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Abstract 

  

 

There are many life cycle assessments performed on nappy products in different countries                         

which differ with waste management, distances to producers of nappies and retailers. In this                           

paper, life cycle assessment is performed using Simapro with assumptions on the swedish                         

customer and the current waste management that exist in Sweden to evaluate the                         

environmental load for disposable and reusable nappies. The aim of this study is to find out                               

which nappy is better from an environmental perspective. According to the results of this                           

study, reusable nappies perform better in most of the chosen categories. Only a few were                             

outperformed by disposable diapers, these include human carcinogenic, land use, water                     

consumption and stratospheric ozone depletion. The highest impact in the life cycle of a                           

reusable nappy was in the manufacturing phase with cotton production related processes and                         

in the use phase, where most of the impact came from the additional electricity use. For the                                 

disposable system, a huge amount of 3796 diapers was needed in the production phase for the                               

nappy usage of an average child. The manufacturing affects the environmental impact                       

categories like resource depletion, freshwater and terrestrial ecotoxicity, ozone formation,                   

global warming potential and others. These findings can improve understanding of different                       

environmental loads of the manufacturing processes, use and end phases of the nappy and                           

contribute to sustainable development.   
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1. Introduction 
In past decades there was an increase in environmental issues awareness in the society on                             

local and global levels. There are many different environmental issues such as global warming,                           

waste management, ozone depletion, resource depletion and pollution, which are affecting our                       

society and surrounding environment.  

Due to all the negative impacts that human society has on the surrounding ecosystems, many                             

governments and local authorities try to improve the situation with legislation and policies                         

which aim for sustainable development. But not only governments and local municipalities                       

should be seen as the only solution in improving the situation in environmental issues. As an                               

individual, every person in our society has a personal environmental footprint which is                         

created through decisions that we make everyday in our lives: our diet, use of personal                             

transport, food and other products that we purchase and use. One such a decision that every                               

parent has to tackle, is a choice of a nappie for their babies. 

Use of disposable nappies and environmental impact related to it has been the subject of many                               

studies since the 90's (UK Environmental Agency, 2005, O’Brien et al., 2009, Lentz et al., 1989,                               

Fava et al., 1990). Studies carried out in Australia, United Kingdom and United States shows                             

that many different factors like waste management, electricity generation type and if                       

compared to reusable nappy, then the washing and drying process plays a crucial role in the                               

outcome of the study. In Sweden, solid waste generation and its treatment is slightly different                             

from the mentioned studies above. For example, in the United Kingdom, in 2014, 34 % of the                                 

municipal solid waste went to landfill compared with (Jeswani & Azapagic, 2016) 1% in Sweden                             

for the same period (Jeswani & Azapagic, 2016, Avfall Sverige, 2018). 

Previous studies on the life cycle analysis of the disposable nappy identified one of the biggest                               

environmental impacts from the disposable nappies- the end of life phase.  

In Sweden the waste generation from the disposable nappies in 2004 accounted for 5% of all                               

the trash collected in the bins and bags (SEPA, 2004). 

According to Mutasem El-Fadel et al. (1995) a landfill management system has potential health                           

hazards, groundwater pollution, air pollution, global warming potential and some other                     

negative impacts like unpleasant smell and vegetation damage.  

Some of the countries face difficulties managing their landfill rapid growth. For example, in                           

Malaysia, about 90 to 95 % of all the solid waste was disposed of in landfill, diapers constituted                                   
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10,68 % and 14,35 % of total weight of Kuala Lumpur municipal solid waste in 2014 and 2016                                   

respectively. This example can show the potentially difficult situation in waste management                       

where disposable diapers can add to environmental impact with huge quantities,                     

decomposition rate and contamination of groundwater and surface. (Noorhalieza Ali et al.                       

2017)   

According to Avfall Sverige (2018) report from the 2018, there was 32710 tonnes of household                             

waste sent to landfill which is 0,7 % of all the collected waste that year. Compared to other                                   

European Union members, that is a minor number. For example, in the United Kingdom in                             

2000, 80 % of total municipal waste was sent to landfill and only 8 % to incineration with a                                     

further energy recovery. (Environment Agency UK, 2005)   

Most of the parents in the developed world and in Sweden use disposable nappies. In the                               

United Kingdom 95 % of parents are using disposable nappies which is believed to be close to                                 

the situation in Sweden. (Environment Agency UK, 2005) Many parents want to make the right                             

decision on the type of nappy to use for their babies and toddlers. To reach a decision, there                                   

are many factors to consider. For example health risks, social pressure or a potential                           

environmental impact from the nappies.   

