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Background

Problems associated with current patterns of metal use:

A Increasing scarcity
A Low recovery ratios
A Growing stocks of metal waste

A High demand growth

Industrial ecology: closed-loop product systems
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Open cycles and complex flows

Open cycles:
Multiple changes of ownership
A Products of high mobility
A Little distinction between end-of-life and second-hand products
A Diversity of flow structures

Complex flows:
A Many actors, each with their own interests
A Evolving relationships
A Numerous linkages amongst materials

%
TUDelft

3" International Conference on Eco-Efficiency



Mobile phones and metals

Gold: 0.026-0.033¢g
Silver: 0.11-0.90g
Palladium: 0.00-0.099g
Copper: 9.30-20.689

44% hibernating
41% reused

L ' 4%/orhiSpOS%d1 . Al €
3% recycled
%
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Actors in the mobile phone product system
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Agent-based modeling

Decision-making rules

Agent

for é
if...

then...
else...
while...

Agent

Agent

Agent

%
TUDelft

3" International Conference on Eco-Efficiency



Agent-based modeling

Decision-making rules
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Interactions
AE.g. trades, transactions

Agent
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Case study
From agents to networks
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Mobile phone simulation network visualization.avi

Case study
Experiments

A 33,516 simulation runs
A 15 parameters varied d

A 400 GB of data collected

%
TUDelft

Tested parameters:
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Mean use time of a phone
Avg. new phone price
Consumerdisposaltendency
Incentive cost

Technical lifetime of a phone
Accessibility of collectors
Metal price fraction

Price of components

Mean consumer motivation

. Fractionrecycled by industrial MR

. Growth rate of used phone consumers

. Growth rate of cheap high-end consumers
. Growth rate of cheap phone consumers

. Growth rate of new high-end consumers

. Growth rate of new phone consumers
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Case study
Data analysis

For each simulation run:

A How much metal is being disposed in the system?

A How much metal is presentin the hibernating stocks of consumers?
A How are the agents performing financially?

Gold disposed hibernating and recovered Assets of agents for the default case State of phones in the system over time for a single run of the ABM at the default parameter settings
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Case study
Results

What is the most effective way to achieve closed-loop metal flows?
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