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A Bottle Looks Simple...
But It’s Not.

Behind every bottle of beverage is a perfect balance of
science, engineering and innovation.

A good package must deliver more than just containment.

What Makes a Good Beverage Package?
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STRONG ENOUGH LIGHT ENOUGH SAFE ENOUGH SUSTAINABLE ENOUGH
Protect the product Use less material Ensure food safety, Minimize environmental
throughout the entire while maintaining quality and consumer impact and support a
supply chain performance confidence circular future

The challenge for manufacturers is to achieve

—at the same time.

Packaging is no longer just about holding the product.
It’s about creating value—for business, people and the planet.

1

ECONOMIC
Lower cost,
higher efficiency

TECHNICAL
Strength, barrier,”
and processability - ¥

QUALITY
‘@} Maintain taste
freshness anc
appearance

Sy

o O o CONSUMER
s Convenience,
experience and

trust

ENVIRONMENTAL
Reduce material,
energy and carbon
footprint



Today’s Packaging Challenges

Meeting the expectations of today requires balancing consumer needs and manufacturer goals.

(Jm MANUFACTURER

LOWER COST

@ CONSUMER - PACKAGING -

CONVENIENCE

» Reduce material cost
« Improve production efficiency

+ Easy to carry

+ Easy to open & reseal
- Fits modern lifestyles
+ Consistent quality

+ Optimize total cost
+ Minimize waste

SUSTAINABILITY HIGHER SPEED

+ Run faster
« Improve line efficiency

+ Lower plastic usage

« Recyclable & recyclable
design

+ Lower carbon footprint

+ Responsible sourcing

@ The challenge is not just to choose one side,
but to create packaging solutions that deliver both consumer value and manufacturing performance.

+ Maximize uptime
+ Meet growing demand




PACKAGING EVOLUTION

Packaging Has Evolved.

So Have Our Challenges.

Over the past decades, beverage packaging has evolved from heavy and rigid
to lightweight and efficient—driven by innovation and market demands.
The journey continues.

GLASS BOTTLE

Pre-1970s

« Reusable
+ Heavy
» High breakage

_ FROM PROTECTION TO PERFORMANCE & SUSTAINABILITY

©

METAL CAN

PET BOTTLE

1970s - 1980s

« Durable » Lightweight
« 100% Recyclable « Shatter-resistant
« Great barrier = Design flexibility

The goal is not just to use less material,

LIGHTWEIGHT PET
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« Material reduction
+ High-speed production
+ Cost efficiency

ULTRA-LIGHTWEIGHT PET

-

Z’“'\

15)

=
. 2 4
3
\;___ <-=i 5 .f-‘.-"

2020s and Beyond

« Ultra-lightweight
« Sustainability driven
= Performance critical

but to engineer more performance with every gram we save.

|~ WHAT’S DRIVING CHANGE?

COST PRESSURE

Rising raw material and energy costs
demand lower total cost.

SUSTAINABILITY
Reduce material usage and carbon
footprint across the value chain.

HIGHER SPEED
Faster production lines require
stronger, more stable packaging.

PRODUCT SAFETY & QUALITY
Ensure safety, extend shelf life, and
maintain product integrity.
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CONSUMER EXPECTATION
Convenience, aesthetics, and
responsible packaging.

rA THE PRESSURE IS REAL

As packaging gets lighter,

the margin for error gets smaller. ’ b

Performance can no longer be A% %"\"'!.:“1_3,
2 >
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compromised.




Why Lightweight Packaging?
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@ Same bottle. Same volume. Less plastic. Better engineering.
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Resin Cost
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Reduce virgin PET
consumption

Transportation
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Lower shipping
weight

Carbon Emission
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Smaller environmental
footprint




Why Do Bottles Collapse?
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Understanding Headspace
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LN.

Liquid Nitrogen

§* o6

@ Inert

Q Odorless
o Colorless
@ Food Grade

The Science of Liquid Nitrogen

From “One Drop” to Perfect Pressure

@ Liquid 4 y. Rapid Vaporisation Y 3 Nitrogen Gas Y 4\ Pressure Build-up
' danwuovikad =/ suselufinsagiusoais) Ldﬁsuﬁluﬁ‘lﬂuﬁ.‘ISLUu___g k ¥/ asoanudumeluyda }

Vaporises

~700 times

in volume
(Liquid — Gas)

o Keeps bottle rigid

- = Prevents
i o vacuum collapse

: Q Maintains

Internal )

Pressure

@I One drop of Liquid Nitrogen creates nitrogen gas, building the right pressure inside the bottle.




