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Continence Health Australia 

Absorbent Hygiene Products (AHPs) are essential healthcare and hygiene products, used daily by 
billions of people worldwide. AHPs include infant nappies, menstrual products, and products 
designed to manage urinary and faecal incontinence (Subhankar Maity et al., 2023). These 
products play a critical role in maintaining health, dignity, independence, and participation in 
education, employment, and social life (Bartels & Manchester, 2011). As a result, 30 million 
tonnes of AHPs end up in the world’s landfills or incinerators annually, according to data from the 
nappy and absorbent hygienic product industries (European Commission, 2017). For individuals 
living with incontinence, AHPs are often indispensable, enabling daily activities that would 
otherwise be difficult or impossible. As populations age and demand for continence care increases, 
ensuring that these products can be provided sustainably is becoming an increasingly important 
challenge (Hristova, 2025).  
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Compared with infant nappies and menstrual products, adult incontinence products occupy a 
unique position within the AHP sector. While infant nappies are typically used for a relatively 
predictable period of approximately two to three years (O'Brien et al., 2009), incontinence may 
affect individuals across the lifespan and often requires long-term management (Continence 
Foundation of Australia, 2021). Product requirements vary considerably depending on an 
individual’s age, sex, mobility, and symptom severity, resulting in a wide diversity of product 
types, absorbencies, and designs. Adult incontinence can often be managed or treated (Johns 
Hopkins Medicine, 2026; Vaughan et al., 2011), meaning that product demand is dependent on 
healthcare access and treatment uptake.  

The prevalence of incontinence is substantial and is expected to grow as populations age. In 
Australia, 1 in 3 people experience some degree of urinary or faecal incontinence, with the majority 
of those affected being under the age of 65 (Continence Health Australia, 2026). Despite its 
prevalence, incontinence remains highly stigmatised, contributing to low rates of people seeking 
healthcare and treatment intervention (Garcia et al., 2005). This stigma extends beyond healthcare 
and into research, where adult incontinence products have received considerably less 
environmental assessment than infant nappies. 

Existing life-cycle assessments of infant products have identified substantial environmental 
impacts associated with raw material extraction, manufacturing, transport, and disposal 
(Environment Agency, 2005; Iskandar Shah et al., 2025; Kakonke et al., 2019) However, adult 
incontinence products differ substantially in their design, composition, patterns of use, and 
duration of consumption. There have been limited studies assessing the sustainability of adult 
incontinence products (Bou Kheir et al., 2025; Gu et al., 2023; Willskytt & Tillman, 2019) and 
only one investigating the Australian context (Thompson Brewster et al., 2022). As a result, many 
questions remain regarding the environmental impacts of adult continence care and the most 
effective strategies for reducing them.  

The Australian context presents additional challenges. Most of the raw materials used in AHP 
production are manufactured overseas, while almost all used incontinence products are disposed 
of through landfill. Consequently, the environmental burden associated with these products is 
distributed across international supply chains and domestic waste systems. Understanding where 
the greatest environmental impacts occur, and which interventions are most likely to reduce them, 
is essential for developing effective regulatory responses. 

In a 2023 paper, (Vaittinen et al., 2023), the need for each society around the world to 
define sustainability in the context of continence and to work with the existing systems to transition 
to a more sustainable alternative was emphasised. 

This review addresses four questions:  

1. What environmental challenges associated with adult incontinence AHPs require the most 
urgent attention?  



1. How might environmental objectives interact with user health, dignity, and quality of life?  
1. What opportunities exist for alternative materials, manufacturing processes, and disposal 

systems?  
1. Which knowledge gaps should be prioritised for future research?  

  
The aim of the review is to provide a foundation for future research, policy development, and 
industry innovation in sustainable continence care. 

 
Previous research on infant products  
The fundamental material composition of AHPs has remained largely unchanged, as can be seen 
in Figure 1. Research conducted on infant nappies provides a useful starting point for 
understanding the environmental impacts associated with adult continence care.  

Absorbent hygiene products contain a core of superabsorbent polymer (SAP) and fluff pulp, 
designed to retain bodily fluids away from the skin (Jassal & Textile Institute, 2011). 
Superabsorbent polymers are capable of absorbing large quantities of liquid (Denagbe et al., 2025). 
Additional components commonly include polyethylene film, nonwoven polypropylene, adhesives, 
and elastic materials (Arquillos et al., 2007).  

The most common superabsorbent polymer (SAP) used in absorbent hygiene products (AHPs) is 
sodium polyacrylate, while polypropylene nonwoven materials is commonly used as a top sheet 
(Holdway & Dowling, 2023). As seen in Figure 1, infant nappies were estimated to consist of 
approximately 36–38% fluff wood pulp, 30–45% sodium polyacrylate SAP, 16–23% 
polypropylene nonwovens, and around 6% polyethylene (Cordella et al., 2015; Mendoza et al., 
2019). However, more recent analysis of products available in the United Kingdom reported a 
somewhat different composition, comprising approximately 26% fluff pulp, 39% SAP, 22% 
polypropylene, and 3% polyethylene (Holdway & Dowling, 2023). Polyethylene is used in the 
backsheet to prevent leakage. Polypropylene nonwovens form the top sheet and other surface-
contact layers, providing comfort while allowing liquid to pass rapidly into the absorbent core.  