1.1. Aim of the study   

The aim of this study is to compare and assess the environmental load and impact of two                                 

different hygiene products, disposable and reusable nappies, in Swedish conditions.                   

Additionally to identify the biggest environmental impact on each stage from raw material                         

extraction to end of life. According to the results, perform recommendations for the main user                             

group of these hygiene products, parents of young children.   

1.2. Research question   

What are the materials and energy  required for production of one disposable and reusable 
nappy ?  Which nappies are better from the environmental perspective comparing both in the 
same conditions?   
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2. Method 

2.1. Reusable nappy 

The most common material for the production of the reusable nappy is 100% cotton. Usually                             

the technology used is terry cotton which can be described in five steps: mechanical                           

harvesting, separation of usable material, baling, yarn manufacture and terry weaving process                       

and in the end of the process, cutting and stitching. There are three types of reusable nappies:  

● All-in-one. All the necessary components are included in this type. Usually has velcro                         

fastening for convenient use.  

● Shaped nappies. Similar product to all-in-ones where the protective waterproof base is                       

separate from the nappy.  

● Flat nappies. Nappies that need to be folded and require a protective layer.  

For this study, the so-called all-in-one nappy will be a model for calculations and further                             

assumptions.  

According to O’Brien et al., (2009) the average reusable diaper weight ranges between 100 to                             

150 grams. The United Kingdom's Environmental Agency in their study conducted in 2008                         

proposes an average weight of 139,3 grams which will be assumed weight for this current study                               

(Aumonier, S. et al. 2008).  

According to one of the biggest producers of reusable nappies in Sweden, their product                           

consists of two main layers: 100 % organic cotton/terry and a protective layer outside the                             

nappy to avoid leakage is made of polyurethane and laminated polyester. 

2.1.1. Market  

The market for reusable nappies in Sweden is not as big as it is for disposable nappies. The                                   

retailers are mainly online based. Products of this kind are hard to purchase in the average                               

shops in Sweden. There are many options and types of reusable nappies that consumers can                             

buy online. A couple of brands are based in Sweden with production sites outside the country.                               

The biggest market of reusable diapers is in the United States of America and United Kingdom,                               

many of the manufacturer sites are based there as well. In this current paper all of the                                 

assumptions will be based on swedish owned reusable nappy companies that have their                         

production in other countries.    
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2.2. Disposable nappy  

In developed countries, disposable nappies are by far the most popular choice. According to a                             

study undertaken in Australia in 2009, 95 % of children in Australia use disposable nappies                             

which could be assumed to be the case in other developed countries like Sweden (O’Brien et                               

al., 2009). There are two main types of disposable nappies: containing super absorbent layers                           

and containing fluff pulp. According to MINTEL (2000) the super absorbent nappy type is the                             

most dominant on the nappy market with 94%.   

2.2.1. Market  

In Sweden the disposable nappies market is dominated mainly by two companies: Essity AB                           

with their Libero brand and Procter & Gamble with Pampers (Euromonitor International,                       

2019). Research shows that those two brands are present on shelves of every major shop in                               

Sweden, such as ICA, Coop and Willys. Manufacturing factories are located in the European                           

Union: Germany, Czech Republic, Netherlands and Poland.   

2.3. Transportation  

In 2007, ​Regulation (EC) No 715/2007 ​went into force in the European Union from the European                               

Parliament on the emissions of the light passenger and commercial vehicles Euro 5 and Euro 6                               

(European Parliament, 2007). Since transportation in this study is performed in European                       

Union borders it will be assumed that lorries used for transportation of different materials                           

and goods will be performing in Euro 5 emission category. Similarly applied for the transport                             

of the product from the shop to consumers homes with passenger cars which will be Euro 5                                 

emissions regulated.   

It is estimated that a quarter of all the car journeys can be accounted for the shopping                                   

purposes, half of them are shorter than 5 km and about 70 % are shorter than 10 km. The                                     

proportion of short distance trips are high all across Sweden, even in the sparsely populated                             

areas like northern counties (Engström, 1998). In 2019 there were 4887904 units of personal                           

vehicles (Viklund, 2019). Assumption is that shopping would most likely be carried out by car                             

with an average distance of 5 km once a week.  
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2.4. Disposal scenario in Sweden for municipal solid waste  

 

A report from Avfall Sverige (2018), states that 0,7 % of all the solid municipal waste was sent to                                     

landfill, which makes it highly unlikely for disposable nappies to get accounted for in the                             

landfill disposal scenario. Almost 13,7 TWh energy was recovered in 2007, where 12,2 TWh was                             

accounted for heating and the rest for electricity. From 1985 to 2007 there was a 4 times                                 

increase in energy production from incineration and a dramatic decrease in waste sent to                           

landfill. In 2005, Sweden ranked first in Europe for heat and electricity generation from waste                             

incineration (Avfall Sverige, n.d.). Therefore for this study it will be assumed that disposable                           

nappies will go to incineration facilities with energy recovery. Some of the incineration                         

facilities get heat for the district heating and some for the electricity production in Sweden.                             

