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Abstract: Design for Recycling (DfR) 

guidelines provide technical criteria to 

ensure products and packaging can be 

effectively collected, sorted, and processed 

into high-quality raw materials at their end-

of-life.  Core Principles of Design for 

Recycling 

Material Selection: Prioritize mono-

materials (single polymer types like PE, PP, 

or PET). Avoid mixing incompatible plastics 

or using multi-layer films that are difficult to 

separate. 

Color Optimization: Transparent or 

unpigmented materials are highly preferred 

as they have the highest market value and 

versatility for reuse. Dark or carbon-black 

pigments should be avoided as they are often 

undetectable by infrared sorting machines. 

Simple Disassembly: Design components 

like caps, lids, and labels to be easily and 

completely removable. Use "tear-off" 

facilities for plastic facings on paper-based 

products. 

Label and Adhesive Compatibility: Use 

labels made of the same material as the main 

body or water-soluble adhesives that wash 

off easily during the recycling process. 

Minimize Contaminants: Avoid additives 

that alter material density (e.g., glass fibers 

or heavy fillers) or non-recyclable 

components like PVC, vulcanized rubber, 

and complex electronics. 

 

Keywords:  Mater ial,  Co lour 

Opt imizat ion, Disassembly,  

Contaminat ion, Recyclabilit y.  

 

Abbreviations :  Design for  

Recyc ling (DfR)  

 

Introduction:  

Most  of the nat ional and 

int ernat ional guidelines and 

standards aimed towards increasing 

recyclabilit y o f plast ic-containing 

products are focused on packaging.  

This is  part ly because a major part  of 

the plast ic used each year (around 40 

percent) in Europe is used to  produce 

packaging and part ly because there 



International Journal of Global Science Research    ISSN: 2348-8344 (Online) 

Vol. 13, Issue. 1, April 2026, pp. 8940-8944   DOI: https://doi.org/10.26540/ijgsr.v13.i1.2026.334 

Available Online at www.ijgsr.com  

© Copyright 2014 | ijgsr.com | All Rights Reserved 

 

Under auspices of Environment & Social Welfare Society, India  8941 

 

is  law-enforced extended producer  

responsibilit y for packaging and 

packaging waste in the EU since the 

ear ly 1990s 

Another explanat ion is also the fact  

that  relat ively clean plast ic mater ial 

(not  including hazardous or 

potent ially dangerous addit ives) is  

being used in packaging compared to 

other plast ic-containing products 

because much of the plast ic  

packaging comes in d irect  contact 

with food and consumer products.  

This makes the recycled plast ic  

originat ing from plast ic packaging 

moreappealing to  use in different  

products compared to recycled 

plast ic or iginat ing from for example 

electronics or construct ion products.  

Design for Recycling (DfR),  

independent  of sector or mater ial,  

lacks explanat ions and definit ions.  

Designing a product  for recycling 

not  only needs to  mirror the cr iter ia  

and demands for the product  

funct ionalit y.  There is  also a need of 

knowledge where the discarded 

product will end up, what  sort ing it  

will go through, what  recyc ling 

techno logy will be applied and what  

next  life product  is foreseen for the 

mater ial as a recyclate (recyc led 

plast ic mater ial).  DfR needs also  to 

take into considerat ion the recyc led 

content  dur ing the design phase o f 

the product .  Few product  

manufacturers or designers have the 

who le picture,  nor control,  over the 

infrast ructure a product  will go 

through before it s end o f life.  This  

becomes obvious when mapping 

exist ing DfR guidelines,  pr imar ily in  

Europe, where the vast  major it y 

concerns plast ic packaging.  

The large number o f var iet ies o f DfR 

guidelines is ind icat ive o f the fact  

that  there is no consensus on 

cr iter ia.  There are many local 

var iet ies o f DfR guidelines,  and it  is  

not  completely clear if the var iet ies 

are based on actual exist ing cr iter ia  

for high qualit y recycling or if t hey 

are based on input  given from brand 

owners/converters of already 

exist ing packaging. DfR guidelines 

for packaging in Europe have been 

dr iven by the legis lat ive demands in  

the Packaging and Packaging Waste 

Direct ive,  that  has been in force 

since 1994. The large number o f DfR 

guidelines for packag ing is dr iven by 

the exist ing Extended Producers 

Responsibilit y (EPR) demand in the 

legislat ion, and as every Member  

State had the freedom to implement  

this legis lat ion according to  their  

individual interpretat ion, t he number  

of DfR guidelines is accordingly.  

Another complexit y in DfR is the 

quest ion o f available recyc ling  

techno logies and how the 

infrast ructure supports the new 

processes,  dependent  on availabilit y.   

As it  is  normally unknown what  path 

a plast ic product  may take, DfR 

needs to  be techno logy neutral,  

meaning that  cr iter ia set  in the 

guideline need to  be adequate to  all 

available techno logies.  Specific  

techno logies cannot  be considered if 

not  fully available on the market ,  for 

example de- inking, hot  water 

washing, exclusion of certain 

addit ives or mater ial mixes.  
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The knowledge on design for  

recycling var ies sig nificant ly 

between different  sectors as well as 

between companies within the same 

sector.  A large challenge seems to be 

related to  communicat ion and 

coordinat ion across the supply chain.  

In many cases customers or suppliers 

do not  know which effect  the cho ice 

of mater ial has on the recyclabilit y 

of the product  at  the end o f a life  

management  o f the product .   

Another related issue is the 

mot ivat ion to  design for recycling,  

where understanding o f t he value 

created by making the products more 

recyclable is lacking.  