SAPs are of particular concern due to the energy-intensive nature of their production, their 
persistence in the environment, and their potential contribution to microplastic pollution 
(Arumugam et al., 2024). The most used SAP, sodium polyacrylate (Gosden et al., 2023), is 
typically manufactured through gel polymerisation and derived from fossil-fuel feedstocks. 
Although bio-based alternatives derived from starch or cellulose have been developed, these 
materials currently remain more expensive and less commercially available than conventional 
SAPs (Arunraj et al., 2024). The ecological footprint of bio-based SAPs can be greater than 
synthetic-based options. With further research and development, bio-based could potentially offer 
a more environmentally neutral material (V. S. et al., 2025).  



As demonstrated in Figure 2, life-cycle assessments of infant absorbent hygiene products 
consistently identify raw material extraction and manufacturing as the stages responsible for the 
largest share of environmental impacts. Substantial energy inputs and abiotic resource 
consumption are required to produce fluff pulp, superabsorbent polymers, plastics, and other 
product components. While disposal receives considerable public attention, evidence suggests that 
most of the environmental damage occurs before products are ever used.  

Fluff pulp contributes disproportionately to overall environmental impacts, as seen in figure 3. The 
environmental burden associated with fluff pulp arises from forestry operations, energy use during 
processing, transportation requirements, and end-of-life management.  

The environmental impacts of absorbent hygiene products extend beyond ecological concerns with 
large potential impacts on human health. Life-cycle assessment studies indicate that emissions 
generated during the production and disposal of infant products contribute to ozone formation, 
carcinogenic toxicity, and non-carcinogenic toxicity, as seen in Table 1.  

These metrics represent substantial potential impacts. The health-based limit for DCB in drinking 
water is 0.04 mg (0.00004g) (Australian Drinking Water Guidelines, 2026). Therefore, the 
estimated carcinogenic toxicity equivalent of 17.38 kg 1,4-dichlorobenzene (1,4-DCB) is 
sufficient to bring approximately 434.5 million litres of water to Australia's drinking-water 
threshold value. Similarly, the non-carcinogenic toxicity equivalent would be sufficient to bring 
approximately 11.7 billion litres of water to the maximum recommended concentration. 
Additionally, despite being a minor contribution in Australia’s overall NOx equivalent emissions 
(Dunse et al., 2025), the estimated NOx emissions have the potential to impact local air quality at 
site of production.  

In addition to impacts on human health, life-cycle assessment studies suggest that infant absorbent 
hygiene products contribute to a wide range of environmental pressures, including climate change, 
air pollution, eutrophication, acidification, and ecotoxicity, as presented in Table 2.  

The magnitude of these impacts is dependent on local environmental conditions and ecosystem 
sensitivity. The global warming potential associated with the nappies used during a child's first 2.5 
years of life is approximately equivalent to driving a standard passenger vehicle from Adelaide to 
Darwin, based on emissions data from the National Transport Commission (2022). Similarly, 
emissions associated with freshwater and marine eutrophication have the potential to critically 
affect millions of litres of aquatic ecosystems. Phosphorus at 20 µg/L is sufficient to trigger 
eutrophication (Yang et al., 2008). The 220 grams phosphorus-equivalent freshwater 
eutrophication potential is enough to trigger eutrophication of 11 million litres, and the 60 grams 
of phosphorus equivalent marine eutrophication potential is enough to trigger eutrophication in 3 
million litres of seawater. Enough PM2.5 is produced by one infant's nappies to bring 88,000,000 
m^3 (0.088 km^3) of air to the safe threshold level recommended by the World Health 
Organisation (World Health Organisation, 2021). 



Considerations for adult products  
Adult incontinence products differ from infant products in several important ways, including 
product design, duration of use, user requirements, and material composition. 

Absorbent hygiene products designed for adult incontinence can generally be grouped into pads, 
disposable underwear (pants), and all-in-one products (Subhankar Maity et al., 2023). Disposable 
underwear is estimated to account for approximately half of the global market for disposable 
incontinence products, while disposable pads account for roughly one-quarter (Market Data 
Forecast, 2024). All-in-one products account for approximately 20% of the market (Subhankar 
Maity et al., 2023).  

Within these broad categories, considerable variation exists in shape, absorbency, fit, fastening 
systems, and intended use. Pads may be rectangular or winged (Cottenden, 1988). There is a 
substantial variation in product dimensions and user preferences across different age groups (Cha, 
2023). The precise composition of many commercially available products is not publicly disclosed, 
and detailed information regarding polymer types, additive chemicals, material proportions, and 
manufacturing processes is often unavailable. This limits the ability of researchers, policymakers, 
and consumers to compare products based on environmental performance.  

Infant nappies are generally used for a relatively predictable period of approximately two to three 
years and are broadly similar in function across users. In contrast, adult incontinence products are 
used by individuals with widely varying ages, mobility levels, anatomical requirements, and 
symptom severity. Adult incontinence may persist throughout adulthood and old age. 
Consequently, cumulative resource consumption and waste generation can be substantially greater 
over an individual's lifetime.  

Adult products are frequently larger than infant nappies and may therefore require greater 
quantities of absorbent materials, plastics, adhesives, and packaging. However, adult continence 
care also includes a broader range of product types, including pads and liners that may contain 
significantly fewer materials than traditional all-in-one products.  

