What are  plastic free  options  for wet wipes?

[bookmark: _Hlk153462442][bookmark: _Hlk153733618]As a follow on to  my  recent  article looking  at  the  The UK wide consultation on the proposed ban on the   manufacture, supply and sale of wet wipes containing plastic-October 2023 (DEFRA,2023) I thought I would  look at which plastic  free  materials are available  for  use  in  wet wiping  products.

The answer  to this  question  depends on where  you are located in the  world. 

To date  what constitutes plastic in the  context of wet wipes has been confirmed in greatest  detail within the  European Union  with the  publication of Directive (EU) 2019/904 of the European Parliament and of the Council of 5 June 2019 on the reduction of the impact of certain plastic products on the environment. The associated guidelines  document  Commission Notice 2021/C216/01. provides additional confirmation as  to what  constitutes a plastic within the  EU 27. 

“A plastic in the   context  of  the  EU 27  is defined   within Directive 2019/904 at  Article 3(1) Plastic is  defined as  1) ‘plastic’ means a material consisting of a polymer as defined in point 5 of Article 3 of Regulation (EC) No 1907/2006, to which additives or other substances may have been added, and which can function as a main structural component of final products, with the exception of natural polymers that have not been chemically modified.”
[bookmark: _Hlk152001888]
[bookmark: _Hlk153705094]Recital eleven of Directive 2019/904 further advises that “Paints, inks and adhesives should not be addressed by this Directive and therefore these polymeric materials should not be covered by the definition”. 

[bookmark: _Hlk149074002]At an EU level the definition of plastic is further elaborated in Commission Notice 2021/C216/01 – The “guidelines document” at section 2 “General themes and definitions” specifically at 2.1 (pp.5 to 8). This section defines key terms/ phrases   such as “polymer,” “can function as the main structural component of the product” and “natural polymers that have not been chemically modified.”

Specifically  at Section 2.1.3. “Natural polymers that have not been chemically modified Polymers that meet the following two conditions laid down in point (1) of Article 3 are exempt from the Directive: (i) they qualify as natural polymers and (ii) they meet the requirement of having not been chemically modified. These terms are further clarified in Recital 11: ‘Unmodified natural polymers, within the meaning of the definition of “not chemically modified substances” in point 40 of Article 3 of Regulation (EC) No 1907/2006…, should not be covered by this Directive as they occur naturally in the environment. Therefore, for the purposes of this Directive, the definition of polymer in point 5 of Article 3 of Regulation (EC) No 1907/2006 should be adapted and a separate definition should be introduced’ [Emphasis added] ‘Plastics manufactured with modified natural polymers, or plastics manufactured from bio-based, fossil, or synthetic starting substances are not naturally occurring and should therefore be addressed by this Directive. The adapted definition of plastics should therefore cover polymer-based rubber items and bio-based and biodegradable plastics regardless of whether they are derived from biomass or are intended to biodegrade over time’ [Emphasis added] (i) Natural polymers The term natural polymer is defined in the ECHA Guidance as follows: ‘Natural polymers are understood as polymers which are the result of a polymerisation process that has taken place in nature, independently of the extraction process with which they have been extracted. This means that natural polymers are not necessarily “substances which occur in nature” when assessed according to the criteria set out in Article 3(39) of the REACH Regulation.’ [Emphasis added] Point (39) of Article 3 of the REACH Regulation defines substances which occur in nature as follows: ‘Substances which occur in nature: means a naturally occurring substance as such, unprocessed or processed only by manual, mechanical or gravitational means, by dissolution in water, by flotation, by extraction with water, by steam distillation or by heating solely to remove water, or which is extracted from air by other means.’ [Emphasis added]

