
Exercise: find the embodied energy of fully recycled aluminum

Solution:

Hm(100%recycled)=HR ?

Hm(f%)  (1-f/100)Hm+(f/100)HR

Hm(43%) = (1-0.43)Hm+0.43HR

131 = (1-0.43)210 + 0.43HR

HR = 26 MJ/kg
Nearly one order of 
magnitude lower than Hm
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Exercise: Illustrate the environmental benefits of recycling of aluminum, in the 
comparsion with steel, for the manufacturing of stiff components

Mind the Log scale: 
limited recycling
meaning points close
to virgin materials
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Mind the guidelines: different slopes depending on the context
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Simple tension
(tie-rods)
Fully recycled Al 
equivalent to 
virgin steel

Tie-rods
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Bending of beams
Fully recycled Al
slightly better than
virgin steel

Bars



10000

10

100

1000

10000

100% 

recycled

43% 

recycled
100% 

recycled

100% virgin

 Aluminum

 Steel

10
7

10
6

 

 
E

la
s
ti
c
 m

o
d

u
lu

s
, 
E

 [
G

P
a

]

density * embodied energy, *H
m
 [MJ/m

3
] 

10
5

100% virgin

Bending of panels
Fully recycled Al
much better than
virgin steel

Panels
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Exercise: Using 100% recycled steel determine a 73% saving of embodied
energy; is it advantageous in the comparison with aluminum?

Panels
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Exercise: Using 100% recycled steel determine a 73% saving of embodied
energy; is it advantageous in the comparison with aluminum? 
Solution: read the X axis  2.1105(1-0.73) = 0.6105 = 6104

2.10.6

Panels
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Fully recycled steel
keeping a big 
advantage

Exercise: Using 100% recycled steel determine a 73% saving of embodied
energy; is it advantageous in the comparison with aluminum?

Panels
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Exercise: Specify the most environmentally advantageous material, between A 
and B, for the manufacturing of strong components
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Mind the guidelines: different slopes depending on the context
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ATie-rods: 
A more environmentally sound than B
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ABeams (under bending): 
A more environmentally sound than B
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APanels (under bending): 
A slightly
more environmentally
sound than B
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Exercise: In the manufacturing of strong tie-rods and bars, discuss the 
advantage of a reduction of embodied energy, for B, of 50%
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63

Interesting progress, not enough
to reach A (in simple tension)
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Updated B equivalent to A, for 
beams (subjected to bending)