Findings from one study comparing different AHP product types suggested that with consistent 
product materials and components, the environmental impact can be accurately estimated based 
on product weight and size.  (Muthu et al., 2013) 

As seen in Table 3, the effect of increasing the proportion of bio-based or biodegradable materials 
is highly dependent on the environmental assessment framework used.  

By focusing on product selection and correct product sizing, meaningful reductions in 
environmental burden could be made (Willskytt & Tillman, 2019). 

Similarly, a 2013 life-cycle assessment of a bio-based disposable nappy concluded that 
environmental benefits were most strongly influenced by the choice of biopolymer, local sourcing 
of materials, and the availability of composting infrastructure (Mirabella et al., 2013). However, 



reducing product size where clinically appropriate, and therefore reducing material requirements 
for the product, produces larger environmental benefits than increasing the proportion of bio-based 
materials alone (Willskytt & Tillman, 2019). 

Material substitution alone is unlikely to provide a complete solution, and environmental outcomes 
depend on the broader production and waste-management systems within which products operate.  

The Australian impact  
While Australians consume large volumes of absorbent hygiene products, the majority of the raw 
materials required for their manufacture are produced overseas. This means that many of the 
environmental impacts associated with continence products used in Australia occur beyond 
Australian borders, while the resulting waste is managed domestically.  

Most environmental impacts associated with AHPs occur during the extraction and manufacture 
of these materials. Understanding where these materials are produced is critical to understanding 
where environmental impacts occur.  

The global production of fluff pulp is highly concentrated geographically, with approximately 92% 
of production occurring in North and South America (Smithers, 2016). Australia also produces 
only 0.4% of the world's crude oil (Geoscience Australia, 2025), limiting domestic access to a key 
feedstock required for the manufacture of plastics and superabsorbent polymers. Furthermore, 
Australia currently has no domestic manufacturers of superabsorbent polymer or polyethylene 
(Australian Strategic Policy Institute, 2024) and only one manufacturer of polypropylene (Viva 
Energy, 2023).  

As a result, the environmental impacts associated with producing the core materials used in adult 
incontinence products largely occur outside Australia. Greenhouse gas emissions, energy 
consumption, water use, land-use change, and chemical emissions associated with manufacturing 
are therefore predominantly generated within overseas jurisdictions rather than within Australia 
itself.  

This pattern is also reflected in the Australian continence product market. Independence Australia, 
one of Australia's largest online retailers of incontinence products, offers more than 400 distinct 
pads, pants, liners, and all-in-one products sourced from a diverse range of manufacturers 
(Independence Australia, 2025). The manufacturers listed in Table 4 include both Australian and 
international companies, reflecting the highly globalised nature of the sector.  

Of the manufacturers identified, nine are Australian and eight are international. However, even 
products assembled or marketed by Australian companies frequently rely on imported raw 
materials. Consequently, the environmental burden associated with manufacturing remains 
predominantly international regardless of where final product assembly occurs. Some Australian 
manufacturers, such as Cottons, Ontex, and NightNDay, have Australian-based production (Night 
N Day Group, 2025; Ontex, 2025).  



This finding has important implications for sustainability policy. Many of the environmental 
impacts associated with products used in Australia occur outside Australian regulatory systems 
and are therefore difficult for governments, healthcare providers, and consumers to directly 
influence. While Australia bears responsibility for consumption, it has comparatively limited 
control over the environmental performance of the supply chain.  

From a global perspective, reducing the environmental footprint of continence products requires 
improvements in material production, manufacturing efficiency, and supply-chain sustainability. 
However, these impacts largely occur overseas. In contrast, the environmental impacts associated 
with disposal occur within Australia and directly affect Australian ecosystems, communities, and 
waste-management infrastructure. Disposal represents the most practical point of intervention 
available to Australian policymakers. 

Several environmental issues are particularly relevant to Australia. Greenhouse gas emissions 
generated through landfill methane production contribute to national climate-change targets and 
emissions inventories. Leachate generated from landfill sites poses risks to groundwater resources, 
particularly in regions dependent on local aquifers. Long-term accumulation of plastics and 
synthetic polymers within landfill systems also presents an unresolved intergenerational waste-
management challenge, as many product components are likely to persist for centuries.  

Australia's relatively low population density and extensive land availability mean that landfill 
capacity is currently less constrained than in many European and Asian countries. The 
environmental impact of waste disposed of in landfill is completely dependent on the regualtion 
and uptake of the landfill itself. 

The sustainability challenge associated with adult incontinence products in Australia is a 
disconnect between where environmental impacts occur and where policy intervention is most 
feasible. Manufacturing contributes most of the environmental burden but occurs largely overseas, 
while disposal contributes a smaller proportion of total impact but occurs within Australian 
jurisdictions where governments and industry possess greater capacity to act.  

Considerations for Disposal  
Although life-cycle assessment studies consistently identify manufacturing as the dominant 
contributor to the environmental impact of absorbent hygiene products, disposal remains an 
important consideration.  

Bio-based materials such as fluff pulp are often perceived as environmentally superior to plastic 
components; however, under the anaerobic conditions typical of landfill environments, these 
materials decompose slowly and anaerobically, producing methane (Environment Victoria; 2017 
Ximenes et al., 2008).  