Another key distinction is whether the polymerisation process has taken place in nature or is the result of an industrial process involving living organisms. Based on the REACH Regulation and the related ECHA Guidance, polymers produced via an industrial fermentation process are not considered natural polymers since polymerisation has not taken place in nature. Therefore, polymers resulting from biosynthesis through man-made cultivation and fermentation processes in industrial settings, e.g., polyhydroxyalkanoates (PHA), are not considered natural polymers as not being the result of a polymerisation process that has taken place in nature. In general, if a polymer is obtained from an industrial process and the same type of polymer happens to exist in nature, the manufactured polymer does not qualify as a natural polymer

ii) Not chemically modified Recital 11 of the Directive explains that the term not chemically modified substances should be read in accordance with point (40) of Article 3 of the REACH Regulation, which states: ‘not chemically modified substance: means a substance whose chemical structure remains unchanged, even if it has undergone a chemical process or treatment, or a physical mineralogical transformation, for instance to remove impurities.’ [Emphasis added] The terms have not been chemically modified in point (1) of Article 3 of the Directive, with regard to natural polymers, are to be interpreted as follows: the decision whether a polymer has been chemically modified in its production or not should take into account only the difference between the ingoing and the resulting polymer, disregarding any modifications which might have taken place during production processes, as those are not relevant for the properties and the behaviour of the polymer used and eventually potentially released into the environment. 

This means that, for example, regenerated cellulose, e.g., in form of viscose, lyocell and cellulosic film, is not considered to be chemically modified, as the resulting polymers are not chemically modified compared to the ingoing polymer

So, at a European level I believe   the  following would qualify as plastic free  wet wipes substrates /applicator See figure1:
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Figure 1: Suggested plastic free  wet wipe substrate  materials  within the  EU27.


Woodpulp is  central  to  plastic free  nonwovens. A good  introduction to wood pulp can be  found on the web pages of  The   British Woodpulp Association see Wood pulp – British Wood Pulp Association (bwpa.org.uk) (Accessed: November,2023). Emphasis is placed upon sustainably managed  forestry . All bleached pulp is  either  ECF  or  TCF (Elemental chlorine free or Total chlorine free).

Wood Pulp is  the fastest growing major raw material for wipes (CAGR 2018-28: 9.6%) (Mango,2023).

Chemically  bonded airlaid:

As above  recital eleven of Directive 2019/904  advises that “Paints, inks and adhesives should not be addressed by this Directive and therefore these polymeric materials should not be covered by the definition”.  Thus, chemically  bonded / adhesive   bonded  airlaid  colloquially termed  latex  bonded  airlaid  is  not categorised as a plastic wet wipe substrate within the EU. Such Chemically  bonded airlands were  popular  in the early   to mid-1990’s  when  “Thick wipes”  were popular in the UK. Chemically  bonded airlaid has always  been popular  in the  USA  and it is  still used in the  UK and  Europe into “maceratable”  wet wipes  for  healthcare  purposes   such as   body wash wet wipes .

Typically, adhesive  bonded airlaid  contains  about 85 % wood pulp and 15 %  chemical binder. A schematic diagram of chemical bonding / adhesion  bonding   process  can be  found  at  Nonwovens manufacturing process (edana.org) (EDANA,2023). The adhesives  used are  generally   either  Vinyl acetate  ethylene  co-polymers, acrylate  polymers and co-polymers or  Styrene-butadiene  copolymers. There is  now a trend  for  cellulosic based  binders.

As explained  in  my  previous  article  on The UK wide consultation on the proposed ban on the   manufacture, supply and sale of wet wipes containing plastic-October 2023.   The  consultation identified   two definitions  of  plastic – one was  applicable to England and Scotland  and  the other definition was applicable in Wales.

[bookmark: _Hlk153702210]Within Wales  "Plastic" “means a material consisting of a polymer, other than an adhesive, paint, or ink, and includes a material consisting of a polymer that has other substances added to it”.(Welsh Government 2023(a)),The Environmental Protection (Single-use Plastic Products) (Wales) Act 2023. Further, the Welsh Government  provided additional guidance (Welsh Government 2023(b). 