Energy and heat produced from the incineration will not be put into calculations in this model.                               

For the transportation distance to incineration facilities, 200 km were assumed with the total                           

weight of 430 kg per use phase of 2,5 years. For calculation of excreta weight, average between                                 

Geigy and Forfar scenario (Environmental Agency UK, 2005).   

Solid waste from the reusable nappy system which goes to waste water treatment facilities was                             

not taken into account.  

2.5. System boundaries  

Every Life Cycle Analysis has its own boundaries with which environmental impact is studied.                           

“Cradle to grave” which will include raw material extraction and supply chain necessary for                           

production, manufacturing of the product, distribution phase and disposal of the product. All                         

of the mentioned processes and phases above and energy analysis related to it will be                             

quantified to extract as precise study as possible.  

In the figure 1 and 2, It can be seen major stages in the systems that were studied and                                     

environmental load for these stages.  
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Figure 1. Disposable nappy system.                                                         Figure 2. Reusable nappy system  

2.6. Functional unit  

The functional unit was the amount of nappies that one child needs to collect excreta over                               

their lifetime. According to Amonier et al. (2008), 90 % of all girls and 70 % of boys will have                                       

complete bladder control by the age of 2,5 years. For this study, 2,5 years will be the assumed                                   

use phase of the nappy system. Research done by EDANA (2007) and Environmental Agency UK                             

(2008) suggests the number of 3796 disposable diapers for the 2,5 year period of an average                               

child. For the same period, one child that will use reusable nappies needs 47,5 , according to                                 

surveys carried out by The Environmental Agency (2008). 

2.7. Environmental impact categories 

In this section, the list of the environmental impact categories can be seen that was used for the 
comparison of the products with further explanation on the normalization and weighting.  
 
For this study all of the available impact categories were decided to be looked at to identify the 
major and biggest impacts from both of the systems. SimaPro software allows us to look at the 
maximum of 18 categories which can be seen in the list below.  
  

● Water use  

● Land use  

● Global warming  

● Stratospheric ozone depletion  
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● Resource depletion  

● Acidification  

● Eutrophication  

● Human health  

● Photochemical smog  

● Terrestrial toxicity  

● Aquatic toxicity  

● Fossil based resources 

● Mineral resources  

● Human carcinogenic toxicity  

● Fine particulate matter 

● Ionizing radiation  

● Marine ecotoxicity  

● Freshwater ecotoxicity  

 

2.7.1. Normalization and weighting  

According to ISO standard 14040, normalisation and weighting steps are optional for the life                           

cycle assessment studies. In the current study those steps are taken to help interpret the                             

result according to the reference value in each category. After the normalisation step,                         

weighting can be performed using the weighting factor to evaluate the total and relative                           

environmental impact with the ReCipe Midpoint (H) method which is performed by SimaPro                         

software.  

2.8. Data collection  

Data collection and research was mainly conducted using available Mid Sweden University                       

library databases where keywords like “disposable” “reusable nappies” “diapers”                 

“environmental impact” were inputted. The main source of the data on behavior of the                           

customers of reusable and disposable nappies was a study from the United Kingdom where                           

researchers did extensive work on this topic through surveys and questionnaires. 

Data regarding the materials was retrieved from the online source which are mentioned in                           

this study below in the inventory analysis section and then used for the SimaPro software                             

10 



 

which helped to evaluate the environmental impacts of different stages like transport,                       

manufacturing and use phase based on the findings and the assumptions made.  

Data analysis was performed by SimaPro software and the databases and libraries available in                           

that program which are described below in the tool section.  

2.9. Theoretical framework  

The study is performed according to ISO 14040 and 14044 standards and complies with                           

methodology. It includes four steps of life cycle methodology: goal and scope, inventory                         

analysis, impact assessment and interpretation. In figure 1 these can be seen as the main                             

stages in the life cycle assessment framework  and the interrelation of all the components.  

 

 
Figure 1. LCA framework. Taken from Environmental management. Life cycle assessment. Principles and 

framework. (2006) 

 

The goal and scope section defines what part of the product’s life cycle will be assessed and                                 

the main purpose of that particular study. This section also has to include who this life cycle                                 
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assessment is for. Additionally, the time frame and systems that are going to be compared,                             

should be included in goal and scope.  