Methane is a potent greenhouse gas and a significant contributor to climate change. Organic waste 
currently disposed of in Australian landfills is estimated to account for approximately 2.5% of 



Australia's total greenhouse gas emissions, equivalent to roughly 13 million tonnes of carbon 
dioxide annually (Department of Climate Change, Energy, the Environment and Water, 2022). 

The plastic components of AHPs presents a different challenge. Polyethylene, polypropylene, and 
synthetic superabsorbent polymers may persist within landfill systems for between 150 and 500 
years depending on local conditions, however in a well-managed landfill this is unlikely to impact 
the surrounding ecosystems. Unlike biodegradable materials, these components do not contribute 
substantially to methane generation but instead create a long-term accumulation of persistent waste.  

An additional consideration is the human waste contained within used products. Urine and faeces 
introduce biological contaminants that distinguish AHP waste from many other consumer products. 
As biodegradable components break down and precipitation infiltrates landfill cells, there is 
potential for contaminants to enter leachate streams and ultimately affect groundwater quality. 
Consequently, the disposal of AHPs raises both environmental and public health considerations.  

Nearly all used incontinence AHP waste in Australia is disposed of as municipal solid waste in 
landfill. The composition of this waste is estimated to be approximately 60% urine and faeces, 
20% non-biodegradable materials, and 20% biodegradable materials, as seen in Figure 4 
(Thompson Brewster et al., 2022). While organic recycling, material recovery, and mechanical-
biological treatment facilities exist within the Australian waste system, including composting and 
pyrolysis facilities (Blue Environment Pty Ltd, 2022), but AHP waste is not currently included in 
any of these operations and is instead directed to landfill (Thompson Brewster et al., 2022).  

As of 2013, the most recent year for which a national audit was conducted, there were 279 
registered landfills across Australia, with 75% of the country's waste sent to 38 large sites, 20% to 
78 medium sites, and the remaining 5% distributed across 163 smaller facilities (Pickin, 2013). On 
average, approximately half of AHP waste ends up in landfills equipped with leachate and biogas 
collection systems, as illustrated in Figure 5. Since 2013, numerous projects have upgraded 
landfills across Australia (NSW EPA, 2021).  The absence of more recent national data makes it 
difficult to assess the current state of infrastructure. 

The actual impact of landfill disposal is entirely dependent on the management of the landfill itself. 
As seen in Figure 6, while many landfills manage the production of methane effectively, 
preventing release into the environment, many landfills remain unsealed.   Additionally, leachate, 
toxic runoff produced when precipitation passes through landfill contents, can contaminate nearby 
groundwater sources, degrade soil quality, and harm aquatic ecosystems (Gunarathne et al., 2024). 
While all tap water in Australia undergoes filtration and treatment before consumption, protecting 
source water from contamination remains essential. The presence of human waste in landfills, 
particularly those lacking a cell lining, poses an elevated risk of pathogen contamination that 
treatment processes may not fully mitigate.  

In response to the limitations of landfill disposal, a wide range of alternative waste-management 
pathways for AHPs have been explored internationally. These include composting, anaerobic 



digestion, pyrolysis, gasification, material recovery and recycling, production of refuse-derived 
fuel, dark fermentation, co-digestion with sludge or algae, mushroom cultivation, and use as a soil 
amendment.  

Composting represents one of the most mature alternatives to landfill. Since 2002, the City of 
Toronto's Green Bin program has accepted AHP waste through the municipal organic-waste 
stream (City of Toronto, 2017). Plastic materials are mechanically removed, while biodegradable 
components are processed through anaerobic digestion systems that produce both compost and 
biogas (City of Toronto, 2017). The biogas is upgraded into Renewable Natural Gas and injected 
into the energy grid, while the compost is marketed for commercial use. Toronto estimates that 
AHPs account for approximately 6–7% of all material diverted from landfill through the program 
(Hasham, 2025).  

The Nappy Loop pilot (CSIRO, 2022; Paterson, 2023) generated compost and biogas through 
anaerobic digestion (Li, 2022). Five months after commencement, approximately two tonnes of 
waste had been processed, and the resulting compost was reported to be free of detectable plastic 
contamination (ABC, 2022). Toxicity testing also found no elevation of trace elements beyond 
ecological or human-health thresholds (Kumar et al., 2023). The project did not progress. 

In Australia, Relivit proposed a large-scale recycling facility for absorbent hygiene products but 
never progressed to commercial operation (Australian Ageing Agenda, 2012; Arlington, 2013). 
Project Divert, conducted by Essity in regional Victoria between 2018 and 2023, utilised pyrolysis 
technology to convert incontinence products into biochar, but only diverted 16 tonnes of waste 
(Egan, 2023; Med-X, 2023). With the disposal costs of sending incontinence waste to landfill 
estimated at $5.6 million annually across Australia in 2023 (Australian Circular Economy Hub, 
2023), there was potential to decrease costs for aged care facilities through Project Divert. 
However, the project did not continue beyond the pilot phase.  

DiaperRecycle, a Melbourne-based company operating since 2019 recycle, converts used nappy 
products into cat litter. By 2025, the company reportedly serviced approximately 500 households 
and processed around 1,500 kg of waste each week. The company claims its process produces 
80.6% fewer greenhouse gas emissions than landfill disposal and generates a commercially 
competitive product (DiaperRecycle, 2021).  