Thus, it maybe  that  a chemically bonded/ adhesive  bonded airlaid  in Wales  might  be  considered plastic  free. As it stands this  may well also be the case  in Scotland given the  detail lodged in existing Scottish Government  guidance on the definition of plastic.

Within Scotland the Scottish legislator appears  to have extensively followed EU Directive 2019/904   and the associated  guidelines  Commission Notice 2021/C216/01  in developing  guidelines  (Scottish Government 2022). In particular  annex “C”  of the Scottish  guidance details a definition of plastic the same as that of  the European Union.

As a result  of the UK wide  consultation, it will be interesting to see if  the  Welsh , English, Scottish and Northern Irish legislators  update and ideally  harmonise their respective  legislation on  single use plastic products  . Further ,it would  be  judicious  to check to see if the devolved administrations  issue  new or  updated  guidance documentation  when  either  new or updated legislation hits  the statute  books as this is where detail  is lodged.

In the  context of single-use items in the USA, “Plastic”  typically refers  to a variety of synthetic  or semi synthetic materials  that are  derived from polymers. These  materials  are known for  their malleability and can be  moulded into a wide variety of shapes  making them ideal for  single-use products.

With respect to wet wipes  within the  USA  various  state specific  legislation has been passed  in recent  years   such as California  Assembly  bill no  818  (2021)  which at  part  9  specifically  identifies a “covered product” as  

 “Covered product” means a consumer product sold in the state or offered for sale in the state that is either of the following:
(1) A premoistened nonwoven disposable wipe marketed as a baby wipe or diapering wipe.
(2) A premoistened nonwoven disposable wipe that is both of the following:
(A) Composed entirely of or in part of petrochemical-derived fibers.
(B) Likely to be used in a bathroom and has significant potential to be flushed, including baby wipes, bathroom cleaning wipes, toilet cleaning wipes, hard surface cleaning wipes, disinfecting wipes, hand sanitizing wipes, antibacterial wipes, facial and makeup removal wipes, general purpose cleaning wipes, personal care wipes for use on the body, feminine hygiene wipes, adult incontinence wipes, adult hygiene wipes, and body cleansing wipes.

A  proposed Federal wipes Act S. 3956 (117th): WIPPES Act  (US Congress, 2022)was not  enacted into Law. That  non enacted legislation considered a  covered product  to be :

Covered product
(A)
In general
The term covered product means a premoistened, nonwoven disposable wipe sold or offered for retail sale—
(i)
that is marketed as a baby wipe or diapering wipe; or
(ii)
that is a household or personal care wipe (including wipes described in subparagraph (B)) that—
(I)
is composed entirely, or in part, of petrochemical-derived fibers; and
(II)
has significant potential to be flushed.

Thus, within the  USA  the  focus appears  to  be on “petrochemical derived fibers” and individual state  legislation.  

Regenerated  Cellulose  fibres:

Regenerated   cellulose  fibre is a type of  man-made  fibre   derived from  natural  cellulose    sources  like wood pulp. The  history of regenerated cellulose  is detailed in Woodings (2001).

The  process involves  chemically transforming cellulose, which is a natural polymer found in the cell walls  of plants, into a soluble  compound . The compound is  then extruded through a spinneret to form filaments   which are    regenerated into   cellulose and  cut to length to form fibres.

Within the  Northern hemisphere  the  largest  source  of regenerated   cellulose in the  form of  Viscose  fibre or   Lyocell fibre is  Lenzing AG  see: Lenzing – Innovative by nature - Lenzing - innovative by nature . In the  Southern Hemisphere   Sateri  see: Sateri Viscose Rayon Producer | Viscose Staple Fibre | Sustainable Fabrics   and    Birla Cellulose  see : Birla Cellulose | About Us are  significant supply  sources.

The Lenzing AG website   has a section on Technologies  and shows an interesting  video clip of   a “biorefinery” (Lenzing,2023).

