of materials for both
armour systems and electronic displays,

offering a cost-effective alternative to
conventional glass and transparent
industries

ceramics. | invite Indian

to participate as co-development
partners in technology development,
and

demonstration, subsequent

commercialization, noting that the
demand for such materials is steadily
increasing while indigenous technologies

remain limited in the country.

Dr. Atiar Rahaman Molla,

Scientist-F at CSIR-CGCRI
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Mr. Vinit Kapur Secretary, AIGMF
mentioned that the industry is excited
to hold this event at K R Mangalam
10,000
students on its 38-acre green campus.

University, which houses

He appreciated that the current and

upcoming campus buildings have
many glass applications which aligns

with the green concept.

“It was a great experience interacting
with the industry leaders, scientists
and academics on addressing the
grand challenges faced by the industry.
Such workshops and brainstorming
sessions play a foundational role in
bringing the academia and industry
together to develop innovative and
sustainable solutions that can catapult
India toward a global leader in glass
manufacturing and innovation.” Prof.
N M Anoop Krishnan, Dept. of
Civil Engineering and Yardi School
of Al, IIT DELHI

It was stated that a series of
workshops are planned on Solar,
container and pharma (vials/ampoules)
to cover all segments of glasses




before the 16 AIGMF International
conference on the theme ‘Developing
Unbreakable Glass Solutions,” to be
held parallel to glasspex and glasspro
2027 at Mumbai
INDIA. Papers are invited on the

exhibitions in

subject covering flat, hollow, solar,
vials, decorative and tableware at
info@aigmf.com

The interactive session included over
100 participants covering students,
faculty, and industry members from
AIGMF, FOSG, CCPS, ICG, GSI, BIS,
uPVC, IIT, CGCRI, K R Mangalam
University, Glass Bulletin magazine,
Alfred  University ~ USA,
manufacturers, and affiliate members

Glass

via hybrid mode.

National standardization, which is
vital for ensuring safety, quality, and
uniform performance in the glass

and glassware sector, particularly for

applications involving  security and
structural integrity. The Bureau of
Indian Standards (BIS) has established a
robust set of Indian Standards, including
IS 2553 (Parts | & 2) for safety glazing
in buildings and vehicles, IS 18158 for
bullet-resistant glasses, IS 19328 for
fire-resistant glasses, and IS 16978
(Parts | to 4) for forced entry security
glazing. These standards define critical
performance parameters such as impact
resistance, fire endurance, and sdfe
breakage behavior, enabling safer use
of glass in modern infrastructure and
enhancing trust among stakeholders.

BIS continues to strengthen this
framework through ongoing work on
structural glazing, advanced coated and
laminated glass, and performance-based
standards aligned with international
practices. Academia plays a key role in
this process by contributing research,

testing methodologies, and technical

that
standards remain scientifically

expertise, ensuring
robust, innovative, and globally
harmonized.

Mr. Mohit Garg, Deputy
Director &
Secretary - CHD 10, Bureau
of Indian Standards, Gol.

Member

Overseas participants from
the USA, Japan and Iran were
noteworthy. A brief tour of the

University was also organised.

All participants received a glass
memento specially made by AGI
Greenpac and La Opala from 100%

recycled glass.

The workshop concluded with lunch
and a group photograph.

We should understand that the
“bulletproof”, “fireproof”, or
“unbreakable” glass are commercial

words,

terms only. In reality, there is no
material which quadlifies for being
“proof”’.

bullet-resistant, fire-resistant, or break-

Technologically, they are
resistant. As a single component flat
glass product, chemically strengthened
transparent glass-ceramics are
perhaps the strongest; having surface

compression level at | GPa and a
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depth of compression around
100 to 300 microns. Relative to
glasses, glass-ceramics have a
high fracture toughness making
it possible
impacting energy pulse. However,

to absorb some
when using any strengthened
glass as armour, one needs to
be cognizant of what happens
when the second bullet strikes.
In strengthened glasses, tensile
stress in the interior can lead to web
fractures causing loss of visibility for
vehicle occupants. In general, armours
should be
several plies bonded using polymers

made as laminates with

such as polyvinyl butyrate which provide
a tough assembly and prevent glass
bits from flying. A ply of transparent
ceramic such as Mg-spinel can improve
performance. In this context, the framing
of the armour can also help absorb
some of the impacting energy. Work
on transparent glass-ceramics is being
carried out by Dr. Atiar Molla at the
CGCRI, Kolkata. Fracture simulations
studies (among other topics) are being
conducted by Professor Anoop Krishnan
at the [IT Delhi.

As Mr. Rajesh Khosla stated in his

welcome address, “security” also

includes health security. A serious

threat to human health are the cancer-
causing microplastics. Use of glass
containers in place of plastics is a step
in the right direction. At Saxon Glass
Technologies, we have been developing
thin-walled
containers in an effort to make glass

strengthened glass
containers a cost-competitive option. In
addition, we regularly supply chemically
strengthened borosilicate glass cartridge
for autoinjector use which has reduced
glass fracture probability from around
10% down to next-to-nothing, thereby
help saving thousands of human lives
each year. Many modern parenteral
medicines are quite potent; they should
be contained in break-resistant vials.
Strengthened vials have been used to
contain Covid-19 vaccines.

I am looking forward to developing
closer working relations with glass
manufacturers and R&D establishments
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in India in an effort to advance towards

a “Secure India”.

I thank Vinit Kapur of the AIGMF to
have given me the opportunity to take
part online during middle of the night
from the other side of the Earth in the
special AIGMF workshop on the future
of security glasses.

Dr. Arun Varshneya (Emeritus
Professor of Glass Science &
Alfred University,
and President, Saxon Glass
Technologies, Inc. Alfred NY USA)

Engineering,

After the workshop, the AIGMF
Executive Committee met to discuss
the current Gulf war situation, energy,
raw materials, the ADD on Soda Ash,
and other issues =

Select photos of the event and
presentations are available under past

events at www.aigmf.com
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FORGING BRILLIANCE
SHAPING TOMORROW

MASTERS OF TURNKEY
GLASS PLANT INSTALLATION

We specialize in delivering end-to-end turnkey installation solutions for glass manufacturing
h facilities. Our services cover the installation of entire production line - from batch house to cold
Fu rnotherm end - ensuring seamless integration and optimized performance. With a strong focus on quality

specializes in | andefficiency.
We offer: Detailed Engineering & Design, supply and installation of batch house and expert
project management consulting Services.

Furnotherm, a Consistent Performer with Proven Track Record of
100% success rate in the construction field of Glass Industry with a
team of multi-faceted expertise in all sectors of Glass Furnace ¢ Global Experience in Turnkey Installation of
construction projects, made them capable of accepting Turnkey Glass Plants.

Projects of different Glass Furnaces including Float Glass, Container
Glass, Solar Glass, Tableware Glass, Borosilicate Glass etc.

Furnotherm is well-known for

* Industry-Specific Engineering Expertise.

° Commitment to Safety & Quality Standards.
Under the brilliant Leadership of Mr. Jogendra Singh, associated in * End-to-End Project Accountability.

this field for last 25 years, Furnotherm has been able to establish a
prominent Global Presence with large workforce of multi-talented
professionals with demonstrated skills and excellent performance.

* On-time Delivery of every Project.

Registered Office: Workshop:
102, First Floor, Ashar Millennia, Next to Vijay Sales, 108/A, Aatmiya 2 Industrial Park, At & Post Manglej,

Manpada, Ghodbunder Road, Thane (W), Maharashtra — 400607 (INDIA) Taluka - Karjan, District - Vadodara, Gujarat - 391 243, India
Tel: 022-49709373 / 48015056 ; Email: glass@furnotherm.com




Transforming tiny places
iNto larger-than-life spaces!

Create the illusion of space with the perfect reflections of Sisecam
Mirror Flotal E. Its clear reflections visually expand any area, turning
even capsule-sized rooms into open, airy spaces.
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Highly Efficient BIPV goes Colourful

Building-integrated photovoltaics
(BIPV) are considered a key
technology for the energy
transition in buildings — and their
installation is now picking up
speed. According to ‘“Deutsche
Energie-Agentur” (German
Energy Agency -dena) more
than 10 gigawatts of solar power
generation capacity were added
in Germany in 2023 and 2024. A
success that needs to be built upon
because according to surveys by
the Fraunhofer Institute for Solar
Energy Systems, up to 1,000
gigawatt peak (GWp) could be
installed on Germany’s available
roof and facade surfaces; the PV
needs in a completely renewable
energy system would already be
achieved at around 500 GWp.
Glasstec asked the experts

The large-surface BIPV system, which LichtBlick (Hamburg) took the lead in planning,
annually generates some 285,000 kilowatt hours of green power on the roof of FC St. ~ €Xpanses -when equipped with PV-
Pauli — enough for around 80 apartment buildings. At the same time, 135 to 140 tons  would make energy supply in cities
of CO, are saved. The 1,080 coloured modules with MorphoColor technology were 1 ore sustainable.

produced by module manufacturer Megasol with colour-coated cover glass by AGC

Inter pane Architectural Glass.

Since || September 2025 Hamburg has sported a new landmark — the large-surface
rainbow PV system on the roof of the north stand of the Millerntor stadium. The joint
project of LichtBlick and football club FC St. Pauli links high-tech with attitude — sending
out a symbol of diversity, inclusion and sustainability visible from afar.

Photo: LichtBlick SE

Prof.-Dr.-Ing.  Ulrich  Knaack
(Technical Universities of
Darmstadt and Delft) and Dr.
Thomas Kroyer (Fraunhofer
Institute for Solar Energy Systems
— ISE) about how to deploy BIPV
more often in future and the new
solutions available.

Renewable energy is the most
important source for rising electricity
needs also in the heating and mobility
sectors in transition — especially
via wind energy and photovoltaics,
also due to their comparatively low
generation costs. However, the
by far biggest growth potential for
photovoltaics is held by building
skins, which with their large usable

Solar building skins reduce the CO,
Photo: LichtBlick SE  emissions of the building sector
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Entwicklung der Inbetriebnahme von gebdudenaher
Photovoltaik-Leistung nach Siedlungsstruktur

In GWp
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Trend in building-integrated photovoltaics in Germany: in 2023 and 2024 over 10 giga
watts of new solar-power generation capacity were installed.
Dark red = Urban regions, Red = Regions with partial agglomerations, Orange = Rural

regions

Chart: dena, Source: Bundesnetzagentur (Federal Grid Agency —2025), open data soft

(2025), BBSR (2025)

considerably, offer shading, avoid
grid extension costs and generate
added

One of the reasons why BIPV is still

sustainable value locally.

too rarely considered for vertical
installation could be the
creative freedom associated with PV

lack of

Prof. Dr.-Ing. Ulrich Knaack, Head of
the Fagade Structures department at the
Technical University of Darmstadt and
Head of Chair “Design of Construction”
at TU Delft.

Photo: Ulrich Knaack

module design. Architectural glass
with built-in PV cells (such as Sunplus
BIPYV, Pilkington) has made it possible
to toy with patterns for some years
already, but there has hardly been
any colour design options for highly
efficient BIPV modules so far: “In
my understanding, more possibilities
to adapt the colour and dimensions of
modules to the desired geometry and
aesthetics of the building are needed for
a stronger uptake of building-integrated
photovoltaics especially in facades,”
explains Prof. Dr.-Ing. Ulrich Knaack,
Head of the Fagade Structures
department at TU Darmstadt and
Head at the “Design of Construction”
chair at TU Delft.

“Module aesthetics follow facade
aesthetics. And vice versa: through
colour-customisable modules architects
can design the aesthetics of facades.

We have to understand BIPV facade

@ Kanch | Vol. 13 | No. 4 | January-March 2026

components like bricks, clinker bricks or
design panels: here we can select from
a wide variety of surfaces and now also
sizes and then also use these in custom
patterns— with a view to achieving a
desired individuality.” One obstacle on
the way to colour customisation has
so far been the low efficiency rates of
designed module glass compared to
conventional black modules.

COLOURED BIPV FOR
DESIGNING FACADES

The Fraunhofer Institute for Solar
ISE had already
been working on a solution for

Energy Systems

several years, which has now also
reached market readiness for large
volumes and any module dimension.
Dr. Thomas Kroyer, a researcher
at Fraunhofer ISE, developed the
patented “MorphoColor” technology
with his team: unlike colour pigments
or coloured films some of which
the
desired

strongly shade the module,
the
interference

Institute  produces

colour by an layer
that makes it possible to precisely
select and optically reflect individual
wavelengths in order to generate
an intense colour. For the remaining

large spectrum of sunlight the glass

remains transparent and the energy

Dr. Thomas Kroyer, Division Climate-
Neutral Heat and Buildings, Head of
Group Coating Technology and Systems,
Fraunhofer Institute for Solar Energy
Systems ISE.

Photo: Fraunhofer ISE



The office building of Enerparc company in Hamburg shows the versatile applications for building- include
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B development was subsidised
by the Federal
Ministry for Economic Affairs
and Climate Action as part
of the “PVHide”
The most recent, and so far
biggest, project involving
| MorphoColor technology is
the PV system on the roof of

the North stand of Hamburg’s
| Millerntor stadium in rainbow

Germany

Project.

colours; LichtBlick SE was the
lead planner.

glasstec 2026 in Diisseldorf
from October 20-23, 2026
will once again be the central
and leading trade fair providing
the impetus for exchanging
on tomorrow’s topics in the
glass industry — and these also
Building-Integrated

integrated photovoltaics. Here architectural glass with integrated PV cells (Sunplus BIPV, Pilkington) pp, o« voltaics (BIPV)
Photo: Constantin Meyer

is used.

loss remains low. Dr. Kroyer explains:
“There are many well suited surfaces
on roofs and facades for photovoltaics
to be integrated in a meaningful way.
With our solution we give architects
the freedom to use PV modules as
design features. Alternatively, the PV
functionality can also be concealed
completely. In most cases, you can still
see up close that these are PV modules
but seen from a few metres away you
no longer notice the difference between
these and normal facade panels.”

Depending on their tint, coloured
PV modules with this MorphoColor
coating boast an excellent 90-96%
of the efficiency of comparable black
modules: “With conventional solar
modules the majority of the energy
is converted into power from the
incident photons of the long-wave
red light. The short-wave blue light,
by contrast, is only used to a lesser
extent. This is why the power loss
is lower when blue light is reflected

rather than red light. A module with

a blue cover glass therefore has a
slightly better efficiency rate (96% of
the performance of a black module)
than a red one (94%).”

Coloured photovoltaics offer new
possibilities not only in facades but also
where you initially might not expect
them — for instance when protecting
listed buildings and ensembles. Dr.
Kroyer adds: “PV installation on the
roofs of such listed buildings had been
difficult until now. However, red modules
blend very well with the cityscape for
typically red roofing.” With a view to
also realising large-format cover glass
and extensive projects, Fraunhofer ISE
has now developed its technology to
market readiness in cooperation with
licensee AGC Plasma; this company
applies the coatings in Lauenférde
using magnetron sputtering to achieve
homogeneous colours and a high
stability of angle and was also a funding
partner alongside the Institute and
photovoltaic module producer Axsun
(located near Ulm/Germany). The

Kanch | Vol. 13 | No. 4 | January-March 2026 0

Read more at: http://www.glasstec.
de/

About glasstec

glasstec is the world-leading trade
fair for glass production, finishing and
products and held every two years at
the Diisseldorf Exhibition Centre. From
October 20-23, 2026, it will bring
together international decision-makers,
market leaders and experts from the
entire glass industry.

The trade fair is the central platform
for innovations, trends and knowledge
transfer uniting experts from industry,
skilled crdfts, research and science.
It covers the complete value chain
of the material that is glass — from
manufacturing to processing to versatile
applications. glasstec 2026 will focus
on the topics of the future: Artificial
Intelligence Al & Digital Technologies,
Decarbonisation and Circular Economy.
The trade fair provides room for in-depth
expert exchange, initiation of concrete
business and strategic investment
decisions =
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BRIGHTER SOLUTIONS TOGETHER

SEFPRO GUARD®

« PREDICT YOUR REPAIR
TIMING TO EXTEND
FURNACE LIFETIME

« OPTIMIZE MAINTENANCE
OPERATION

Peace of mind for your glass

furnace’s energy transition

EXPERT SYSTEM ES /II™

* OPTIMIZE ENERGY
CONSUMPTION AND CARBON
EMISSIONS

« ACHIEVE STABLE MELTING
AND FORMING CONDITIONS




wod rewb@enoyjewdwald ‘wod jrewb@elade|b :jlew3 u 06897 L02£6-16+ 21O m 97118992-02-16+ I°L
VIANI ‘SL0-L LY dund ‘ipemiuelysiA ‘peoy Jebeusasbul)l ‘iyppniwes Jewny ‘9g/z-v SHIINIDNI VIOV 1D

VH1O0OH1VIN d N3dd

s|opow |eanewaylew Suisn Jusawanoidwi Aduaiiyyd ASiaul §
31| @keuany Suiipasd pue uoirdwnsuod [9an) Sudnpad 10} SHpne ddeuin |

*s19WO0ISN) wa3sAs UOIISNQUIOD JO UOISIIAUO) W

S}l 0} dnjeA wnwixew w_u_>o.ha uo1}eZIUI3POW pue UoneIJIPOW ‘dueudjuiew ‘Suipjing ‘usisap aseuiny g

pue: saseu.inj mc_u_w—: mmm_m s4y3| Suijesuue pue Asauiydew uojlanpoud Jo SuluoISSIWWOI pUB UOIIe|[BISUl ‘UOI1ID|DS
>_3:w_.__._.|000 ﬁ:m ucm_u_"_."—m VIETIE "walsAs 3uljpuey 19||nd pue asnoy yaleq d1zewoine Ajny jo 3uludisa( e
wc_t__sn Spiemo] mc_h ndejnuew [el191eW MEL JO UOI1I3|3S o

mmm_w JO p|aYy ayy ul 93uanadxa jusawdinba paljje }3 uoilRIUBWINIISUI “‘WIISAS UOIISNQUIOD 4O SUIUOISSILIWOD 9 UOIIS|3S o
| ) ) S2ueUUIEW R SUIUOISSIWIWOI ‘SUlp|IiNg 92BUJNS

Asduiyoew Suppoed pue juswdinba |0J3u0d Alljenb jo SuluolISSIWIWIOD pue uolle||elSu| e

Yol sy pue A3ojouydal 1soie|
i = 94N32NJ3S [991S 3 AJ01JBI4DI JO UOIFII|DS ‘USISIP SdBUINS
9yl Ajdde 03 si esade|9 Jo uoOISIA BY | Inoke| Jue|d o

91IS JO UOI1D3|3S »

:8uinjonul syued sse|s 10y s139(0ad Adxyuin) m

SIOINJOBINURJA] SSBL) JOJ SuoqyoRg oY I

SN NHRVRIHONIS)




“The future of glass
melting & conditioning
has been here longer
than you realise..”

