Semi-Fab LCA

Technical Toolkit




Goal: Scope:

Provide up-to-date information to serve Product systems include primary

the demand of LCA data in downstream aluminum, recycled aluminum, and semi-
market and help the industry and fabricated aluminum (extruded, rolled
stakeholders better understand the and casted).

potential environmental impact of

aluminum products. The products serve as raw materials or

intermediate products. The functional
unit is 1,000 kg.



I Understanding Jargon

= Cradle-to-gate refers to a partial product
life cycle from raw material extraction
(cradle) to the completion of the
manufacturing process(es)
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» Cradle-to-grave is a full product life cycle
from raw material extraction to product
manufacturing, use and end-of-life
recycling or disposal
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= Some cradle-to-grave LCAs exclude the
use phase due to uncertainty and
complexity
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Allocation Method _{ Recycled } [ Primary }

o Aluminum Aluminum
for Recycling T T
{ Manufacturing }7
A “net scrap substitution method”
is used for recycling allocation. 1

Use }

)

This is a hybrid method of a “cut-off

approach” and a “substitution
approach”.

The method is also known as a
\ 4

“Module D approach”.
PP [ (+) Recycled )

Aluminum

From a cradle-to-gate perspective, it \ /
is a cut-off approach. From a cradle- - v |
to-grave perspective, it is a (+) Recycling Credit

substitution approach. X J




Primary Aluminum
Environmental T st | Aunins | s
Footprint

demand

Environmental footprint of 1000 kg _

. . Global warming
primary aluminum (cradle-to-gate, SRR
North American production mix)

2801.58 5489.62 8455.31

Acidification
potential

Eutrophication
potential

Smog formation
potential




Recycled Aluminum
Environmental N e |25 |
Footprint

Casting Recycling

Primary energy Gl

demand
Environmental footprint of 1000 kg ST —
recycled aluminum (cradle-to-gate, potential

100% scrap) Acidification

potential

Eutrophication
potential

Smog
formation
potential




Assessment Automotive | Automotive

Cradle-to-Gate
E nVi ro n m e nta I Farameter DieCast | eytrusion | Sheet
Footprint

demand (GJ)

Cradle-to-gate environmental footprint 6213222 397832 465341 289898 4739.43  7744.79

Global warming

of 1000 kg semi-fabricated aluminum potential (kg CO2 e.)

Acidification
potential (kg SO2 e.)

Eutrophication
potential (kg N e.)

Smog formation
potential (kg O3 e.)




Cradle-to-Grave
Environmental
Footprint

Cradle-to-grave environmental
footprint of 1000 kg semi-fabricated
aluminum

Assessment
Parameter

Primary energy
demand (GJ)

Global warming
potential (kg CO2 e.)

Acidification
potential (kg SO2 e.)

Eutrophication
potential (kg N e.

Smog formation

Extrusion

2667.42

Die Cast

2903.98 3286.18 1666.76

Automotive Automotive
Extrusion Sheet

2649.77 2044.85



Extruded Aluminum
Cradle-to-Gate (cut off)

B Primary ingot W Secondary ingot B Remelting and casting Extrusion

Energy Key Driver of
Cradle-to-Gate
Footprint

The environmental footprint of

Relative LCIA Results

aluminum products is driven by primary o emand " consumprion  potental - potendal - potental | potental
aluminum content, which is in-turn

driven by the high energy demand for Aluminum Sheet

smeltin g. Cradle-to-Gate (cut off)

B Primary ingot M Secondary ingot B Remelting and casting Sheet rolling

Primary energy ~ Netwater  Global warming Acidification Eutrophication Smog formation
demand consumption potential potential potential potential

Relative LCIA Results




Aluminum Foil
Cradle-to-Gate (cut off)

W Primary ingot ~ ® Secondary ingot M Remelting and casting Foil rolling

Primary energy  Net water  Global warming Acidification Eutrophication Smog formation

