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Chapter 16
Circular Economy and Recycling in Peru

Eduardo De-La-Torre-Jave, Aldo Alvarez-Risco, 
and Shyla Del-Aguila-Arcentales

16.1  Introduction

The circular economy is based on the principles of eliminating waste and pollution, 
keeping products and materials in use, and regenerating natural systems. (Ellen 
MacArthur Foundation, 2020). The circular economy requires two aspects so that it 
can have good results. First, the change of a production model, where there is sus-
tainable management from the extraction of the raw material in the production pro-
cesses and the solid waste generated during these processes.

It is necessary to understand that responsible consumption is the other vital 
aspect of the circular economy. Before acquiring a product, it is essential to “elimi-
nate or avoid” waste generation or, finally, identify its returnability or recyclability 
characteristics.

Recyclers play a valuable role in the recovery and material valorization of recy-
clable solid waste, either in homes or businesses through the source selective collec-
tion programs of the municipalities to its reincorporation in the recycling 
value chains.

Something about which little is said is the relevance of the PSF/RS since it is in 
these programs where recyclable waste can be recovered and valued formally and 
more safely because we can generate a large percentage of plastic waste that can be 
recycled. It is not possible, it would be similar to developing single-use plastics 
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because they would go to final disposal in the best of cases to landfills, but in reality, 
most of them go to landfills. The information from the General Directorate of Solid 
Waste of the Ministry of the Environment for 2019 says that only 3.4% of usable 
waste was recovered, that is, 18% of usable waste. Unfortunately, this percentage 
has been considerably reduced in the current. At the current juncture, in many dis-
tricts, PSF/RS are no longer working, and in most, only 50% or 60% of recyclable 
waste is being recovered compared to recovery data before the pandemic.

The full reactivation and more significant support to the PSF/RS to recover and 
value higher volumes of recyclable waste are substantial. The Incentive Plan for 
improving municipal management has been promoted for 10 years; we cannot deny 
progress, but I believe that much more can be done since the budget granted to the 
municipalities does not reflect the recovery of waste recyclable in these programs. 
On the other hand, the obligation to implement the PSF/RS is mentioned in the 
DL. 1501; this situation should change in the following years.

16.2  Background of the Principles of the Circular 
Economy in Peru

Before discussing the recovery of waste and recycling, I would like to summarize 
what was done three decades ago and compare it with the circular economy 
principles.

16.2.1  Principles

16.2.1.1  Eliminate or Avoid the Generation of Waste

If we are talking about responsible consumption, we can mention that in every 
meeting or event, the food was served in earthenware, and the cutlery was made of 
metal, and no waste was generated, except organic waste; plastic plates, cutlery, and 
bags are currently used or instead of all single use. It has impressed me greatly that 
they sell fruit juice in a plastic bag with a plastic straw. If you wanted to eat some 
tamales on the neighborhood corner, they would deliver it to you on the same achira 
leaf, a biodegradable waste; now they serve it in an expanded polystyrene plate and 
disposable covered you wish to carry it in a plastic bag.

For the purchase in the markets, you had to bring the baskets of reed, wicker, or 
rush; according to the geographical area, no plastic bags were used, or if there where 
you had to pay. The bread was bought in the breadbaskets, or cloth bags were made 
when the flour sacks were finished. Sales were in bulk; rice, sugar, noodles, beans, 
and others were sold in paper from sugar bags that were reused or in parchment 
paper. Now all are in plastic bags or packaging. I remember that to be clean-shaven, 
the reusable razor was perfect; it lasted many years, and the other alternative was to 

E. De-La-Torre-Jave et al.



283

go to the barber, and the current disposable 1, 2, or 3 blade machines were not 
generated.