[m] 3% (o]
-5
[=] www.electroglass.co.uk

The Specialists in Electric Glass Melting and Conditioning
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Technology Driven Cost
Management for Operational
Efficiency - Linking Industry 4.0

Abstract

The emergence of Industry 4.0 marks a fundamental shift in
how organizations manage costs and drive operational efficiency.
Traditional cost management approaches, which relied heavily on
reactive cost-cutting measures such as budget controls, manpower
reduction,and expense minimization, are increasingly inadequate in
a fast-paced, technology-driven business environment. Industry 4.0
introduces a new paradigm where advanced digital technologies—
including the Internet of Things (loT), Big Data & Analytics, Artificial
Intelligence (Al), Machine Learning (ML), Robotics & Automation,
Cloud Computing, Cybersecurity, and Augmented and Virtual
Reality (AR/VR)—are leveraged to proactively optimize resources,
reduce waste, and enhance productivity.

loT enables real-time visibility, predictive maintenance, and
energy optimization, while big data analytics uncovers hidden
inefficiencies and supports evidence-based decision-making. Al
and ML extend these benefits by automating processes, improving
demand forecasting, and enhancing quality control. Robotics and
automation improve speed, precision,and safety, lowering rework
and downtime costs. Cloud computing provides scalability, agility,
and cost-efficient IT infrastructure, while cybersecurity protects
organizations from financial, operational, and reputational risks.
AR and VR further enhance training effectiveness, product design,
maintenance, and customer engagement at lower costs.

Collectively, these Industry 4.0 technologies transform cost
management from a defensive function into a strategic enabler,
fostering operational resilience, sustainability, and long-term
competitive advantage in an increasingly complex and uncertain
business environment.

The Industrial Revolution  engines.  This  transition from
fundamentally altered the way manual labour to machine-based
societies worked, produced goods, production increased output and

and organized economic activity. Each
phase of industrial transformation not
only reshaped production systems
but also redefined how organizations
managed costs and efficiency.

The First
the late 18"
mechanization powered by steam

Industrial Revolution in

century introduced

reduced unit costs, particularly in
textile manufacturing, while driving
urbanization and industrial growth.

The Second
beginning in the late 19" century,
characterized by electricity,

Industrial Revolution,
was
mass production, and assembly lines.
Standardization and economies of
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CMA Naveen Jain

Practicing Cost Accountant
naveen.jain@cmanaveenjain.com

A seasoned Cost & Management
Accounting professional with over 25
years of experience, he specializes
in optimizing business processes,
implementing accounting systems,
and deploying ERP solutions. His
experience across diverse industries
like FMCG, Telecommunication
Healthcare has equipped him to
guide SMEs in adopting effective
management accounting practices.

scale significantly lowered production
costs, improved productivity,
and raised living standards. Cost
management during this era focused
on volume- driven efficiencies and
process standardization.

The Third Industrial Revolution, also
known as the Digital Revolution,
emerged in the late 20" century
with the rise of electronics,

computers, automation, and the
internet. This phase introduced
information  systems, enterprise
software, and global connectivity,

enabling organizations to improve

coordination, reduce transaction

costs, and optimize supply chains.

Today, the world stands at the
threshold of the Fourth
Revolution (Industry 4.0). Unlike earlier

Industrial

revolutions, Industry 4.0 integrates
the physical, digital, and biological
worlds into intelligent, interconnected
ecosystems. Technologies such as
Al, loT, robotics, cloud computing,
big data analytics, and immersive
technologies  enable  machines,
systems, and humans to interact in

real time.



From a cost management perspective,
Industry 4.0 represents a paradigm
shift. Cost control is no longer reactive
or limited to accounting exercises;
instead, it is predictive, technology-
driven, and strategically aligned with
organizational goals. The following
sections explore how key Industry
4.0 technologies contribute to
operational efficiency and sustainable

cost management.

INTERNET OF THINGS (IOT)

The Internet of Things (loT) connects
physical assets—machines, sensors,
equipment, vehicles, and logistics
networks—through digital interfaces,
enabling real-time data exchange and
control. This continuous data flow
plays a vital role in technology-driven
by improving

cost management

operational  efficiency,  reducing
wastage, and supporting informed

decision-making.

loT-based
systems monitor electricity, water,

energy  management

and gas consumption in real
time. By automatically optimizing
equipment usage and regulating

HVAC systems, organizations can
significantly lower utility costs while

supporting sustainability initiatives.
Predictive maintenance is another
critical benefit of loT adoption.

Sensors track machine parameters
such as vibration, temperature, and
pressure to detect early signs of
failure, allowing maintenance teams
to address issues before breakdowns
This
downtime, emergency repair costs,

occur. reduces unplanned

and asset replacement expenses

while extending equipment life.

RFID
provide

In inventory management,

tags and smart sensors
real-time stock visibility, minimizing
stockouts,
and storage costs. loT data also
highlights  process  bottlenecks,

enabling automation and process

overstocking, pilferage,

redesign to reduce waste and rework.
Additionally, loT wearables enhance
safety in hazardous
environments, lowering accident-
related costs, compensation claims,
and premiums. Fleet
tracking and route optimization
reduce fuel consumption,
transportation delays, and logistics

workforce

insurance

expenses, Wwhile real-time quality
monitoring detects defects early,
preventing  costly recalls and

reputational damage.

A practical example is Siemens, which
uses loT sensors in gas turbines and
manufacturing plants to monitor
vibration, temperature, and pressure.
Early failure detection has resulted
in lower maintenance costs, fewer
unplanned shutdowns, and longer
equipment life.

Despite its benefits, loT adoption
in Indian corporates faces several
challenges, including high initial
investment,  cybersecurity  risks,
integration complexity, infrastructure
limitations, skill shortages, regulatory
compliance, scalability issues, and
workforce resistance.

BIG DATA & ANALYTICS

Industry 4.0 has led to an explosion
in data generation from machines,
customers, supply chains, and digital
platforms. Leveraging Big Data &
Analytics
to transform this vast data

enables  organizations
into
actionable insights, driving smarter,
cost-effective

faster, and more

decision-making.

ADVANCED ANALYTICS
UNCOVERS HIDDEN

Inefficiencies in energy consumption,

material usage, and operational

processes, allowing organizations
to optimize resource utilization and
reduce operational costs. Predictive
analytics forecasts equipment failures,
minimizing downtime and avoiding

expensive breakdowns. Data-driven

@ Kanch | Vol. 13 | No. 4 | January-March 2026

insights into supplier performance,
lead times, and logistics enhance
supply chain efficiency by improving
procurement decisions and reducing
excess inventory.

Workforce analytics evaluates shift
patterns, idle time, and overtime,
helping  organizations  optimize
staffing levels and control labor
costs. Production analytics identifies
bottlenecks and rework causes,
improving throughput, quality, and
cost efficiency. Additionally, route
optimization analytics reduces fuel
consumption and delivery delays,
while fraud detection tools identify
anomalies in procurement, billing, and

claims, preventing revenue leakage.

A notable example is Amazon, which
uses big data analytics to analyze
demand patterns, customer behavior,
and logistics routes. This enables

precise inventory planning, faster
deliveries, reduced warehousing
costs, optimized transportation

expenses, and lower stock-out losses.

However, Indian corporates face
challenges such as high infrastructure
costs, poor data quality, legacy system
integration issues, talent shortages,
cybersecurity  risks,
requirements under the DPDP Act,
scalability

constraints, and low data literacy.

compliance

weak data governance,

ARTIFICIAL INTELLIGENCE (Al)
& MACHINE LEARNING (ML)

Artificial
Learning significantly enhance the

Intelligence and Machine

capabilities of analytics by identifying
patterns, automating decisions, and
continuously improving outcomes. In
cost management, Al and ML enable
predictive and proactive operations
rather than reactive control.

Al-driven  predictive maintenance
detects early failure patterns, reducing
unplanned downtime and emergency
repairs. Energy management systems
electricity

dynamically  optimize



usage by adjusting lighting, HVAC,
and production ML-
based demand forecasting prevents
overproduction, stock outs, and

schedules.

excessive inventory holding costs.

Administrative automation through
Al-powered bots streamlines invoice
processing, scheduling, and data entry,
leading to substantial manpower
savings. analytics
optimizes staffing levels by analyzing
productivity trends. Al-enabled vision

Workforce

systems strengthen quality control
by detecting defects in real time,
minimizing rework and warranty
claims. Al-driven logistics optimization
reduces fuel consumption and fleet
maintenance costs, while anomaly
detection systems prevent fraud and
financial losses.

Unilever provides a strong example
by using Al for demand forecasting
and production planning, resulting
in lower inventory costs, reduced
waste, and improved service levels.

Despite these benefits, Al & ML
adoption in India faces challenges
such as high implementation costs,
data quality issues, talent shortages,
ethical cybersecurity
risks, regulatory uncertainty, lack of
explainability, scalability limitations,

concerns,

cultural resistance, and workforce

reskilling challenges.

ROBOTICS & AUTOMATION

Robotics and automation are central
to Industry 4.0, enabling faster, safer,
and more cost-efficient operations.
By replacing repetitive and hazardous
robotics  delivers

manual tasks,

sustainable cost savings.

Industrial robots operate continuously
24/7
production and higher throughput

without fatigue, enabling

without additional labor costs.

Automated processes

precision and consistency, reducing

ensure

cycle time, material wastage, and
rework. Robotics minimizes human

error, extends machine life, and
lowers  maintenance  expenses.
Energy-efficient  robotic  systems

further reduce power consumption.

In  warehouses, automation and
AGVs improve logistics efficiency,
reduce manpower dependency, and
optimize space utilization. Vision-
enabled robots perform real-time
quality inspections, lowering returns
and warranty claims. Robotics also
enhances workplace safety, reducing
accident-related compensation and

insurance costs.

Toyota exemplifies this approach
through extensive use of robotics
in welding, painting, and assembly,
reduced

achieving lower defects,

labor costs, and higher productivity.

Robotics &
adoption in

Despite its benefits,

Automation Indian

corporates faces several challenges

include high capital investment,
integration complexity, skill
shortages, workforce resistance,

limited flexibility, maintenance costs,
safety
risks, scalability issues, and regulatory

compliance, cybersecurity

constraints.

CLOUD COMPUTING

Cloud computing has transformed
IT cost structures by shifting from
capital-intensive models to flexible,
pay-per-use operating expenses. By
eliminating on-premise infrastructure,
hardware,

organizations  reduce

facility, and maintenance costs.

Cloud scalability allows resources
to be adjusted instantly, preventing
over-investment. Maintenance,
updates, and security are managed
by providers, reducing IT manpower
costs. Energy-efficient data centers
lower electricity expenses. Cloud
platforms enable remote work,
reducing travel and office space costs.
Affordable disaster recovery solutions

minimize downtime and losses, while
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faster deployment reduces time- to-
market costs.

Netflix operates entirely on cloud
platforms, benefiting from scalability
during peak demand, a pay-as-you-use
model, and reduced IT maintenance
costs.

However, cloud adoption in India
faces challenges related to security,
compliance, vendor
cost control,

skills, availability, data governance,

connectivity,
lock-in, integration,

and change management.

CYBERSECURITY

In a digital economy, cyber threats
pose
operational risks. Cybersecurity plays
a defensive yet strategic role in cost
management by preventing losses and
ensuring continuity.

significant  financial  and

Strong security frameworks
prevent ransomware attacks and
data breaches, protect intellectual
property, ensure regulatory
compliance, reduce fraud, boost
productivity, lower cyber-insurance
premiums, and enable reliable data
recovery.

The Maersk cyberattack of 2017,
which caused losses of USD 250-300
million, highlights the importance
of cybersecurity investment. Post-
incident, Maersk strengthened its
defenses, improving resilience and
reducing downtime risks.

Indian corporates face challenges such
as high costs, skill shortages, evolving
threats, compliance requirements,
legacy system vulnerabilities, human
error, weak incident response, data
visibility issues, and reputational risks.

AUGMENTED REALITY (AR) &
VIRTUAL REALITY (VR)

AR and VR create immersive digital
that
across training, design, maintenance,

experiences reduce costs
logistics, and customer engagement.

VR enables safe, repeatable training,



while AR  provides real-time
operational guidance. Remote AR-
assisted maintenance reduces travel
and downtime. Virtual prototyping
lowers material and redesign costs.
AR-guided warehouses reduce errors
and labor expenses. VR meetings cut
travel costs, while VR safety training

reduces accidents.

Boeing uses AR glasses in aircraft
wiring, reducing errors, wiring time,
and production cycles.

Adoption of AR &VR India facing many
challenges including high hardware
costs, infrastructure requirements,
skill shortages, user acceptance issues,
complexity,  security

risks, regulatory compliance, rapid

integration

obsolescence, maintenance costs, and
uncertain ROI.

ROLE OF THE MANAGEMENT
ACCOUNTANT IN
TECHNOLOGY-DRIVEN
TRANSFORMATION

In the era of Industry 4.0, the role
of the
has evolved from traditional

Management Accountant
cost
reporting to strategic oversight of
technology-driven  transformation.
As organizations adopt technologies
such as loT, Big Data & Analytics,
Al, cloud computing, automation,
cybersecurity,
Accountants play a critical role in
evaluating the financial viability and

long-term value of these investments.

and Management

They are responsible for conducting
cost—benefit analysis, ROl assessment,
and total cost of ownership
evaluation to ensure that technology
adoption aligns with organizational
objectives. By

time operational data with financial

integrating  real-

metrics, Management Accountants

enable informed decision-making,

performance monitoring, and

continuous cost optimization. They
also budgeting, capital
allocation, and vendor evaluation
for technology projects, while
managing risks related to data
security, regulatory compliance, and
scalability. Additionally, Management
Accountants act as a bridge between
technology and
management by translating complex

oversee

teams senior

technical outcomes into financial
insights. Through KPI development,
variance analysis, and value- based
performance measurement, they
ensure accountability and governance
throughout the technology lifecycle.
Ultimately, Management Accountants
safeguard financial discipline while
enabling organizations to leverage
digital technologies for sustainable

competitiveness and value creation.

CONCLUSION

The Industry 4.0
technologies into cost management
represents a fundamental shift from
reactive cost cutting to proactive
value creation. Technologies such as

integration of

loT, big data analytics, Al, robotics,
cloud computing, cybersecurity, and
AR/VR embed intelligence across
organizational operations, enabling
predictive decision-making, resource
optimization, and sustainable cost

structures.

However, the true value of these
technologies can be realized only
when their adoption is guided by
strong financial oversight and strategic
governance.

In this context, the Management
Accountant plays a pivotal role in
translating technological capabilities
into measurable financial outcomes.
By evaluating investment feasibility,
monitoring returns, managing risks,
and integrating real- time operational
data with

financial performance

metrics, Management Accountants

ensure that technology initiatives
align with organizational objectives.
Their

accountability,

involvement
supports
allocation,

strengthens
informed
capital and balances

innovation with cost discipline.

that
adopt Industry under sound financial

Organizations strategically
stewardship can reduce downtime,

safety,
logistics,

minimize waste, enhance

optimize inventory and
and improve customer satisfaction,
supporting sustainability
and resilience. In an increasingly

while

competitive and uncertain global

economy, technology-driven cost
management is not optional but
Businesses that combine
with

management accounting practices

essential.

digital  innovation robust

will not only protect margins but
also secure long-term growth and
competitive advantage in the markets
of tomorrow =
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Container Glass Batching (chapter 2 of 15)

In this chapter from the book on
Glass
Manufacturing”, we will learn the

"Excellence in Container

following:

I. Container glass raw materials
and their specifications

2. Glass composition, glass oxides
and their impact on glass quality
and price

3. Raw
selection and raw materials cost

materials sourcing,

considerations
4. Batching cost calculation

Glass composition, batch recipe
and controls

6. Types of batching plants, selection
and equipments

7. Quality controls in batching plant

Container glass batch making process
consisting of following sub-processes:

I.  Incoming RM inspection
RM unloading / handling
Cullet inspection and usage
Cullet processing

RM storage

A

Batching & transportation

Batching Process is very important

process in container glass

saying—
“garbage in - garbage out", the
quality of glass produced directly
depends upon the input quality of raw

manufacturing. As the

materials used. Hence at every stage
of batching process, utmost focus on
quality is to be maintained to get good
quality of glass from melting furnace,
for forming. Each raw material is
having many variables like physical
properties, chemical properties and
compositions, and small changes in
the raw materials quality can severely
glass properties, energy
required for glass melting and glass

impact

quality etc. Hence it is very important
to have very clear specifications for
raw materials, good process control,
good laboratory analysis and avoid
material contaminations.

1.0 Container Glass raw materials
and their specifications

Container glass means all Type of glass
bottles and jars used for beverages
e.g. juices, soft drinks, carbonated
drinks,
perfumes and foods. Glass containers
are mostly intended to come into

pharmaceutical, cosmetics,

direct contact with the inside content.
Therefore, they must comply with
their respective specifications for
identity hydrolytic
resistance. Container glass is generally

and surface
classified as Type I, Il and Il glass.
Also, there is Type IV glass which is
having higher alkali in glass with less
hydrolytic resistance. This is a general
glass having less batch cost. Lead
crystal and special aluminosilicate
glasses are also used in container glass
manufacturing. Special aluminosilicate
glass is emerging as very high-
performance pharmaceutical glass but
cost is very high.

