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Overview

• Introduction to EOL Management

• The problem

• Possible solution

• Research question

• Product recovery modelling

• Concluding remarks
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Introduction

– Government Regulations

– Financial Motives

– New Marketing Opportunities

What is End-of-Life (EOL) Management?

Why End-of-Life Management?
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Product Recovery Options
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Objective: Maximise of product recovery
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Product Recovery Operations
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Example: Laptop
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Information Availability

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: {Dell, IBM, Compaq,…}
Model: i386 ~ P4
Speed: 133Mhz ~ 4.2 GHz
HDD: 60MB ~ 200GB
Condition: {Good, Bad}
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Information Availability

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: Dell
Model: P2
Speed: 200Mhz ~ 500 MHz
HDD: 1GB ~ 20GB
Condition: {Good, Bad}
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Information Availability

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: Dell
Model: P2
Speed: 500MHz
HDD: 100GB (!!)
Condition: {Good, Bad}
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Information Availability

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: Dell
Model: P2
Speed: 500MHz
HDD: 100GB (!!)
Condition: Good
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Information Availability

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: Dell
Model: P2
Speed: 500MHz
HDD: 100GB (!!)
Condition: Good

– Inefficient processes
– Ineffective decisions

Value

Decision – Cost/Value

Time

Threshold

>1% per week
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The Problem

Ready availability of product information
– Completeness
– Timeliness
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Electronic Product Code (EPC
tm

)

D584.S421.CC21.AA21

E213.B123.DE42.CD23

F127.C238.DF1B.C7CC

1E1D.DD13.14CC.AC3B BA132.FFA2.DEF1.12ED BE132.FAA2.AEF3.78FD

CD135.EEA2.DCF5.12DD
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EPC
tm

 Network Technology

Building Blocks

Savant

Application

PML

ONS

EPCIS EPCIS

EPC

URL

Local Remote

EPC

RF Reader
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Research Gap

Lifecycle Info

Info Systems EOL Decisions
?

? ?

Ready availability of product information results in:
• Process improvements
• Decision improvements

But…
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Aim of Research

Measure the “impact” of readily available product
information on effectiveness of EOL Decisions.

-How does availability of product information influence
recovery processes?

-Will enhanced product information change recovery
decisions?

-Will it result in higher product recovery/reuse?

-Will it result in higher profits?

“Benefit” part of the cost/benefit analysis
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Modelling Requirements

• Represent product structure
– Structural uncertainty

• Represent product quality
– Quality uncertainty

• Represent product recovery process
– New information gathered at each step

• Represent product recovery decisions
– Decisions depend on information availability

– Value depends on product quality

– Value depends on recovery option chosen

– Value decreases with time
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Modelling Techniques

• Graphical techniques (representation of product
structure & process)
– AND/OR Graphs

– Petri Nets

– Bayesian networks

• Mathematical modelling (decision modelling)
– Linear programming

– Dynamic programming

Partially Observable Markov Decision Processes (POMDP)
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Proposed Modelling Technique

• Process representation
– Petri Nets

• Product representation (structure & quality)
– Bayesian Network (belief spaces)

• Decision model
– Partially Observable Markov Decision Processes (POMDP) &

Dynamic programming
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Process representation

P1

P2

Pr

Pdp

Pn

Pdis

Ps

t1

t2

tn

Ps    = Service
Pdis = Disassemble
Pr   = Recycle
Pdp = Dispose Process time

State of the system
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Product representation

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: {Dell, IBM, Compaq,…}
Model: i386 ~ P4
Speed: 133Mhz ~ 4.2 GHz
HDD: 60MB ~ 200GB
Condition: {Good – 50%, Bad – 50%}
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Product representation

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: Dell
Model: P2
Speed: 200Mhz ~ 500 MHz
HDD: 1GB ~ 20GB
Condition: {Good- 70%, Bad – 30%}
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Product representation

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: Dell
Model: P2
Speed: 200Mhz ~ 500 MHz
HDD: 1GB ~ 20GB
Condition: {Good- 70%, Bad – 30%} Information Signal
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Product representation

Book-in Pre-sorting

Identification

Disassemble

Recovery

Sales

Testing

Laptop
Brand: Dell
Model: P2
Speed: 200Mhz ~ 500 MHz
HDD: 1GB ~ 20GB
Condition: {Good- 70%, Bad – 30%}

Information structure
Speed: {133Mhz ~ 4.2GHz}  {200MHz ~ 500 MHz}

p2

Information Signal

Partitioning the belief space
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Decision Model

Laptop
Brand: Dell
Model: P2
Speed: 200Mhz ~ 500 MHz
HDD: 1GB ~ 20GB
Condition: {Good- 70%, Bad – 30%}

Prob(capacity > 20GB) = 0.05
Resale Value (>20GB HDD) = $150
Resale value (P2 Laptop)  = $0
Recycle value (P2 Laptop)  = $5
Cost (Inspection)   = $20
Cost (Testing) = $20
Cost (Disassembly) = $20

Book-in Pre-sorting

Identification

Disassemble

Recycle

Sales

Testing

$20: {0.05,0.95} $20: {0.7,0.3}

$20

Reuse
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Decision Model

Book-in Pre-sorting

Identification

Disassemble

Recycle

Sales

Testing

Utility (HD>20GB) = -20+150+5 = $135
Expected utilitytesting = -20+(0.7*135+0.3*5) = $76
Expected utilityidentification = -20 +(0.05*76+0.95*5) = -$11.45
Expected utilityrecycle = $5
Expected utilityreuse = $0
Decision = max(Expected utility) = recycle!

$20: {0.05,0.95} $20: {0.7,0.3}

$20-$11.45

Reuse

$76

$135

$0

$5
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Impact of information

Impact of information =

Expected payoff with information – Expected 
payoff with no information =  $76 – $5 = $71

Effect of timeliness

Expected valuetimeliness = Expected value * f (v, t)
where v = volatility of the product

 t  = time elapsed
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Conclusions

• Ready availability of  complete lifecycle information associated with a
product is essential for making effective EOL product recovery decisions.

• Product recovery operations are hampered by uncertainties in product
structure and quality, resulting in

– Inefficient processes

– Ineffective decisions

• Automated product identification systems (e.g., Auto-ID) could provide the
required information in a timely and effective manner

• POMDP/Bayesian Networks provide a feasible approach for modelling
product recovery operations.
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Next Steps

– Investigate other modelling techniques (e.g. real options)

– Develop and refine decision model

– Develop simulation model (POMDP)

– Sensitivity analysis
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Thank You
aknp2@eng.cam.ac.uk

http://www.ifm.eng.cam.ac.uk/cdac
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