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Perfluorocarbons (PFCs)

• Potent greenhouse gases (CF4 & C2F6) with high global 
warming potential (GWP) & long atmospheric lifetimes

• IAI has a long time series of global emissions data (1990-2007)
Voluntary Objectives

87% reduction in per tonne emissions globally since 1990

• Clearly defined and internationally recognised standards for 
PFC emissions calculation, measurement and reporting and 
standardised methodology for calculating non-reported 
emissions

PFC emissions are a function of the frequency and duration of 
“anode effects”

We collect anode effect data and calculate emissions based on these 
numbers
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http://www.ghgprotocol.org/
http://www.epa.gov/highgwp/aluminum-

pfc/pdf/measureprotocol.pdf

http://www.world-aluminium.org/cache/fl0000127.pdf

WRI/WBCSD Corporate
Good Practice Standards

IAI Industry GHG Protocol

USEPA/IAI PFC 
Measurement Protocol

IPCC Good Practice
Guidance http://www.ipcc-nggip.iges.or.jp

Interlocking Standards
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PFC Data Collected

METADATA
• Name & location of smelter
• Potline number

for those facilities that report by potline or with multiple technology classes

CALCULATION DATA
• Average number of anode effects per cell day (FREQUENCY)
• Average duration of anode effects (DURATION)
• Aluminium production for period over which anode effect data is collected
• Technology category (e.g. point fed prebake; horizontal stud Søderberg, etc)

defines the quantitative Tier 2 (technology specific) coefficient between anode effect data 
and CF4 emissions

• Averaged Anode Effect (Algebraic or Positive) Overvoltage per cell day (for those 
facilities that use overvoltage – AP18 and AP3x class only)

• Calculated Tier 3 CF4 emission coefficient and CF4:C2F6 weight fraction for those 
facilities that have made PFC measurements, along with year of measurement.

QA/QC & QUALITATIVE INFORMATION
• Number of cells operating per day
• Feed type (e.g. side feed)
• Cell technology (e.g. AP30)
• Employment of automated AE prediction and termination procedures



55Source: IAI 2007 Anode Effect Survey

Benchmarking
(emissions per tonne)
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Smelter/Refinery
Energy Usage

• Energy efficiency
• With power mix and fuel mix data, can calculate direct (fuel use) & indirect (electricity 

use) GHG emissions according to internationally standardised methodologies
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Smelting Power Data 
Collected

a. Direct Current (DC) power used for electrolysis (GWh)
b. Total Alternating Current (AC) power use (GWh)
c. AC for smelting only - excluding auxiliary process power (GWh)
d. Auxiliary process AC power (GWh)

• Quality check on the data: (b = c + d) & (a ≈ c)

• Aluminium production (tonnes)

• OUTPUT
DC electrical energy efficiency (kWh per tonne)
Total AC electrical energy efficiency (kWh per tonne)
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10Source: IAI 2007 Energy Survey

Benchmarking Smelter Electrical 
(Total AC) Energy Consumption 

(All Technologies) 



Power Mix
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Refining Energy Data 
Collected

• Metallurgical alumina production (tonnes)
• Primary energy use (Joules)

• OUTPUT:
Energy efficiency
(GJ/tonne)



13IAI Reference followed by slide number

55 Refineries
67 Mio tonnes Alumina

91% of World Production

16.9 GJ/tonne Average 

Global Energy Consumption 
for Refineries



14

55 Refineries
67 Mio tonnes Alumina

91% of World Production
16.9 GJ/tonne Average 

Global Energy Consumption 
for Refineries



Power/Fuel
Mix
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Fluorides

• Local environmental impacts

• Data collected (smelters only – electrolysis & anode 
production):

Total gaseous fluoride emissions (tonnes)
Total particulate fluoride emissions (tonnes)
Aluminium production (tonnes)

• Output:
Fluoride emissions (kg total fluoride) per tonne of aluminium 
produced



Total Fluoride Benchmarking
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Particulate Fluoride
Benchmarking
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Spent Pot Lining (SPL)

• Largest smelting waste stream
• Potential to be used as a feedstock for other industries

a. Spent Pot Lining (SPL) generated from operations (tonnes)
b. SPL recycled externally (tonnes)
c. SPL deposited with treatment (tonnes)
d. SPL deposited without treatment (tonnes)
e. SPL stored (tonnes)

• Quality check on the data: (a = b + c + d + e)

• OUTPUT:
Percentage of SPL generated recycled per annum
Percentage of deposited SPL treated before deposition
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Bauxite Residue Management