Ninety-five per cent of glass used
for container glass is either soda-
lime-silica glass or borosilicate glass
(neutral). Soda-lime-silica glass has a
moderate hydrolytic resistance due to
the chemical composition of the glass

www.aigmf.com

Excellence in Container
Glass Manufacturing

Witen By

itself; it is classified as Type lll. Suitable
treatment of the inner surface of Type
Il soda-lime-silica glass containers will
raise the hydrolytic resistance from
moderate to a high level, changing the
classification of the glass to Type Il.

Borosilicate glass contains significant
amounts of boric oxide, aluminum
oxide, and/or earth
oxides. Borosilicate glass has a high

alkali alkali
hydrolytic resistance and high thermal
shock resistance due to chemical
composition of the glass itself; it is
classified as Type |. Now let us study
in details, each Type of container glass
and their applications.

I. TYPE | GLASS

Type |
gold standard in
packaging,

is the
pharmaceutical

borosilicate glass

primarily due to its

exceptional material  properties.
Characterized by its low thermal
expansion coefficient, this glass
Type exhibits remarkable stability
under temperature fluctuations. This
stability is crucial in environments
where drugs are exposed to varying
temperatures, that the

integrity of the glass remains intact.

ensuring

Container Glass Batching Process
RM Receiving RM Unloading
& Inspection & Handling Llofa sy
Batching & Batch to Furnace
Transportation "
Cullet Receiving Cullet | _ :
(Internal & Eternal) Processing e ks
Figure 2.1
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Also, its high resistance to chemical
attack, makes it an ideal candidate for
storing a wide array of pharmaceutical
products. Whether the contents are
acidic, neutral, or slightly basic, Type
| borosilicate glass ensures minimal
interaction, preserving the purity and
efficacy of the medication. Its use in
vials, ampoules, and containers for
injectable drugsis widespread, asthese
applications demand the highest level
of chemical inertness to prevent any
potential drug- container interactions.
The ability of Type | borosilicate glass
to maintain the chemical composition
of medications unaltered is invaluable
for pharmaceutical companies.

Borosilicate glass is a Type of glass that
contains silica and boron trioxide as
glass formers and sodium oxide as a
fluxing agent. It also contains a small
amount of alumina and less alkaline
solids. The glass formula is:

Na,0.B,0, SiO,

which usually contains SiO, (80.5%),
B,O, (13%), Al,O, (0.3%), K,O (3%)
and Na,O (0.5%)

2. TYPE Il GLASS

Type Il Glass offers an excellent
balance of affordability and safety.
As a treated form of soda-lime glass,
it undergoes a surface treatment
process known as de-alkalization.
This process significantly reduces the
glass’s alkali content on inside surface
of the glass, enhancing its chemical
resistance compared to untreated
soda-lime glass.

Although it doesn’t reach the heights
of chemical resistance seen in Type
| Glass, Type Il Glass still offers
sufficient protection for less sensitive
pharmaceutical preparations. It is an
excellent choice for oral medication
bottles and containers where the risk
of chemical interaction is moderate.
The cost-effectiveness of Type I
Glass also makes it a popular option,

particularly in scenarios where the
stringent requirements for Type |
Glass are not necessary. This Type of
glass is often used in situations where
budget considerations are as crucial as
the packaging’s protective properties,
providing a practical solution for
a wide array of pharmaceutical
applications. Type Il glass also used
for packing of high-end beverages,
liquors, chemicals and water bottles.
The process of making Type Il Glass
is explained in detail in a separate
chapter.

3. TYPE lll GLASS

Type Il regular soda-lime glass is
in the
pharmaceutical industry, particularly

a widely utilized material
for non-critical applications. While
less resistant to chemical attacks than
Type | or Il glasses, its composition
is perfectly suited for packaging
products where strong chemical
resistance is not a primary concern.
This makes it an ideal choice for
non-aqueous products like tablets,

capsules, and powders.

The affordability of Type Il Glass is
one of its most appealing attributes,
offering a cost- effective solution
for large-scale packaging needs.
Its application is most common in
products where the interaction
between the medication and its
container is less likely to compromise

the medication’s effectiveness.

Its chemical formula is

Ca0.65i0,

NaZO.

Where soda serves as a flux to lower
the temperature at which the silica
melts, and the lime acts as a stabilizer
for the silica.

4. TYPE IV GLASS

Type IV Glass is a category of general-
purpose soda-lime glass used in the
pharmaceutical industry. This Type
of glass is not as chemically resistant
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as Types | or Il, and it’s typically used
for packaging products where the
contents do not directly interact with
the glass or are not highly sensitive
to the container The
primary advantage of Type IV Glass
is its flexibility and cost-effectiveness,

material.

making it suitable for a wide range
products
as oral liquids, topical creams, and

of non-parenteral such
ointments. While Type IV Glass does
not offer the same level of protection
against leaching as borosilicate or
treated soda- lime glasses, it is still a
viable option for many pharmaceutical
applications. Its use is generally
preferred in scenarios where the risk
of chemical interaction is minimal,
and the primary requirement is a
packaging
solution. Because of its versatility,

practical,  economical
Type IV Glass is the leading choice for
less critical pharmaceutical packaging
needs.

5. LEAD CRYSTAL GLASS

Lead crystal glassware and tableware
is renowned for its exceptional
clarity and brilliance, making it an
ideal material for crafting high-end
glassware and tableware. Lead glass,
also known as crystal, is a Type of glass
that has been prized for centuries for
its exceptional clarity, brilliance, and
luxurious appeal. This unique glass
variety contains a significant amount of
lead oxide, which enhances its optical
properties, making it highly desirable
for a wide range of decorative and
functional applications. Lead glass has
a rich history and has been revered
for its beauty and versatility. lIts
distinct characteristics have made it a
popular choice for creating exquisite
glassware, chandeliers, jewellery,
The
allure of lead glass lies in its ability
to refract light with unparalleled

brilliance, creating a dazzling display

and decorative ornaments.

that captivates the eye and adds an
air of sophistication to any setting.



Lead glass is also known as lead-oxide
glass or lead crystal which contains
at least 20% lead oxide. Its chemical
composition is:

K,0.PbO.65i0,.

It contains lead oxide instead of
calcium oxide as compared to soda-
lime glass. The addition of PbO makes

the glass brighter and more lustrous.

6. ALUMINOSILICATE GLASS

Aluminosilicate glass is emerging
as a high- performance contender
in pharmaceutical packaging.
Characterised by its exceptional
strength and durability, this Type
of glass is particularly suited for
medications that demand an extra
layer of protection. Its robust nature
makes it an ideal choice for prefilled
syringes,  cartridges, other
containers where the risk of breakage
must be minimized. The increasing
demand for more resilient packaging
solutions in the pharmaceutical
industry has put aluminosilicate
glass in the spotlight, signaling a shift
towards materials that can provide
enhanced security for high-potency
drugs.

and

The glass industries are striving
to develop various glass Types to
meet the packaging requirements
for various applications. From the
highly resistant Type | Glass to the
Type IV Glass,
Type serves a specific purpose,
ensuring that products are stored
and delivered in the safest and most

economical each

effective manner possible. The
Product
requirement
Glass
composition
Process
requirements

Figure 2.2

evolution of glass technology for
packaging requirements continues,
promising even more advanced and
secure solutions in the future.

I.I Raw materials and batch
composition

The decision of raw materials &
batch composition requirements is
taken based on product requirement,
process requirement and cost as
shown in Figure 2.2.

We will discuss on each requirement.

Product requirements: Based on
the properties of glass required for
the product to be packed, the glass
composition is decided. For example,
for high quality vials, Type | Glass is
required and hence borosilicate glass
is used. For vodka filling, Type Il Glass

www.aigmf.com

temperature, melting temperature,

working temperature ranges for
container glass forming, annealing
temperature etc., are very important
which are decided by the glass

composition.

Cost / Price: The cost of raw

materials, energy cost, melting
cost etc., plays an important role
in controlling the bottle cost. Glass
composition determines the cost
of batch, melting energy, annealing
energy and forming costs. Hence
optimizing the cost is a very important
factor. This factor is considered while

deciding the batch composition.

2.0 General Compositions
of various Types of Glasses
(Containers+other Glasses)

Table 2.1
Composition Sio, Na,O |K,0 | CaO |MgO |ALO, |Fe, O, |Diverse
in mass%
Container Glass
-Flint 72,6 13,7 |05 11,0 10,1 1,6 <0,05 |0,250,0,1 TiO,
-Green 72,0 I51 |- 84 |2, 1 0,4 0,02-0.06 SO,
0,25 Cr,0,
-Amber 72,7 138 (1,0 10,0 |- 1,9 0,2 0,05-0,08 SO,
Clear Float Glass |71 14 08 |9 5 I-1,5 10.080 |0.2-0.3 SO,
Tinted Float Glass | 70 14 08 |9 5 I-1,5 ]0.3-1.5]0,2-0, 3 SO,
Display 58-60 <0.I | <0.l [5-7 |O-I 15 + 10B,0,
-LCD- glass + 10%BaO+SrO
Lighting glass 72,4 17,4 |- 53 (3,7 |08 -
Tableware 75,6 13,5 |4, 37 (26 |04 0,02
E-Glass' 55,2 0,5 0,5 17,7 |43 148 |03 0-10B,0,
Insulation wool 64 155 (1,2 |7 3 3.5 0.25 4,5B,0,;0,15 SO,
Borosilicate 80,2 4,5 0,3 0,1 - 2,6 0,07 12,3B,0,
(Pyrex)
Opal glass 66,9 13,3 |22 48 (04 6,9 0,08 Up to 6 Fluoride
1,6 BaO
Crystal glass 58,5 1,3 13,1 |- - - 0,02 25,2 PbO
Lead crystal 54,9 0,2 12,3 |- - - 0,02 32,0 PbO
Roman glass 70,0 16,5 1,0 7,0 0,6 50 - -
(first century AD)
is used. For beer  The container glass Types are shown
filling, Type 1lI in Table 2.1
Glass is used.
3.0 Container Glass raw materials
Process ) )
. The raw materials used in glass are
requirement: i )
. having oxides and based on the
For forming the ‘ . . .
) function of oxides in glass making,
glass, properties e .
they are classified into following 3
of glass are major categories:
Cost Price | very important. '

Softening
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a) Network forming oxides: It
also has other names like glass



former or glass forming oxides.

However, such oxides are

Silica at high temperatures, liquefies

Oxides, which form glasses reported to take part in the glass  into a very viscous melt that generally
when melted and fast cooled, are network only in the presence of impedes  crystallization kinetically
known as glass forming oxides or a glass network forming oxide. \vhen it goes below its melting

network forming oxides, because
of their ability to build up a
continuous three- dimensional
random network. They have the
ability to rearrange their bonds
during crystallisation process.
These oxides are SiO,, B,O,,
P,O, and GeO,

Examples of such oxides are
aluminum oxide, titanium oxide,
and magnesium oxide. Alumino-
silicate, alumino-borate and
alumino-phosphate glasses are
good examples where aluminum
behaves as an intermediate
oxide.

temperature. However, silica melts at
[713°C, and its viscosity at this point is
too high to work with any reasonable
amount of effort. Temperatures in
excess of 2000°C must be attained
to work pure silica glasses and these
temperatures tend to render such

. . . ) pure silica glasses economically
b) Network modifying oxide: Other raw materials: Based on their . o
it ] ) ) unviable for the majority of glass
The role of a modifying oxide purpose in glass making and use, the o i .
. . . . applications. Hence, to make it easily
is that when such an oxide, raw materials are further categorised i "
f . . . . . melt and form containers, modifiers
or instance sodium oxide, is  as following:
; ; i such as soda is used. Natural silica
introduced into a.S|I|ca”gIass A) Cullet: Cullet is the rejected glass sand or natural quartz stones are
to produce a sodium silicate . . q
(internal or external), having very . .

g|ass system, the structure of . the main materials used as network

s close properties as that of the ] .
glass will change. Furthermore, . . formers for commercial container
¢ duci difr glass obtained from melting the | . ]
|nftr; ugng i ercTnt ?mOl.mt batch. It contains oxides close to 813 manufacturing.

° 3,0 into 2a .g ass. O.r'rnlng the oxides in glass from batch. It Other network formers are
system result in significant : . )

T actsas catalysttoimprove melting  oxides of boron, phosphorus
modification in the end glass . . .

. e as its melting temperature is far (P 0,), arsenic and germanium.
properties. These modifications below that of batch made from 27sh T _ .
are commonly observed on other raw raterials Boric oxide is used in manufacturing
the viscosity of the glass, which o : . borosilicate glass (Type | Glass).
influences the properties such B) Fining  agents/redox  active Soda (Na,0) is a network
as thermal expansion coefficient components —sulphates: Na,5O,, modifier. Its addition reduces the

d/ h ical d bilit CaSO4; oxides: ASZO3, szo3, ’
andjor  chemica urabtlity. CeO.: chlorides: NaCl. Nitrates: melting temperature of the silica
Other alkali and alkali earth » : ’ : it d tically,  Sod Sodi

. . KNO , NaNO : carbon me ramatically. oda ( odium
metal oxides, such as lithium, 3 3 . . .

. . . . Oxide) reacts with silica at much
potassium or calcium oxides, can  C) Fluxingagents—CaF,, spodumene | . ) h "

) o : ower temperature than meltin
take part in the glass structure (lithium raw material), blast P ¢ silica In f hg
in a similar manner to fulfil the furnace slags/calumite tempe'r'ature ,0 stica. n. act,' ‘ .e
role of glass modifiers. However, D) Colouring agents — Fe,0, Cr,0, soda-silica mixture goes into liquid
multicomponent glass systems CoO, Mn,0,, Se, Fe,*/S,, rare stage at temperature below 1000°C,
containing mixed alkalis, as a earth oxides, sulfides, selenides depending upon amount of soda used.
structural (network) modifying . . If soda content is increased in soda-
oxides, have far more complex Sources of Glass oxides and their silicate glass, the glass is likely to
changes in many properties. properties be chemically attacked by water.
Network modifying oxides Silica as glass network former. Therefore, to produce a useful glass
Na,O, KO, L0,

CaO. BaO. MgO ;:iEE;'L;‘é?':i'EN - [ The materials that form the basic structure of

’ ’ e 4 OXYGEN ATOMS) N\ @ --cooscmommomammans Q any Glass are called Network Formers. The most
SrO = .\ : " common former is silicon dioxide (Si0;). There

. : OXYGEN are no separate Si0: molecules instead they are

c) Intermediate i‘L{')L‘ON.}_\ iz ’+“0M all linked together to form a Giant network. The
oxides— An My S e silicon and Oxygen atoms are shared between

TETRAHEDRAL

4+ [REPEAT UNITS each other as shown in image.

Another common network former is Oxide of
Boron (B:0s). Oxides of Phosphorous, Arsenic
and Germanium are also network formers in
Glass but they are not used for large volume
commercial Glasses.

EACH OXYGEN IS | |
SHARED BETWEEN*——__
2 SILICON ATOMS | !

intermediate oxide
does not form a
glass on its own
due to the lack of
their glass forming
characteristics.

[SiLicon v OXIBE (510,)

Figure 2.3
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Glass with added sodiun

as a network modifier

that can be melted easily and formed
readily, further modifications to glass
composition are necessary.

Other glass modifiers are calcium
oxide, used for increasing the chemical
resistance of glass; magnesium oxide
(MgO), used for durability of glass.
Other
potassium oxide, lithium oxide and

alternative modifiers are
zinc oxide. Of these, potassium oxide
and lithium oxide act similar to soda
as fluxes and zinc oxide act in a similar
way to CaO and MgO. An excess of
calcium oxide to a silica melt will cause
devitrification, however additions of

small amounts of lime stabilize the

Reaction of Silica with Soda (Glass network modifier):

Na,COj + 25i0, s Na,0-25i0, + CO, ™ T >7900C (forms with SiO2

an eutectic melt)

Other alkali and alkali earth metal oxides, such as lithium, potassium or

www.aigmf.com

now understand how much
oxides are going to glass
from batch and how much

calcium oxides, can take part in the glass structure in a similar manner

to fulfil the role of glass modifiers. To form soda-lime-silicate glass, IS

lime is added into batch and the reaction in Furnace is:

2Ca0 + (SI0; + N2;0-25i0,) === Na, 0-2Ca0-35i0; (>900°C)

Eutectic Melt

Addition of lime Increases the resistance of Glass to chemical attack.
Lime as modifier stabilizes the glass. MgO and K,0 are also modifiers.

Figure 2.4

it with the properties it requires
for its particular application. Hence
intermediate oxides play the role of
both former and modifier.

Methodology of glass composition
determination

Because the raw materials for glasses
are often in carbonate form (for
stability reasons) or beneficiated as
minerals  (compounds
oxides),

glass composition from raw material

containing
several determining the
batches requires a little mathematics.
For the soda- lime silicate (SLS) glass,
the raw materials often vary. Let us

Calcium

. Sodium

® Oxygen
®  Slicon

similar way to CaO and MgO.

Figure 2.5

glass melt with respect to

Addition of modifiers other than Soda, imparts different
properties in Glass. Addition of Ca0 increases the
resistance of the Glass to chemical attack. Addition of
MgO increases durability of glass where as Potassium
Oxide & Lithjum oxides act similar to Soda, to make
Glass melts at lower temperature (Flux). Zinc oxide acts

getting into chimney
(atmosphere). The effective
oxides remain in the glass
from the raw materials is

known as yield.

