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“National Material Metrics for Industrial 
Ecology,” Wernick & Ausubel

all values in Mmt per year (1Mt = 1Gg)
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values in kg/day
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Material Reserves

Material
Range of Reserves at Current 

Price Levels

Aluminum 3,247.7 - 4,726.4 Tg

Copper 335.7 - 459.9 Tg

Gold 31.1 - 57.5 Gg

Iron 87,724.8 - 186,880.1 Tg

Lead 87.1 - 130.6 Tg

Nickel 41.9 - 90.3 Tg

Tin 4.2 - 9.4 Tg

Titanium 143.3 - 296.6 Tg

Zinc 118.8 - 235.9 Tg
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More on Flow Charts

Production

Usage

End Life

Raw Mat’l

Energy

Energy

Mat’l Supplies

Energy

Waste
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Wastes

Recoverables

Wastes

Recoverables

Energy
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Flow Charts (continued)
On the flowsheet indicate the inputs and the outputs
on the arrows. Plastic Drink Bottle.  

Ethylene

Drink

Paper

Acquire
HDPE
Resin

Blow Mold
Bottle

Fill &
Package

HDPE
Pellets

Bottle

Filled Bottle Consumer
Use

Disposal

Empty
Bottle
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More on Flow Charts

Once flowsheet is prepared, determine the data
needed and where to get it (quality of the data?)

• number of bottles
• makeup of caps
• makeup of labels
• packing boxes
• foils
• post use of plastic
• energy usage
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More on Materials (courtesy of Prof. Rundman)
** also see the “materials.pdf” document **
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Steel Production

• Mining

• Beneficiation -- Concentrating

• Pelletizing

• Reduction (in a Blast Furnace) -- remove oxygen

• Decarburizing (in Basic Oxygen Furnace) -- remove
carbon
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Copper Production
1. Mining - Removal of Ore in Seams (1.2 wt Pct Cu) Leaving Waste

Rock Underground
2. Beneficiation - Production of Concentrate containing 30.5 wt. pct

Copper. Discard Waste Rock in Tailings Pond
3. Smelting - Production of Matte (62.5 wt pct Copper) in a coal-

fired reverberatory furnace. Discard Slag to Dump and SO2 Gas
into the Atmosphere

4. Converting - Production of Blister Copper (99 wt. pct Copper)
with release of SO2 gas to Atmosphere and Slag Recycled to the
Reverberatory Smelting Furnace

5. Fire Refining - Deoxidizing the Blister Copper to Produce Anode
Copper (99.7 wt. Pct Copper)

6. Anode Casting and Electro-refining - Produce Anode Shape,
Electro-refine to Produce 99.997 Wt. Pct Copper. Send Slimes to
Recover Precious Metals (Ag, Au, Pt, etc.)
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Production of Plastics






