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Abstract
LCD is the dominant electronic display technology today. The use of LCDs in consumer products such as PC 
monitors and TVs means that by 2020 as much as 25 million square metres of LCD panels may be entering the 
waste stream every year. Methods to recover parts of a LCD, e.g. plastic case and electronics, exists today but 
very little has been done regarding recovering the valuable materials in the LCD panel. We have shown that many 
of the materials in a LCD can be recovered at a high quality level so that they can be reused in new products 
instead of being burnt or used as land-fill. A production line has been developed that can recover the materials in 
an industrial scale. The production requires low energy and has a high throughput within a very small footprint 
making it suitable for both small and large scale production.

1 Introduction
The dominant electronic display technology today is 
the LCD (Liquid Crystal Display). LCDs are used in 
almost every consumer electronics application and are 
replacing CRTs in television sets  and  desktop com-
puter monitors.

Relatively few LCDs have entered the waste stream 
today but a large volume will almost certainly enter 
the stream in the nearby future. This waste stream rep-
resent a large volume of material. It has been estim-
ated that by year 2020 as much as 25 million m2 of 
LCD panels  will  enter  the  waste  stream in  Europe 
every year.

A LCD monitor consists of a metal stand, plastic cas-
ing, EMI metal shielding, wiring, electronic compon-
ents,  PCB, backlight  unit,  metal  frame and finally a 
LCD panel.

Figure 1: LCD panel

The LCD panel consists of (in order) polarizer film, 
glass  substrate,  color  filter,  transparent  electrode 
(ITO), polyimide alignment film, Liquid Crystal, poly-
imid alignment film, thin film transistors (TFT), trans-
parent electrodes, glass substrate, polarizer film.

The materials in LCD panels are valuable.  One ex-
ample is  the ITO used as a transparent  electrode in 
LCDs as well as in many other display technologies. 
The yearly value of ITO in the waste stream year 2020 
would be $50M in today's prices. However Indium is 
a metal in short supply and there are predictions that 
the price of  Indium will  increase by a factor  of  10 
over the next 5-10 years, raising the value of ITO in 
the waste stream to more than $500M per year.

Liquid Crystal is also an expensive chemical composi-
tion that with today´s prices costs about $6/g. In year 
2020  the  value  of  the  Liquid  Crystal  in  the  waste 
stream would be $800M/year.

There's  thus  a  substantial  value  in  the  LCD  waste 
stream. The recovery of these materials could become 
a profitable base for a new business given that  effi-
cient  industrial  scale  processes  could  be  developed 
that preserves the value of the materials. 

Another driving force behind finding methods to re-
cycle  LCDs is  the  European  legislation.  The  Waste 
Electrical  and  Electronic  Equipment  directive 
(WEEE) of the European Union sets a target of 75% 
recovery  and  65%  reuse/recycling  for  computer-re-
lated equipment. The consequences of the WEEE Dir-
ective is that  LCD modules from LCD monitors and 
televisions must be recovered.
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2 Previous Methods
Displays that enter the waste stream today are either 
refurbished or disassembled so that plastic cases, elec-
tronics, backlight unit and metal frames are recovered 
[1]. Finally the LCD panel is either burnt or recycled 
as glass.

LCD panels can be used as raw material in incinerat-
ors for industrial waste or as raw material in metal re-
cycling processes [2,3]. LCD panel can also be used 
as substitution for silica in zinc refinement and as part 
of  melting  slag used  in  buildings,  civil  engineering 
and ceramics [4].

Methods for separating the materials in a LCD panel 
has  been  developed  using  glass  cutting,  ultrasonic 
cleaning and immersion in liquid nitrogen [5,6]. The 
primary purpose is to separate the potentially hazard-
ous Liquid Crystal from the other materials. However 
the re-use of the recovered materials is still limited to 
burning or glass recycling.

These methods can be used in industrial scale but has 
the drawback of burning the plastic materials and li-
quid  crystal  thereby producing  CO2.  Another  draw-
back of these methods is that the value of the LCD 
panel are low since the LCD is basically used as a re-
placement for sand or glass.

3 Production Process
A production process has been developed where the 
components of a LCD panel can be recovered. 

The  process  uses  very little  energy.  The  process  is 
self-contained in the sense that it is not part of another 
process, to contrast it with other methods e.g. where 
LCD panels are part of a process for incineration of 
industrial  waste.  No chemicals  are  consumed in  the 
process  and  all  materials  from  the  LCD  panel  are 
taken care of in the process. 

The process is not based on crushing or incinerating 
the LCD panels [3], since those methods makes it very 
hard to maintain the value of the materials.

The process maintains the high quality of processing 
that is required in the LCD manufacturing industry to 
ensure that  the end products are reusable at  highest 
possible value.

An industrial scale processing plant has been built and 
put into operation.

4 Products

The components recovered are of a high quality and 
usable in new products such as new LCD displays but 
also in other products that use the same base compon-
ents as in LCD displays.

The LCD´s that enter the waste stream today can be 
very old but very little ageing effects have been ob-
served in the components.

Recovered  components  have  been  sampled  to  com-
panies representing different segments of the display 
industry as well as companies in other industries with 
positive results.

5 Conclusions

The waste stream will in the nearby future contain a 
large volume of LCD panels. The WEEE Directive re-
quire recovery and recycling of these making efficient 
and economical recycling technology  important.

The methods previously proposed or in use today pro-
duce CO2   gas and the value of the recycled material is 
very low.

Based on new production processes a production line 
has  been developed that  recovers  the materials  in a 
LCD panel  in  an  industrial  scale.  The  materials  re-
covered are of a high quality making them reusable 
for e.g. new display products.

The quality and value of the recovered material opens 
a new market for recycled display materials that could 
completely change the market for recycling of LCD 
panels.
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