Now let us understand the
raw materials determination in
glass

Silica sand and quartz
is "pure" SiO,; its ratio of oxide to
total weight is ~100%. Quartz sand
is produced from quartz stone, a
mineral whose main component
is silicon dioxide (SiO,). Quartz
itself is a hard and chemically stable
mineral that is usually transparent or
translucent and has good corrosion
resistance. Silica sand usually refers
to a sand-like substance whose
main component is silicon dioxide,
but it is not necessarily pure
quartz. The silicon dioxide
component in silica sand may
include other silicon minerals
besides quartz, such as
feldspar, alumina. Therefore,
be greater

variability in the purity and

there  may

mineral composition of silica

Requirements - Physical Properties of Raw Materials used in Glass Manufacturing

Grain Size Distribution Silica Sand

> 0.84 mm - 0%
> 0.60 mm - 1% max

< 0.125 mm - 1% max

Grain Size Distribution Nepheline Syenite

> 0.84 mm - 0%

> 0.50 mm -3.5% max

< 0.1 mm - 20% max

Grain Size Distribution Lime & Dolomite

> 3.15mm - 0%

> 2.0 mm - 10% max

< 0.1 mm - 20% max

Grain Size Distribution Soda Ash

>1.19 mm - 0%

> 0.59 mm - 3% max

water, fixing the problem Table 2.2
of water SOIUbIIItY Grain Size Conversion Charts and Recommended Sizes for Glass Raw Materials

introduced with the soda [~Gs mesn | microns INCHES MILLIMETERS

3 6730 "0.2650 6.730

component. 4 4760 0.1870 4.760

5 4000 0.1570 4.000

. . 6 3360 0.1320 3.360

Intermediate oxides: 7 2830 03110 2830

a8 2380 0.0937 2.380

1 H 10 2000 0.0787 2.000

These are oxides which 19 2000 0.0787 2 000

act partly as network 35 3390 5.0400 1390
—38 | 1000 | o©oossa | 1000 |

former and partly as 20 841 0.0331 0.841

25 707 0.0280 0.707

ifi 30 595 0.0232 0.595

network modifier. 30 598 9.0232 0.595

H th k 40 400 0.0165 0.400

ence, they are Known a5 354 0.0138 0.354

. . X 50 297 0.0117 0.297

as intermediate oxides. 60 250 0.0098 0.250

70 210 0.0083 0.210

1 80 177 0.0070 0.177

Alumlna (AIZO3)’ Lead 100 149 0.0059 0.149

. 120 125 0.0049 0.125

oxide (PbO) are the 140 105 0.0041 0.105

. . . 170 88 0.0035 0.088

intermediate oxides used 200 74 6.0029 0.074

230 63 0.0024 0.063

H H 270 53 0.0021 0.053

in glass to make it more 270 - a0t 0.053
400 | 37 0.0015 0.037 B

workable and provide —

< 0.074 mm -3% max
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Quartz Sand

SILICA SAND

sand. Its true purity varies depending
on the site from where it is mined.

High Quartz contains +99% SiO,

The chemical composition of silica
sand determines its quality and
suitability for Glass applications. High-
purity silica sand typically contains 96—
99% silicon dioxide (SiO,). However,
minor impurities can influence its
properties. Common  impurities
include:

Iron Oxides (Fe,O,): Affects color and
transparency.

Aluminum Oxide (AL, O,): Impacts
thermal resistance.

Calcium Oxide (CaO): Alters the
sand’s reactivity.

Magnesium Oxide (MgO): Affects
structural stability.

Potassium Oxide (K,O) and Sodium
Oxide (Na,O): Influence melting and
fusion properties.

100kg

Soda -A;h

Lime Stone Powder

Figure 2.6

The other impurities which are
found in natural sand are chromium
(Cr,0,) titanium (TiO,) and volatile
compound (LOI).

Soda ash is sodium carbonate
(Na,CO,); when heated, it transforms
into Na,O and CO,. Its oxide to total
weight ratio is 0.585. Only 58.5%
Na,O is going into glass and balance
is going to chimney as CO,. General
composition of soda ash is shown in
Figure 2.7.

Limestone is calcium carbonate
(CaCO,) CO, on
decomposition like soda ash as shown
in Figure 2.8. There are 0.56 units of
lime per unit of limestone.

and releases

Soda feldspar/albite: Feldspars
and other feldspathic materials
such as nepheline syenite are
mostly used in the glass and
ceramic industries. Feldspar consists
essentially of aluminum
combined with varying percentages

silicates

Figure 2.7

Decomposition of Calcium Carbonate (Lime Stone)
CaCO3=—— Ca0 + CO2|
56 and COzis 48
Molecular weight is sum of individual atomic weights multiplied by
the number of atoms of each elements in it. In this case, atomic
weight of Ca, Cand O are 40, 12 and 16 respectively. Hence
Molecular weight of CaCO3 is 40+12+(3x16) =100. Molecular weight
of Ca0 is 40+16 =56 and that of COzis 12+(2x16) = 44 . As COzis Gas,
it will leave the furnace as Gas, leaving Ca0 into Glass. Hence lime
stone will give only 56% as CaO to the Glass.

Figure 2.8
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Quartz is generally white in color with high %

of Si0,. it is processed by quartz stone crushing.
silica sand is naturally available in land close to
sea. This sand may be washed by rain water for
many years making it suitable for Glass
manufacturing. This naturally available sand
requires processing like washing, drying
sieving. The composition of silica sand may vary
from mine to mine, location to location.

Molecular weight of CaC03 100, Ca0 is

of potassium, sodium,
and calcium, and it is the
most abundant mineral
of the igneous rocks. The
two Types of feldspar
are soda feldspar (7%
or higher Na,O) and
potash feldspar (8% or
higher K,O). Feldspar-
silica mixtures can occur naturally,
such as in sand deposits, or can be
obtained from flotation of mined and
crushed rock.

The glass industry prefers to use

orthoclase  (potassium  feldspar)
mainly because it tends to make the
melt transparent, while albite (sodium
feldspar) tends to melt the clear glass.
Anorthite (calcium feldspar), although
it contains twice as much alumina as
sodium and potassium feldspar and
also contains lime, another important
component of glass, is not preferred
in glassmaking because it is more
heat-resistant and has a high melting
point. Feldspar acts as a melting agent,
lowering the melting temperature
of quartz and helping to control the
viscosity of the glass, thereby reducing

production costs.
Soda Feldspar (Na,0O-Al,O,-6Si0O,),
also known as albite,

which

contributes both soda

is a mineral

Na;CO; memp Na,O + CoJ[ Reaction in Glass Furnace at Temperature above 900 Deg C)
58.5kg + 41.5Kg
Purity: Sodium Carbonate (Na;CO;) — 99.5%, Na,O — 58.5%
Bulk Density: 951-1250 kg/m?

and alumina to glass. It
contains 11.8% Na,O,
19.4% AlLO, and 68.7%
SiO, per unit of soda

feldspar.

Figure 2.9  shows
different  Types  of
feldspar and  their
properties.

Without  going into

deeper understanding of
other raw materials, let
us look at the reaction/
decomposition of RM
and their yield into glass)



a) Potassium Carbonate: It releases
potassium nitrate into glass.

(K,CO, ==> K0 + CO,)

b) Dolomite: It
of calcium

is a combination
and magnesium
carbonate composition and is an
extremely useful mineral in the
glass industry because CaO and
MgO act as network modifiers
in the glass
process. Dolomite influence glass

manufacturing

transition temperature, density,
rigidity, durability, and dimension
stability. Dolomite powder for
glass industry requires high-grade
dolomite with as little iron and
silica as possible.

CaCO, MgCO, ==> CaO +
MgO + 2CO,

c) Sodium Sulphate

d) Calcium Sulphate

e) Sodium Borate

f) Sodium Hydroxide (Caustic
Soda)

g) Sodium Nitrate
h) Furnace Slag

i) Black Soda

j)  Potassium Nitrate

k) Potassium Carbonate

Container Glass raw materials-
Summary

* Most commercial
SiO

glasses use
as the network former.

Soda Feldspar (Albite)

Albite- Soda

Anorthite- Calcium
Nepheline Syenite

SiO, forms an excellent glass but
has a high melting temperature
(>2000°C).

* Fluxes are added to reduce the
melting temperature to below
1600°C. Common fluxes: alkali
oxides (usually Na,O or KO),

PbO.
e PbO is very good at dissolving
impurities (e.g. refractory

particles) but is toxic.

e Addition of alkali oxides causes
degradation of many properties,
especially chemical resistance.
This degradation can be reduced
by using property modifiers e.g.
alkaline earth oxides, transition
metal oxides, alumina. These
oxides cause a small increase in
processing temperatures, but
improve glass properties.

* Colorants are added to control
the colour of the glass. They are
usually, oxides of 3d transition
metals or 4f rare earths.

* Gold and silver can also produce
colours by formation of colloids
in glasses.

* lron oxides (impurities in sands)
are often unintentional colorants.

* Decolorants can be added to
counteract the effect of other
colorants.

* Fining agents are added to
remove bubbles from the melt.
They include AsZOS, Sb203, NaCl,

www.aigmf.com

CaF,, NaF Na,AIF, and some
sulphates. They are added in very
small amounts (< | wt %)

Batch composition and yield
calculation

Now, one could have understood
how much each raw material will
give oxides into glass. With this
knowledge, it will be now easy to
calculate the glass oxides and yield.
It should be noted that moisture
content in each raw material should
not be considered in deciding batch
composition calculation and yield
calculation as water is not going to
give any oxides into glass, instead
it will evaporate in furnace or while
transporting the batch. Proper control
of moisture is very important as this
will increase the raw material cost,
energy cost and RM transport cost.

Table 2.3 shows an example of batch
recipe for one glass manufacturing
plant. We learn how to calculate the
glass composition and yield.

Table 2.3

Raw Material Weight Kgs.
Silica sand 1000

Soda ash 300

Lime stone 240
Feldspar 100
Sodium Sulphate 12
Dolomite 90
Cullet 900

Now let us understand

tion  how to calculate the glass

mmmmmm

Orthoclase- Potash

composition and yield.

K20.A1203.65i02 169 - - 64.7
Na; 0. Al203.65i02 118 First, one should have
€a0. Al203.25i02 201 36.62 complete chemical
Combination of Minerals 6.5 4.2 2.2 61.3

composition analysis of each
raw materials and keep in

Nepheline Syenite

Figure 2.9

Nepheline syenite (silicate, naturally occurring
blend of albite, microcline and nepheline) is a
feldspatic mineral mined in Canada and Norway.
Nepheline syenite is used within the glass batch
to promote faster melting at lower
temperatures whilst at the same time
decreasing viscosity. Its addition therefore helps
to reduce overall energy consumption.
Nepheline syenite increases the chemical
resistance and stability of the finished glass.
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excel format.

Next enter the batch recipe
in Excel and then
the
oxides going inside as shown
in Table 2.4. The glass

composition can be easily

details

calculate theoretical



found by making an Excel

Table 2.4

file and incorporating |

Glass Batch Calculation

formulas, which will give

Raw Material Composition as % [ Oxides into Glass)

RM
Sand
Soda

| Lime stone

| Feldspar
Dolomite
Sod.Sulphate

the composition once
the raw material’s oxide
value and weight of each
RM as per batch recipes
entered. As the cullet is
generally having close

Na,0 _ CaO K,0 ALO,  MgO
98.8 0.22 0.01 0.77 D.02
58.5
0.94 56.5 0.31 0.12
66.5 9.4 1 178
12 3041 218
0 436 0 0 0 0

composition as that of

Batch Calculation: Oxides going into Glass (Kgs): (Weight x % of Oxide in RM/100) |

virgin glass from batch,

. . RM
yield is not calculated
with cullet as 100% sand
cullet used is converted °%
. . | Lime Stone
into glass in furnace. Feldspar
Dolomite
4.0 Batch cost 30¢-Sulphate
calculation Total
|Glass Comp

There are two ways of
calculating the cost. One
is cost per ton of batch or cost per
ton of glass (Table 2.5).

Cost per ton of glass is straight
forward to calculate. Decide the
recipe and then calculate the cost
of each RM by multiplying weight
and rate. Add the cost of all the raw
materials. By dividing the cost of all
raw materials with total batch weight,
cost/ton of batch will be calculated.
In the example below, calculated the
batch cost/ton of batch and also batch
cost/ton of glass in Indian Rupees.
Same thing can be calculated by
changing price in your local currency.

Batch Optimisation: In the above
example, we have considered only the
virgin batch cost of 5 raw materials and
cullet cost is not added. The cost can
be worked-out considering the cullet

batch cost per ton of glass and not
batch cost per ton of batch. Please
note that the yield value of each raw
materials will be different and hence
the cost per ton of batch is not giving
the exact impact of recipe on glass
cost.

5.0 Batching plant operation

Now let us delve into batch plant
operation.

I. Incoming RM Inspection: As
explained earlier, most of the
raw materials used in container
glass manufacturing are minerals
and there will be many variations
in physical & chemical properties
of each lot of RM received. This
is mainly because the minerals

while mining will have lot of

Weight  SiO, Na,0  CaO KO  ALO,
1000.00  988.00 2.20 010 000 770
325.00 0.00 190.13 000 000  0.00
220.00 2.07 000 12430 000 068
10000  66.50 9.40 000 100 17.80
94.00 113 000 2859 000 000
12.00 0.00 5.23 000 000  0.00
175100 1057.70 20696 15299 100  26.18
7209 1411 1043  0.07 178

|
|
Fe,O,

0.04

0.002

0.18

0.3

0.25

0.07

MgO Fe,0,  Total Glass
Oxide Kgs
0.20 0.40 998.60
0.00 0.01 190.13
0.26 0.40 127.71
0.00 0.30 95.00
20.49 0.24 50.44
0.00 0.01 5.24
0.00
20.96 1.35 1467.12
1.43 0.09

respect to depth, site and climate
conditions. Also, there can be
RM

while processing RM, packing

contamination issues in
and transportation. Hence every
glass industry should have very
clear specifications for each raw
materials mentioning acceptable
limits for physical and chemical
parameters. As small changes
in properties of RM will have
impact on cost, melting and
glass quality, good inspection of
all RMs is necessary. Every lot
to be checked physically and
also checked for composition in
laboratory before accepting for

use.

RM Unloading / Handling:
Unloading and handling of raw

cost and that of all other materials variations in properties with materials is also important activity
used like colouring Table 2.5
agents. By changing the [ Batch Cost Determination - Cast per Ton of Batch | | Batch Cost Determination - Cost per Ton of Glass ]
raw materlals WlthOUt RM Weight as per Recipe Rate/ Kg Total Cost RM Weight as per Recipe Rate/ Kg Total Cost Total Glass
changing the desired Kgs INR INR Kgs INR  INR  Oxide Kgs
. Sand 1000.00 3 3000 Sand 1000.00 3 3000 998.6
glass oxides, one can  soda 325.00 45 14625 Soda 325.00 45 14625 190.1
.. Lime stone 220.00 5 1100 Lime stone 220.00 5 1100 127.7
optimise  the batch Feldspar 100.00 a 400 Feldspar 100.00 a 400 95.0
. . . Dolomite 44.00 564 Delomite 94,00 6 564 50.4
recipe for achieving Sod.5ulphate 12.00 35 420 Sod.Sulphate 12.00 35 420 5.2
lowest cost per ton
Total 1751.00 20109 Total 20109 1467.1
of glass. It is always satchwtinTon 175 Glass Wt.in Ton 1.4671

advisable to workout

Batch Cost INR / Kg
Batch Cost INR / Ton
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11.48
11484

Batch Cost/ Kg of Glass
Batch Cost/ Ton of Glass

13.71
13707



as it will have direct impact on
cost and quality. If unloading is
taking very long, then the truck
or container to be detained for
longer period and the vendor will
definitely charge or consider the
cost of RM. Also, if not unloaded
properly, contamination issues,
loss of material, environmental
issues may crop up. Hence
good procedure for unloading
and handling is required. As
the inhalation of dust from raw
materials can lead to some
diseases to unloading/ handling
crew, every precaution to
safely without dust
creation should be taken. Also,

automation for

unload

unloading of
RMs to be incorporated for
safety, quick unloading and for
avoiding mix-up. Housekeeping
in batching plant is very essential
and proper cleaning of handling
equipments after every change
in raw materials is necessary to
avoid mix-up and contamination.

5.1 CULLET PROCESSING &
USAGE

For general public, “cullet” is typically
an unfamiliar word but in glass
industry, it is used commonly on daily
basis. It is believed that the first use
of this word started in the year 1817,
perhaps from French word cueillette,
meaning act of gathering (Latin word
collecta).

Cullet refers to crushed or broken
glass that is used in the production
of new glass products. It is typically
composed of glass that has been
rejected or discarded, often due to
damage or breakage, and is generally
of the same composition as the
mineral mixture used in glassmaking.
The inclusion of cullet in the glass
batch is beneficial because it melts
early in the furnace, helping to bring
the mineral particles together and

accelerating the reactions necessary
for glass formation.

Cullet has been an integral part of
glassmaking for many years due to
its role in improving the efficiency of
the melting process. The use of cullet
in glass production is also a form of
recycling, as it involves reusing waste
glass to create new glass products.
This practice helps reduce the need
for raw materials and can lower energy
consumption in the glassmaking
process. The use of recycled glass
(cullet) in the manufacturing process
has major advantages. Cullet reduces
the consumption of natural raw
materials such as sand or synthetic
materials such as sodium carbonate.
By replacing raw materials, it reduces
CO, emissions on two levels: by
lowering the energy required for
melting and by decreasing the use of
raw materials whose melting emits
carbon dioxide.

Today, cullet is the main raw material
for glassmakers. Its incorporation
rate in the furnaces has increased
considerably in recent years. This rate
could technically reach up to 95%
for certain colors. Today it is mainly
the availability of cullet that limits this
integration. There are many difficulties
in collection of cullet due to various
reasons. Collection of cullet requires
a lot of effort and dedication.

www.aigmf.com

Despite the benefits, recycling glass
and using cullet can be challenging.
One of the main difficulties is
separating glass from other waste
materials and sorting it by color,
as different colors of glass must be
processed
the quality of the final product.
Nevertheless, cullet remains a crucial
component in glass manufacturing,

separately to maintain

with usage rates varying significantly
by country, ranging from 35 to 95 per
cent in new glass production. Figure
2.10 shows the typical cullet received
from market.