Inventory analysis is a quantified description of all the materials included in the                         

manufacturing process of the chosen system to identify interactions with the environment. All                         

input  and output data is quantified for further description of impact assessment.  

An environmental impact assessment deals with all the impact categories which are of interest                           

of a specific life cycle assessment and can be evaluated by normalization and weighting stage. 

The last part of the life cycle assessment deals with presenting the result to the reader. This                                 

section relies on the critical review of the writer and should be performed objectively.  

The presented life cycle assessment  will follow this structure: 

● Introduction  

● Life cycle inventory analysis 

● Life cycle impact assessment  

● Life cycle interpretation  

● Sensitivity analysis  

● Discussion and conclusion  

 

This study is heavily reliant on the assumptions made by previous studies and research. The                             

average values were taken to make this life cycle assessment to estimate the environmental                           

load on different stages of the life cycle assessment.  

2.10. Data analysis 

For this study, the Simapro 9 software tool was used. This is a commercial software tool                               

provided by Mid Sweden University. SimaPro is a leading tool for performing life cycle                           

assessments. This tool is often used in the academic world for researchers and industries to                             

optimize and reduce their raw material consumption and environmental impact. Simapro has                       

databases on different industries and locations like countries with their specific databases.  

Library databases being used for this case study:  

● Agri-footprint  

● Ecoinvent 3 

● ELCD 

● EU & DK input output database  
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● Industry data 2.0  

● Swiss input output database  

● USLC 

For the environmental impact assessment ReCiPe 2016 midpoint method was used to optimize                         

and perform weighing.  
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3. Energy and material input for functional unit 
In this section, all of the energy and material required for manufacturing one functional unit will be                                 

collected and quantified. Additionally emissions from solid waste, water and air releases related to                           

the process of production. All of the data will be quantified and organised in the tables below.    

3.1. Disposable  

According to a Sustainability report from European Disposable and Nonwovens Association                     

(2011) the average weight of a disposable nappy is 36,3 grams and consists of three layers:                               

protective top layer, absorbent layer and outside plastic layer. Table 1 below shows the                           

materials used in and the weight of a disposable nappy.  

 

 

Material  
Weight of nappy 

parts in g  

Weight of nappies 

required for 2,5 

years in kg 

Cellulose pulp   13,2  50,1 

Super Absorbent 

Polymer  
11,1  42,1 

Polypropylene   2,5  9,5 

Polyethylene   5,8  22 

Tape   0,5  1,9 

Elastic   0,2  0,76 

Adhesives   1,0  3,8 

Elastic back ear   1,2  4,5 

Frontal tape   0,5  1,9 
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Various synthetic 

polymers  
0,5  1,9 

Total weight   36,3  137,8 

              Table 1. Weight of different materials used in the construction of nappy.  

 

3.1.1. Manufacturing with assumptions on transport for products and materials  

Cellulose fiber and absorbing polymer are the two main materials used in the manufacturing                           

process of disposable nappies. Other parts used include elastics for maximum comfort and                         

plastic based material to minimize leakage. Some of the polymer based adhesives are added to                             

glue all the parts together. Packaging is assumed to be produced using polyethylene materials.                           

There are different packages and sizes on the market. To calculate the amount of materials                             

needed for production of a functional unit, an assumption is made that one medium package                             

consists of 50 nappies which is purchased once a week. The average number of disposable                             

nappies needed is 47,5 units. Table 1 presents data on the amount of different materials needed                               

for production of one nappy and the total weight of materials needed for the functional unit.  

 

3.1.2. Transport from the manufacturer to retailers  

Most of the disposable diapers sold in Sweden are manufactured in the European Union.                           

Table 2 shows the distances between the countries where disposable nappies are produced for                           

the Swedish market. Czech Republic, Netherlands, Germany and Poland are the most                       

common places of disposable nappy production. For this study the distance of 1500 km is                             

assumed from the manufacturer to retailer warehouse or  retail shop.   

 

 

Destination  Czech   Poland   Netherlands  Germany 

Sweden   1618 km  1451 km  1434 km  1613 km  

Table 2. Distance between Sweden and main disposable nappy producers.  
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3.1.3. Transport from retailer to home  

The overall distance made for shopping purposes in a period of an average child's nappy                             

period will be 650 km. Assuming that the average shopping bill is around 1000 kr per week and                                   

the amount of nappies required per week is 4,16 x 7 = 29,12 units. With the average price for                                     

nappies at 69,5 kroners per 30 nappies, it can account for 7 % of the total trips assumed which                                     

leads us to 45, 5 km in 2,5 year life cycle.   

