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1 Goal and Scope

A model was developed by Alcoa Inc. [1] to provide a
quantitative understanding of historic and today's (year 1950
through year 2003) worldwide aluminium mass flows and
systems losses. In addition, current and future resource re-
quirements and life cycle inventory flows were estimated by
coupling these global aluminium mass flows with global,
average life cycle inventory intensity data [2] developed from
a majority of producers via the International Aluminium
Institute (IAI). The model was also developed to provide
quantitative scenario development capability to determine
the positive impact of enhanced recycling, lower resource
intense production, and product usage scenarios. The model
and key results information were developed to be shared
with global aluminium industry technical experts, executives,
and external stakeholders to better understand potential
paths to more global sustainable aluminium.

2 Modelling

2.1 Structure

Modeling of historic and current flows was built around
Aluminium 'Product Net Shipments' statistical data provided
by governments such as the US Geological Survey [3–5] or
regional aluminum associations such as the European Alu-
minium Association, Australian Aluminum Council, the Ja-
pan Aluminium Association or the North American Alumi-
num Association [6]. The data was gathered starting in year
1950 into a comprehensive spreadsheet model by year, by
region (European Union, South America, China, etc.), and
per the following customer (market) segmentation:

• Building & Construction
• Transportation – Auto & Light Truck, Aerospace, and

Other (Heavy Trucks, Trains, etc.)
• Packaging – Aluminium Containers and other Packag-

ing (Foil, etc.)
• Machinery & Equipment
• Electrical – Cable and Other Electrical
• Consumer Durables
• Other (such as aluminum use for propellant or steel de-

oxidation)

From Product Net Shipments, the model estimates both 'In-
ternal' (runaround) aluminum facility recycle flows and
'New' (prompt, fabricator) customer recycle flow amounts
based on estimation of average utilization, yield, and melt
loss rates identified in the literature and reviewed and agreed
upon by a sub-team of global aluminum technical experts.
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Abstract

Goal, Scope and Background. This case study describes the de-
velopment and utilization of a global, quantitative model of
current and projected aluminium and life cycle inventory mass
flows. The model and key results were developed to be shared
with global aluminium industry technical experts, executives,
and external stakeholders to better understand potential paths
to more global sustainable aluminium.

Methods. The model is based on annual statistical data since
1950 provided by government agencies and regional aluminum
associations and on the most recent life cycle inventory inten-
sity data (year 2002) complied for the global industry by the
International Aluminium Institute. Modeling of future alu-
minium and resource flows are based on literature and industry
expert projections of future product shipment demand. The avail-
ability of recycle flows to meet these market demands are based
on projected utilization, yield, and melt loss recovery rates, post-
consumer recycling rates, and anticipated future product life-
times. The model was developed with quantitative 'what-if' ca-
pability to determine the positive impact of enhanced recycling,
lower resource intense production, and product usage scenarios.

Results and Conclusion. The model provides the first quantita-
tive assessment of annual global aluminium and life cycle in-
ventory flows. Results include a quantitative estimate by major
market of global aluminium product inventory, system losses,
recycle rates, and selected resource requirements and air emis-
sions implications.

Recommendation and Perspective. Model results and scenarios
have been reviewed and shared with global aluminium techni-
cal leaders, executives and key external stakeholders in support
of the International Aluminum Institute’s new voluntary global
objective to better monitor and enhance aluminium recycling
and sustainable development initiative.
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Introduction

Statistics on the resources flows required to produce pri-
mary and recycled aluminium are incomplete on a global
basis. In addition, there has not been a consensus or quanti-
tative estimate of future resource flows related to aluminium
production or the potential availability of less resource in-
tense end-of-life aluminium (recycled) metal to meet ever
increasing consumer and developing nation needs.
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This sub-team of experts was commissioned by the IAI Glo-
bal Aluminium Recycling Committee (GARC). 'Post Con-
sumer' (end of product life) aluminum flows are estimated
from Product Net Shipments in previous years, estimated
product lifetimes (worldwide by market by year), scrap rec-
ollection rates (by region by market by year) and recovery
factors again based on industry statistics, published litera-
ture, and review and agreement by the IAI GARC commit-
tee. An illustration of some of this data on scrap recovery
rates and melting recovery efficiency is provided below in
Table 1.

Modeling of future aluminium and resource flows are based
on literature [7,8] and expert projections of life cycle inven-
tory intensity rates [2,9] and aluminium product shipments
by market (currently with a weighted average compounded
annual growth rate of 2.5% per year.) The availability of
recycle flows to meet these market demands are based on
projected utilization, yield, melt loss, recovery rates, post-
consumer recycling rates, and anticipated future product life-

times. Primary aluminum production is then calculated to
determine the market demand for additional primary ca-
pacity and resulting resource requirements.