This is  due to  the fragmented market  

for recycling and the unclear routes 

for generated plast ic waste flows.  

Also, the consumers are o ften 

challenged when consider ing proper 

waste handling due to  low recyc ling 

rates of the mater ials or examples 

when even sorted waste gets mixed 

by operators during waste 

management   Using recyc led plast ics 

instead o f new raw mater ials is  also  

often not  prior it ized because o f the 

assumpt ion by many stakeho lders 

that  the qualit y o f the recyc led 

mater ial does not  fulfil t he 

requirements as well as the new raw 

mater ial can.  

Furthermore, difference in pr ice 

between using new and recyc led 

plast ic,  recyc led being more 

expensive,  is st ill the dominat ing 

issue for  many companies and 

ult imately not  many are willing to 

compromise on this mat ter.   

 

Main challenges identified  

• The plast ic parts contain too many 

addit ives such as pigment s and 

plast icisers without  any poss ible 

t raceabilit y o f the content .   

• Problems with impur ity eit her  

because o f po lymers blended with 

other po lymers,  composite mater ials  

or for example labels composed o f 

different  mater ia ls,  such as paper,  

that  are impossible to  completely 

remove by washing. Paper labels are 

often glued with adhesives that  are 

difficult  to  remove. Therefore,  paper  

fibres are o ften st ill present  to  some 

extent  in the recyc led mater ial.  This  

can cause the mater ial to  degrade 

quicker and thus reduce the qualit y 

of new products containing recyc led 

plast ics.   

• There is  no mandatory system for  

labelling for many components to 

facilitate sort ing for cleaner  

fract ions.   

• When it  comes to  complex 

assembled products,  such as vehicles 

or electronics,  high costs are 

associated with spend ing t ime on 

disassembling all t he parts for 

recycling if these are not  easily 

removed. It  is too cost ly comp ared to 

what  the recycled plast ic is worth.   

• There are insufficient  vo lumes o f 

homogeneous mater ial,  due to  vast  

number o f different  types o f plast ics 

used in t he design o f the products,  

which also limit s the possibilit y o f 

effect ive recycling.  

• PVC is somet imes mixed with 

olefins in certain products (for 

example e lectr ical cables).  This  

means that  reasonably large vo lumes 
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of po lyo lefins,  which could be 

recycled, are not  recycled because o f 

the presence o f PVC as a 

contaminant .   

• It  is very challenging to  obtain a 

post -consumer  recyc led plast ic  

which is clean enough for use in a 

wide range of new products.  

Problems could ar ise,  for example,  

in relat ion to  the pur ity requirements 

for food contact  and t raceabilit y.   

• There is  not  enough demand for  

design for recyc ling, the recyc led 

plast ic is  not  considered a valuable 

mater ial on the market  which limit s 

the pro fitabilit y o f the recyc led 

mater ial.   

Increased resource effic iency in  

products: Design products with 

minimum amount  of mater ial without 

compromising the funct ion o f the 

product .  Avo id unnecessary use o f 

mater ials.  Increase resource 

efficiency in the supply chain:  

 Design products to  enable t ransport 

efficiency. For example,  products 

that  can be stackable in an effic ient  

way to opt imize t ransportat io n. High 

amounts o f addit ives and lack o f 

mater ial t raceabilit y Reduced 

number of addit ives:  

Design p last ic products with a focus 

on reducing the use o f addit ives such 

as pigments and plast icizers.  This  

not  only simplifies recycling but  

also minimizes the potent ial negat ive 

impact  on human health and the 

environment .  Increased t raceabilit y 

and t ransparency in the value chain:  

Implement  a t raceabilit y system that  

provides informat ion about  the 

composit ion o f plast ic used in the 

product .  For example,  QR codes,  

watermarks,  or RFID tags can be 

used to  ident ify plast ic t ypes and 

addit ives,  making proper recycling 

easier.  

Difficulty in disassembly and sort ing 

of different  mater ials which are part  

of the same product  User - fr iendly 

disassembly:  Design products with 

userfr iendly disassembly inst ruct ions 

or mechanisms to encourage 

consumers to  separate and clean 

plast ic components before disposal.   

Visible labelling:  Incorporate 

vis ible labelling and standardise 

codes or symbols for ident ificat ion 

that  can be used for automat ic 

sort ing at  recycling facilit ies.  High 

var iety o f plast ics on the market  

Pr ior it ize the use of common 

plast ics: use common plast ic  

mater ials (such as PE (HDPE, LDPE) 

and PP) in products to  increase the 

vo lume o f homogeneous mater ial for  

recycling, improving pro fit abilit y  

 

 
Figure: 1.  Showing off susts inability  
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Promote the use of recycled 

plastic:  

Prior it ize the use of recycled plast ic  

in products to  drive the demand and 

improve the market  condit ions for 

recycled plast ic.   

Advocate for regulat ions or industry 

standards that  require a minimum 

percentage o f recycled plast ic in new 

products.   

Educate the entire value chain,  

especially manufacturers:  

Create awareness among product 

manufacturers about  the benefit s of 

recycled plast ic  and its suit abilit y  

for var ious applicat ions.   

 

Cons ider design po ints such as 

co lour: Often recycled plast ic may 

have varying pigmentat ion, but  this 

does not  affect  the qualit y o f the 

mater ial.  

 

 

Figure: 2.  Designing products and 

packaging with recyclabi lity in  

mind involves careful 

consideration of materials,  design 

complexity,  and 

labeling.  By focusing on single-

material construction, minimizing 

complex shapes,  and using clear,  

easi ly removable labels,  designers 

can significantly improve the 

recyclabi lity of the product  

 