16.2.1.2  Keep Products and Materials in Use

The durability of the products was a characteristic of the equipment or containers 
that were generated; they had very long life cycles and no planned obsolescence. 
Examples include incandescent bulbs, toys, radios, televisions, blenders, refrigera-
tors, etc. The term WEEE, waste electrical and electronic equipment, did not exist. 
Not only because the equipment had a long life, but they were also manufactured so 
that the parts were changed when they failed. Today it could speak of innovation at 
the origin because the products from their design were intended for long life cycles. 
In these times, many products or equipment come with a programmed useful life; 
otherwise, it is impossible to open the equipment to review it for repair.

The clothes such as jackets, shoes, and slippers were very durable, a better qual-
ity of the inputs or materials they were made than the currently manufactured 
clothes, which mainly use synthetic fibers. Returnability was the most common, 
especially in alcoholic and nonalcoholic beverages. People took your glass bottles 
to exchange them, or otherwise, you left an amount of money for the containers. 
Zero plastic containers, nor was it thought that bottled water would ever be con-
sumed. Repairing was expected, whether for household appliances, toys, watches, 
or fixing footwear, it was easy to find an electrician or a shoemaker. Today repairing 
is not a practice carried out by consumers.

The reuse of containers was common, mainly glass; for example, jam containers 
became very resistant glasses or became vases or store colors. The canning cans 
were used to store nails or small accessories to fix any damage in the house. Large 
oil buckets, tubs, or cans were made into beautiful flowerpots. Also, I think it was a 
generation that was used to reusing everything they could.

16.3  Circular Economy, Segregation, Valorization, 
and Recyclers in Peru

16.3.1  Legal Aspects

16.3.1.1  Circular Economy

In Peru, the term of circular economy appears formally in Legislative Decree 1278, 
which approves the Law of Integral Management of Solid Waste, promulgated at the 
end of 2016, as one of the principles and mentions that “The creation of value is not 
limited to the definitive consumption of resources, considers the entire life cycle of 
goods. The regeneration and recovery of resources must be efficiently sought within 
the biological or technical cycle, as the case may be.”
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In the regulation of Law 30884, law that regulates single-use plastic and dispos-
able containers or containers, the purpose, it says “orient the use of plastic in our 
country towards a circular economy, where plastic goods are reusable, returnable to 
the production system and recyclable or whose degradation does not generate con-
tamination by microplastics or dangerous substances, ensuring their recovery.”

Likewise, it instructs the “Ministry of Production to carry out communication, 
education and awareness actions every six months to manufacturers, importers and 
distributors of plastic goods on the need to migrate towards the use of non-polluting 
goods and the recycling of plastic waste and other usable waste within the frame-
work of the circular economy.”

Similarly, the Supreme Decree that approves the roadmap toward a circular 
economy in the industry sector was approved in February 2020, in Policy Measure 
No. 9.3 called: “Circular Economy and Clean Production Agreements in the indus-
trial sectors, fishing and agriculture,” which mentions in the expected result that 
private economic agents progressively adapt the linear production model so far pre-
dominant in the Peruvian productive sector towards a cyclical production model, 
called circular economy, for extraction, transformation, distribution, use, and recov-
ery of materials, and energy efficiency, among others.

16.3.1.2  Municipal Competitions and Incentive Plan

In the Law of Integral Management of Solid Waste, it is held that municipalities 
must implement waste management and management programs that necessarily 
include obligations to minimize and value waste. In Legislative Decree 1501, the 
obligation for the implementation of said programs is set out. The Incentive Program 
for the Improvement of Municipal Management (PI) is an instrument of the budget 
for results to improve the quality of public services provided by the municipalities, 
unfortunately analyzing the participation of the municipalities during the period 
2011–2019. It was decreasing. However, the amount of the distributed budget has 
been increasing. On average, only 23% of the municipalities have met the goals 
established by MINAM related to solid waste management, and more than 500 mil-
lion soles have been distributed during the 2011–2019 period, which is not reflected 
in the progress of these programs. It is necessary to ensure that the budget is granted 
to the municipalities for the fulfillment of the goal, specifically of solid waste, and 
is invested 100% in the programs to guarantee their sustainability.

