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Abstract

A new customized disassembly and processing approach for waste electrical and electronic equipment (WEEE) based on the Analytic
Hierarchy Process (AHP) and Particle Swarm Optimization (PSO) algorithms is presented. The merits of the approach include the flex-
ibility to handle WEEE to meet various requirements of stakeholders, and the capability to optimize WEEE processing selectively. The
feasibility of the approach has been verified through an industrial case of Liquid Crystal Display (LCD) television WEEE processing.
The case study shows that with the selective optimized plan, the potential recovery values during the disassembly process can be
improved at least two times.
� 2016 Society of Manufacturing Engineers (SME). Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Waste electrical and electronic equipment (WEEE) have
been growing much faster than any other municipal waste
streams in terms of quantity and toxicity. WEEE contain
hazardous materials posing considerable environmental
and health risks, and valuable materials for recycle and
recovery. To keep the Earth cleaner and sustainable, it
has been attracting escalating attentions of researchers
and practitioners to develop more effective End-of-Life
(EoL) recovery technologies to follow stricter legislative
pressures for environmental protection (e.g., WEEE Direc-
tive, RoHS Directive, Extended Producer Responsibility
(EPR)) and to obtain better profit margins from WEEE
recovery [1–3]. WEEE disassembly and processing can sig-
nificantly facilitate the overhaul, repairing and re-use rate
of valuable components, maximize hazardousness removal

and improve material recovery rate from the disassembled
components. Some pilot industrial cases have demonstrated
the technical and economic feasibility of the process, includ-
ing single use cameras (Eastman Kodak and Fuji Film),
toner cartridges (Xerox), personal computers (IBM, HP,
Toshiba, Reuse network-Germany), photocopiers (Fuji
Xerox–Australia, Netherlands and UK), commercial clean-
ing equipment (Electrolux), washing machines (ENVIE-
France), mobile phones (Nokia, ReCelluar-USA, Greener
solution-UK), LCD Televisions (Apparec-Holland,
Hitachi-Japan), etc [1,2,4,5]. On the other hand, with the
increasing customization and diversity of WEEE and com-
plex disassembly processes, it becomes difficult for recyclers
to solely depend upon their experiences to plan disassembly
operations so as to recover a larger proportion of materials
and fulfill environmental targets at a reasonable cost.
Meanwhile, complete disassembly and processing are rarely
ideal solutions due to the high cost and low efficiency.
Customized disassembly, which dismantles hazardous or
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valuable components for recovery, is a promising alterna-
tive and a new research trend [6,7].

A research challenge in customized disassembly and
processing is how to efficiently address a number of con-
straints and considerations from legislative, technical and
economic perspectives leading to different decision-
making models. For instance, WEEE regulators would
license recyclers who are able to follow the WEEE Direc-
tive, which expects at least 75% of WEEE to be dismantled,
and all the components containing hazardous materials
need to be taken apart from WEEE for further specific pro-
cessing [1]. Apart from fulfilling the environmental targets,
recyclers would also improve the economic recovery effi-
ciency by prioritizing valuable components during disas-
sembly for component recovery. In order for stakeholders
to process various types of WEEE and meet their require-
ments, this paper presents an effective approach for disas-
sembling and processing WEEE with intelligent strategies
(i.e., Analytic Hierarchy Process (AHP) and Particle
Swarm Optimization (PSO)). The approach, illustrated in
Fig. 1, is explained in the following sections in detail. An
industrial WEEE case is introduced to demonstrate a real
application scenario.

2. Customized disassembly and processing of WEEE

In Fig. 1, customized disassembly for processing WEEE
has been modeled as a multi-objective optimization prob-
lem. AHP is used here to structure the optimization objec-
tives to reflect varied priorities of stakeholders in selecting
and sequencing disassembly operations. Priority weights
for objectives in AHP should be decided by stakeholders
according to their needs. Disassembly usually brings forth
a large search space with precedence constraints. A PSO
algorithm, which is an evolutional optimization algorithm
and robust on problems that are irregular, noisy, change
over time, etc, is applied to identify the best customized dis-
assembly plan (i.e., selected components for disassembly
according to the multi-objectives, while the rest part of
un-disassembled of WEEE will be handled using a stan-
dard material recovery process) [7,8].

Once disassembled components are obtained, material
recovery processes will be applied for further processing
the components. AHP is also used here to prioritize candi-
date material recovery processes for a disassembled compo-
nent, e.g., the material recovery processes of a Print Circuit
Board (PCB) are below [9]:

� FDH (Fully Dismantling by Heating): PCBs are
exposed to the heater which can rapidly bring the solder
up to its melting point by using methods such as hot
wind gun heating, resistance stove heating or infrared
radiation heating. Using this method, Electronic Com-
ponents (ECs) can be easily separated.

� FDOS (Fully Dismantling by Open-Solder): Use a liq-
uid as a heating medium. The process of dismantling
waste PCBs is performed in a hot fluid. The average
temperature of the welding point is 215 Degree Celsius.

� MDM (Moderately Dismantling Manually): During the
manual dismantling process, recyclers use chisels, ham-
mers and cutting torches to open solder connections
and separate metals and components. PCBs are disman-
tled moderately for removing valuable/hazardous ECs.

The decision making process using AHP for selecting a
suitable process from FDH, FDOS and MDM for process-
ing a disassembled PCB is illustrated in Fig. 2.

After the disassembly of the selected components, the
rest of the unselected structure can go through a standard
recovery process of crushing, material separating (e.g.,
magnetic separation and Eddy current separation), inciner-
ating or landfill.

3. A case study

Liquid Crystal Display (LCD) televisions have been
developed quickly and are now the market leader [2,5].
The LCD televisions studied here are produced by the
Changhong Electronics Company, Ltd., which is the big-
gest television producer in China and one of the biggest
exporters to Europe. Current EoL strategies for LCD tele-
visions are typically landfill or incineration. Through this
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Fig. 1. Customized disassembly and processing approach.
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