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Life Cycle Assessment (LCA) of Container Glass
Project Overview %
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» Glass Packaging Institute

* Most comprehensive study - provides current life
cycle inventory & life cycle assessment (LCA)
data for North America

« Data collected from 105 furnaces - represents glﬁqq

75% of North American production I‘*“' aging
» Data for 2007 on 8.17 million metric tons of nstitul
melted glass
o Critically reviewed LCA

« Parallel study for European Container Glass
Association (FEVE)
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E PE AMERICAS
A joint venture of Five Winds and PE
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Flvewlnds % PE INTERNATIONAL
I NTERNATIONAL
Managementconsulting Premier provider ofsoftware tools
expertise focused on enabling for sustainability performance
companies to understand management:
sustainability, improve - GaBiProduct Life Cycle
performance, and succeed in Assessment (LCA),
the marketplace - SoFiSustainability metrics

collection, accounting, and reporting
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Unique Sustainability Domain Expertise

% PE AMERICAS
A joint venture of Five Winds and PE

PE INTERNATIONAL - 20 years of experience in life-cycle-thinking and sustainability

More than 1,000 cutting-edge
projects with sustainability
leaders like Bayer, BASF,
Carnival, HP InterfaceFloor,
Tesco and Timberland.

Research partnerships with
leading universities and
institutes like ESCI-UPF and
Department of Life Cycle
Engineering

Over 1,000 Projects Research Partnerships Accreditations

Our software solutions are
certified by the CDP & GRI and
conform with ISO Standards
and the GHG Protocol.

Setting Standards Database Development Software Development

Expert involvement in standard
organizations: WRI/ WBCS,
ISO, GRI, CDP, SETAC, BSI,
GHG Protocol, ISO 14000
series, PAS 2050

31.05.2011

Largest life cycle databases
provider world-wide with over
4,000 LCI profiles plus data
on-demand service

Since 1989 translating market
needs into leading software
solutions with a platform
approach that integrates
product and corporate
sustainability

GaBi Software SoFi Software




PE AMERICAS
G | 0 b al P r eS e n C e % A joint venture of Five Winds and PE
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Global presence: 20 PE offices in all key markets and global sales partners
Local experts: >170 people worldwide representing 20 different nationalities
Proven success since 1991: founded 20 years ago in Stuttgart, Germany, (Headquarters)




Life cycle perspective % PE AMERICAS

A joint venture of Five Winds and PE

Raw Materials

Pty — Manufacture
Materials
Manufacture

L
Transportation
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Principles of Life Cycle Assessment
Where do we start? What do we do ?

Impact
assessment

Inventory
analysis

Life cycle
stages

Phases of the
life cycle

Waste
O O

Energy consumption, Raw material consumption,
Greenhouse effect, Smog, Acidification, Over-fertilization,
Environmental toxins, Problems with waste
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% PE AMERICAS
A joint venture of Five Winds and PE
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Scope of the study | PE AMERICAS
Deflnltlon Of System Boundanes A joint venture of Five Winds and PE

Gate to gate I
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emissions

resources use phase g disposal emissions

Cradle to gate
Gate to grave

Cradle to grave




Life Cycle Impact Assessment E b6 AMERICAS
GIObaI Warming Potential (GWP) A joint venture of Five Winds and PE
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Effect: Increased warming of the troposphere due to anthropogenic greenhouse
gases e.g. from the burning of fossil fuels.

Reference Substance: Carbon Dioxide (CO,)
Reference Unit: kg CO,-Equivalent
Source: IPCC (Intergovernmental Panel on Climatic Change)
Absorption
Reflection
UV - radiation Ny
Infrared %

radiation 2
CFCs
/ o




PE AMERICAS

A joint venture of Five Winds and PE

Life Cycle Impact Assessment %
Eutrophication Potential (EP)

77

Effect: Excessive nutrient input into water and land from substances such as
phosphorus and nitrogen from agriculture, combustion processes and effluents.

Reference Substance: Nitrogen (N)
Reference Unit: kg N Equivalent
Source: US EPA TRACI Methodology
N.O
NO« ™ NH;
Air pollution

Fertilization

NOs

NH,*
Waste water  po,3 )
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PE AMERICAS

A joint venture of Five Winds and PE

Life Cycle Impact Assessment %
Acidification Potential (AP)
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Effect: Increase in the pH-value of precipitation due to the wash-out of acidifying gases
e.g. Sulphur dioxide (SO,) and Nitrogen oxides (NO,).

