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Recycling technologies for a Circular Economy: 
Waste management is coming home 

 

We live in a wasteful world, driven by the linear economics of take, make and dispose. In this 
traditional model, raw materials are harvested, manufactured into products and then used until they 
are eventually disposed of as waste. The World Bank announced in late 2018 that global annual 
waste production is predicted to rise to 3.4 billion tonnes by 2050, up from 2 billion in 2016, without 
urgent remedial action. 

The largest generator of waste is the US, producing an average of 808 kilograms per person per 
year, about twice that of a citizen in the UK. By any reckoning, this is an unsustainable situation, 
and the danger to our planet will only be mitigated by the way we choose to manage it. Up until 
now, the western world has dealt inefficiently with its increasing volume of waste with most material 
either ending up in landfill or being sent abroad. 

Recycling is part of the solution. Globally around 19% of waste is recovered through recycling and 
composting, with the remainder disposed of in landfill (37%), openly dumped (33%) or incinerated 
(11%). But for higher-income countries closer to a third of waste is recovered through recycling and 
composting. Recycling is now big business, with an annual turnover of US$500 billion according to 
the Bureau of International Recycling. Waste management and the Circular Economy is a complex 
model where effective solutions and management are unlikely to be solved by technology alone. 
Nevertheless, the increasing need for recycling solutions has generated a vast raft of intellectual 
property that started as far back as 1985. 

 
By analysing the patents that form the Circular Economy in Cipher, the 
following trends are evident:  

• China Academic institutions lead the world in patents related to recycling 
technologies,  

• The US only holds 4% of granted patents in the Circular Economy, yet is 
the largest waste generator per person, 

• The competitive landscape is dominated by research organisations, 

• Plastic and metal recycling technologies form almost half of all patents in 
the Circular Economy area of innovation. 
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China leads the world in recycling technologies  

Up until recently, China assumed the mantle of the world’s garbage bin. They are also the most 
prolific generator of recycling IP worldwide, and many of their academic institutions have been 
focussed on recycling solutions for some time. China has not carried this waste burden alone with 
other developing countries bearing a smaller role. However, this situation is rapidly changing.  

Chart 1: Granted Patents per Country 

In early 2018, China embarked on the ‘Beautiful China 2035’ programme and banned the imports 
of a large number of solid wastes including a host of plastics, more waste import bans have since 
followed and many other waste processing countries are following suit.  

Thailand is set to ban foreign plastic waste from 2021 with Vietnam due to follow in 2025. Malaysia 
is also weighing up longer-term options after issuing a temporary halt to imports in 2018.  

These new policies were partly responsible for a 2019 amendment to the Basel convention that 
restricted shipments of hard-to-recycle plastic waste to developing nations. It was signed by almost 
all the world’s nations except the US who is yet to ratify the treaty.  

Competitive landscape granulated and dominated by research organisations 

This insight demonstrates that unlike many large global industries, recycling technology is not 
dominated by a handful of large corporate players; instead, its ownership is significantly 
granulated. It is also noteworthy to see the filing increase, which has occurred over the last ten 
years, mirroring the pressing need for solutions as the world waste dilemma increases. The top 10 
owners demonstrate the Asian dominance within this industry with research and industrial 
organisations command the landscape. The compound annual growth rate by patents published 
from 2010 to 2019 is 39%. 

By far, the largest owners of these families are academic institutions based in China. The Chinese 
Academy of Sciences (CAS) is the national academy for the natural sciences and is consistently 
ranked among the world’s largest research organisations. Kunming University of Science and 
Technology (KUST) is one of the top universities in China with very close connections to industries 
and a focus on sustainable development. Central South University (CSU) is another large Chinese 
university with research including Geoscience and Environmental Engineering. Of the remaining 

China 55% 
Japan 9% 

Korea 6% 

USA 4% 
Germany 2% 
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owners, Japanese based Mitsubishi Materials has been consistently active together with Sumitomo 
Metal Mining Co., JX Holdings and JFE Holdings. 

Chart 2: Patent Families by Publication Year, Total & for Top Ten Owners 

 

 

 

 

 

 

 

 

 

 

 

Plastic and metal recycling among the top technologies 

The analysis in this report is based on recycling technologies that align with the concept of “The 
Circular Economy”, in which resources are kept in use for as long as possible extracting the 
maximum value from them while in use, then recovering and regenerating products and materials 
at the end of each service life.  

Specifically, the patent data is focused on recycling technologies for: 

• Plastics 

• WEEE 

• Metals and precious metals 

• Paper & card 

• Food 

• Textiles 

• Glass and ceramics 

Technologies relating to recycled carbon fuels have been excluded as these are perceived to risk 
undermining efforts towards climate change mitigation and the Circular Economy. 

Using Cipher’s advanced clustering methods, the following technology descriptions were 
generated as a result of breaking down “The Circular Economy” IP landscape.  
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Chart 3: Technology Category % Share, Active Patent Families  

 
 
 
 
 
 
 
 
 

 

 

 

This Cipher analysis indicates that almost half of the patent families identified are concentrated on 
plastics and material recycling across their four primary recycling processes, mechanical recycling, 
depolymerisation, pyrolysis and solvent-based recycling. A further fifth of the families involve the 
recovery of rare earth and metals employing technologies within functional recycling, in which 
metal is returned to raw material production and non-functional recycling that results in materials 
where specific metals are not separated. The remaining third are fragmented across a raft of 
smaller recycling segments, but all include technologies which will play a pivotal role in the 
establishment of a Circular Economy. 

Chart 4: Technology Categories, Publications in 2015 & 2019 
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Summary 

Waste management is coming home. Every country that has relied on sweeping its waste problem 
under a Far Eastern carpet must now find other solutions. New management and recycling 
technologies will play a significant role and there will be opportunities in addressing all aspects of 
recycling. Some nations already have advanced recycling strategies in place. 

Cipher’s position here is a simple one. We recognise the role of patents in strategic business 
intelligence, in providing a view into who owns what technologies and where. By harnessing the 
latest advances in machine learning combined with expert analysis, information can now be 
accessed with efficiency, accuracy and at a speed that is just not possible using traditional 
methods. Using a broad Cipher Classifier scope, we can examine innovation and invention trends 
across the broader backdrop of recycling industry activity.  

For more information on who owns what and where in the recycling technology space, access 
Cipher via your subscription or if you’d like to understand more about the recycling technology 
taxonomy used to run this report in Cipher, contact us directly at www.cipher.ai. 

 

 
Written by, 
Ted Hayton, Cipher Classifier Consultant ted.hayton@cipher.ai 
Mohammad Ahmed, Solutions Consultant mohammad.ahmed@cipher.ai 

https://cipher.ai/solutions/competitive-intelligence/
file:///C:/Users/niallmcmahon/Library/Containers/com.apple.mail/Data/Library/Mail%20Downloads/C0C88760-1DA2-4EC3-92AB-4EC0D287DF6F/www.cipher.ai
mailto:ted.hayton@cipher.ai
mailto:mohammad.ahmed@cipher.ai

