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Introducing remarks

• Availability of raw materials
• Key materials for industrialized

society
• Availability of energy
• Energy-material correlations













Carbon footprint of energy







Material
Component



Free energy = truly embodied energy (energy for reduction of metal oxide into
metal)
Total embodied energy = Free energy + energy lost in primary processes
Some examples
Al2O3 conversion into Al is quite difficult = high energy of formation (the 
highest!) + energy for electrolysis (low efficiency process)
Fe2O3 conversion into Fe feasible from reaction with C: a lot of energy is lost in 
form of hot gases escaping from blast furnaces

Definition of Embodied Energy



Summary of 
(Industrial) 
Eco-engineering

Optimization of 
materials-energy, 
materials-carbon, 
carbon-energy
correlations



Eco-engineering 
should never neglect 
functionality: design



A component is ‘materials 
engineered’…
when key interactions are 
established
…and understood



Example of function
Reply to a question: how to 
open a bottle of wine?



Example First concept: the cork is removed if…

Different solutions…
at least

some of them
imply

materials
selection



Example 2nd phase “Embodiement”
A concept of cork removal is
transferred to a tool design

Different concept, different design, different
stress distributions…perhaps different
materials



Usual stuff

Usual stuff
Strange but 
real

Strange but 
real



Example
3rd phase=design

Different
materials

depending on the 
loading condition

(e.g. “buckling”)
Materials to be 
evaluated with 

SHAPES
Equivalent solutions

are feasible



Bike frames and forks

Torsion

Bending

Horizontal loading, 
e.g. in braking Vertical loading, e.g. 

weight on the saddle

Dynamic conditions, not static

Further examples...



Tubes mainly
subjected to bending

2 objectives
1. Strength (the structure should not fail during

operation)
2. Stiffness (the structure should not dissipate

energy in deformation; energy transformed into
speed…)

Stiffness is often dominant…

Bending 
moment



Stiffness of structures does NOT depend only on materials

Attention to the distribution of solid
Fundamental quantity = Moment of inertia (J)

yr a

b

Circular tube
J depends on r4

Elliptical tube
Anysotropy of J
Ja >> Jb
Same quantity of solid, J 
maximized in a plane



Different materials, different radius, so different J

Steel

y

Al alloy

Aluminum-based structures may be bigger in term of VOLUME
Given the low density (density of Al = 1/3 of the density of steel)
Al-based structure remain lighter (lower MASS) than those of 
steel



Examples of embodiement
Materials + Shape: racing bikes 

steel frames
Quite thin tubes (limited diameter

and limited wall thicknes)

www.guidorubino.com 
www.scapin.com

http://www.guidorubino.com/
http://www.scapin.com/


Al alloy Tubes are evidently larger in 
cross-section

www.derosanews.com Mind the forks:
CFRP offer distinctive advantages
(vibration damping)

http://www.derosanews.com/


Magnesium alloy

www.pinarello.com Mind the forks:
CFRP offer distinctive advantages
(vibration damping)

http://www.pinarello.com/


Titanium alloy

www.guidorubino.com 
www.passoni.com 
www.litespeed.com

Mind the forks:
CFRP offer distinctive advantages
(vibration damping)

Quite difficult handling: well
known difficulties in welding

http://www.guidorubino.com/
http://www.passoni.com/
http://www.litespeed.com/


CFRP
Monocoque

www.derosanews.com 
www.c4carbon.com

http://www.derosanews.com/
http://www.c4carbon.com/


Bamboo bike

www.calfeedesign.com 
www.likecool.com 
jschumacher.typepad.com/..
./bicycle-museum-.html

Bamboo
Thermoplastic polymer

Other wood

http://www.calfeedesign.com/
http://www.likecool.com/


Decisions supported by  selection 
charts [Ashby plots]

Value from 
combination of 
properties







http://www.jaguarlandrover.com/

New challenges





http://blogs.youwheel.com/2015/02/10/short-analysis-jaguars-advantages/



New plots
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