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Long-term dynamics of the socio-industrial metabolism

Four visions

- Resource efficient and recycling based industries
- Steady stocks society

- Solarized infrastructures

- Balanced bio-economy and bioniconomy

Conclusions
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(a) Pre-industrial era
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(a) Resource Efficiency & Carbon Recycling
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"Wouldn't it be better to simply turn off the taps ?" HighMoor,

Recycling
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MATERIAL INPUT ECONOMY MATERIAL OUTPUT

Imports 38

Hidden Abiotic raw

flows 17,2 || materials 24

PAB’[E_]JS 8.0 \| Used:

ossil energy :

carriers 4,1 Mmgrals 8.5

Minerals 09 Fossil energy

Eiomass }17‘ carriers 18

rosion : Unused:

Other prod. 0.1 Extraction 9,5
Excavation 2,6
Biotic raw
materials 40
Air 12,8
Erosion 3,0

Net
Additions| § -100%
to Stock
94
Waste disposal 13,2 \
- | landfilled waste 1,1
| landfill and mine
dumping 121
| Emissions ‘
to air 98
-] €O, 95
| No,, 80, CO, others 0,3
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| water from
| materials 88
Erosion 30

{ Curly braces = reduction targets}
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A Resource efficient and recycling based
Industries

A Steady stocks societies
A Solarized technosphere

A Balanced bio-economy
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A Resource efficient and recycling based
Industries
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A Balance between de-materialization and re-materialization
A Resource light product design
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4b.Changes in the

amount produced
Ae.g. shift towards smaller
cars
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1. Extraction 2. Material 3. Substitution 4a. Changes in
Efficiency product design
A10-15% reduction Ae.g. aluminium vs Ae.g. new forms of car
design
steel
Ahigh risk of burden AGreater potentials?
shifting
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Substitution

A Aluminium vs Steel

Dependent on pimary:secondary ratio

1:9 15% to 19% savings vs conventional steel car

1:1  -9% to - 11% savings vs conventional steel car
9:1  -34%to - 41% savings vs conventional steel car

> > > >

Golf A4

A Carbon fibre vs Steel
A Up to 10% savings vs conventional steel car

A Only recycled aluminium
A Multi -Material Mix Increases environmental
A (15% Mg, 65% Al, 20% carbon fibre)
product performance

A 9% savings vs conventional steel car
A Problem: demand for Al
exceeds even 100%
recycling potential

A Material substitution often associated with problem shifting
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Current vehicle types Future vehicle types:
Changes in product design
Seat Ibiza VW Golf | Mercedes S- | VW Lupo Loremo PAC—Car IT'
Mileage according to 150 000 150 000 300000 | 150000 150 000° 150 000
)
Curb weight (kg) 962 1,059 1,805 800 450 32
T comamuption 6.7 6.55 10.1 3 15 0018
(/100km) NEDZ
TMR total (t) 313 348 62.1 27.6 182 42
TMR production (t) 18.3 22.1 431 199 13.1 4.1
TMR use (1) 13.0 12.7 19.0 77 5.1 0.1
TMR kg/100 km 20.90 23.17 27.04 18.40 12.16 2.80
CO, (use phase) (g/km) 158.00 154.00 242.00 81.00 4005 |  No emissions
GWP 100 (t CO, 30.1 322 518 174 10.0
equivalent)
Production phase: 40 47 11.0 4.1 30
Use phase: 240 252 37.1 122 6.3
Fuel production’ 20 23 3.1 1.1 0.6
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Changes in the automobile fleet

31% savings vs current fleet

54% savings vs current fleet

100% Lupo

100% Loremo

100% Pac Car
Up to 89% vs current fleet

Current approaches
for geening cars
insufficient

Profound changes
towards
dematerialized design
would offer significant
potentials for
resource and climate
protection

However, if demand
for resource efficient
products grows,
overall resource
consumption may still
need control by policy
framework (e.g. fuel
consumption or TMR
of car fleet)
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Balance between de-materialization and re-materialization
Resource light product design

Shift to more services, product-service-systems

Recycling systems

- mining the technosphere ("urban mining")

- diversity of chemical elements -> challenge for separation
technologies after collection

21 May 2010
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Source: T. McManus, Intel Corp., 2006
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