16.3.1.3  Formalization of Recyclers

Law 29419, which regulates the activity of recyclers approved in 2009 and its regu-
lations a year later, is aimed at protecting, training, promoting social and labor 
development, and promoting the formalization and associativity recyclers. The 
Legislative Decree 1278 approves the Law of Integral Management of Solid Waste 
within the guidelines. It is stated that it must “Promote the formalization of people, 
operators and other entities that intervene in the management of solid waste without 
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the corresponding authorizations” and “grants the competence to the Municipalities 
to execute programs for the progressive formalization of the people, operators and 
other entities that intervene in the management of solid waste without the corre-
sponding authorizations.” Including formalized recyclers in solid waste manage-
ment and handling systems brings various benefits such as:

 – Waste pickers with decent work visibility were marginalized, excluded, and dis-
criminated against before their formalization.

 – Grant training opportunities.
 – Provide better working, safety, and health conditions.
 – Improve economic income.
 – Save costs of collection, transport, and final disposal of waste to municipalities.

16.3.1.4  Solid Waste Segregation and Recovery

Regarding the segregation of waste in Legislative Decree 1278, which approves the 
Law on the integral management of solid waste, it is stated: “The municipal waste 
generator must carry out the segregation of its solid waste according to its physical 
and chemical characteristics and biological, to facilitate its recovery and final dis-
posal.” Regarding recycling, it is stated: “Recycling constitutes a form of material 
recovery, which consists of transforming solid waste into products, materials or 
substances, which retain their original purpose or any other purpose.” Finally, on the 
selective collection, it says: “duly formalized recyclers or recyclers’ associations 
are integrated into the management and handling systems of municipal non- 
hazardous solid waste, which are conducted by municipal authorities.”

16.3.2  Technical and Operational Aspects to Consider 
in Segregation and Recycling

Analyzing what happens in our country, in the field of material recovery of solid 
waste, specifically on recycling, the following aspects, factors, or conditions should 
be considered (Fig. 16.1):

16.3.2.1  Environmental Education and Awareness

It is an important aspect and has a lot to do with those above; it is referred to the 
budget because it is common to hear from municipal officials who do not have a 
budget to carry out environmental education and awareness activities. If we do not 
carry out these activities with the population, it is challenging to achieve progress in 
the separation, recovery, and subsequent recovery of waste in homes and businesses, 
and it is not a task of 2 or 3 months but medium- and long-term achievements. It is 
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also advisable to prepare and design the educational materials that will be used to 
raise awareness, considering educational, cultural, geographical, and customs 
aspects mainly so that the information is adequate.

16.3.2.2  Vehicles Used in Selective Collection

The errors are incurred at the time of purchase of vehicles for selective collection. 
Before acquiring a vehicle, the width and conditions of passability and slope of the 
collection routes must be verified to avoid inconveniences, especially when acquir-
ing vehicles that cannot have access due to their size or do not have enough power 
to climb very steep slopes in places in the Sierra. Another aspect to consider is the 
storage capacity; in many cases, vehicles (motor vans) with a significantly reduced 
capacity are bought that have to go many times so that they can collect the stored 
waste, with economic damage to the recyclers in time and fuel consumption. A solu-
tion to this is to fit the hopper of the van with metal screens to double its capacity.

16.3.2.3  Recyclable Waste or Waste with Commercial Value

Determining this difference is extremely important to continue with the strategies of 
recovery and recovery of waste in the municipalities’ segregation programs because 
the waste can be recyclable or with a high percentage of recyclability, but unfortu-
nately, it does not have a commercial value, that is, they do not buy it to transform 

Fig. 16.1 Formalized recyclers, Pueblo Nuevo, Chincha. (Source: Eduardo De La Torre-Ciudad 
Saludable)
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them. This lack of commercial value may be due to the lack of technology to pro-
cess them or because containers such as PET, HDPE, and PP plastics have been 
mixed with other plastics or contain additives that make their recovery very diffi-
cult. Another explanation for its lack of value is the glue used on the labels or the 
same labels made of polyvinyl chloride (PVC).