CULLET PREPARATION

Within the intricate realm of glass
production, the process of preparing
cullet for use in glass manufacturing
takes center stage as a critical phase
that weaves together sustainability,
quality, This
crucial step acts as the gateway
to transforming discarded glass

and innovation.

into useful cullet to form new
glass products, championing both
and

environmental consciousness

manufacturing excellence.

Collecting and preparing Cullet:
The journey of cullet begins with the
collection of recycled glass, often
sourced from used glass bottles
and the remnants of previous glass
production. This raw material, once
collected, undergoes a meticulous

preparation process. Initially, the

The cullet received from
market contains caps,
labels, mud and impurities
along with different colored
glasses. This cullet can be
used after proper
processing & sorting. The

y process includes crushing,
¥ | washing, sorting as

* | explained in this article. It is
difficult to do the sorting
manually and hence many
Glass manufacturers use
automatic cullet sorting
systems to have a good
quality of cullet.

Figure 2.10
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collected glass is sorted, ensuring that
it meets the specific criteria required
for the desired glass product. The
sorted glass then undergoes rigorous
cleaning to eliminate any impurities
or foreign substances that could
compromise the integrity of the final
glass product. This thorough cleaning
process not only guarantees the
quality of the glass but also aligns with
sustainability goals by maximizing the
usability of recycled materials.

The importance of sorting and
cleaning: The sorting and cleaning
of cullet plays an important role
in ensuring that the resulting glass
highest
of quality. The precision of this

maintains the standards

process directly impacts the
properties of the glass, from its
transparency and color consistency
to its durability. By meticulously
sorting the cullet, manufacturers can
select pieces that match the specific
their

glass product, enhancing uniformity

requirements  of intended

and performance. Moreover, the
intensive cleaning of cullet eliminates
contaminants, creating a clean canvas
for the glass-making process. This
focus on quality not only satisfies
customer expectations but also
upholds the industry’s commitment to
sustainable practices, as higher-quality

cullet optimizes resource usage.

Challenges and considerations in
handling cullet: While the benefits
of using cullet in glass production
are undeniable, this practice does
come with unique challenges. One
significant challenge revolves around
the removal of contaminants from the
collected glass. These contaminants
can range from non-glass materials
to residues from previous contents
in glass bottles. Effectively identifying
and eliminating these contaminants
requires

sophisticated technology

and meticulous attention to

detail. Additionally, ensuring the
consistency of cullet quality can be
a consideration. Variations in cullet
characteristics, such as size and
composition, can impact the final glass
product. Addressing these challenges
involves a combination of advanced
sorting and cleaning techniques, as
well as a commitment to continuous
improvement. As we delve into the
intricacies of cullet preparation, it
becomes evident that this process
is a cornerstone of sustainable glass
manufacturing. It is a testament to the
industry’s dedication to innovation
and eco-conscious practices. By
meticulously collecting, sorting, and
cleaning cullet, manufacturers not
only enhance the quality of their glass
products but also contribute to the
preservation of natural resources
and the reduction of waste. It is a
harmonious blend of craftsmanship
responsibility,
paving the way for a brighter,

and environmental
greener, and more resource- efficient

future. Hence cullet processing

is an important activity in glass
manufacturing and understanding it
well will help industries to get good
quality of their glass products, save

energy & reduce natural raw materials

usage.
Recycling is gaining very high
importance now a days. What

was already the norm in advanced
countries a long time ago, is now on
the agenda in all countries around
the world. However, there are still
big differences in the quality of the
collection systems. In some countries
the raw material glass is collected and
sorted according to color; sometimes,
however, it is collected completely
mixed. The proportion of foreign
substances (metals, ceramics, waste
in general, etc.) also differs from
country to country.

Stages in Cullet processing:

I. Receiving & storage of cullet
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2. Cullet sorting
3. Processed cullet storage

4. Processed cullet usage

I. Receiving & storage of Cullet

It is a very important activity in
container glass manufacturing facility.
Proper inspection of cullet while
receiving & storage in designated
locations according to Type, grade,
size, source etc., will largely help to
process the cullet for final use. If all
the incoming cullet is stored together,
then sorting load will be extremely
high & maintaining quality of glass will
be a herculean task.

Cullet is classified into two categories
based on source namely internal and
external cullet. These two categories
should be processed and stored
separately. Based on glass properties,
external cullet can be classified as
flint, amber, green, mixed, sheet glass
etc., and they have to be again stored
separately before & after processing
for better control of glass quality.
One dedicated staff may be given
full responsibility of cullet receiving,
processing & storage as it is an
important activity. With good sorting
quality, cullet up to 95% can be used
in batch for glass melting.

Inspection of cullet while receiving
& unloading is extremely important.
While unloading the external cullet,
check the quality at different stages
of unloading as there is every chance
of contamination at different areas of
truck (top, middle, bottom or at front
& backside of truck). Any suspected
quality of cullet (especially for metals,
stones, ceramics, porcelain, micro-
should be
separately and then sorted properly

oven glasses) stored
to avoid such contaminants going to
glass furnace. Regular training & advise
to vendors to supply cullet as per the
specification will largely reduce the
load on sorting process.



2. Cullet sorting

Earlier cullet sorting
used to be a laborious
& tedious process but,
thanks
technologies,
helping glass industries to
sort the cullet with high
quality & speed. Manual

sorting is

to innovative

which is

exceedingly
difficult and slow process.
As the glass industries are
expanding and increasing
their capacities, manual

Cullet Crusher

sorting of

www.aigmf.com

£
Cullet Cullet is crushed to the desired size, then it is passed over a conveyor for manual
Bin sorting. All ceramics, metals, caps, labels are removed by manual sorters. Then the

cullet is washed in washing drum and again it is passed over a second manual sorting
conveyor for 2™ stage sorting (based on requirement). Then the cleaned cullet is
stored in a processed cullet bin and then it is used in batching plant.

of
pelt cof
o Cullet Washer

14
cong B e
S0

=

L S

Processed
Cullet Bin

L M,nua\

Figure 2.11

has direct bearing on melted Cullet acts as a catalyst for

cullet is becoming difficult and hence

they are moving to automatic cullet

sorting.

2)

b)

Manual sorting: Figure 2.11
shows the flowchart of general
manual sorting system adopted.

In manual sorting, controlling the
sorting quality is difficult due to
various constraints with labor,
speed of sorting, thickness of
cullet on belt conveyor etc. Along
the conveyor, powerful magnets
can be installed to remove
ferrous material and eddy current
separator can be independently
installed to remove non-ferrous
items like
Sorters need to be positioned

along the manual sorting belt

aluminum  caps.

conveyors and there are chances
of some accidents if adequate
safety precautions are not taken.
All the conveyors should have
emergency pull chord system
to immediately stop the belt
conveyor in case of emergency
and the sorters should have good
seating & walking arrangements
along the belt conveyors to avoid
any accidents (to avoid fall).

Automatic Cullet sorting

system

As the glass quality requirement
is becoming stringent day by
day, cullet sorting quality should
be extremely high because it

glass. It can be achieved only by
auto cullet sorting system. Auto
cullet sorting system consists of
screening the cullet for course and

melting. Hence minimum amount
of cullet in batch is necessary for
melting Glass.

2. Proper sizing of cullet for use
fines, crushing bigger size cullet, in batch is very important. It
drying of cullet, organic matter is recommended to use 6mm
removal, metal. separatlc-Jn, co.Ior to I15mm size of cullet for
and CSP sorting (sorting flint, satisfactory results in terms of
amber and green separately) as melting, energy saving and glass
shown in process map in Figure .

quality.
2.12. There are many reputed
. : 3. Un-sorted or poorly sorted cullet
suppliers of cullet sorting system
ke M/s BINDER+CO AG may lead to many problems.
Austria, M/s REDWAVE Austria, Following are a few of them:
M/s ZIPPE GmbH Germany etc., a) Damage to furnace & furnace
who can design & supply as per equipments:
plant requirement. e If there are lot of
. . . contaminants like ferrous
Necessity of sorting / processing materials & aluminum caps,
of Cullet
Cullet is sorted Process Map of Container Glass Cullet Auto Sorting
and processed for
following reasons: [ oo et | ‘ o
: &
. Cullet is one i }
of the major
ingredients :,- -
for producing : ‘ R
. | cruswing | \
glass. Without s 3 I
cullet ;
(minimum  of ! I
10%), glass . T S
melting will be < | -
exceedingly | i
i ! [ Tl -

difficult,
it will lead to

and
e
many melting
problems.
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the same can settle at the
bottom of the melter and
create downward drilling of
bottom tiles. This will make
the refractory to corrode
quickly and glass can leak
from melter bottom.

* The ferrous and non-ferrous
metals can form a metal layer
at the bottom of the melter
and as the time passes, it can
have a metal layer of many
millimeters of thickness. If
there are bottom boosting
electrodes, then it can create
sparking of electrodes and
electrodes may be damaged
very quickly making the
electrodes ineffective or lead
to glass leak from electrode
areas at the bottom. This
kind of leakage will be very
difficult to control and there
can be a major accident due
to glass leakage.

* Due to metal contaminants
present in cullet, the furnace
life will be seriously impacted
due to rapid corrosion of
melter bottom tiles.

b) Poor glass quality:

e If cullet is not sorted
properly & has lot of
impurities, the glass color
can vary frequently resulting
in customer complaints.

This is extremely critical for
cosmetic glass production.

* Final glass may have lot
of stones, glass knots and
forming defects. This can
lead to higher rejections,
lower production efficiency

customer

and increased

complaints.

*  Frequent yellow lines in glass
because of reaction of glass
with contaminants (ferrous
and non-ferrous metals).

* Bubbles, seeds may increase
suddenly due to reaction of
contaminants with glass.

c) Increased melting energy:

* Increase in iron level in
glass will lower the heat
transfer rate in melter and
forehearths. Hence melting
energy or SFC (specific fuel
consumption) for
forehearth

consumption will increase.

e More bubbles and
due to

melting

and energy

seeds
high
contaminants in cullet may

in glass
necessitate  increase  of
melter temperature which
will lead to increase in energy
consumption.

3. Processed Cullet storage

It is very important that the processed
cullet is stored properly in batching
plant. It is recommended to have
separate cullet bins / silos for internal
and external cullet with independent
weighing and feeding units for better
control of glass quality. Also, for
different types of cullet (flint, amber,
green), separate silos / bins are to be
used. As the cullet is highly abrasive
material, storage bins / silos to be
designed by experts to minimize
wear & tear and avoid contamination
of cullet from storage silos.

During transportation of cullet from
processing to storage and then
storage to melting, enough powerful
magnets need to be fixed on conveyor
belts and cullet chutes to remove any

left-over ferrous contaminants.

4. Processed Cullet usage: During
the batching, cullet is generally not
mixed in mixer as cullet is highly
abrasive and can damage the mixer
blades quickly. Hence
spread over the batch uniformly
by proper cullet feeding system.

cullet is

During conveying and feeding of
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cullet powerful hanging magnets
may be used to catch the ferrous
contaminants present in cullet. It is
recommended to daily collect the
cullet sample from cullet feeding
system and check the quality for
sorting & contamination. Accordingly
corrective actions to be taken in
sorting. There are systems to pre-
heat cullet using furnace waste heat
to save energy. M/s ZIPPE GmbH
Germany and few others can design
and supply these systems. However,
in India, this system is not installed

due to low return on investment.

Advantages of using Cullet

When it comes to the ecological

footprint of glass manufacturing,
the adoption of cullet serves as a
game-changer, yielding an impressive
array of environmental benefits
that the

reliance on virgin raw materials. Let

outshine conventional
us embark on a journey through
the eco-conscious realm of cullet,
unearthing its profound contributions
to reducing raw material extraction,
conserving energy, and mitigating
carbon emissions.

Reduction in raw material
extraction: One of the most glaring
advantages of incorporating cullet
into the glass-making process is the
substantial reduction in the need
for primary raw materials such as
sand, soda ash, and limestone. These
materials are traditionally mined, a
process that extracts a significant toll
on the environment. By substituting a
portion of these virgin materials with
recycled glass, we are diminishing
the pressure on fragile ecosystems,
preserving pristine sand dunes, and
minimizing the ecological disturbances
caused by mining operations. This
reduction in raw material extraction
is a triumph for the environment, as
it directly curbs habitat disruption
and soil degradation while easing the

strain on natural resources.



Energy savings during the melting
process: The allure of cullet extends
beyond material conservation, delving
into the realm of energy efficiency.
When recycled glass is introduced into
the melting furnace, its lower melting
point imparts a profound energy-
saving effect. The furnace does not
need to reach the same temperatures
as it would when processing solely
virgin materials, resulting in reduced
energy consumption. This translates
into fewer fossil fuels burned,
fewer emissions spewed into the
atmosphere, and a tangible step
towards a greener future. It is a
virtuous cycle where every shard of
cullet becomes a catalyst for energy
conservation, aligning  industry
practices with sustainable aspirations.
It is established in glass industry that
every 10% increase in cullet usage
will result into 3% reduction in
specific fuel consumption. Also, by
increasing the cullet usage, glass draw
can be increased by 2 to 3% for every

10% increase in cullet.

Decreased carbon emissions due
to reduced energy consumption:
The connection between energy
use and carbon emissions
is a fundamental pillar of
environmental responsibility.
As the energy demands
decrease, so do the carbon
By leveraging
cullet in glass manufacturing,

emissions.

we are ushering in a
paradigm where reduced
energy requirements equate
to a significant reduction
in carbon footprints. The
virtuous synergy of cullet’s
lower melting point and
the resultant energy savings
culminate in a measurable
decrease in greenhouse
gas This

only contributes to cleaner

emissions. not
air but also aligns with

international  efforts to

combat climate change, positioning
cullet as a frontline ally in the battle
for a sustainable planet. It is estimated
that every ton of glass cullet saves
about 300 kg of CO,, thanks to
reduced fuel consumption and the
absence of carbonate raw material
the

decomposition  in purified

material.

5.2 COLOURING AGENTS

Glass colours can be obtained either
from furnace or individual forehearths
(Colouring forehearths). The colour
from furnace will be for

production in all lines whereas colour

mass

from colour forehearth will be for a
particular line. Colour forehearth
is  described separately in glass

conditioning chapter.

Furnace Glass colours from batch
composition: From furnace we can
produce basically 3 types of glass-
flint, amber or green (dark, light).
Commercial green container glass is
colouredby additions of approximately
0.25 wt% chromium oxide (Cr,O,)
and 0.35 wt% iron oxide (Fe,O,) and
amber (brown) is essentially coloured
by 0.5wt% iron oxide in a reduced

L

Fe' !n-s ou® NP

Ei

' - &

MANGANESE NEODYMIUM
Mn* Co Nd*™

The colour effect is affected by base Glass composition or by the |evel of oxidation of
Glass. Also by mixing different oxides, different Glass colors

Figure 2.13.a

Kanch | Vol. 13 | No. 4 | January-March 2026 e

www.aigmf.com

state. Both chromium and iron oxide
are relatively strong colouring oxides
in container glass. Therefore, flint
(clear) container glass must only have
trace additions of chromium and iron
to avoid visible colour; a slight green/
yellow colour is generally masked by
adding a decolouriser. However, the
addition of decolouriser can result in
loss of light transmission and result
in a grey appearance in the flint glass.
Commercial flint container glass
generally has no more than 0.5wt%

of green glass added as cullet.

Figures 2.13. a & b show images of
impact of addition of metal oxides
into flint Glass (in colour FH) or
into RM batch

6.0 Batching systems:
plants require to provide consistent
batch without weight variations with

Batching

proper sequence of operation. It
has 2 sections namely silo seeding &
storage of raw materials and batching.
The first section is for receiving the
raw materials and storing; and the
second section is making glass batch
as per recipe.

Silo feeding: Once the raw material

Glass Colours can be obtained in 3 ways. A) By addition of rare earth metal ions B) By
colloldal particles formed in the glass C) By particles which are coloured themselves.

COPPER-TIN
Cu-5n

.

e o

v
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is inspected and accepted for use,
it has to be stored for further usage
in batching plant. The process of
unloading and storing in respective
RM silos is known as silo feeding.
There are generally 3 unloading bays-
It for silica sand / quartz, 2™ for all
other RM like soda ash, feldspar,
dolomite and lime stone, 3" for cullet.
Fine chemicals are manually loaded in
many companies using hoists or lifts as
the daily quantity requirement is very
less. Earlier days, bucket elevators
were used for unloading of most of
the raw materials but now pneumatic
conveying is introduced for many RMs
provided the moisture in it is very less.
Pneumatic conveying is advantageous
to prevent dust in batching plant and
avoid manual labour for unloading. It
is very convenient and faster.

In silo feeding,

there are bucket

Bucket Elevator

to requirements. This will help in
controlling the glass quality. For main
raw materials except soda ash and
fine chemicals, it is always advisable
to use 3 stage magnetic separators
to remove free iron and fine dust.
This will help to reduce iron in glass
as well as improve melting & save
melting energy. While feeding RMs
into silos, wherever possible, install
hanging magnets or pipe magnets to
catch iron (magnetic) contaminants.
Contaminants can come from external
source (with RM) or from internal
sources. Hence it is important to
catch these contaminants where ever
possible till it goes inside the furnace.

Batching system: In batching, weighing
of RMs as per the recipe and then
releasing & mixing sequence is very
important. It is done automatically

if any.