2.2 Validity checks

There are two 'validity checks' in the model:
1) Comparison of estimated Post-Consumer & New Scrap

by year with published values by year. (This check is in-
formational since published values for global recycled
metal are considered to be incomplete.)

2) Comparison of the estimated market demand for Pri-
mary aluminum by year with published primary produc-
tion by year.

Fig. 1 shows the aluminum production that is estimated by
the model to have been required for the years 1970 to 2003,
based on Product Net Shipments less Post-Consumer and
New recycle flows and system losses. This is shown to be in
fairly good agreement with reported worldwide primary alu-

 Collection % Collection % Melting Recovery % 

 1990 2000  

Buildings 69 70 96 

Autos & Light Trucks 75 75 96 

Aerospace 76 75 96 

Other Transport 76 75 96 

Containers 61 59 85 (net of 4 cycles/yr) 

Packaging – Foil 13 16 30 

Machinery 40 44 96 

Electrical Cable 45 51 96 

Electrical Other 30 33 96 

Consumer Durables 20 21 96 

 

Table 1: Example of global average worldwide collection (recycle) rates and melting recoveries by market

 
Fig. 1: Estimated vs. reported worldwide primary production
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minum production for the years 1970 to 2003. Required
primary aluminum production is then projected to the year
2020, with assumptions about each market segments growth
rates, post –consumer scrap collection rates, and anticipated
recoveries based on latest trends.

3 Key Results

The model's assessment of global aluminium mass flows is
shown schematically in Fig. 2. The size (area) of the circles
illustrates relative volume of flows. In year 2003, recovered
post-consumer and new customer recycled metal supplied
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33% of the global aluminium industry's product net ship-
ment supply.

An estimated 516 million metrics tons of aluminium, about
73% of all of the aluminium ever produced, is contained in
current transportation, cable, and building 'product inven-
tory' (in service) as illustrated in Fig. 3. The model also
projects future product inventories volumes by market seg-
ment to year 2020 also illustrated in Fig. 3.

Additional key results also included system losses such as
aluminium packaging lost in landfills or metal oxidized to
aluminium oxide when used as a propellant or for de-oxi-

Fig. 2: Global aluminium mass flows for the year 2003

Fig. 3: Worldwide aluminum product ‘inventory’ by market
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dizing steel melts. The model also provides an assessment of
past, current, and projected energy and emissions intensity of
aluminium semi-fabricated shipments as illustrated in Fig. 4
based on the latest assessment of average greenhouse emis-
sions intensity for aluminium processes [9].

On average, worldwide aluminum products are becoming
less GHG intense on a per ton shipped basis due to two
reasons:

1) Increase in the percent recycled metal relative to primary
metal (only 5% of the energy and GHG emissions is re-
quired to produce aluminium ingot compared to primary
(bauxite / Al2O3 / electrolysis) aluminum, and

2) Lower emissions from primary aluminum facilities due
to reductions in energy intensity and significant reduc-
tions in perflurocarbon emissions.

4 Outcomes

The results of the model were initially shared with the Board
of Directors of the IAI in May 2004. (The Board is com-
posed of CEOs and senior executives of the world’s largest
aluminium suppliers.) Model development, the GARC ex-
pert review and contribution, and results of global aluminium
flow were described including a quantitative assessment of
GHG emissions from global industry aluminium facilities
today and projected into the future as a guide to the industry’s
contribution to climate change effects.

At that time, the Board requested a 'what if' case scenario
that later indicated that industry factory and indirect emis-
sions from purchased electricity could be stabilized despite
significant industry growth by 2020 based on 1) currently
projected recycled metal flows, and 2) moving all of the glo-
bal industry toward today's (2003) global benchmark tech-
nologies and operating best practices. Furthermore, the
model indicated that fuel efficiency and emissions savings
due to additional aluminium transportation products had
the potential to surpass the global industry’s production
emissions by 2020.

In May 2005, addition model results were shared with the
IAI Board and they added the following voluntary objective
to their list of Sustainable Development quantitative goals
in recognition of the ecological and economic value of en-
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Fig 4: Greenhouse gas emissions intensity of aluminium shipments

hanced recycling to reduce natural resource consumption
and life cycle inventory effects:

"The IAI has developed its Sustainability Material Flow
Model to identify future recycling flows. The Model projects
that global recycled metal supply (back to the industry) will
double by 2020 from today's (2005) level of 6.4 million
tonnes. The Aluminium Industry will report annually on its
global recycling performance."

The IAI continues to develop and improve the model, col-
lect supporting life cycle inventory intensity data, and uti-
lize the scenario capability to quantitatively assess current
and future production paths and sustainable strategies.
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