Super Faiths Inc. in Japan converts used products into pellet fuel for biomass boilers (Super Faiths 
Inc., 2026), while PHS Life Cycle in the United Kingdom processes more than 55,000 tonnes of 
hygiene waste annually into refuse-derived fuel used for electricity generation (PHS Group, 2023). 
However, approximately half of refuse-derived fuel generated from AHP waste consists of plastics 
(Scherer, 2025), and combustion releases greenhouse gases and air pollutants (Abd Halim et al., 
2025). Consequently, waste-to-energy solutions may substitute one environmental burden for 
another.  



Knowaste International developed technology capable of separating AHP waste into cellulose fibre 
and plastic pellets (Knowaste, 2026), but commercial operations ultimately ceased. More recently, 
the Embraced project in Italy established a facility capable of processing 10,000 tonnes of AHP 
waste annually and recovering cellulose, plastics, and superabsorbent polymers for reuse (Angelini 
Industries, 2020; Circular Bio-Based Europe, 2023). For every 100 kg of waste produced, 15kg of 
cellulose, 7.5 kg of plastic, and 7.5kg of superabsorbent polymer can be recovered (Embraced 
Project, 2020). The process relies on the separate collection of AHP waste from all other municipal 
waste in specialised bins strategically placed in public spaces. Following collection, the waste 
undergoes an autoclave treatment process, during which it is sanitised, separated into components, 
and dried (Interreg Europe, 2020).  

The only example of true circularity is Unicharm's RefF product line in Japan, which incorporates 
recovered fluff pulp from used nappies into newly manufactured absorbent products. 

More novel approaches have included using AHP waste as a substrate for cultivation of the oyster 
mushroom Pleurotus ostreatus, reducing waste volume by approximately 90% while producing 
pathogen-free biomass (Espinosa-Valdemar et al., 2011). Additionally, a Wales-based project 
incorporated recovered fibers into asphalt production (Nappicycle, 2026; Webb, 2022). Research 
suggests that inclusion of these fibres does not compromise road quality (Guo et al., 2023). Most 
recently, a collaboration between Essity, BASF, and the Technical University of Vienna (Chem 
Analyst, 2025) demonstrated that gasification of AHP waste above 800°C could generate purified 
carbon monoxide and hydrogen suitable for use as chemical feedstocks (Essity, 2026; McIntyre & 
Nonwovens Industry, 2025). 

Discussion  
The environmental sustainability of absorbent hygiene products used for adult incontinence is 
inseparable from broader debates about the sustainability of materials manufacturing globally, 
international environmental industry standards, Australian-based industry and manufacturing, the 
environmental neutrality of landfills, whether plastic and fibre recycling feasibility, and 
management of hazardous biological waste. 

The most pressing environmental concern is not waste disposal, but manufacturing. The primary 
inputs for AHP manufacturing are produced overseas under regulatory frameworks and ecological 
conditions that Australia has limited capacity to influence. This means that most of the 
environmental damage associated with incontinence products used in Australia, including 
greenhouse gas emissions, toxic chemical outputs, water use, and land degradation, occurs 
overseas. The environmental impact is therefore not counted as Australian and neither government 
nor industry is currently incentivized to address it. 

Within Australia, waste disposal is the more tractable policy lever. Nearly all used incontinence 
AHP waste is currently sent to landfill as municipal solid waste. This leads to anaerobic 
decomposition of bio-based components, generating methane and contributing to Australia's 



greenhouse gas emissions, while leachate from landfills containing human waste poses a risk to 
groundwater quality and nearby aquatic and terrestrial ecosystems. That approximately half of 
Australia's landfills lack adequate leachate or biogas collection systems further amplifies this risk. 
These products take between 150 and 500 years to decompose, and the ecological consequences 
of continued landfilling, methane emissions, leachate contamination, and the long-term 
accumulation of non-biodegradable materials, are significant even if they do not immediately 
threaten the operational continuity of Australian continence care. 

Internationally, a variety of alternative disposal methods have been trialed, including composting, 
anaerobic digestion, pyrolysis, gasification, and direct material recovery. The City of Toronto's 
Green Bin program, which has included AHP waste since 2002, shows that large-scale diversion 
from landfill is operationally feasible, yielding both clean compost and renewable natural gas. The 
Nappy Loop pilot conducted by Kimberly-Clark in partnership with CSIRO demonstrated that 
composting of AHP waste is achievable in an Australian context, producing high-quality compost 
with no plastic contamination. More recently, a collaborative gasification project involving Essity, 
BASF, and the Technical University of Vienna has shown that processing AHP waste above 800°C 
can yield purified carbon monoxide and hydrogen gas that match the quality of virgin chemical 
feedstocks.  

Recycling is not automatically a more sustainable option than virgin material production; it 
requires energy, purpose-built infrastructure, separate waste collection, and sterilization processes 
to manage the significant human waste component of AHP products. Many initiatives that have 
been trialled globally have not proven economically sustainable over the long term, have not scaled 
beyond pilot conditions, or have made environmental claims that do not account for the full energy 
and resource costs of their operations. 