The  process appears   to be :

1. Source  Material : The  primary source of cellulose   for regenerated fibres  is typically  wood pulp(Sourced  from sustainably  managed  forestry) , but it can also come  from Cotton linters  or other plant  material.
2. Purification: The Cellulose  material undergoes  purification to remove  any non-cellulosic  components.
3. Chemical transformation: The  purified cellulose is  dissolved in a chemical; solution , often involving  solvents  like carbon disulphide in the case  of  the  Viscose  process  or N-Methyl morpholine N-oxide   for the Lyocell  process. This  produces a   viscous solution called a  dope.
4. Extrusion and  regeneration: The  dope is extruded  through a spinneret, which is a device with multiple   tiny  holes to form filaments. As these filaments  emerge, they are solidified or  “regenerated” back into cellulose  by immersion in a chemical bath.
5. Washing and  finishing: The  regenerated  cellulose fibres  are  then washed  to remove  chemicals   and are subject to finishing processes including stretching and treating with softening agents 
6. Types of  fibres: The  most  common types of regenerated  cellulose fibres  are    Viscose (sometimes called rayon)  and  Lyocell.


Hydroentangled   regenerated   cellulose:

Hydroentangling  (spunlacing) has   been extensively  used  to produce  nonwoven sheets  made    from  one hundred percent  Viscose  , one hundred percent   lyocell  or blends  of  Viscose   with Lyocell  and or  Cotton.  The  spunlace  process is the   dominant process for  fabricating    the  plastic free   wiping products  representing  82.1 %  (Mango, 2023).

Within the  UK   the  move  to “plastic free”  nonwovens  for  retail wet wipe sale  has been led  by a transition from  Viscose / Polyester   spunlace  nonwoven  to   wipes fabricated  from   one  hundred percent  Viscose  to which there are lots  of  suppliers worldwide   or  more recently  to wipes  fabricated  from carded / pulp structures  (CP). 




Wood pulp composites:

Viscose/ Lyocell short  cut  fibres  with wood pulp have been consolidated  by a wetlaid process and  more recently  a hybrid Viscose or lyocell carded layer  and   pulp process  has been developed .

Wetlaid:

 A  slurry  of  fibres  and water  is deposited on a wire screen to form a web . Similar  to a paper  making  process the  web is  dewatered   on the screen and  by  high pressure  rollers  before  drying. Structural integrity is achieved   by  physical means   other  than hydrogen bonding(differentiates material as a nonwoven and NOT paper).

Flushable wet wipes in Europe/ greater Europe  are in the  majority  made  by  hydroentangled wet laid  using shortcut  fibres Viscose and or Lyocell with  wood pulp.

Carded wetlaid pulp   uses   wood pulp, Viscose and  or Lyocell and or  Cotton fibres . The  newest generation lines originating  after  the   publication of  the EU Single Use Plastics  Directive (ca) 2020.

A leader in the field  of  plastic free  nonwoven  roll goods production based  on CP and  CAC structures  has been Andritz(2023).

Carded/ Airlaid/Carded: (CAC)

In February 2021 Mondi (Now called Nitto) started  up a new Carded-airlaid-carded  line in Aschersleben in Germany  combining staple  fibre  with airlaid  pulp using hydroentanglement  for   sheet  consolidation. See. “Sustainable Nonwovens” (2021) . The  Nitto website  provides   a further  introduction to the  material and  process see: “Nitto Denko” (2023). The main advantages  are a 100 %  cellulose  nonwoven that is  binder  free composed of  three  layers  outer carded fibre  Viscose (but potentially could be   Lyocell or  cotton)  and an inner  core  of  pulp. The three-layer  structure  can assist  with  lotion management. The supplier  claims  a significantly lower CO2 footprint than other biodegradable spunlace nonwovens.

Cotton:
My experience in the  UK is  that Cotton is not  used extensively  in  wet wiping  products and historically it   not  used  in commoditised   wet wiping  products   such as  baby wet wipes. If it is used  it will be used  in a blend   with other  fibre  types .  Cotton fibres are  naturally  soft and absorbent.