2. Once all the
weighing is completed release
RMs to running empty mixer in
following order- release sand/
quartz first and when it is almost
done, release soda ash. Once
soda ash is completely released,
then release other RMs like lime
stone, dolomite, feldspar and
fine chemicals (done directly
into mixer manually or in auto
as releasing it on conveyor with
RMs may have
spillage of it, resulting in loss of

other some
fine chemicals which is very less
in quantity). It is important that
silica / quartz grains get soda
ash coating to enable it to melt
in furnace quickly and effective,
as explained in melting reaction

Batching Plant Silo

Bucket Elevator

elevators, vibro- Feeding system x‘ g
feeders, belt o (
conveyors, N
diverters, shuttle RM Unloading r‘ b
conveyors etc., as Hoppre = - " .
shown in Figure ; I*J[W ,
*
o | T | | :
2.14. There can P % | | o p ‘_ : . l:!!
be few silos for g | : == 0
" e | EEEEEE _ ot s |
silica and quartz : ' 1 .
Storage Silos- Mild steel / Concrete . X LI [l \
storage for storage SN || W | [ ﬂl =" o
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different  quality

/  sources so Wt aolis

s etc. Equip

Silo feeding system consisting of unloading hoppers, elevators, conveyors, rotary diverters, vibratory feeders, storage silos/tanks,
ts are selected based on material properties, capacity required and extent of automation required. It can

that they can be be I or fully

tic syst

used according

Figure 2.14
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process.
weighing
separately and ready for release
into batch after the mixer. (Cullet

Simultaneously cullet
should be working

is not mixed in mixer as it can
damage the mixer and hence
cullet is dropped on batch after
the mixer).

Mixing generally takes 5 minutes
to mix the entire RMs. For initial 3
minutes, dry mixing and after this
2 minutes, wet mixing by adding
water to maintain 2 to 3% total
moisture in batch (considering
moisture in RMs+ addition of
water to get 2 to 3% moisture
in batch). During mixing, the
weighing of all the RMs will start
as per the recipe and weight for
next mixing cycle.

Once batch is mixed completely, it
is released on to the surge hopper
and then to batch conveyor. On
this batch in conveyor, the cullet
should be dropped such that it is
completely released by the time
the entire mixed batch is moved.
The cullet should be spread over
the batch such that it is uniformly
mixed with batch while moving
forward into hoppers, conveyors
and day bin of furnace.

Once the batch from mixer is
released completely,

level drops to low level, the
batching plant starts automatically.
The operation of batch house in
majority of companies work on
auto mode with level sensors
installed in dog house day bin. If
there are two doghouse for one
furnace, diverters are installed
to divert batch to required silos,
depending on silo levels.

7. In many manufacturing facilities,
single batching plant supplies
batch to many furnaces in auto
mode. The recipe can be different
or same for different furnaces.
However, care should be taken
to ensure that the batch shouldn’t
get mixed or contaminated

when different recipe is used

for different furnaces (especially
when the same batching plant is
used for different glass colors-
flint, amber & green). When
different recipe is used, separate
and batch
systems are used for each furnace

mixer conveying
to avoid mix-up or contamination
of batch.

The auto batching diagram is shown
in Figure 2.15.

The batching plant can be as big
as 2000 TPD capacity depending
upon the requirement of the plant

www.aigmf.com

considering future expansion plans.
M/s ZIPPE and M/s EME are the
leading designers and suppliers of
batching plants in the world and also
there are other suppliers like M/s Eliar
Turkey and M/s
Italy.

Glass Service s.r.l.

Important  considerations in
batching plant design & operation:
The accurate and reliable weighing,
dosing and movement of raw materials
used in glass production is critical
to final glass quality. Like, how food
recipe and preparation is important
for human beings, the batch recipe
and preparation is important to get
good and consistent glass quality from
furnace. Following are some of the
procedures and of pre-requisites for
good batching operation:

Design

a) Weighing accuracy should be
good and
repeatability/ reproductivity.

should have high

b) For major RMs, the weighing
tolerance can be +/- 100 gms.
But for fine chemicals it can be
+/- Igm.

should

have good auto-correction.

Ex.: If in first batch 100 gms.

of extra material is fed, then in

c¢) The weighing system

the mixer gate is

closed and it then

Raw material silos silica / soda/L5/feldspar, dolomite, minor Ingr.

sends signal to system
to release RMs again
in sequence as above.
So, the batch mixing

U U U0

is continued as per
requirement in auto
mode.

Generally, the mixing
operation stops in
auto mode,

when
the day bin level near
furnace doghouse is
reached full. Again,
when the day bin

o

! Automatic Batching Plant Container Glass |

Figure 2.15
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d)

g)

h)

Ring using 100mm Flat

2" batch, 100 gms. should be
automatically reduced. This is
for all RMs. In weighing hopper,
after gate closing, if any material
is left, it should be automatically
corrected in new batch.

All  the equipments should
operate very reliably especially
gate opening and closing,
diverters  functioning, online

moisture measurement etc.

Weighing controls should be very
effective. They should work on
auto control feeds with weighing
such that during start of weighing,
the feeding to weigh hopper is at
higher rate and when it is going to
reach close to the set parameter,
the feed rate should be slow so
that the accurate weighing is
achieved.

Mixer performance should be
excellent. Homogeneity of batch
is very important to control to get
desired glass quality and hence
mixer should be very reliable and
give required homogeneity of
batch.

Batch  transport
important to avoid spillage and

design is

batch segregation.

All the weighing parameters to

be captured by SCADA or good
control systems so that all the
batch details can be monitored
and data can be retrieved, as &
when required.

Design of silos, equipments
should be of high standard to
reduce

contamination, wear

and tear, breakdowns and
glass quality problems (batch
segregation, contamination, poor
homogeneity), as wear and tear
is high due to abrasive nature
of RMs, provision of rings at |
meter spacing is recommended,

as shown in Figure 2.16.

Operation of Batching Plant: Good

operational controls are necessary to

get good quality batch from batching

plant. Following are the important

operation

disciplines required in

batching plant.

2)

Raw materials should be properly
checked before unloading and
storage. Good & clear SOPs for
RM inspection, unloading and
storage should be in place and
practiced religiously.

When common equipments like
hoppers, elevators and conveyors
are used for loading & unloading

Silo design to reduce wear

d)

of different raw materials, ensure
good cleaning procedure, before
using it for other materials. This
is essential for avoiding mix-up
of materials. Also have good
interlock & automatic systems for
silo feeding of raw materials to
avoid mix- up. It is very common
error in batching plants where
operators many times make
mistake in unloading resulting
in mix-up, leading to loss of

productivity, time and quality.

Regular calibration of weighing
system is required. In every
shift, calibration of each weighing

hopper once, is recommended.

Batching sequence should be
followed as per SOPs. Silica sand
mixing with soda first should be
ensured.

Cleaning of mixers, silos,
hoppers, equipments, magnets
to be done regularly to avoid

contamination and breakdowns.

Timely maintenance of all
equipments is very essential.
Mixer and elevators should be
given top importance as any
breakdown in these equipments
production due
time

may disrupt
to more required for
repair. Condition

monitoring of critical

=)
)

1100mm

provided in concrete silos too.

In batch house silo wear & tear is high due to abrasion
property of most of the RMs, especially Silica / Quartz
and Cullet. To avoid this wear & tear, provision of
horizontal rings in silos is recommended. Due to the
presence of the ring, the material is always accumulated g)
over the ring and this material will avoid direct contact
of fresh material with the silo surface when loading &
unloading of material is happening. Similar rings can be

equipments is
recommended.

All the dust
should
work effectively and

collectors

there should not be

angle / flat of 10 mm

Figure 2.16

Kanch | Vol. 13 | No. 4 | January-March 2026

1.Provide ring of 100mm wide at every 1 mtr.ht using plate /

2. In cone area also provide ring of 100 mm wide

dustin plant. Batching
plant equipments can
frequently fail if dust
is too much.

h) Environment
should be clean and
no rain water should
enter the building.
There should be



good ventilation system and
good covering of batching plant
to avoid entry of wind & rain. Top
class housekeeping is required
for smooth operation of the
batching plant.

7.0 Quality controls in batch
house

As batch house is responsible for
quality of glass in terms of achieving
desired  physical &  chemical
properties of glass for producing good
container bottles, it is very important
that quality is maintained in every
batching processes. Glass properties
like density, glass colour, seeds &
blisters, annealing temperature etc.,
are having direct relationship with
glass recipe. Following controls are
required in batching operation to get

good quality of glass.

I. All incoming materials need
to be checked thoroughly for
physical and chemical properties
and materials meeting the

specifications only to be

accepted for use in batch, as
there are many variables in raw
materials, deviations in any of
the properties can impact glass

quality. Few examples are-

a) Silica sand chemical analysis

is okay and meeting the
specification, however
the grain size is above
specification. In this case,
glass  melting  will be
impacted, stones can appear
in glass and bottle quality can
be a major problem in all

production lines.

b) Lime stone chemical analysis
is okay but it has very
high fine material. If this is
used in batch, lot of dust
can fly everywhere, batch
segregation may happen and
dust can go to regenerator &
chimney. Glass composition
also can be impacted due
to loss of material in every
stage of batching operation
due to high fine dust in lime
stone.

c) Cullet physically looks okay
but has high porcelain or
microwave waste glass.

These impurities are difficult

to sort and if it is accepted to

use, can result in glass knot,
bubbles, blisters issues in

glass.

2. Cullet sorting should be very
good and contaminations should
be below the limits. In few

Batching Ideas

www.aigmf.com

organisations, cullet up to 95%
is used. Hence cullet quality
has direct bearing on quality
of glass coming out of furnace.
Enough eddy current separators,
magnets need to be used to catch
contaminants effectively.

During unloading care should
be taken to avoid mix-up and
contamination. Proper unloading
procedure, cleaning procedure
need to be strictly followed
to eliminate these issues. If
any mix-up or contamination
incident occurs, it will take a
few days to clear the glass and
the entire production may have
to be scrapped. Also, such
scrapped glass (internal cullet)
if used back in batch house, can
create issue in glass again as the
specification of the recycled
cullet may be totally different
and make it difficult to control
the glass composition.

While making batch, operation
should be watched carefully.
Any malfunction in equipments,
gate opening, sequence of RM
releasing into mixer, errors in
weighing and improper mixing
can lead to melting & glass
issues. To rectify the problem,
if not noticed quickly, will take

1. Itisveryimportant to get good mixing so that batch homogeneity is excellent which will lead to energy saving in
melting, good & consistent Glass quality.

mos WN

Soda ash coating on silica sand granules will accelerate melting leading to lower seed count, lower SFC.
Proper distribution of cullet with batch is important to get good quality of Glass.

6 to 12 mm cullet size helps in good melting.
Optimum moisture in batch is very important for melting / furnace operation. 2-3% moisture recommended.
Batch transportation is to be designed properly. Iron particles removal, batch segregation aspects to be evaluated.

Soda Ash Coating

Silica Sand Granule

Batch mixing sequence is very important to get very good Glass quality, improved melting
and reduce SFC & seed count. The sand / quartz to be released first followed by soda and
both should be mixed first for few seconds to get good soda ash coating on sand / quartz
granules. The coating of soda on silica will accelerate dissolution of silica into glass and this
will be achieved at lower temperature compared to uncoated granules without soda or coated
with other materials. Once the dissolution of silica improves with soda coating at lower
temperature, The melting becomes easy, melting energy requirement reduces, seed count
improves.

Figure 2.17
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few days to clear the glass in the
furnace. Proper checklist should
be prepared and monitored to
avoid such issues. One example
of such cases is that in one of
the installations, the jack bolt
above the load cell got loose in
sand weigh hopper and bolt was
touching the bottom frame of
load cell mounting while sand
filling for batching. This resulted
in wrong weighing as one of the
load cells had obstruction but
the control system was showing
the recipe weight correctly in
panel. Since it was not noticed
immediately, after 24 hours, the
glass density became abnormal
due to high silica in glass and
entire production was scrapped
till the problem got rectified.

Batching plant operators and
furnace operators should have
proper
provide quick feedback to each
other to make small changes

communication  and

in operations, in case some
abnormalities are observed. The

feedback related to moisture in

batch, batch segregation, cullet
segregation, seeds, bubbles, glass
colour, melting issues may be
immediately communicated to
batch house team for finding if
there are any abnormalities.

Batching plant & laboratory
should have quick & proper
communication channels. Any
issue in batching will reflect
in glass properties and hence
to maintain consistent quality,
getting the report from chemical
lab &

corrections is an important task

analysing to make

by batching team.

Batching operators should get
bottle
production floor and look at

regular sample from
glass quality like stone, bubbles,
blisters, glass knots etc., and act
quickly to rectify the problems, if
it is related to batch or batching
process. Also, should have good
communication with quality/QA
departments regarding defects
related to glass (cordy glass,
seeds, blisters, colour).

Control on internal cullet
quality is important as there can
be many possibilities of local
contamination  from  various
areas of operation. Sometimes
rejected
foreign materials are mixed if
GMP is not followed and there

are instances like moulds, iron

along  with cullet,

pieces and packing materials
getting mixed with internal cullet
due to negligence by IS Machine
operators, sorters and other
maintenance people. Also, the
internal cullet crushing quality
need to be checked regularly.
sufficient

Install magnets in

internal cullet conveyors, to
catch any ferrous materials mixed

accidentally, with cullet.

2.17
important points to be noted in

Figure shows  some

batching plant.

We have now understood importance

of batching process in detail. Here we

have a small root cause analysis chart

(Figure 2.18) to act quickly, if similar

glass problem occurs in your factory =

Batching plant problems, root cause and remedy chart (related to batch only)

Increased stone in glass I. Contamination in cullet Intl. or Ext.
2. Grain size high- slica, quartz and dolomite

Glass density decreased
suddenly

w N -

Glass density increased
suddenly

w N —

Yellow lines in Glass

N —

Increase in seeds and blisters

w N -

Increase in iron content in

|
batch 2. Increase in iron contamination in cullet
3. Magnets not catching iron
4. Equipment parts missing and entered furnace
(Especially from dog house silo or batch charger)
Cordy Glass & bottles |. Abnormal batch change
breaking in thermal shock 2. Mixing issue

. Sand feeding high
. Change in RMs quality
. Weighing abnormality

. Soda feeding high
. Weighing abnormality
. Change in RMs quality

. Contamination in cullet
. Contamination in RMs

. High contamination
. Mixing abnormalities
. Weighing abnormalities

. Iron content high in RMs

3. Segregation

@ Kanch | Vol. 13 | No. 4 | January-March 2026

Figure 2.18
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. Check cullet sorting
. Check grain size of RMs
. Check intl. cullet quality

. Check sand scale
. Check glass oxides by lab analysis
. Check all weighing scales

. Check soda scale
. Check all weighing scales
. Check Glass oxides by lab analysis

. Check free iron in cullet
. Check contamination in RMs

. Check RMs and batch
. Check mixing
. Check weighing scales

. Check RMs quality & functioning of maganetic

separators

. Check cullet
. Check magnets
. Check equipments

. Check changes made / weighing accuracy
. Check homogeneity / mixer
. Check batch transport / silo for segregation
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Reflections on Glass

Kanch is pleased to reprint the
following write up about Prof.
Manoj Choudhary.

Prof. Choudhary is the Former-
President of the International
Commission on Glass (ICG) and
has worked closely with the
Indian glass community. In 2024,
The All India Glass Manufacturers'
Federation felicitated Prof.
Choudhary with C.K. Somany
Award for Excellence. Prof.
Choudhary has delivered Dr.
Atma Ram, M. G. Bhagat and C.
K. Somany Lectures in INDIA.

"The article below was originally
published in MIT Alumni News,
published by MIT Technology
Review, and is reprinted with
permission”.

Manoj Choudhary, ScD ’80, can't
believe that most people look through
glass without a second thought. To
him, it’s humanity’s most important
material. “No material combines utility
and beauty like glass,” he says.

“Can you imagine our forefathers before
the windows came along—what kind of
dark, dank buildings they lived in?” he
asks. “Now we are surrounded with glass
that lets the light come in and protects
us from the snow, sleet, and rain.”

From eyeglasses to wine glasses,
microscopes to telescopes, products
made with glass allow us to see and
enjoy the world around us at every
scale. Choudhary says it’s durable,
impermeable, transparent, and
deceptively strong. And it is to this
material that he devoted his career
after finishing his schooling.

Choudhary grew wup largely in
Kolkata, INDIA. He majored in
Chemical Engineering at the nearby
Indian Institute of Technology at
Kharagpur, igniting a passion for using
fundamental science to do something
tangible in the world.

He never planned to come to the

United States. But then Choudhary’s
academic  department  received
a request from the University of
Buffalo asking for its best students; he
was recommended and went to New
York for his master’s.

“Once | was in the US and had gained
confidence in my knowledge of Chemical
Engineering, | wanted to branch out
and explore applying my knowledge to
other fields,” he recalls. “And there are
very few places on this planet that can
match MIT—frankly, in any discipline,
but in my case the materials science
and engineering department.”

Choudhary arrived at MIT in 1976
to pursue his doctorate, working
with leaders in fluid dynamics of
materials processing, metallurgical
thermodynamics, and welding
engineering to mathematically model
flow and heat transfer in a steel
refinement process. “Nowhere else
would | have had the opportunity to come
in contact with such a constellation of
luminaries,” he says.

Upon graduating, he joined Owens
Corning, a company with a long
history of glass innovation. “I had an
intuition that what | had learned at MIT
in materials processing and metallurgy
| could apply to glass,” he says. One
of Choudhary’s first tasks was to find
ways of using electricity rather than
fossil-fuel combustion in the melting
process for manufacturing glass fibers
used in composites for such things
as wind turbine blades and printed
circuits. The approach would become
central to decarbonizing glassmaking.
“It made a tremendous impact
on reducing emissions, increasing
throughput and enhancing quality,” he
says.

Choudhary also established and
led the use of computational fluid
dynamics modeling at the company
to understand flow and heat transfer
in glass melting furnaces. “When
you speak in mathematics, people get
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extremely nervous in manufacturing
plants,” he says. They ask, “How
can equations explain something as
complicated as glass melting?”

But the work paid off. At a glass
manufacturing plant in  Amarillo,
Texas, his mathematical models
helped increase production efficiency
by 20%.