In many places in Peru, it is common to observe that there is no articulated work 
of involvement and participation with the recyclers to know and define what waste 
can be recovered or because of the insufficient knowledge about the recovery of 
waste by those in charge of directing the municipal programs. Therefore, it is absurd 
to recover this waste in homes or businesses that eventually reach the conditioning 
centers and later have to be thrown away, with economic damage to recyclers, since 
there is unnecessary time and effort in recovery and because you have to make an 
additional payment for its final disposal. Therefore, it is essential to determine at the 
planning stage the commercial value of recyclable waste to be recovered for munici-
pal programs to be effective.

16.3.2.4  Types of Recyclable Waste

The waste generation depends on the type of consumption, customs, supermarkets, 
services, purchasing power, access roads, and others; for example, the generations 
in the coast, mountains, and jungle are different. However, it is unfortunate to 
observe how projects are formulated assuming that the generation and type of waste 
are the same. If we consider Metropolitan Lima, in the same way, the waste gener-
ated in urban and peri-urban districts is variable due to the aspects above. For exam-
ple, in the district of Miraflores, a greater quantity of cardboard/tetra pack is 
recovered, followed by paper, then glass, plastic, and finally metals; on the other 
hand, in the district of San Miguel, there is a more significant recovery of PET plas-
tic, hard plastic, paper, cardboard, glass, and metals. Some examples of the most 
common waste that recyclers recover and value are as follows:

 – PET plastic. Containers of water drinks, rehydrating agents, mouthwash, oil, vin-
egar, disinfectants (Poet brand), liquid dishwasher (Ayudín brand)

 – Hard plastic. Yogurt containers, lids of various beverage containers, bleach con-
tainers, white disposable cutlery, solid-state dishwasher (Ayudín brand), and but-
ter containers

 – Plastic film. Soda and beer packaging
 – Paper. White paper, couché paper (magazines, catalogs), mixed paper (ballots, 

manila envelopes, manila folders, envelopes, cardboard, glossy paper), and 
newspaper

 – Paperboard. Cardboard and cardboard boxes
 – Metals. Cans of milk, tuna, canned food, soft drinks, beers, aerosol containers, 

wires, iron, and pots
 – Glass. Bottles of all kinds of liquors and perfume containers
 – Jebe. Soles of rubber shoes and slippers (Fig. 16.2)
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16.3.2.5  How to Determine the Recyclability of Waste

A myth that must be discarded is that all plastic bags or packaging are not recycla-
ble; however, the plastic film and packaging of many products have good quality 
and have a reasonable price in the recycling market as such the packaging of deter-
gents, dog food, rice, sugar, soft drinks, beers, and others. Recyclers are experts in 
determining the recyclability of products in a practical way, and it is a task that they 
do daily in their packaging centers. One of the characteristics to consider to estab-
lish the recyclability of bags or packaging is elasticity. The usual term that the recy-
clers use is “it’s chewy,” referring to the plastic stretching like chewing gum. 
Another way is the sound generated when the bags are squeezed or crushed. If they 
have a very high-pitched sound, it is not recyclable; an example of this is the noodle 
packaging.

With waste such as hard plastic (generally yogurt containers), it is determined 
visually, looking at the base of the container: if it has a line, it is recyclable, but if 
what is observed is a point, it is not recyclable. If it is necessary to know about the 
recyclability of PET and HDPE plastics, you can place water in a tank and sub-
merge pieces of this waste: waste that floats is recyclable, and those that sink are 
not. Also, visually you can tell: if the white PET plastic has much shine, it is a waste 
that is not recyclable.

16.3.2.6  Segregate for Recycling

It is essential to separate recyclable waste to facilitate the work of recyclers and for 
the waste delivered to have more excellent recyclability, which allows the recycling 
process to be more efficient. If we talk about separating, how the waste should be 
delivered is essential. For example, removing labels, compacting bottles, disassem-
bling cardboard boxes, and rinsing cans and bottles should be standard practices. 
These conditioned wastes, in the first place, should be delivered to the formalized 
recyclers who participate in the segregation programs of the municipalities. If these 

Fig. 16.2 Hard plastic 
waste. (Source: Eduardo 
De La Torre-Ciudad 
Saludable)
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programs do not exist, they can be taken to the nearest recycling points such as 
supermarkets or public spaces, such as parks or main streets.