 

3.1.4. Use 

According to research conducted by The Environmental Agency UK (2005), the average child                         

requires 4,16 nappies a day, 29,12 per week and in total 3796 for the nappy wearing period. With                                   

an average weight of 36,3 grams it equals 169,5 kg of nappies for the same period. The                                 

Environmental Agency UK estimated that for the period of 2,5 years an average of 537,6 kg of                                 

waste is generated from nappies and this includes around 3 kg of packaging. Plastic accounts                             

for 99,2 kg of that waste. 

3.2. Reusable 

3.2.1. Cotton production  

Cotton is one of the most consumed fibers in the world. In 2013, 24,5 million tonnes of cotton                                   

was produced worldwide (Esteve-Turrillas & de la Guardia, 2016). Cotton is a biodegradable,                         

cellulose fiber that is made from renewable resources. Due to these facts many consumers                           

believe that cotton is an “environmentally friendly” product. Even though cotton requires only                         

3 % of the farmlands around the world, this industry accounts for a quarter of all the pesticide                                   

and fungicide use in the world (Yates, 1994).  

Cotton production is extremely water consuming. According to Esteve-Turrillas & de la                       

Guardia (2016) it requires 2,6% of all the global water usage which reduces water reserves                             

drastically in the dry areas where it’s produced.   

The processes of spinning and textile production are affecting the environment by required                         

energy, water, chemical use and toxic waste generation (Esteve-Turrillas & de la Guardia,                         

2016).  
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The top cotton producing countries are India, China, United States of America, Pakistan,                         

Uzbekistan and Brazil. According to European Commission (2012) there are five top cotton                         

production exporters to the European Union: Turkey, Kazakhstan, USA, Uzbekistan and                     

Pakistan. Turkey's import to the European Union was 13 % out of total for the 2009-2012 period                                 

(European Commission, 2012). Data required to assess the environmental impacts from the                       

cotton growing processes were studied based on the USA manufacturing practices. 

3.2.2. Manufacturing with assumptions on transport for products and materials  

One of the leading brands in reusable nappy production states that their manufacturing site is                             

in Latvia and Turkey. Since Turkey is the producer of the cotton products, it will be assumed                                 

that the production site is there. The distance between Turkey and Latvia is 2900km with a                               

truck being the most likely transport between these two countries. The distance between                         

Latvia to Sweden is 668 km, in total the distance between producer and customer will be                               

assumed to be 3568 km.  

3.2.3. Materials used  

Taking all the available information into account, it will be assumed following weights and                           

material contents in the table 3 below: 

 

  Weight per piece   Amount needed  Materials assumed   Total weight 

Average nappy inner  109,3  47,5   100 % cotton  5191 g 

Packaging for all  50 g  47,5   LDPE  200 g  

Waterproof pants   30 g  47,5   x  1425 g 

Laminated polyester    20 g   47,5   Laminated polyester   950 g 

Velcro   5 g   47,5   Velcro   237,5 g 

Polyurethane    5 g  47,5   Polyurethane   237,5 g 

Table 3. The average weight of the reusable nappy parts and materials.  
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3.2.4. Data for washing and drying processes 

In 2006-2007 almost 75 % of the population in Sweden aged between 16 to 84 had access to                                   

washing machines. A large number of the population have communal laundry access at                         

approximately 57 % and the rest have privately owned machines (Zimmerman, 2009).  

In this study the average consumption of both laundering systems will be taken into account.  

A study conducted in 2002, on the electricity consumption of communal based laundry and a                             

private owned machine system showed that the communal consumption type was two times                         

more efficient per kg of washed clothes than the use of private washing machines. For                             

communal laundry use it was 0,4 kWh/kg and for private use it was 0,8 kWh/kg (Oksana Mont,                                 

Andrius Plepys, n.d.). The average of 0,6 kWh will be taken for calculation of the energy use in                                   

the reusable nappy system. From the study conducted by PriceWaterhouseCoopers in 2009, it                         

can be seen that the average amount of drying cycles in Poland, France and UK were 2,3 in                                   

summer and 3,6 for winter. Assumption will be that for Swedish conditions the average                           

amount of drying cycles is 3 per week and 1 cycle will be accounted for by the nappy drying                                     

process. Another scenario of drying includes rack drying where no energy input is needed will                             

be constructed. For the scenario with the drying machine, the average value for electricity use                             

was assumed to be 0,75 kWh.   