Reference Substance: Hydrogen lons (H+)

Reference Unit: kg H+ -Equivalent

Source: US EPA TRACI Methodology
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PE AMERICAS

A joint venture of Five Winds and PE

Life Cycle Impact Assessment %
Smog Potential
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Effect: Formation of low level ozone by sunlight instigating the photochemical reaction
of nitrogen oxides with hyrocarbons and volatile organic compounds (VOC)

Reference Substance: Nitrogen Oxides (NO,)

Reference Unit: kg NO, -Equivalent

Source: US EPA TRACI Methodology
Hydrocarbons

Nitrogen Oxides

Dry and warm
climate

Hydrocarbons

I Ozon
Nitrogen Oxides
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A joint venture of Five Winds and PE

Project Goal & Scope E PE AMERICAS
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Functional Unit
1 kg formed & finished glass at glass manufacturing facility gate (ready to be filled)
« Example products also assessed — beer bottle & wine bottle
Data aggregated based on product volume mix

» Furnace technologies (fuel type, with/without electric boost)
» Glass colors — amber (brown), flint (clear), green

» Different rates of cullet (recycled glass) input

Products

» Glass packaging containers used for wine, jam, beer, spirits,
nonalcoholic beverages, food

* Production of different containers dependent primarily on amount
(kg) of glass scaled to assess finished containers

31.05.2011
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PE AMERICAS

A joint venture of Five Winds and PE

System boundaries overview %
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« Cradle to gate boundary: represents industry average cradle to cradle situation since
cullet input and treatment are included

« Cradle to cradle boundary: products need to be assessed along whole life cycle
including all EoL scenarios



Cradle-to-GaFg: Summary results % PE AMERICAS
1 kg formed & flnlshed gIaSS A joint venture of Five Winds and PE

100%
90% —
80%
70% Transport of batch and
post-consumer cullet
60%
® Batch and post-consumer
50% cullettreatment
40% m Furnace
30%
20% ® Non-furnace activities
10%
0% .
Primary Global Eutrophication Acidification Smog
energy warming potential kg potential [kg formation
demand [MJ] potential[kg  N-Equiv.] H+Equiv.] potential [kg
CO2-Equiv.] NOx-Equiv.]

* Furnace major source of impacts for cradle-to-finished glass
*  Energy consumption

. Direct emissions
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PE AMERICAS

A joint venture of Five Winds and PE

Gate-to-Gate: Global Warming Potential T Cullet content %
1 kg formed & finished glass

0
120% 2304

cullet

100% -
| ~50%
cullet

80%

m Batch related
B Combustion related

60% -

40% -

Global Warming Potential

20% -

0% -

Industry average

0to 0.10 kg post-
consumer cullet

0.11to 0.20 kg post-
consumer cullet
0.21to 0.30 kg post-
consumer cullet
0.31to 0.40 kg post-
consumer cullet
0.41to 0.50 kg post-
consumer cullet
0.51to 0.60 kg post-
consumer cullet

* Increased cullet input results in decreased material & energy use and emissions
* Reduces raw material inputs
* Reduces emissions from carbonate input materials — large source of furnace emissions

 Reduces energy needed at furnace — less energy needed to melt cullet than raw materials

31.05.2011



Cradle-to-Cradle: Methodology % e e R
Modeling Methodology for End-of-Life Management of Container Glass AEHEERIERIE NG and
* Quantification of environmental benefit of reuse and recycling
« End-of-life management scenarios
» Closed-loop reuse of container glass
* Recycling of container glass back into container glass
* Recycling of container glass into a mix of non-packaging products
—
- | -
Container | ) Washing& |  J  gjing — 5 Landfil
production | sterilization . :
| - s
A | T n l I
I f\uses,’ I
- » |
I Collection |¢— RETﬂEQ & :—Ir Recycling
|
| |
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PE AMERICAS

A joint venture of Five Winds and PE

Cradle-to-Cradle: Global Warming Potential %
1 kg formed & finished glass

100%
- - Cradle-to-gate profile
80%
= Total (net)
©
= B Credit (Recycling into container
% 60% glass)
%‘, = Credit (Recycling into glass wool)
£
% 40% = Credit (Recycling into aggregate)
=
< ® Additional transport
o
o ,
20% = Landfill
Washing
0% . ECTP
= Non-melting
-20% B Melting
detailed net detailed net
= Batch (incl. cradle-to-gate transport)
Baseline Scenario Scenario 50%

* Glass can be endlessly recycled into new glass allowing for cradle-to-cradle assessment

 EoL treatment an important consideration
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Conclusions
E PE AMERICAS

 Most comprehensive US life cycle study on glass
 Focus on primary data
« Companies each received an i-report (interactive report) for internal assessment
» Recycled content critical: increasing cullet input reduces environmental impacts
 Reduces raw material inputs
* Reduces batch emissions
 Reduces energy needed at furnace
« GPlis engaged in activities to increase recycling rate
« Greater availability of post-consumer cullet needed

« Data collected show that in 2007 an average of 23% post-consumer cullet was
input into new container glass
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