16.3.2.7  Waste Prices

Another point to consider is the price of waste, since, if we talk about PET plastic, 
the highest price is for transparent PET, then green, and finally amber. The same is 
true of glass. It should also be considered that the price varies according to the type 
of product that the container has. Examples are oil and vinegar, whose price is lower 
than the containers used for water or other beverages. The reason is that the trans-
former companies would use more resources to clean or eliminate the waste from 
these containers.

On the other hand, it is not the same to commercialize recyclable waste that was 
recovered in the source segregation programs of the municipalities, which have a 
higher price, than to buy waste that comes from a dump, since this waste is “con-
taminated, dirty,” especially with organic waste. Finally, it is necessary to mention 
that prices vary if all mixed waste is sold, as recyclers call “when sweeping”; if 
colors separate the residuals, they have another value. Also, if compacted, it has 
another price, especially PET plastic or rigid plastic is crushed. Years ago, the pro-
cessing companies bought crushed PET plastic, but to ensure the quality of their 
products and prevent the crushed plastic (flakes) from arriving “contaminated,” that 
is, mixed with other types or colors of PET, currently they are the ones who do the 
shredding at their facilities.

The distance where the waste is recovered must be considered. Thus, if the jun-
gle region or the southern area of Peru is taken as a reference, it can be mentioned 
that there are recyclable waste that is not recovered, and others have a price between 
50% and 60% less than what companies pay in Lima. This It is because the “freight” 
that has to be paid to transport the waste to Lima, where the waste is transformed, is 
very high.

Table 16.1 shows the prices in Peruvian currency (soles), obtained in January 
2021 from some places in Peru.

16.3.2.8  Transformation of Recyclable Waste

The transparent PET plastic, especially the containers for water and rehydration 
drinks, is transformed into new containers after washing, decontamination, crush-
ing, drying to obtain the flakes (flake), and other processes. In Law 30884, which 
regulates single-use plastic and disposable containers or containers, companies are 
obliged to manufacture containers whose composition must have at least 15% of 
PET PCR (post-consumer recycled PET). However, some companies exceed this 
percentage, and they sell containers with 100% PET PCR, which is very encourag-
ing and challenging for other companies in the field. It is also used as a raw material 
for the manufacture of food packaging. The PET from oil and vinegar containers is 
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mainly used to obtain polyester fiber to produce blankets, rugs, clothing, backpacks, 
and merchandise. Cans and all types of heavy iron serve as input for manufacturing 
metal plates and iron for construction. The recovered paper is the raw material for 
paper towels and shoe and shoe insoles in other cases.

16.3.2.9  Agreements and Forms of Payment

Generally, the commercialization of the waste is carried out by verbal agreements; 
it is not common to sign contracts or agreements. There are payments in cash and 
by bank accounts. In cash, it can be against delivery or after days or weeks, consid-
ering the agreement reached and the processing companies make payments through 
financial banks. It is common for recyclers to receive an advance for the sale of their 
waste, which hurts their price because the buyer pays the price that suits him since 
the recycler has already spent the money, and unfortunately, they have to accept the 
price offered, which is generally less than the current market price.