Convinced of the benefits of employing
computational fluid dynamics to
improve manufacturing processes
even further, Owens Corning became
one of the first glass companies to
make a massive investment in the
approach. Perhaps most rewarding
for Choudhary was that the success
of this effort earned him the respect
of his colleagues.

From 2015 to 2018, he served
as President of the International
Commission on Glass. And in 2024,
he won the L. David Pye Glass Hall
of Fame Award from the American
Ceramic Society in recognition of
a lifetime of “dedication, vision,
and accomplishments in advancing
the fields of glass science, glass
engineering, and glass art.”

Choudhary retired from Owens
Corning in 2018. He’s now an adjunct
Professor of materials science and
engineering at Ohio State University,
where he enjoys mentoring young
people. “Mentorship is one of the
things that I've benefited from greatly
throughout my life, including at MIT”
he says. “So I'm trying to pay my debt in
some small way” m

by Ari Daniel, PhD "08 MIT



Empire Industries Ltd. - VITRUM GLASS
(An 1SO 9001-2008 company)

Q&

RAAD VOOR
ISO 9001 | ACCREDITATIE
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Empire House, 414, Senapati Bapat Marg, Lower Parel, Mumbai, 400 013. India.
Tel.: +91-22-61467676, Fax: +91-22-24937203

E-mail: vitmktg@vitrum-glass.com, sgupta@vitrum-glass.com
Website: www.vitrum-glass.com
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Quality Brands

VITRUM

Energy For Excellence

Empire Industries Limited - Vitrum Glass founded
in 1963 has the state of the art manufacturing
facility at Vikhroli, Mumbai for producing amber
glass containers.

Vitrum Glass is widely acclaimed for its extensive
range of products, superior finish & excellent
services.

Vitrum Glass’s extensive range of Amber Glass
Containers (10ml to 550ml) provides the
packaging media for liquid/oral suspensions, dry
syrup, granules, Capsules, Tablets & consists of
following types

 Dropper Series Glass Bottles

* Drops Glass Bottles from 10ml - 30m|
*  Syrup Bottles from 60ml - 550m|

e Dry Syrup with mark bottles

 Flat Amber Glass Bottles

» Designer Glass Bottles

» Wide Mouth Glass Bottles



AM C&T Customized Heat Treatment Solutions for

Sanli Engineering Co.
Lehrs, Ovens & Conveyor Systam

Food Processing Industries Glass,
Ceramic, Automobile
& other Process Applications.

Product Range:

Annealing & Decorating Lehrs Upto 5500mm Width
Tempering Lehrs/ovens

Cold End Conveyor System(single Liner)
Shrink Wrap Machine

Palletizers

Conveying And Handling Equipment
Automatic Bottle Coating Line

Lehr stacker

Cross conveyors.

Cold end spray coating machine
Packing machine

Case packers for bottles.

=

World class Lehr manufacturer for the

Glass industries with other equipments

We Also Expertise In Modifications, Repairs Or
Renovation Of Lehrs And Ovens To Enhance
Production Capacity And Lower Energy
Consumption.

Mobile : 9824957565 / 9978980550
Email : info@amcetsanli.com | amcetsanli@gmail.com

Factory : Plot No. 337, 338, 355, GIDC, Manjusar Village,
Savli, Vadodara, Gujarat 390780, India.

Office : 603, 6 Floor, BRG Hight Sama Savli Road, Karelibaug,
Vadodara, Gujarat 390022, India.
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Glass Science at KMV: Empowering Women

Dr. Atima Sharma Dwivedi, the Director of Kanya Maha Vidyalaya, is a distinguished
academician with over 40 years of teaching and administrative experience.

She holds a Ph.D. in Contemporary American Literature and has been recognized for

her leadership in expanding gender equality in higher education.

Dr. Dwivedi has been instrumental in various initiatives, including the introduction of

progressive programs in line with the New Education Policy.

Her dedication to education and her innovative approach have made her a role model

for other institutions.

Kanya Maha Vidyalaya (KMV), founded
in 1886, has always stood as a beacon
of hope and progress for women’s
education in India. Established with
a vision to uplift women through
knowledge, values, and freedom of
thought, KMV continues to stay true
to its motto “Empowerment through
Education.” Over the decades, the
institution has grown into a modern,
autonomous, and research driven
college where discipline blends with
creativity, and tradition walks hand
in hand with innovation. With its rich
history, strong academic leadership,
and a student-centric ethos, KMV
has nurtured generations of young
women into confident, capable leaders
ready to contribute meaningfully to
society. Its unwavering focus on skill
development, entrepreneurship, and
scientific curiosity makes it a national
model for holistic women'’s education.

Among its many achievements Glass
Science at KMV has emerged as one
of the most distinct and pioneering
academic North
India. What began as an academic
interest has now grown into a vibrant
interdisciplinary space that introduces
young women to the fascinating
world of glass structure, solar glass,
optical materials, THz technologies
and sustainability under the leadership
of Dr. Gopi Sharma and Dr. Neetu
Verma. The department has built

endeavours in

strong academic and industrial

collaborations with nationally and
internationally renowned institutions

including ENEA (ltaly), Coe College
(USA), TIFR Mumbai, BARC Mumbai,
Sri Venkateswara University Tirupati,
and NIT Jalandhar. These linkages
bring global exposure right into
the classroom, strengthening both
learning and research capabilities.

Faculty and students have
contributed research in areas such
as optical materials and novel glass
compositions, while actively exploring
patents for innovative formulations.
What makes this journey special
is the hands-on  experience
students receive on melting glass,
understanding annealing, observing
structural transitions, and learning
characterization techniques. For many
students, this is their first encounter
with real scientific discovery, and it
sparks a sense of wonder that often
shapes their career aspirations.

Teaching glass science at KMV s
designed to be deeply engaging and
experiential. Instead of treating glass
as just another topic in the syllabus,
teachers transform classrooms into
interactive spaces where concepts
become tangible. Students witness
glass formation through practical
demonstrations, explore the physics
of non-crystalline materials, work
with  thermal properties, and
even get an early introduction to
glass ceramics. The curriculum is
strengthened through project based
learning, industrial case studies, and
international standards that expose
students to real world scientific
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challenges. Through small research
projects, presentations, and scientific
writing exercises, students begin to
see themselves not just as learners, but
as budding engineering researchers.

The department also relies heavily on
ICT tools, multimedia content, and its
active social media presence to keep
students connected and inspired. Visits
to laboratories, research centers, and
industries give them opportunities to
see science in action moving learning
beyond the classroom and into the
world of innovation.

A major driving force behind these
efforts is KMV’s commitment to
empowering women for meaningful
careers in India’s rapidly growing
glass, materials, and solar industries.
Placements in these sectors provide
not just independence,
but also a voice, an identity, and
the strength to break long standing
stereotypes about women in technical
fields. When young women step into
manufacturing floors, research labs,
and industrial setups, they aren’t
just building their own futures, they
are rewriting what society believes

financial

women can achieve.

But the path
Many students feel anxious about

isn't always easy.

relocation, adjusting to industrial
environments, or staying in hostels
far from home. Family concerns,
long work shifts, and male dominated
workplaces can create hesitation.

These challenges are real, and KMV



acknowledges them with sensitivity.
Through  mentoring, counselling,
exposure visits, and strong industry
collaborations, the institution slowly
bridges these gaps and helps students
grow the confidence needed to take
bold professional steps.

The impact of this approach is
already visible. Students and faculty
recently visited Gold Plus Glass
manufacturing unit upon the invitation
of Ms. Sheetal Khanna (GM), where
they watched float glass being made
from scratch huge furnaces glowing,
molten glass flowing, coatings applied
with precision, and quality control
techniques  ensuring  perfection.
Earlier visits to Borosil, one of India’s
most respected glass manufacturers
upon the invitation of the Kheruka
family, further strengthened industrial
insights. Last year, KMV students
secured prestigious internships at the
Borosil Research Centre, where they
worked on real research problems in

advanced materials and sustainability.
These experiences transformed their
understanding of science, boosted
their confidence, and marked a proud
milestone for the institution.

One of the greatest honors for the
department is being academically
adopted by Dr. Arun K. Varshneya, one
of the world’s most influential glass
scientists affectionately nicknamed,
"the Glass Guru" for his textbook,
"Fundamentals of inorganic Glasses".
His contributions have shaped glass
science globally, and his mentorship has
opened doors of possibility for KMV
students. Through the “Darshana and
Arun Varshneya Excellence in Glass
Science Stipends,” he encourages
and supports young women who
aspire to enter this specialized field.
His guidance helps KMV refine its
curriculum, pursue deeper research,
and build a platform where women
can dream of becoming materials
scientists, innovators, and leaders.

Dr. Varshneya’s involvement has
humanized science for students it
makes them feel seen, encouraged,
and capable. It motivates them to
dream beyond the limits of their
surroundings and believe that they,
too, can contribute to global scientific

advances.

In essence, Glass Science at KMV is far
more than an academic program. Itis a
journey of empowerment, discovery,
mentorship, and transformation. It
offers young women a chance to
explore a field that is both scientifically
rich and industrially relevant while
building confidence, ambition, and
a sense of purpose. With its strong
collaborations, visionary mentorship,

research  oriented environment,
and commitment to women’s
advancement, KMV is not just

teaching glass science, it is shaping the
next generation of women scientists,
innovators, and change makers =

THE 17" WORKSHOP FOR NEW RESEARCHERS IN
GLASS SCIENCE AND APPLICATIONS

" Mice

—

..--=/

GLASS FORMATION, STRUCTURE AND PROPERTIES

MONTPELLIER (France), 6t — 10t JULY 2026

The workshop examines fundamentals in glass science,
experimental
simulations and selected tools to probe structure. The specific
subjects and applications covered are: thermodynamics and
kinetics, structure modelling, optical behaviour, mass transport,
NMR, strength, sol gel coatings, chemical
The lecturers are leading experts in their fields.

structure-property relationships,

A significant feature of the workshop is student-centred
learning. Formal lectures are supplemented by a) tutorials

Is this for you?

If you are a PhD/Masters student studying ‘Glass’ or have recently

- Normal fee:

= - Reduced fee:
techniques,

welcome
(Thursday).

analysis and Al.

involving student-staff discussions and b) team exercises.

On day 1, all participants describe their own interest in glass to
develop their presentation skills. This also informs the class of
the breadth of glass research worldwide and the range of

- Application forms,
instructions concerning travel will be circulated to those who
register and will also be posted on the ICG web site.

(www.icglass.org)

measurement tools in use. Based on their interests, students

are grouped into teams who must present on the last day of
the school their solution to an allocated glass-based problem

Contact:

and answer questions from the audience. These projects help

participants think on their feet, helps forge lasting connections,

develops understanding by applying what they have learned to

specific issues, and is ‘competitive’!

- Lodging: 500¢€ in single room

to transport. The

started research in the Glass Industry then the answer is ‘yes’.

1100€
410¢€ for students and academics.

The fees include 2 coffee breaks and lunches Monday to Friday,
reception (Monday evening) and conference dinner

300€ in twin room

The lodging charge includes 5 nights accommodation (Sunday to
Thursday) with breakfast, in a well-equipped hotel with good access
last date for reserving accommodation is
01/06/2026. The number of singles is limited.

programmes and more detailed

To pre-register your interest and receive mailings
verres2026@mycema.fr
Final Registration: Deadline 01/06/2026

Participants will be limited to 50

Organization: Prof. ). M. Parker, University of Sheffield, UK
Prof. R. Conradt, uniglassAC GmbH Co., Germany

Local organization: MYCEMA Association -
Mylene Vacher, Célia Boscus-Vacher
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Mr. M.D. Farooq

{Founder)

Manufacturer Of Energy

Efficient Lehrs

Mr. M.D. Faroog, the founder of Umda Enginering, brings to the table more than 35 years of expertise in the manufac-
turing industry. Starting from humble beginnings, today more than 350 of Mr. Faroog’s Lehr machines are successfully

installed around the world.

Mr. Faroog is best recognised as one of the co-founders of TNF Engineering, a company Known across the industry as
not only the leading manufacturers of Metallic Wire Conveyor and Lehr belts but also of Glass Plant Equipment. This

mantle of superior performance and expertise has now been passed on to Umda Enginering.
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Metalic
for all Process Applications

Product Range:

= Metallic Wire Conveyor Belts

= Slat Belts

= Chain & Edge Guard Belts

s Enrober Belts

= Flat Wire Honeycomb Belts

= Laminated Link Belts (beer Pasturizer Belt)

Complete Metal / Plastic Conveying Belts for Freezing Tunnel &

Washing Applications TNH Metal belts

cNH

T.N.H. METAL BELTS & CONVEYORS

Website :
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\ % -% T N Y Y
'\ \‘ \ '\ \ LG
W L . . T St 1

e T T T W g

Factory : At & Post Lilora, Off. Halol Highway, Opp. Supreme
Hotel, Vadodara - Gujarat, India
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SUNRISE GLASS
INDUSTRIES PVT LTD.

QUALITY GLASS BOTTLES AND JARS

With over twelve years of experience as a P
leading container glass manufacturer,
Sunrise Glass Industries Private Limited |
brings unparalleled expertise to the table.
Trust us for all your container glass needs.

We take pride in delivering top-notch,
high-quality container glass products. Our
state-of-the-art facilities, equipped with
advanced technology and strict quality
control measures, ensure that every piece
of glass meets the highest standards.

rtise in container glass manufacturing.
High-quality products with rigorous quality control measures.
Impressive capacity of 650 MT per day.
Global reach, exporting to multiple countries.
Trusted by industry leaders.
Diverse product range for various segments.
Preferred supplier for renowned clients.

Committed to customer satisfaction.
TR

—
AVenTuregy  Astron Group

OFFICE / FACTORY

Block No. 41 & 46, Bardodhan Tena Road
Village: TENA, Talluka, OLPAD Dist. SURAT Gujarat, INDIA
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Creating Spaces Protected by Glass

Toughened glass: requirements on physical security, climate resilience and

cyber security are rising

Europe has to become more
independent, resilient and secure
— this could be the credo of a
current press review. The need
for security is rising noticeably and
now KRITIS, the new umbrella
act to improve the physical
security of critical infrastructure,
was adopted on January 29. The
Act requires uniform minimum
risk and

standards, analyses

attack monitoring. Many of
the rules relate to the physical
resilience of installations and
buildings, which also impacts the
glass industry and is expected to
further fuel the rising demand for
toughened glazing. glasstec asked
ift Rosenheim and Kuraray as a
producer of high-performance
interlayers for toughened glass
structures about the trends in

requirements for toughened glass.

In view of growing threats posed by
geopolitical tensions, cyber attacks
and natural disasters the reliable
protection of critical infrastructures
seems as important as ever. These
facilities,

infrastructures  include

systems and organisations highly
critical to maintaining the fabric of
society and whose failure would
substantially impact everyday life
such as energy supply, information
technology and telecommunications,
transport and traffic, health, water,
food, waste disposal, finance and
insurance, state and administration,
media and culture. Germany’s
federal Lander decide which facilities
in Germany are governed by the

KRITIS Umbrella Act on the basis

of  quantitative and

qualitative criteria. If
a facility is critical for
serving a total of 500,000
people, for example,
it is rated as critical
Mutual

also

infrastructure.
dependencies
have to be considered
— energy, water and
operational  transport
routes, for instance, are
also instrumental to all

other critical sectors.

VANDALISM AND
PHYSICAL ATTACKS

According to estimates

The ift Guideline EI-06/1 “Vandalism-Resistant Building
Elements and Facilities” defines typical
behaviour, tools, reproducible sequences as well as
possible hazard classes for glazing. This is determined by
manually testing resistance against vandalism — using a pile

perpetrator

by ift Rosenheim,
vandalism  —  though driver in this photo.
increasingly also

sabotage — poses a high
risk to public buildings, transport
infrastructure  or  administrative

buildings. In acts of vandalism
perpetrator behaviour is completely
different that
burglary, as Dipl.-Ing. ]Jiirgen Benitz-
Wildenburg, Head of PR and Technical

Communication at

seen in acts of

ift Rosenheim,
explains:  “Here,
openly,
improvised tools ranging from paving
stones and street signs to manhole
covers as their ramming implements.
This endangered  building

elements and glazing have to resist direct

perpetrators  act

mostly on impulse, using

means

violent attacks as well as concealed
manipulation by burglars. Burglar-
resistant components are therefore
only suitable to a limited extent.” This
is why ift Rosenheim has elaborated
the ift Guideline EI-06/1 “Vandalismus
hemmende

Bauelemente und
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Einrichtungen” (Vandalism-Resistant
Building Elements and Facilities) with
a circle of experts; this guideline
defines the typical procedure, tools,
reproducible sequences of events
as well as possible classifications.
These are determined by deploying
an array of implements to manually
test a functioning installed element
(with fixtures, frame, door leaf, lock,
glazing etc.) to gauge its resistance to
vandalism — where resistance time
also counts. Also important is the
added “LS (Liquid Safe)” protection
requirement, where the test team
attempts to create an opening in the
test specimen, which is large enough
to insert a bottle (Molotov cocktail).
The aim is to protect buildings and
people better against
destruction and violence in public

deliberate

areas as well as highly frequented and
vulnerable locations.



: i .
The ift Guideline EI-06/1 “Vandalism-Resistant Building Elements and Facilities” defines
typical perpetrator behaviour, tools, reproducible sequences as well as possible hazard
classes for glazing. This is determined by manually testing resistance against vandalism
— this photo shows additional LS (Liquid Safe) testing whereby the test team attempt
to create a penetrable hole in the test specimen large enough to introduce a bottle

(Molotov cocktail).