 

3.2.5. Detergent and softeners used for washing  

For this study, washing powder is one of the main factors in the use phase of the reusable                                   

nappies. In the Simapro, washing detergent does not exist, so it should be assumed what kind                               

of main ingredients are included in the detergent. These materials are presented below in                           

table 4 with the assumptions on the packaging needed for production of 31,2 kg of detergent.                               

According to Laura Golsteijn et al. (2015), for the production of 1 kg of the detergent, 3,39 kWh                                   

of electricity is needed. The average usage of powder per wash is assumed to be 120 grams                                 

which for the whole use phase is going to be 31,2 kg.  

Due to lack of information on the behaviour in the soaking scenario in Swedish households,                             

soaking solution was discarded from the study. For the washing process it will be assumed                             

that washing is performed in 60 degrees water with the average consumption of 1,61 kWh. This                               

corresponds to retailers recommendations for the washing temperature and average value of                       

electricity used per wash with this temperature in Europe (Environmental Agency UK, 2005). 
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Product formulation  

 
Chemicals used in 

Simapro  

 
Percentage of 

material  

Weight of material 
needed for 

production of 1 kg 
detergent  

Alkalinity source   Sodium carbonate   30 %  300 g 

Bleach agent   Layered sodium 
SKS-6  

5 %  50 g  

Builders   Polycarboxylate, 40 
% active substances  

30 %  300 g  

Auxiliaries   Carboxymethyl 
cellulose  

10 %  100 g  

Surfactant system   Ethoxylated alcohol   15 %   150 g  

Packaging   Solid unbleached 
cardboard  

  26 g  

  Polypropylene     3,8 g  

  Polyethylene 
terephthalate  

  43,7 g  

Table 4. Ingredients and their weight  included in the detergent construction in Simapro.  

 

Washing powder needed for the functional unit was assumed to be 31,2 kg which costs on                               

average around 35 kronas. Distance for the purchase of the washing powder was performed in                             

the same way as for disposable nappies purchase with an assumption of 650 km. Washing                             

powder was calculated to be accounted for 1 % of this distance equating to 6,5 km.  
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4. Environmental impact from life cycle  

4.1. Life cycle impact assessment 

In this phase of a life cycle assessment all of the potential environmental and human impacts will be                                   

defined in different categories and if necessary quantified for comparison of both of the products.  

4.1.1. Reusable  

 

Figure 1. Global warming potential in a reusable system. Shown percent of amount per process.  
 

Figure 1 is showing the main stages of the life cycle with the amount of the CO2 equivalent per                                     
stage in percent. It can be seen that the main contributor of CO2 is manufacturing process and                                 
detergent production with 67,6 % and 19,3 % respectively. Electricity use, transport and                         
incineration can be accounted for less then 15 % of the total CO2 emissions.   
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Figure 2. Environmental impact categories from the different stages of the life cycle of reusable nappies.  
 

From the figure 2 can be seen that the main contribution to all of the categories except for                                   
Ionizing radiation and water consumption, comes from the production stage of the reusable                         
nappies.  

 
Figure 3. Reusable nappy with tumble dryer main environmental impacts and their stages.  

 
In the scenario when a reusable system has additional electricity usage for the drying of the                               
nappies instead of the rack drying method presented in figure 3, it can be seen that the                                 
environmental impacts are similar. More electricity that is needed for the drying process is                           
contributing to the water consumption category.  
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4.1.2. Disposable  

 

Figure 4. Disposable nappy system and the percent of CO2 equivalents needed for each stage in the life cycle.  
 

The biggest impact in the whole life cycle of disposable nappies for the global warming                             
potential comes from production of disposable nappies. All of the materials needed for                         
manufacturing of 3796 nappies can account for 66,5 % of all of the CO2 equivalent emissions.                               
Incineration of all of the generated waste adds another 28,4 % of CO2 emissions.    
 

 

Figure 5. Disposable nappy with tumble dryer main environmental impacts and their stages.  
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4.2. Comparison of disposable and reusable systems.  

 

Figure 6. Comparison of all the environmental impact categories for reusable and disposable nappies.  

 

In figure 6, where the results for the environmental impact categories are presented, we can                             

see that for most categories reusable nappies outperform disposable nappies. The 3796                       

nappies that are required for an average baby have a higher environmental impact in the                             

following: global warming potential, ionizing radiation, fine particulate matter, ozone                   

formation, terrestrial acidification, freshwater and marine eutrophication, terrestrial,               

freshwater and marine ecotoxicity, human non-carcinogenic, mineral resource depletion and                   

fossil resource scarcity. Global warming potential is higher by approximately 25 % in the                           

disposable system compared to reusable.  