16.3.2.10  Types of Nonrecyclable Waste

Knowing the types of waste that are not recyclable helps to propose public policies 
to avoid or reduce their manufacture and helps inform consumers about the materi-
als from which they are made so that they can make decisions before they are pur-
chased. Finally, this knowledge is helpful for them to be discarded in the recovery 
list in the segregation programs of the municipalities. Here is a list of the most 
common nonrecyclable waste:

Table 16.1 Waste prices

Types of waste
Cajamarca 
city

Chincha 
city

Lima 
city

Trujillo 
city

Iquitos 
city

PET plastic (when 
sweeping)

S/. 1.00 S/. 1.00 S/. 1.40 S/. 0.80 S/. 0.40

PET plastic from oil, 
vinegar

S/. 0.50 S/. 0.60 S/. 0.60 S/. 0.30 S/. 0.30

Hard plastic S/. 1.50 S/. 1.50 S/. 2.00 S/. 1.80 S/. 0.40
Plastic film S/. 1.50 S/. 1.30 S/. 1.70 S/. 1.50 S/. 0.30
Paperboard S/. 0.20 S/. 0.20 S/. 0.35 S/. 0.15 S/. 0.00
Paper (when sweeping) S/. 0.80 S/. 0.50 S/. 0.75 S/. 0.70 S/. 0.35
White paper S/. 0.90 S/. 0.75 S/. 0.90 S/. 0.80 S/. 0.40
Mixed paper S/. 0.30 S/. 0.30 S/. 0.35 S/. 0.40 S/. 0.10
Cans S/. 0.30 S/. 0.30 S/. 0.20 S/. 0.35 S/. 0.25
Heavy iron S/. 0.35 S/. 0.35 S/. 0.35 S/. 0.35 S/. 0.25
Aluminum S/. 2.50 S/. 2.70 S/. 2.70 S/. 2.80 S/. 1.00
Glass S/. 0.10 S/. 0.05 S/. 0.10 S/. 0.05 S/. 0.00
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Glasses. Window glass, mirrors, glasses, lens glass, spotlights, fluorescent lamps, 
windshields, and vehicle windows

Plastics. Glossy white PET, expanded polystyrene, single-use bags, transparent 
(brittle) cutlery, white light tubes, ABS-type plastics for electrical and electronic 
devices, such as computers, laptops, televisions, etc.

Others. All packages of snacks, cookies, noodle packages, toothpaste containers, 
earthenware plates, flowerpots, tracers, cellophane, plastic cups, photos, lighters, 
egg cartons, tires, slippers with a rubber plant, biodegradable bags, sachet of 
mayonnaise and the like, and a sachet of shampoo and conditioners

16.3.2.11  Corporate Responsibility

Although responsible companies are changing their containers that were not recy-
clable, they have launched products with returnable containers. Some companies 
are marketing a large number of products that are sold in stores and supermarkets 
with plastic containers, especially white PET that is shown as recyclable, even with 
the recycling number and symbol, but after they are generated, they have no com-
mercial value primarily because it is a “mixed or blended” plastic as described above.

16.3.2.12  Second-Hand Equipment or Artifacts

The confidence or familiarity of the residents with the recyclers over time is 
strengthened, and this allows them to deliver equipment or artifacts that the recy-
clers can fix for a second use or also for sale in the famous “cachina.” It is a good 
practice because equipment or artifacts remain in use. In the valorization of glass, 
mainly the reuse of bottles of alcoholic beverages, they have a market reduced by 
price (0.05–0.10) but very interesting for the manufacture of lamps; they are exclu-
sive or not very common bottles that can be sold per unit between 10 and 20 soles, 
an exciting price for recyclers. Above all, this type of waste is recovered in Barranco, 
Miraflores, and San Isidro districts.

16.4  New Upcycling Technologies

Recycling has been one of the ways of managing plastic waste. Thus, the scientific 
literature has very recent reports as lithium-ion battery recycling (dos Santos et al., 
2021; Yıldızbaşı et  al., 2022), structural pavement rehabilitation with recycled 
materials (Freire et al., 2022), circularity of phosphorus of disposable baby nappy 
waste (Chowdhury & Wijayasundara, 2021), recycling plastic in construction 
(Arora et al., 2021; Balletto et al., 2021; Norouzi et al., 2021), recycled polyethyl-
ene fishing nets (Juan et al., 2021), plastic recycling and remolding circular econ-
omy using blockchain (Khadke et al., 2021), artificial intelligence-based solution 
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for sorting COVID-19-related medical waste streams (Kumar et al., 2021), descrip-
tion of non-household end-use plastics (Kleinhans et  al., 2021), post-consumer 
plastic packaging waste flow (Pimentel Pincelli et  al., 2021), and recycling and 
utilization of polymers for road construction projects (Anwar et al., 2021).