The Principle of Oxygen Reduction ~CRYUTOOLS

Using Liquid Nitrogen Dosing to create a nitrogen-rich environment
and reduce dissolved oxygen to an acceptable level.

Cans come from the filler,
to Chart's NitroFresh Doser,
and then on to the seamer.

KEY

Oxygen (Enemy)
N, nNitrogen (Our Ally)

A
The drop of nitrogen begins to vaporize once it contacts the beer. The nitrogen gas then begins to fill Ar Argon

the headspace of the can, pushing out oxygen and even argon. This creates an environment rich in nitrogen.
Oxygen is the enemy here, and nitrogen dosing can help lower dissolved oxygen to an acceptable level.

With the filling of the cans,
dissolved oxygen levels rise
as there is uptake of air
| from this process.

Oxygen Out

Argon Exchange

Yy

Can Movement

Bfegeflts (@ Improved @ Extended m Better Taste $ Reduced Oxidation @ Supports Sustainable
Mxygen P Product Quality Shelf Life \_{ & Aroma & Product Loss / Packaging Solutions

Reduction




Oxygen Management
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Case Study
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| 4 g / uda

(’?3 AWISsTaud (Production)
500 bpm (bottles per minute)

s1A1 PET Preform

50 THB / KG
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10 wu. 7 3u
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4 g = 0.004 kg

Suouvdaiwaadasu
500 bpm x 60 min x 10 hr
= 300,000 uoa / 3u

thrin PET Racavdasu
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= 1,200 kg / 5u
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Beyond PET Bottles
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Liquid Nitrogen Dosing Applications

Precision Dose. Better Performance.

PRESSURIZATION
IN PACKAGING

A precise dose before capping.
LN, vaporizes and pressurizes
the container to prevent collapse.

N

Stronger
Bottle

KEY BENEFITS

© /4 B &

Stronger Lighter Easy Reduced
Package Weight Labeling Oxygen
PROVEN APPLICATIONS
- - - -
- ]
= § & 8
Bottled Energy Juices Teas Vinegar

Water Shots

CASE STUDY: LIGHTER WEIGHT PACKAGING
9 gram reduction in PET bottle weight
= ~ $2.64MM annual savings
at 700 bottles/minute.

(Hot & Ambient)

@ Stronger Packages

PRESERVATION
APPLICATIONS

A dose before seaming/capping.

LN, expands and pushes out
oxygen.

KEY BENEFITS

e © 72 @

Product
Stability

Oxygen Longer Less
Reduction Shelf Life Oxidation

PROVEN APPLICATIONS

i 6

Condiments Wine

Automaobile

Qil
CASE STUDY: OXYGEN REDUCTION
90-95% reduction in headspace oxygen
and 59% reduction in total package
oxygen.

M CASE STUDY: EXTENDED SHELF LIFE
r.'1 Shelf life increased from 63 to BO days
e improving batch flexibility and reducing

overall costs.

@ Lower Oxygen

©

@ Cost Savings

FREEZING
APPLICATIONS

A dose before freezing.
LN, “locks in" and freeze
the product quickly.

Better o

Texture

KEY BENEFITS

© @

Maintain Aid in

v ©

New Products
to Market

Better Taste

Integrity Packaging & Smoothness

PROVEN APPLICATIONS

» =N
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Dipped iCream
Ice Cream Cone Café

/ N\ CASE STUDY: MAINTAIN PRODUCT INTEGRITY
l ‘:. Better aasthetics and stability of dipped
\_' /, ice cream cone throughout the

packaging process.

A2 :
u[l[][l Improved Shelf Life

MODIFIED ATMOSPHERE
PACKAGING (MAP)
APPLICATIONS

A dose into package before capping.
LN, displaces oxygen and creates

a modified atmosphere.

KEY BENEFITS

© ® n @

Oxygen Longer Lower N, Product
Reduction Shelf Life Consumption Stability
PROVEN APPLICATIONS

AN "
— r =
i & " i
Baby Coffee Nuts Trail
Formula Mix

CASE STUDY: REDUCE NITROGEN CONSUMPTION
46% reduction in nitrogen spend when using
Chart's liquid nitrogen dosing system
compared to traditional purging.

@ Sustainable Solutions




Life Cycle Thinking
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ONE DROP
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Liquid Nitrogen Dosing for
Smarter, Safer and More Sustainable
Beverage Manufacturing
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STRONGER LONGER LOWER
PACKAGING SHELF LIFE COST
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STRONGER PACKAGING =

MORE
SUSTAINABLE
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