Active Residue Management – Metric 1
• Volume of stored bauxite residue produced in a calendar year per 1000 tonnes of 

alumina produced in that same year.
Measure will be influenced by improvements to consolidation/density in the deposit, 
extraction efficiency, bauxite quality, use of residue

Historical Residue Management - Metric 2 
• Land area (footprint) utilised to store the bauxite residue since refinery operation 

commenced per 1000 tonnes of alumina produced over the same period
Land area does not include ponds constructed for the sole purpose of storing water and 
will not contain residue at the time of refinery closure
Measure will be influenced primarily by moves to store more residue within a given 
footprint

Residue Storage Area (RSA) Rehabilitation – Metric 3
• Surface area and percentage of total RSA’s that has been converted to productive 

and sustainable land use. 
This will include areas that have been closed, re-vegetated and managed in a 
sustainable manner as per existing best practice. 
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Recycling Rates
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Semis Shipments
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Recycling:
High rates in key markets in 2007

Automotive – up to 95%
The sector used 14.5 million
tonnes in 2007

Building – up to 98%
The sector used 13 million 
tonnes in 2007

Beverage cans –
2003: 62%
2006: 64%
2007: 66%

The sector used 4.5 million
tonnes in 2007
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Growing demand for aluminium products 
will continue to be met from both primary 

and recycled metal sources
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Aluminium Mass Flow
(DRAFT 2007) 

Total Products
Stored in Use
Since 1888
611.4

Finished
Products (output)
44.3

Other
Applications3

1.1

Semi-fabricated
and Finished
Products (input)
73.6

Traded
New
Scrap7 9.3

Fabricator
Scrap2

20.0

Traded
New

Scrap1 1.5

Ingots 75.1

Metal Losses 1.5 Not Recycled in 20078 4.1 Under Investigation4  3.5

Old
Scrap

8.1

Bauxite5  200.7

Bauxite Residues 84.5
and Water 43.0

Alumina6   73.3

Values in millions of metric tonnes. Values might not add up due to rounding. Production stocks not shown
1 Aluminium in skimmings; 2 Scrap generated by foundries, rolling mills and extruders. Most is internal scrap and not taken into account in statistics; 3 Such as powder, paste
and deoxidation aluminium (metal property is lost ) 4 Area of current research to identify final aluminium destination (reuse, recycling or landfilling); 5 Calculated based on IAI
LCI report - update 2005. Includes, depending on the ore, between 30% and 50% alumina; 6 Calculated. Includes on a global average 52% aluminium; 7 Scrap generated
during the production of finished products from semis; 8 Landfilled, dissipated into other recycling streams, incinerated, incinerated with energy recovery.

METAL FLOW

Primary
Aluminium used

37.8

MATERIAL FLOW

Remelted
Aluminium 37.4

incl.Recycled
Aluminium 17.4

Building 32% Transport 28%
a.o.Automotive16%

Net Addition 2007: 27.4
Packaging 1%

and Cable 28%
EngineeringOther 11%
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Surveys
(January-March 2009)

• Anode Effect Survey
PFC emissions
Smelters

• Energy Survey
Smelters
Refineries

• Sustainable Development Indicators (SDI) Survey
Smelters

Fluoride emissions
SPL disposal
(water use)

Refineries
Residue management
(water use)

• Market data
Industry Associations (AA, AAC, AAI, CAA, CNIA, JAA, KNMA)

Recycling rates
Shipments to transport
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당신을감사하십시오

Thank you

Chris Bayliss
bayliss@world-aluminium.org

+44 20 7930 0528

mailto:bayliss@world-aluminium.org

	Sustainability Measurement & Benchmarking
	Perfluorocarbons (PFCs)
	Interlocking Standards
	PFC Data Collected
	Benchmarking�(emissions per tonne)
	Benchmarking�AE data
	Smelter/Refinery�Energy Usage
	Smelting Power Data Collected
	Benchmarking Smelter Electrical (Total AC) Energy Consumption (All Technologies)‏
	Refining Energy Data Collected
	Global Energy Consumption for Refineries
	Global Energy Consumption for Refineries
	Fluorides
	Total Fluoride Benchmarking
	Particulate Fluoride�Benchmarking
	Spent Pot Lining (SPL)
	Bauxite Residue Management
	Recycling Rates
	Semis Shipments
	Recycling: �High rates in key markets in 2007
	Growing demand for aluminium products will continue to be met from both primary and recycled metal sources
	Aluminium Mass Flow�(DRAFT 2007)‏
	Modelled Use Phase and Recycling GHG Emissions Savings
	Surveys�(January-March 2009)
	Merci�謝謝�बहुत धन्यवाद�ありがとうございます�당신을 감사하십시오�Thank you