Then other efforts were developed as government experiences of plastic waste 
(Lacko et al., 2021; Wu et al., 2021), 3D print of plastics (Zhu et al., 2021), review 
of the European Union’s strategy for plastics (Matthews et al., 2021), lean green 
production for reducing variable costs of plastic (Diaz et  al., 2022), chemicals 
advances of plastic (Aurisano et al., 2021), using worms for plastic agriculture (Gan 
et al., 2021), regulation of plastic (Syberg et al., 2021), review of bioplastics (Di 
Bartolo et al., 2021), algae biopolymer (Devadas et al., 2021), prevention of marine 
plastic pollution (Fadeeva & Van Berkel, 2021).

Also, other topics that were developed included material flow analysis of PET, 
PE, and PP flows in Europe (Eriksen et al., 2020), incorporation of recycled high- 
density polyethylene to polyethylene pipe grade resins (Juan et al., 2020), incorpo-
ration of recycled high-density polyethylene to polyethylene pipe grade resins (Juan 
et  al., 2020), microplastics in horticulture (Blanke, 2020), waste polypropylene 
plastic recycling (Bora et al., 2020), case study on plastic bottle closed-loop recy-
cling in the USA PET market (Lonca et al., 2020), green chemistry and the plastic 
pollution (Sheldon & Norton, 2020), cyanobacterial polyhydroxyalkanoates (Gomes 
Gradíssimo et al., 2020), plastic recycling in additive manufacturing (Cruz Sanchez 
et al., 2020), marketing a new generation of bioplastics products (Confente et al., 
2020), and ethylene monomer recovery via polyethylene pyrolysis (Somoza-Tornos 
et al., 2020).

However, various strategies are being developed recently using other types of 
technology to manage plastics and even creating new products (Romani et  al., 
2021). In this way, it recognizes the use of Tenebrio molitor for plastic biodegrada-
tion and biological recovery of new biopolymers, non-fossil-based plastics, such as 
polyhydroxyalkanoates (PHAs). TM microbiota is a source of plastic-degrading 
microorganisms and with the advantage of obtaining, in addition to highly pure 
PHA, protein biomass and rearing waste from which to produce fertilizers, chitin/
chitosan, biochar, and biodiesel (Sangiorgio et al., 2021).

Figure 16.3 describes the plastic waste conversion techniques. It can be recog-
nized as conventional and emerging strategies. It is essential to know that it is 
needed that future research and implementation consider these new strategies to 
accelerate the transformation of plastic and can reach better and faster outcomes in 
the management of plastic waste.

Recent efforts of circularity in plastic waste are urgent because the COVID-19 
pandemic has exacerbated plastic pollution (Yuan et al., 2021). Next year after the 
COVID-19 pandemic is an excellent opportunity to prepare plans to allow the circu-
lar economy to generate the significant benefits they claim.
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16.5  Closing Remarks

It is essential to propose a moderate and real circular economy because sometimes 
it is expressed as a solution for all environmental problems and even is proposed as 
the best solution for all the processes. The teaching and research in the circular 
economy must be a focus in evaluating new materials for manufacture products 
based on circularity, but, at the same time, it needs to evaluate in customers and 
companies the genuine interest and intention to pay for products which would be 
used for many years and avoid to have a new version of the product. Will the tempta-
tion to buy the next laptop or mobile phone model be overcome, or will the desire 
to be circular be stronger? Let’s hope that time shows a genuine intention of people 
and institutions toward becoming more and more circular and that although it is not 
in all the processes of an organization, they are a significant percentage. Only a 
sense of reality allows the circular economy to be honest and implemented in the 
coming years.
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