Where recycling does offer clear potential is in reducing the upstream environmental burden of 
raw materials production, which accounts for the majority of AHP environmental impact across 
nearly all measured categories. Recovering superabsorbent polymer, fluff pulp, or plastics from 
used products for reuse in manufacturing, whether of new AHPs or other products, directly reduces 
demand for virgin materials and the emissions associated with their production. While it is 
economically inefficient to conduct horizontal recycling, that is, converting the raw materials of 
AHPs back into AHPs; recycled materials can be reused in other products that require SAP, fibre 
or plastics. for each technology and in each operational context, it must be investigated whether 
the benefit of recycling outweighs the energy and resource costs of the recovery process. 

A further consideration is the relationship between product design and environmental impact. Life 
cycle assessment data suggests that shifting from all-in-one products to pad-based products where 
clinically appropriate could reduce environmental impact by between 17% and 50%, depending 
on the assessment framework used. Ensuring that individuals use products appropriately sized to 
their continence needs, rather than larger or more absorbent products than required, can reduce 
material use and waste volume. Many Australians living with incontinence do not seek healthcare 



services, which means that most individuals are making product choices without clinical guidance. 
Addressing this barrier requires investment in public health communication and healthcare access, 
not simply changes to product design or disposal systems. Furthermore, while reducing 
unnecessary product use is a valuable intervention, these products remain essential. With 
Australia's population both ageing and growing, the prevalence of incontinence and the total 
volume of AHP waste will continue to increase regardless of efficiency gains at the individual 
level.  

The sustainability of bio-based and biodegradable materials is highly dependent on the context of 
local waste-disposal systems, rather than being a fixed value. The environmental impact of bio-
based materials is highly dependent on the production systems used, the land and water inputs 
required, and the disposal pathway available. Bio-based SAPs have demonstrated a higher 
ecological footprint than their synthetic equivalents in some studies. A bio-based product that ends 
up in an anaerobic landfill will generate methane while decomposing; its benefit over a 
conventional product is only realized if an appropriate disposal pathway, such as composting, is 
available and used. This means that decisions about material composition and decisions about 
disposal infrastructure are not independent and must be developed in concert. Additionally, there 
is also a significant gap in knowledge about the specific chemicals used in adult incontinence 
products, their environmental fate, and their potential to contaminate soils, groundwater, and 
aquatic ecosystems through leachate or manufacturing effluent. Until this information about 
specific brands and products is available, it is not possible to make well-informed 
recommendations about which products or materials are most sustainable. Additionally, 
understanding all chemical components is crucial to assess the feasibility of alternative disposal 
methods. When decisions are made about landfill standards, chemical regulations, recycling 
programs, or supply chain sustainability requirements, the waste challenge of AHPs must be 
independently addressed. AHPs do not fit neatly into the existing categories used to manage either 
green waste, recyclable materials, or hazardous substances, and these products require specialized 
management.  

AHPs enable people living with incontinence to maintain dignity, participate in work and social 
life, and manage their health. The next to providing sustainable continence care in Australia is 
conducting the research to understand the composition and environmental impact of a range of 
AHPs.  
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Figure 1: Overall Material Composition of an Average Infant Nappy in 2015, 2019 and 2023 

  

Note: data extracted from Cordella et al (2015), Mendoza et al, 2019) and Holdway & Dowling, 
2023) 
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Table 1 is taken from Holdway & Dowling 2023 
 
Either new Figure 1 with 2023 only or Table 1 as above? 
 
 
Figure 2: Environmental impact of life cycle stages of the average infant nappy on the European 

market in 2011 



 

(New) Figure 1 Disposable nappy carbon footprint (kgCO2e-) 

 

Figure 1 is taken from Holdway & Dowling 2023 
 

 



Figure 3: Environmental Impact of Nappy Materials Based on the Average Infant Nappy on the 

European Market in 2011 

 

Note. Data extracted from (Cordella et al, 2015)  

 
ADP, abiotic depletion potential 
AP, acidification potential 
EP, eutrophication potential 
GWP, global warming potential 
POP, photochemical oxidation potential 
CEDT, cumulative energy demand for the total amount of energy resources 
CEDR, cumulative energy demand for renewable energy resources 
CEDNR, cumulative energy demand for non-renewable energy resources 
 
Table 1 Human health impacts of materials, production and disposal of AHPs 

Metric Total impact Materials and 

production 

Disposal 

Ozone formation, 

human health  

840g eq NOx  88% 7%  



Human 

carcinogenic 

toxicity  

17.38 kg 1,4-DCB  52%  42%  

Non-carcinogenic 

toxicity  

469.62 kg 1,4-DCB  97%  1% 

 
Table 2 Environmental impacts of materials, production and disposal of AHPs 

Metric Impact Materials and production Disposal 

Global warming 

potential  

456.91 kg CO2  69%  25%  

Stratospheric 

ozone depletion  

2.29E-04 kg CFC11  100%  -1%  

Fine particulate 

matter formation  

0.44 kg PM2.5 eq   76%  16%  

Ozone formation  870 kg NOx eq  88%  7%  

Terrestrial 

acidification  

1.00 kg SO2 eq  75%  22%  

Freshwater 

eutrophication  

0.22 kg P eq  25%  73%  

Marine 

eutrophication  

0.06 kg N eq  66%  16%  

Terrestrial 

ecotoxicity  

1879.16 kg 1,4-DCB   40%  54%  

Freshwater 

ecotoxicity  

23.91 kg 1,4-DCB   40%  54%  

Marine ecotoxicity  32.84 kg 1,4-DCB   79%  13% 

Note: This data was sourced from the 2023 report by Holdway & Dowling, “Life Cycle Assessment of 

Disposable and Reusable Nappies in the UK 2023”  

(New) Table 2 Human and environmental impacts of materials, production and disposal of 
AHPs 

Impacts on 

human health 

Measure 

of total 

impact 

Life Cycle Stages 

- Materials / 

Production 

- Disposal 

- Other  

Normalisation  

Standard annual 

reference (per 

person/year) 

Relative severity / 

equivalence 



Ozone 

formation 

840g  

eq NOx  

88%  

7% 

5% 

~35 to 40  

kg \(NO_{x}\) eq 

~1 week of an 

average person's total 

annual smog impact. 