Energy Key Driver of
Cradle-to-Gate
Footprint

The environmental footprint of

Relative LCIA Results

a I u m i n u m p rod u CtS |S d rlve N by p ri ma ry demand consumption potential potential potential potential
aluminum content, which is in-turn
driven by the high energy demand for Cast aluminum
. Cradle-to-Gate (cut off)
S m e |t| ng . B Primary ingot M Secondary ingot Shape casting

Relative LCIA Results

Primary energy  Net water  Global warming Acidification Eutrophication Smog formation
demand consumption potential potential potential potential




Sourcing Low
Footprint of Primary
Aluminum Can Lower
the Overall Cradle-to-

Gate Footprint

Not all primary aluminum is created
equal. Aluminum smelted with
renewable energy electricity can
significantly reduce cradle-to-gate
footprint of the products.

GWP (kg CO2 eq/1,000 kg Al)

Effect of Source of Primary Aluminum on the Carbon
Footprint of Semi-fab Products (Cradle-to-Gate)
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Increased Recycled
Content Can Reduce
Overall Cradle-to-

Impact of Primary Metal Content on Carbon Footprint
(Cradle-to-Gate)

[ ] 12,000

G ate FO Ot p rl nt ’E-; Highest Slope = 117 kg CO2e/percent

8 10,000

§ 8,000
Reducing the use of primary aluminum g
and increasing the use of recycled s E————
aluminum can significantly reduce the © 4000 e
cradle-to-gate footprint of products; A oo  Cast Alumina
one percent reduction of primary o enenesmeimn

aluminum can lead to as much asa 117
kg CO2e carbon footprint reduction for % Primary ingot in product
1000 kg semi-finished products.
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EOL Recycling
Reduces Cradle-to-
Grave Footprint

8,000

EOL Recycling Reduces Cradle-to-Grave Carbon Footprint

Slope = -80 kg CO2e/percent

6,000 | s Extruded Aluminum

@ Aluminum Sheet

End-of-life recycling is key for reducing
the full life cycle environmental
footprint of products; A one percent
increase in EOL recycling rate can 2000 | putomothe Aurinum et

@ Aluminum Foil

4,000

GWP (kg CO2 eq/1,000 kg Al)

@ Cast Aluminum

Automotive Extruded Aluminum

reduce the cradle-to-grave footprint of
1000 kg alumlnum prOdUCtS by 80 kg 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
COZe End of life recycling rate




The Environmental
Benefit of Aluminum
Recycling for Raw
Material Production

Recycling saves 93 percent of energy;
recycling reduces 94 percent of carbon
footprint.

GJ/1,000 kg Al

GWP (kg CO2e/1,000 kg Al)
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Primary Energy Demand
Primary vs Recycled Aluminum
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Carbon Footprint
Primary vs Recycled Aluminum
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... 94% Carbon Footprint
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I Trends in Primary Aluminum

Primary Energy Demand (MJ/MT Al)
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Trends in Recycled Aluminum
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Trends in Primary Aluminum Smelting
Electricity Consumption

Primary Aluminum Smelting Power Intensity in North America
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Trends in Primary Aluminum Smelting
Power Mix

Share of Renewable and Coal Power in Primary Aluminum Smelting Process

in NA Market
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Trends in PFC Emissions During the
Primary Aluminum Smelting Process

Trend of PFC Emissions Associated with Primary Aluminum Smelting in North America

e/M




I Full Life Cycle LCA is Critical

Alumina Refining

Bauxite

Primary Production

9

Processing

« Castings

* Extrusions

* Forgings

* Pigments + Powders
* Rod + Bar

* Sheet + Plate

Secondary
Production

Product Markets

* Aerospace
¢ Aluminum Cans

* Automotive

* Building + Constructio
¢ Electrical
* Electronics + Appliances
* Foil + Packaging
* Other Markets

Recycling



Join the Conversation

y @ChooseAluminum
A ChooseAluminum.org



