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Aluminium Case Study:
How to cover the four dimensions in real life?

Integrate primary and secondary resources
2. Trade
m Integrate international trade with production and

consumption for analyzing global supply chains
-I;b 3. Layers (linkages of materials, energy, value)
Capture linkages of metals at all stages

‘ % 4. Time
j , Historical development and future scenarios
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Only stages: GARC model (2009)
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A global model of Al mass flows with different stages, but no layers,
so only mass flows are considered and not Al content
(this is an issue for bauxite for instance)
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) i Adding trade and layers:
_— Gang’s model (2013)

Mining Refining Smelting Casting Semi-Manufacturing Manufacturing Use Waste Management
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Other | TAU: Transportation —
Repository: Automobiles & Light Trucks ||
3.2 | TAE: Transport.—Aerospace —\
| TOT: Transportation — =™
I Truck/Bus/Trailer/Rail/Other
: PCA: Packaging — Cans
| POT: Packaging—Other(foil)
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Pre-consumer (Semi-Manufacturing) Scrap 24.8

Pre-consumer (Manufacturing) Scrap 8

Unit: Mt/ fcle, 2008
Post-consumer Scrap 9.8 i

Improvements: |
« Trade is added from UN Comtrade database
« Use of layers, so the Aluminium content in goods is explicit
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Expanding the trade dimension

Mining Bauxite Refin. Alumina Prod. Aluminum Form.  Semis Manuf. Products Use Scrap  Prod.
USA USA USA USA USA y USA USA
NOR NOR NOR i NOR T f NOR 1 NOR \\2 NOR
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DEU DEU DEU DEU DEU DEU DEU
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Moz Moz Moz Moz Moz Moz Moz
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CMR CMR CMR CMR CMR CMR CMR
BGD BGD BGD BGD BGD BGD BGD
SLE SLE SLE SLE SLE SLE SLE
GIN GIN GIN GIN GIN GIN GIN

Example of the global

aluminium trade:

* Trade is implemented along the
different stages

» Specific trade issues to be
examined in the next
presentation
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Expanding the layers dimension

-

X23

3. Semi-fabrication/
component
manufacturing

G1 - Body in white

G2 - Closures

System boundary: World

G3 - Bumpers/crash boxes

G4 - Heat shields

G5 - Heat exchangers
G6 - Eng. block/cyl. heads

G7 - Suspension frames

G8 - Susp. arms/steering

G9 - Wheels

G10 - Transmission/
driveline

G11 - Brake comp.

74. Car assembly

Mini/small cars
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Large family cars
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——
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Sub-process

External iron
impurities

|
E Stock

G12 - Other eng. comp. 6. Dismantling of )
G13 - Other steer comp. components
G14 - Other comp. G1
G2
G3
7. Shredding/ gg
processing/ G6
recovery of Al G7
in dismantled G8
components G
G10
8. Shredding/ G11
processing/
recovery of Al in
vehicle hulks

t

Blending of
raw materials
to maximize

scrap use

—

—
—

Variations in end-

Example of a more
detailed Multi layer
system (car sector)

Layers:
« Components
* Alloys
 Elements

This approach
enables to analyze
relationships between
different materials

Source: Lgvik, Modaresi and Muller (2014)
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|% Expanding the time dimension:
- Gang’s model + visualization

GLOBAL ALUMINUM FLOW 2015
Top 10 regions/countries, sorted by Alphabetical

Methodalogy - Resources, Conservation and Recycling Volume 125, October 2017, Pages 4889
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http://www.world-aluminium.org/statistics/massflow/
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LS 2@ Challenges in building more
| = "= = refined models

Coefficients

Production System

Conversion Conversion

to mass '

Screening &

rade data

Concentration

Conversion

: Screening &
Regional Trade adjustment

Large amount of data (70 millions data records)

Trade data

Challenges:

data definition

National
Cycle Model

Visualization
Database

Regional Cycle
Model

Visualization

2. Reconciliation between monetary and physical units can be challenging

Inconsistencies in trade statistics
4. Al content in goods is hard to estimate
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Challenges with data collection remain

USGS Mineral Yearbook, 2017 Aluminum

= B
Sacondary (from old ecrap)
Imports for consumption

Crude and semimanufactures 5370

Scrap 810
Exporis, total 3,000
ﬁl:rn.urlmthﬂ,appnmnt! @)
Price, ingol, average LS. market (spot),

cents per pound 800

Alumirwrm hd: siry, stocks

um u \

London Metal Exchange 1.5, warehouses® @
Empioyment, num 27,000
Met import rellance” as a percentage of

apparent consumption 5

—|  Production |———| Manufaturing

[ I

Crude maps with hidden gaps

Aggregate systems can be useful for

providing a crude first overview, but

relevant information is lost.

Problem: Systems don’t reflect reality
of data collection
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Alternative MFA: placing system around data

USGS Mineral Yearbook, 2017 Aluminum “Refined maps with explicit gaps”

salient Statistics
=oAL CToN:
Primary

Refined system definitions can be made

B
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d

- The system definition requires knowledge
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