Human 

carcinogenic 

toxicity  

17.38 

kg 1,4-

DCB  

52%  

42%  

6% 

~40 to 50 kg 1,4-DCB 

eq  

~4 months of an 

average person's total 

annual cancer-risk 

footprint. 

Non-

carcinogenic 

toxicity  

469.62 

kg 1,4-

DCB  

97%  

1% 

2% 

~250 to 300 kg 1,4-

DCB eq / person 

~1.5 to 1.8 years of 

an average person's 

annual systemic 

health footprint. 

Impacts on 

environmental 

health 

Measure 

of total 

impact 

Life Cycle Stages 

- Materials / 

Production 

- Disposal 

- Other  

Normalisation  

Standard annual 

reference (per 

person/year) 

Relative severity / 

equivalence 

Global 

warming 

potential  

456.91 

kg CO2  

69%  

25%  

6% 

~7,000 to 8,500 kg 

\(CO {2}\) eq 

~3 weeks of an 

average person's 

footprint 

Stratospheric 

ozone 

depletion  

2.29E-04 

kg CFC11  

100%  

-1%  

1% 

0.0523 kg CFC-11 eq 

(52.3grams) 

~1.6 Days of an 

average person's total 

annual footprint. 

Fine particulate 

matter 

formation  

0.44 kg 

PM2.5 eq   

76%  

16%  

8% 

~3.80 kg 

\(\text{PM}_{2.5}\) 

eq 

~6 Weeks of an 

average person's total 

annual footprint. 

Ozone 

formation  

870 

Kg NOx 

eq  

88%  

7%  

5% 

~35 to 40 kg 

\(NO_{x}\) eq 

~22 to 25 Years of an 

average person's 

footprint. 

Terrestrial 

acidification  

1.00 kg 

SO2 eq  

75%  

22%  

3% 

~150 to 250 kg 1,4-

DCB 

~8 to 12 Years of an 

average person's 

footprint. 



Freshwater 

eutrophication  

0.22 

kg P eq  

25%  

73%  

2% 

~0.5 to 1.5 kg P eq ~2 months of an 

average person's 

footprint. 

Marine 

eutrophication  

0.06 

kg N eq  

66%  

16%  

18% 

~50 to 70 kg 1,4-DCB ~6 months of an 

average person's 

footprint. 

Terrestrial 

ecotoxicity  

1879.16 

kg 1,4-

DCB   

40%  

54%  

6% 

~150 to 250 kg 1,4-

DCB 

 ~8 to 12 Years of 

an average person's 

footprint. 

Freshwater 

ecotoxicity  

23.91 kg 

1,4-DCB   

40%  

54%  

6% 

~40 to 60 kg 1,4-DCB ~5 months of an 

average person's 

footprint. 

Marine 

ecotoxicity  

32.84 kg 

1,4-DCB   

79%  

13% 

8% 

~50 to 70 kg 1,4-DCB ~6 months of an 

average person's 

footprint. 

 
References: 

LCA Data sourced from the 2023 report by Holdway & Dowling, “Life Cycle Assessment of Disposable 

and Reusable Nappies in the UK 2023”  

Normalisation data derived from Andreasi Bassi, S., Biganzoli, F., Ferrara, N., Amadei, A., 

Valente, A. et al., Updated characterisation and normalisation factors for the environmental 

footprint 3.1 method, Publications Office of the European Union, 2023, 

https://data.europa.eu/doi/10.2760/798894  

Table notes: 

CO2, Carbon Dioxide, a naturally occurring gas that serves as the primary greenhouse gas emitted 

through human and industrial activities. –  

CFC-11 stands for Trichlorofluoromethane, a halogenated organic compound containing carbon, 

chlorine, and fluorine atoms. 

N, Nitrogen 

https://data.europa.eu/doi/10.2760/798894


NOx, Nitrogen Oxides, a highly reactive group of gases primarily composed of Nitrogen Dioxide 

(NO2) and Nitric Oxide (NO) 

P, Phosphorus 

PM2.5, stands for Fine Particulate Matter, which refers to microscopic airborne particles or 

droplets that are 2.5 micrometers or smaller in width. 

Sulfur Dioxide, a toxic, pungent gas composed of sulfur and oxygen atoms. 

1,4-DCB, in environmental chemistry, 1,4-DCB refers to dichlorobenzene. This chemical acts as 

pollutants and poses a high environmental and health risk.  