However, the  production of  cotton fibre  has  raised   several environmental concerns:
1. Water usage- Cotton cultivation  is water-intensive. It requires  significant amounts  of water  for irrigation.
2. Pesticide  and  Chemicals: Cotton crops are often treated   with high levels  of  insecticide/ pesticide  which can potentially pollute soil and water.
3. Intensive  cotton farming can lead  to soil degradation.
4. Impact on biodiversity- the large-scale  monoculture  of  Cotton can reduce biodiversity.

In reality one  of the   main issues  with  limited take  up in wet wiping applications is the  relative high cost  of the  fibre.

Cotton Incorporated (2023) is  a  USA  based not  for  profit  organisation that  promotes  cotton. Cotton Today (2023)   is  a daughter web site  that  is  a repository  of information relating  to  the sustainability  of  cotton and addresses  frequently asked  questions.

Bast  fibres:

This is  regenerative   annual cropping   of   plants  such as  Hemp. It has been called “forest  friendly”   because  it  does  not  necessitate  the  cutting  down of trees .The  fibre has found application in cleaning wipes, hygiene applications , personal care  including cosmetic wet wipes and baby wet wipes. A leading manufacturer of  Bast fibre  is  Bast Fibre Tech (2023) under the  fibre  brand name SeroTM Hemp fibres . Bast Fibre Tech  produces fibre  in two facilities Lumberton in North Carolina  USA and  Near Düsseldorf Germany  (North Rhine Westphalia), By 2026 production is expected to be of the order of 50,000 metric tons per annum.

Crepe  paper:

The predominant  form of  bonding in paper  making  that  holds  refined  cellulose  fibres  together  is   hydrogen bonding . Thus, when paper  is  rewetted  after  manufacture  it  tends  to lose all of  its  strength . Crepe  paper  is  used into a limited number of wet  wiping applications  e.g., pre-injection swabs. Crepe  paper  is  absorbent however  it is  not  designed to maintain its integrity  once  wet.

Conclusion:

What constitutes a plastic  with respect to single use plastic products  really  depends on where   such products are marketed. The  greatest consideration to date  of  the definition of plastic has  been provided  by  the  European union and  the origination of  the  “Single  use plastics  directive”  and associated guidelines document. 

Within the USA  the  focus of  consideration has to date been given to the issues relating  to non-flushable  wet wipes being inappropriately disposed  of  down the  toilet whereby  one of  the  criteria  for a “covered product”  is  the presence of  petrochemical derived fibers .

The  “UK  consultation on the proposed ban on the   manufacture, supply and sale of wet wipes containing plastic-October 2023”(DEFRA,2023) highlights  two  similar  yet distinct definitions for plastic  one for Wales  and another applicable in both England and Scotland. The  UK consultation raised  questions about whether  Viscose and  Lyocell should be  considered  as being “plastic  free” – a  subject  that had  been resolved in Europe  with the  issuing  of  Commission Notice 2021/C216/01.

I have  given some examples of  materials  that are  considered as plastic  free  within the  European Union for use  into wet wiping  products.
It is  to be  hoped that   after  careful consideration of the  consultation responses that  the  devolved administrations within the  UK - DEFRA, the Welsh Senedd and  the  Scottish  Government  and the  Department of Agriculture, Environment and Rural Affairs for Northern Ireland reach  a  consensus  with respect  to the  definition of  plastic in relation to single use wet wiping  products . It  is  further  hoped  that   the  devolved administrations will  collectively   construct a harmonised procedure that allows for “ innovative future materials”   to be assessed  for  potential exemption  from any list of banned materials   once independent evidence has  been  presented of their  complete  biodegradability  in receiving  environments  and of  their potential (lack of) impact.

My  next  article  will look at some  of  these  potential  next  generation materials.
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