The market is also displaying a trend
towards higher protection classes,
as Mr. Jochen Regenauer, Head
of Strategic Projects & Business
Development EMEA at Kuraray
Europe, observes: “Security is an area
experiencing global growth and one
witnessing a massive increase over the
last few years. In Germany, for public
spaces originally subject to medium
requirements, protection class P4A for
glazing is already the rule today. Often
in demand here are glass structures
with increased resistance to projectiles,
break-in/forced entry, baseball clubs
and massive use of force. In the US
Kuraray is already operating on the
market with a tested solution involving
SentryGlas, thereby complying with the
ASTM FI1233 standard. Beyond this,
bullet-proof glazing complying with
protection classes BR4-NS to BR6-NS
is also increasingly in demand — for
public buildings such as train stations,
bank buildings and glazed entrance
concourses, even in IGU applications for
store fronts or foyers.”

RISING REQUIREMENTS
THROUGH EXTREME WEATHER
CONDITIONS

The KRITIS Act focuses not only
on security risks but also on risks

Photo: ift Rosenheim

from ever more frequent extreme
weather conditions such as heavy
rains and floodings that no longer
just affect buildings near rivers. Mr.
Benitz-Wildenburg explains:  “During
heavy and prolonged rainfall normal
windows and doors are often no longer
sufficient water

to protect against

ingress.  Here  suitable  structures
including sealed connections to the
building fabric are needed, which in turn
require correspondingly sized laminated
toughened glass units.” ift Rosenheim

therefore tests these components

Dipl.-Ing.
Head of PR and Technical Communication

Jirgen  Benitz-Wildenburg,

at ift Rosenheim.  Photo: ift Rosenheim

according to the ift Guideline FE-07
“Hochwasserbestiandige Fenster und
(Flood-Resistant ~ Windows
and Doors). The test results and

Tiren”

classifications form the basis for
planning and tenders for flood-barrier

building elements.”

Mr. Regenauer sees similar
developments: ‘A lot has already been
done in flood protection in the last few
years; but since it is a local authority
responsibility, measures still have room for
improvement due to budgetary restraints.
The KRITIS Umbrella Act will definitely
inject impetus here.” More frequent
storms, hurricanes and typhoons -

depending on the geographical situation

— are also generating growing demand

——

=1 1l CENE

Flood-protection walls and balustrades with SentryGlas interlayers made by Kuraray
are categorised as highly load bearing laminated toughened glass (LTG) for structural
applications. Unlike classic polyvinyl butyral laminates they boast a significantly higher
residual load bearing capacity, stiffness and durability — which is key for flood loads but
also for components preventing falls from a height. Photo: ©FENEX, LLC
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Jochen Regenauer, Head of Strategic
Projects & Business Development EMEA,
Kuraray Europe.

Photo: Kuraray Europe GmbH

for relevant protective glazing, as
Regenauer reports: “Storm-proof glazing
is now necessary for a large part of the
American East Coast because hurricanes
hit more and more often and earlier in
the year. The same applies to parts of Asia
with more frequent typhoons — these are
similar to hurricanes but come with more
water. Kuraray supplies various solutions
for this — highly secure glass structure with
SentryGlas interlayers to further increase
energy  absorption and  penetration
resistance in the glazing.” ift Rosenheim
also offers corresponding testing for
this purpose according to American

standards at its Rosenheim site.

BUILDING SKIN AS PART OF
CYBER SECURITY

The KRITIS Umbrella Act is strongly
oriented towards the requirements
of NIS2, the EU Directive that already
defines minimum standards for cyber
and information security. Through the
KRITIS Umbrella Act this Directive
is transposed into German law and
complemented for all relevant areas
of infrastructure at the same time.
This the
of security is broadened
purely digital defence to physical

means, understanding

from

protection measures. One growing
risk in terrorism or espionage is
electromagnetic attacks, for example,
where radio or radiation signals are
used to tap or hack into networks.

Special shielding
glass produces —
a partial =
Faraday’s cage |
effect
blocking
the
of electro-

thereby
majority
magnetic

This
for

signals.
allows

secured and
shielded rooms
to be built for
sensitive IT
departments,
authorities or data centres where
radio signal can neither enter nor exit.
These signals include Wi-Fi signals
or electromagnetic radiation from
screens and keyboards (war-driving
or remote tapping). This type of glass
is also used in labs and hospitals where
sensitive medical equipment needs
protecting from radio interference or
in security areas such as conference
rooms where confidentiality is key.
These solutions complement classic
IT security measures and follow the
Defence-in-Depth principle where
physical and digital protection levels
are combined.

DEMAND FOR EXCLUSIVE
APPLICATIONS IS RISING

There is growing demand for
toughened glass in many other areas
especially in exclusive applications,
says Mr. Regenauer: “Toughened glass
for the armoured vehicle market is a
hot ticket especially in South Africa and
South America— designed predominantly
to protect against kidnapping. In the
narrow streets of the city of London
(London’s  financial  district) blast
resistance is called for and comparatively
thin LTG is used since it can react more
flexibly to quick, massive pressure. Most
lounges and VIP areas are equipped
with bullet-proof glass and balustrades

achieve a particularly high residual load
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Complex glass roof structure at Westfield Hamburg Uberseequartier:
the complex geometry of the glass-steel structure executed with
high-performance Kuraray interlayers ensures maximum security,
transparency and architectural precision.

Photo: ©Darren Arpe / Roschmann Group

bearing capacity thanks to SentryGlas
interlayers. There is also rising demand
for glass sky pools for hotels and private
villas that have to constantly withstand
very high water pressure. And, last but
not least, more and more vessels and
yachts are being registered with glass
structure specs needing to withstand
the high dynamic impact loads from
waves. These applications mostly
involve structural SentryGlas interlayers
for reducing the glazing thickness, or
LTG with up to eightfold lamination
often containing chemically toughened
sheets for flawless looks m”

glasstec 2026 in Diisseldorf from
October 20-23, 2026 will once again
be the pivotal and leading pace-
setting trade fair for exchanging ideas
on the future of the glass industry
featuring Artificial Intelligence & Digital
Technologies, Decarbonisation and
Circularity as Hot Topics. But it will also
show that glass products for building
skins are no longer planned solely
with an eye on energy-efficiency and
design quality but also increasingly with
security in mind. At glasstec 2026 the
trade fair company and ift Rosenheim as
a cooperation partner will organise the
first special show “secure — innovative —
sustainable”, which will place resilient
and security-critical glass solutions
for protected rooms and critical
infrastructures centrestage.

For more information go to: www.
glasstec-online.com
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DUKHIRAM MAURYA

Engineering and Refractory Services, Quality
Craftsman and Workmanship

"
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DUKHIRAM

> %

Glass to Glass Services Offered

FURNACE STEEL SODIUM SILICATE
FABRICATION AND ERECTION FURNACE
Structural, Piping, Ducts and Equipmet Design and Installation

Installation

. BATCH HOUSE DRILLING, DRAINING
Modification, Erection, AND HEAT UP
Fabrication Furnace

¥ REFRACTORY INSTALLATION HOT REPAIR SERVICES

Online Checker Replacement
I Cosmetic, Pharmaceutical, Oxy Fuel, including Regenerator Crown,

Container, Tubing, Float, Sheet, Tableware, Division Wall, Overcoating,
Lighting, Opal, Fibre etc Glass Furnaces Tile Patching etc

W SERVICES

B-304, Universal Business Park, Kamani Qil Mill Road, Chandivali,
Mumbai - 400 072, Maharashtra, India.

Phone: +9122-2857 5411 / 2857 9788

Email: info@dukhiram.in

DUKHIRAM MAURYA ENGINEERING AND REFRACTORY WORKS () PVT LTD




www.aigmf.com

since 1944

Membership of the Federation

Members of the Federation are classified into two categories; manufacturers of primary glass articles are enrolled as Ordinary
Members of the Federation and suppliers to the glass industry viz., suppliers of machinery, raw materials, consultants and
others connected with the glass industry are enrolled as Affiliate Members.

Foreign Companies supplying machinery etc., to the glass industry are also enrolled as Affiliate Members.
Membership forms can be downloaded from www.aigmf.com/membership.php

Members of the Federation are enrolled on the recommendation of Zonal Associations viz.:

® Eastern India Glass Manufacturers' Association (EIGMA)

® Northern India Glass Manufacturers' Association (NIGMA)

® South India Glass Manufacturers' Association (SIGMA)

e Uttar Pradesh Glass Manufacturers' Syndicate (UPGMS)

® Western India Glass Manufacturers' Association (WIGMA)

ADMISSION FEE / ANNUAL SUBSCRIPTION

Ordinary Members:

- Admission fee ¥ 5,000/-

- Annual subscription: Single Unit: ¥ 40,000 + GST as applicable

- More than one Unit: ¥ 1,60,000 + GST as applicable

- Applicants for enrollment for a period of five years may pay an amount of ¥ 1,80,000 for a single Unit and ¥ 7,50,000
for more than one Unit + GST as applicable

Affiliate Members:

- Admission fee ¥ 5,000/-

- Annual subscription: ¥ 16,000 + GST as applicable

- Applicants for enrollment for a period of five years may pay an amount of ¥ 70,000 + GST as applicable

Affiliate Members from countries other than India:

- Admission fee US $ 200

- Annual subscription: US $ 500 + GST as applicable

- Applicants for enrollment for a period of five years may pay an amount of US $ 1,800 + GST as applicable m

New Member

Company Products / Services

MANGAL GLOBAL SAND SOLUTION Suppliers of Glass Grade Silica Sand
Mr. Brijesh H. Gohil

Survey No. 721, 720, 723/1

Dhaneti, Tal. Bhuj

Kutch- 370020

T: +91 99799 02020

E: mangalglobalsandsolution@gmail.com
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COMPLETE SOLUTIONS TO GLASS |

PROJECTS & CONSULTING SERVICES //48

= Turnkey Supply of Glass Plants = Installation Services

= Turnkey Project Management = Feasibility Studies

s Project Consulting = Take-over Assistance
= Design and Engineering Services = Revival of Sick Units

'servivo seovents /SN =auiewent supeLy— /8

Batch Plants
Glass Melting Furnaces

Fore-hearths

ul

= Glass Container Plants

' Float Glass Plants

lm Sheet Glass Plants

lm Patterned Glass Plants

'm Pharma Glass Vials Plants

al  ml

ml

Combustion Systems
= Neutral Glass Tubing Plants
'm Tableware Glass Plants

= Opal Glass Plants

'm Glass Bricks Plants

= Glass Frit Plants

= Silicate Glass Plants

'm Glass Processing Plants

nl

Batch Chargers

ul

Reversal Dampers

ul

Flue Control Dampers

ul

Cullet Processing Plants

ul

Sand Processing Plants

PLANET CERAMICA PVT LTD
502, Concourse House, Ameerpet, Hyderabad-500016 | Contact: Ph:+91 8341761484
Email: contact@glindco.com | Website: www.glindco.com
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Advert

April - June 2026 Issue

will carry Industry News, Technical Articles, Glass News and more.

To book advertisement space, mail to info@aigmf.com by June 30.

Kaiich

is the leading choice for advertising in the glass
and related industries. With several years of publishing
experience, unrivalled coverage for the worldwide glass
manufacturing community with up-to-date news, editorial
and features, as well as exhibitions; KANCH is the best
medium to communicate with stakeholders.

We understand your needs as an industry and are
committed to assist you in making your advertising most
profitable. This also popularises your brand and product

of the requisite amount payable to ‘The All India
Glass Manufacturers’ Federation’ may be sent to
Secretary AIGMF at the registered office of the
Federation.

It would be ideal if you could send your
advertisement in PDF high resolution format
(with auto enabled e-mail ID/website address,
if any) helping readers to reach you directly on
a single click in KANCH’s e-version / AIGMF
website.

portfolio by establishing contacts to suit your company’s A complimentary copy of KANCH along with

g L1 the invoice will be sent to all advertisers. Those

Good quallty advertisement material along with a Cheque Wanting more than one copy are requested to
send their request in advance.

Indian Foreign
Companies | Companies

® (US$)

For convenience, payment can also be remitted

Advertisement Tariff

through wire transfer. Our bank details are as

Ordinary Full page 15000 225 ul:r;der: « ch " i
Extra Inside Cover Page 18000 250 (Deposit Cheque or make an online payment)
Inside Cover Page 20000 275 Hagei Ne: ¢ Gl IS698§
Back Cover Page 40000 450 Name : The All India Glass
Manufacturers’ Federation
Extra Folded Cover (front/back) 40000 450 )
Bookmark Adv. (both sid 5 Bank Kotak Mahindra Bank
ookmark Advt. (both sides) 0000 300 Tk Cl ] Merirs Areads
Bookmark Advt. (one side) 10000 150 .
Connaught Circus
Centerspread (two pages) 40000 450 New Delhi-110 001
Half Page 10000 150 IFSC Code : KKBK 0000214
Print area for Full Page Advertisement is 21.5 x 30.5 cm Swift Code KKBKINBB

Print area for Bookmark Advertisement (one side) is 8 x 16 cm A copy of bank advice may please be sent at

GST as applicable info@aigmf.com for reconciliation =

Quarterly Journal of Glass Industry, published and printed by Vinit Kapur on behalf of The Al
India Glass Manufacturers’ Federation from 812 New Delhi House, 27 Barakhamba Road,
New Delhi — 110001 and printed by New United Process, A-26, Ph-Il, Naraina Industrial Area,
New Delhi-110028

T:+91 11 2331 6507 E: info@aigmf.com

Member Editorial Board:
K ANNAPURNA

Chief Scientist, Speciality Glass Division, CSIR-Central Glass & Ceramic Research Institute (CGCRI),
Kolkata

DAVE FORDHAM

Former Publisher of Glass Worldwide Magazine and Global Engagement Lead Glass Futures, Ltd., (United Kingdom)
A SRAO

Vice Chancellor, Vikrama Simhapuri University, Nellore (Andhra Pradesh)

Er. ASHOKA RAQ MANIKALA

Former President Operations PGP Glass and AGI Greenpac

Special Correspondent: PREM MALHOTRA - Glacera Engineers, Pune Editor: MOHAN LALVANI

Complimentary copy for Members / Government Departments / NGOs and those connected with Glass
Industry

Vol 13 | No. 4 | January - March 2026

Quarter!y]oumal of The All Indi
Bilingual

a Glass Manufacturers’ Federation

Free online version at: www.aigmf.com/kanch.php

Charges for Print issue:
Indian Companies: < 125 per copy

Annual Subscription ¥ 450
US$ 25 per copy

Annual Subscription US$ 80

Foreign Companies:



. ﬂ +91 820-0196577 | +91 98255 11685

HEAT APPLICATIONS INDIA STy
MEMBER OF H§t\wor

INTERNATIONA

80+ 300+ | 3000+

Expert Personnel Sets of Equipment Projects Over 3 Decades
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‘ ~%:

VAL

With an extensive experience spanning over three decades in this
domain, Heat Applications India Pvt. Limited (HAL) has gained the trust
of industries worldwide. We are providing specialised services such as
refractory dry out and heat up solutions for all industries.

Controlled Furnace Heat up Hot & Cold Refractory drilling
Furnace High speed Draining service for installation of bubbler
with Water Recycling / thermocouples and electrodes
Controlled Furnace Cool down Thermal Decongestion of
Refractory Dry Out Regenerators

Refractory Expansion Control & Oxy-fuel Burner | Boosting
Cullet Charging Systems

Combustion Technology Air - Fuel Burner
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LA OPALA RG LIMITED

- ® SOLITAIRE
m CRYSTAL.

HANDCRAFTED 24% LEAD
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0 facebook.com/laopala.in instagram.com/laopala_

La Opala RG Limited
Eco Centre, 8th Floor, EM-4, Sector-V, Kolkata-700091, West Bengal
P +9176040 88814/5/6/7 « E info@laopala.in « W www.laopala.in



SHREE LAXMI GLASSTECH

www.shreelaxmiglasstech.com

SLG)
- YOUR PARTNER

ISO 9001:2008 FOR THE GLASS e

Certified Company CO N TAl N E R °
INDUSTRY

SLG

REDEFINING GLASS EXCELLENCE

OUR EXPERTISE SPANS ACROSS

S.G., D.G,, T.G,, and Q.G.

[.S. Machine mechanisms and variable equipment

High-performance spare parts for a wide range of machines and operations
State-of-the-art Bottle and mold inspection gauges for quality assurance
Advanced furnace burners, components, and spare parts

Cullet scraper systems that enhance recycling efficiency

Printing machine parts designed for longevity and precision
All-encompassing plant maintenance solutions for continuous uptime
Our Promise: Precision. Performance. Progress.

— PRECISION-MADE ® GLOBALLY DELIVERED ® UNMATCHED IN PERFORMANCE

Innovative. Reliable. Global.
At SLG, we are more than manufacturers-we are architects of precision, engineering the
future of glass container technology. With a legacy of excellence and a forward-thinking

Exports Account for

Over 95%
of Total Sales

Export More than
50 Countries

mindset, we are revolutionizing the industry by delivering high-precision, export-quality
glass solutions that exceed international standards.

Who We Are

SLG has earned its place as a globally recognized specialist in the glass manufacturing
sector. For years, we have served as a reliable partner to some of the most respected glass
producers worldwide-delivering performance-driven components, mechanisms, and
inspection systems that power the modern glass production line.
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Corporate Office

SHREE LAXMI GLASS TECH

H1-163, V.K.I. Area Ext., Jaipur, Rajasthan-302013 (INDIA)
www.shreelaxmiglasstech.com e Email : sales@shreelaxmiglasstech.com

EXCEPTIONAL GLASS ENGINEERING BEGINS WITH SLG Suresh Jangid : +91 9829063816 C. Shekhar Jangid : +91 9829260816 Dikshant Jangid : +91 9116127919




North East Sillimanite

(A Unit of NES Refractories LLP.)
ISO 9001:2015 Registered Company

High Quality Refractory

Corporate Office : #308, 3rd floor Works: Kamarkuchi, P.O. Tapesia
Shri Kamakhya Tower, G.S. Road Sonapur, Dist.-Kamrup (M)
Guwahati-781005,Assam (INDIA) | Assam-782402 (INDIA)

@ : marketing@nesrefractories.com
: nesillimanite@gmail.com

Q@ : (+91) 91277-52914, 63506-10078

: www.nesrefractories.com