 
Figure 7. Comparison of all the environmental impact categories for reusable and disposable nappies with additional tumble dryer 

reusable systems.  

 

Another scenario was added in the study where consumers are using a drying machine, which                             

is a popular choice in many households around Sweden, to see the additional environmental                           

impact that it will have on the whole life cycle. On figure 7 it can be seen that the dryer slightly                                         
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changes the impact if compared with the base reusable scenario. One of the biggest changes                             

can be seen in the water consumption category. It can be found that the main factor of this is                                     

the extra electricity which is produced and used in Sweden. 
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5. Discussion  

5.1. Results 

It can be seen that the life cycle assessment and the results retrieved from the method used                                 

for this study can show us major impacts from the different stages in the disposable and                               

reusable nappies. One of the main results shows that reusable nappies are better from the                             

environmental perspective which complies with the previous studies.  

If compared results with previous studies, it can be seen similar patterns in the environmental                             

load for both of the products. As it was expected, the manufacturing process of both nappies                               

has the highest impact on the whole life cycle. In the disposable nappies the amount of the                                 

material required for production has the highest impacts of them all. Reusable nappy                         

production phase is heavily reliant on the location where it is made, since the factors like                               

energy generation can vary in countries and have different impacts on the life cycle.  

5.2. Ionizing radiation 

The main contributor to ionizing radiation is the manufacturing of the detergent needed for                           

the use phase. Electricity produced in Sweden requires a lot of water which can be seen in the                                   

water consumption chart in figure 2. The main source of electricity in Sweden comes from                             

nuclear power plants which require water intensive processes during electricity generation                     

(Swedish Energy Agency, 2019). 

5.3. Global warming potential 

Global warming potential is higher in the disposable system due to the huge amount of                             

polyethylene and polypropylene needed for the production of disposable nappy. Waste                     

management in the production phase of polyethylene and polypropylene is a big factor                         

affecting the global warming potential.  
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5.4. Particulate matter  

 

In the reusable nappy system, detergent manufacturing required for the use phase is adding to                             

the particulate matter category where carboxymethyl cellulose and polycarboxylates with 40%                     

active substance used for production of detergent is the main factor. Additionally electricity                         

production in Turkey which assumed was the production site of reusable products, has an                           

impact and adds up to the particulate matter category.   

5.5. Water consumption  

One of the reasons for higher water consumption for the reusable nappy is the electricity                             

required for washing and drying. It can be found that the main factor of this is the extra                                   

electricity which is produced and used in Sweden. It can be assumed that this is because of the                                   

electricity production in Sweden which comes mainly from the nuclear and hydro power.                         

According to the Swedish Energy Agency, in 2019 126 TWh of electricity used in the industrial                               

and residential and service sector was produced by nuclear fuels, hydropower, wind power                         

with 184 TWh, 65 Twh and 18 TWh respectively. 

5.6. Transportation 

Transportation seems to be efficient for both of the systems, but has lower environmental                           

impact for the reusable nappies due to the low amount of units needed for the functional unit.   

5.7. Drying process  

According to the result retrieved from this study, the households using drying of the reusable                             

nappies has higher environmental impact than the system using liners to dry nappies. Due to                             

renewable energy sources used in Sweden, those environmental impacts can be considered                       

insignificant. The lifespan and life cycle of the dryer and washing machine wasn't taken into                             

consideration. 
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5.8. Highest impacts  

If all the environmental impact categories compared, the most significant ( more than 50 %)                             

difference can be found in the mineral resource depletion, marine ecotoxicity, freshwater                       

ecotoxicity, terrestrial ecotoxicity, marine eutrophication, ionizing radiation and fossil based                   

resource scarcity where reusable perform better. The difference is significant and can be                         

explained with the big amount of materials needed for the production of disposable nappies                           

used for the whole cycle.   

5.9. End phase 

In both of the products the disposal scenario was assumed to be incineration, which was                             

performed in Sweden with all the existing data in Simapro. The waste from the child which                               

ends up in the wastewater treatment plant wasn't taken into consideration due to                         

uncertainties related to the disposal scenario of the excreta in the reusable nappy system. The                             

weight of the excreta from one child during the 2,5 years was added in the disposable system                                 

to calculate transportation load and environmental impact from it to incineration facilities.   