Nox, Nitrogen Oxides, a highly reactive group of gases primarily composed of Nitrogen Dioxide 

and Nitric Oxide 

1,4-DCB 

 
Table 3 Life Cycle Analysis of AHPs 

 EPS LCA results ReCiPe LCA results 

Recycling unused waste 

generated during 

manufacturing 

5% Reduction in environmental 

impact compared to incineration of 

waste 

6% reduction in environmental 

impact 

Utilizing a higher 

percentage of bio-based 

material 

26% Reduction in environmental 

impact 

4% reduction in environmental 

impact 

Using pads in 

replacement of pants 

products 

37% Reduction in environmental 

impact 

17% reduction in environmental 

impact 

Tailoring product size to 

the individual 

21% Reduction in environmental 

impact 

20% Reduction in environmental 

impact 
Table: A 2019 life cycle assessment investigated possible interventions to reduce the environmental impact of absorbent hygiene 

products. These interventions were: (1) recycling the unused waste generated during manufacturing, (2) utilising a higher 

percentage of bio-based materials in AHP products, (3) using pads rather than pants products where possible, and (4) ensuring 



that individuals are not using products of a larger size and absorption capacity than necessary by analysing individual incontinence 

severity and recommending the most suitable product. Source: (Willskytt & Tillman, 2019) 

(Alternative Table 3) 

Table 3 Life Cycle Impact Assessment (LCIA) methodologies used to measure environmental impact 
of interventions 

Intervention compared EPS LCA Results  
(% Reduction) 

ReCiPe LCA Results  
(% Reduction) 

Recycling unused manufacturing waste 5%¹ 6% 
Utilizing higher % of bio-based material 26% 4% 
Replacing pants products with pads 37% 17% 
Tailoring product size to the individual 21% 20% 
¹ Compared to incineration of waste. 

 

 

 
Table 4 Details of AHP products available on Independence Australia website 2026 

Manufacturer / Brand Disposable 

products 

Washable 

products 

Brand/manufacturer 

location 

Abena X  International 

AMD X  International 

Bokers  X Unclear 

Bonds  X Australia 

Buddies  X Australia 

Cello Paper / Incohelp X  Australia 

Comfort by cottons / Cottons comforts X  Australia 

Conni  X Australia 

Eenee  X Australian 

Essity / Tena X  International 



First Quality / Prevail X  International 

Hartmann / Molicare X  International 

Kimberley Clark X  International 

Medline / Ultrasorb, Protection plus X  International 

Minappi / NightNDay X X Australia 

National Australian Nappies Pty Ltd / Active X  Australia 

Ontex / ID, Lille X  International 

StayDry  X Australia 

Note: The information in this table was sourced from the Independence Australia website in February 2026 

and may be subject to change 

 
Figure 4 Composition of used AHP waste in Australia 

 

Note: Data sourced from (Thompson Brewster et al., 2022) 

 
Figure 5 Waste that goes to landfills with leachate liners compared with the waste that goes to landfills 

without leachate liners. 



 

Note: Data sourced from (Pickin, 2013) Analysis of survey landfill data. 

Source: Pickin (2013) Analysis of landfill survey data Final report: P398. Accessed on Australian 

Government Department of Climate Change Energy Efficiency and Water (DCCEEW) website at 

https://www.dcceew.gov.au/sites/default/files/documents/landfill-survey-data.pdf  

 

 
Figure 6 Waste that goes to landfills with biogas collection compared with the waste that goes to landfills 

without biogas collection 

https://www.dcceew.gov.au/sites/default/files/documents/landfill-survey-data.pdf


 

Source: Pickin (2013) Analysis of landfill survey data Final report: P398. Accessed on Australian 

Government Department of Climate Change Energy Efficiency and Water (DCCEEW) website at 

https://www.dcceew.gov.au/sites/default/files/documents/landfill-survey-data.pdf  

 

 
Table 11 Novel Solutions for AHP Waste Disposal 

Use of waste Mechanism of disposal for AHP Successful 

trial 

Successfully 

scaled 

https://www.dcceew.gov.au/sites/default/files/documents/landfill-survey-data.pdf


Gardening Wastes as a Co-Substrate 

for Diapers Degradation by the 

Fungus Pleurotus ostreatus 

The mushroom has been shown to 

reduce the weight and volume of 

diapers by up to 90% over 3 months. 

Yes No 

Thermal insulating material2 Tested in combination with natural 

coconut husk fibers for enhanced 

thermal insulating properties  

Affirmed 

at lab-

scale 

No 

Small-scale composting in Mexico3 Infant diapers were composted along 

with yard waste in 200L bioreactors. 

Yes  No 

Co-digestion with waste activated 

sludge4 

Treatment of used disposable diapers 

permitting the recycling of materials 

and the recovery of energy  

Yes No 

SAP used to enhance soil moisture 

and improve survival rates of 

Eucalyptus seedlings in drought5 

Helped water retention and seedling 

survival, but increased soil salinity as 

a side-effect. 

Yes No 

Composting with Spirulina 

plastensis6 

Using compost as a medium for 

maize and cayenne pepper  

Yes No 

Biohydrogen production through 

dark fermentation of the organic 

components of waste7 

Used disposable diapers as a 

substrate for biohydrogen 

production.  

Yes No 

Source: Shah et el (2025) Towards a greener future of sustainable and circular practices in 

resource recovery from discarded disposable diaper (D3): a systematic review and meta-

analysis Journal of Material Cycles and Waste Management (2025) 27:3033–3054 

https://doi.org/10.1007/s10163-025-02277-6  

https://doi.org/10.1007/s10163-025-02277-6