5.10. Technological differences 

 
Even though it seems that technological advances in the hygiene absorbing products are                         

constantly developing, there can be found evidence that while improving one part of the                           

construction and environmental impact from it, it can negatively affect other manufacturing                       

phases. For example, study from 2012 from the leading disposable nappy company Procter                         

and Gamble (P&G), where they compared two different disposable nappies from their brand                         

line from 2007 and 2010, showed improvements in the latest model in the CED, solid waste,                               

non renewable energy, GWP500 and respiratory inorganics categories. Even though P&G                     

could improve some of the properties of their product, it didn't lead to significant                           

improvements in climate change and greenhouse gas emissions. The same can be said about                           

changes in renewable energy which were caused by the trade offs between different parts of                             

the product for example; decreasing fabrics based on petroleum, in a contrary with decrease                           
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of the amount of pulp which was replaced by the fossil fuel based absorbent (Weisbrod & Van                                 

Hoof, 2012).  

5.11. Uncertainties and assumptions 

 
According to surveys carried out by The Environmental Agency UK , 47,5 nappies of this type                               

are needed for the average child’s nappy using phase. Reusable nappies can be a costly                             

investment in the beginning, since they are more expensive per unit of product. Cost in this                               

study is only used to calculate the allocation of the product in the transportation phase and                               

has not been studied further.  

Due to lack of data from the manufacturers of both of the nappy systems in Sweden,                               

transportation of nappies from the factory to Sweden and further in the use phase from the                               

shop to customer was assumed. The average distance from manufacturer to shop was                         

estimated to be 1500 km, which can differ from the real average number for Sweden. Further                               

research needs to be conducted.  

For the reusable nappy assumptions, one of the most popular swedish owned brands was                           

taken to assume the distance from the factory. For improvement of the future study, all the                               

companies that were chosen for assumptions should be contacted to retrieve more accurate                         

data. Even though the distances between different stages of production and retailing shops                         

might seem large, overall environmental impacts for both products can not be considered                         

major when compared with the manufacturing phase.   

In this study, no surveys were used to identify the behaviour of the parents with their choices                                 

in both of the products. Most of the assumptions are done based on the surveys performed in                                 

the United Kingdom and other countries and could differ from Sweden. For example, softener                           

use and other sanitizing solutions for the reusable nappy system. For further research,                         

Swedish customer behaviour data is required to be more accurate in the study.   

The amount of parents using a combination of both of the products at the same time were not                                   

taken into account. Surveys from the Environmental Agency UK (2005) show that some of the                             

parents that use reusable nappies during the day, switch to more efficient disposable nappies                           

during the night for convenience to avoid leakages.   

Necessary data that was collected for this paper differs in time frames which could potentially                             

change the outcome of the conclusions. The main assumptions and limitations were based on                           
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the information available in the reports and studies that were performed more than ten years                             

ago. The information could be updated according to recently updated situations in                       

technologies but requires a longer time to perform.   
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6. Conclusion  
It can be concluded that overall for the chosen systems with assumptions and limitations                           

made, the reusable nappies have lower environmental impact in most of the presented 18                           

environmental impact categories. Disposable nappies performed better for the stratospheric                   

ozone depletion, land use, water consumption and human carcinogenic categories. Water                     

consumption and land use has higher values for reusable nappies due to production of the                             

cotton which requires those resources.  

Overall for the chosen systems it can be concluded that disposable nappies perform worse                           

from the environmental perspective than reusable nappies in swedish context. Since the major                         

question as a parent one can have is: Which nappy is better from the environmental                             

perspective? It can be concluded that in Sweden reusable nappies perform better due to lower                             

environmental impact from the life cycle assessment and that would be the conclusion and                           

recommendation for the individual that has to choose between two products.  

Lack of information in the manufacturing process and technologies used in the nappy                         

industries can be updated. Further research is needed to improve the accuracy of the paper.   
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Appendix  
 

 

Producer Retailer  Price for 1 item  

Bambino Mio  babyland.se 259 

ImseVimse  jordklok.se 299 

ImseVimse jollyroom.se 289 

Kattbjörn  lekmer.se 329  

RetriPi retropi.se 139  

RetriPi retropi.se 169  

Table 5. Producers for reusable nappy market and prices in Sweden.  

 

Brand  Ica 
Blöjor 

Libero  Pampe
rs 

Pampe
rs 

Libero  Libero  Libero  Libero  Libero  Libero  Libero   Averag
e  

Price 
per 1 

1,68  1,42  2,62  2,24  2,31  1,95  3,21  2,93  2,70  2,03  2,40  2,3 

Price 
per 30  

50,4  42,6  78,6  67,2  69,3  58,5  96,3  87,9  81  60,9  72  69,5 

Table 6. Average prices per 1 and 30 units of diapers. Taken from ICA (2020) 
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