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Summary 

A simplified clothing system was simulated to analyse the impact of increased clothing reuse. More 

specific, the consumption of new clothes was evaluated under varying conditions including 

increased clothing reuse, increased technical lifetime, better textile waste separation, higher 

random consumption and excess wardrobe capacity.  

The results show that a clothing system with durable clothes has the potential to reduce the 

consumption of new clothes substantially. However, that requires that the extra wears they provide 

are realized. Increasing the user lifetime of the garments (making timeless clothes), reducing the 

wardrobe size (increasing the use frequency) or improving the reuse system are possible strategies 

to accomplish this. Interestingly, the first two focus on keeping clothes in a single-use cycle.  

Reusable clothes with many remaining wears have the highest potential to reduce the consumption 

of new clothes. Lowering the loss of these clothes within the clothing system is therefore key. 

Nonetheless, without sufficient demand for secondhand clothes, efforts to increase supply will stay 

fruitless. Increasing demand, however, should not lead to larger wardrobes, but rather redirect 

customer demand from new to secondhand items.  

A reuse system characterized by perfect sorting and a high willingness to purchase secondhand 

could, in principle, sustain a system with high material outflows (i.e. rapid consumption or short 

user lifecycles). However, this requires clothes to keep their value throughout multiple use cycles, 

which is questionable. In addition, such a system results in large material flows circulating within 

society, which increases the impact of the reuse value chain.  
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1 Introduction 

This report is a deliverable of the project “Se min brukte kjole” (“Look at my used dress”1) which 

aims to increase clothing reuse in Norway. Increasing the consumption of secondhand clothes is 

believed to reduce the consumption of new clothes, thereby reducing resource consumption. There 

is however a lack of knowledge on how increased consumption of secondhand clothes influences 

existing clothing stocks and flows and vice versa. To maximize its benefits, more knowledge is 

required on how individual elements within the clothing system (wardrobe size, consumption levels, 

technical lifetime, …) influence the ability of clothing reuse to reduce the consumption of new 

clothes. 

To close this gap, this study simulates the clothing flows of a simplified society based on basic 

wardrobe dynamics. First, the willingness to buy secondhand clothes is increased to analyze the 

effects of increased reuse on today’s clothing system. Second, different elements in the clothing 

system are changed to analyze its impact on the benefits of clothing reuse. These elements are 

increased technical lifetime of garments, improved household separation of reuseable garments 

and higher random consumption combined with limited wardrobe capacity. Lastly, the study 

analyses the environmental benefits of increased reuse with regards to CO2 emissions from clothing 

production and transport.  

 

 

 

1 Own translation. The title is a wordplay with the title of a popular Norwegian children’s song.  
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2 Approach  

To estimate the consumption of clothes, both new and secondhand, the clothing flows of a 

simplified society are simulated based on the principles of dynamic material flow analysis (MFA) 

(see Müller et al., 2014). As such, the simulation is not limited to the service lifespan of a single 

garment. Instead, it follows the lifespan of a garment stock necessary to meet a certain clothing 

need over time. In what follows, the simplified clothing system, along with its key elements and 

dynamics, is presented first. Afterwards, the parameters values for the simulations are presented.  

2.1 System description 

The system shown in Figure 1 represents a generic clothing system where garments are purchased, 

used, discarded and potentially reused. At the center, the system contains a clothing stock from 

which individuals can choose clothes to wear during the day. The clothing stock should be regarded 

as society’s wardrobe, thereby grouping all individual wardrobes into one single wardrobe. 

To include the potential impact of different wardrobe sizes, the minimum clothing stock is defined. 

A small stock implies that the items have a high rotation, leading them to wear out after a shorter 

time. In the case of a large stock, each item is not used as frequently as there are more to choose 

from, and therefore worn out after a longer time. Furthermore, the number of clothes in the stock 

is allowed to vary between two values: the minimum and a maximal stock level. Clothes are added 

to the stock when a minimum stock level is reached (i.e. there is a need for additional clothes), or 

at a certain interval, to represent random purchases (i.e. clothes are bought even if there is no 

immediate need for additional clothes). Purchased clothes can either be new or secondhand, 

depending on the willingness of customers to buy secondhand and the availability of secondhand 

clothes. Clothes are removed from the stock when they are worn out (reached max. number of 

wears), when they are perceived as outdated by users (reached max. user lifetime), or when a 

maximum stock level is reached (lack of wardrobe space, pushed out by additional purchases). As 

such, the size of the stock interval [min, max] represents the capacity to store additional clothing 

purchases.  

When leaving the clothing stock, reusable clothes can be discarded in a separate stream intended 

for reuse, or as a part of textiles waste going to incineration. Clothes are considered reusable until 

they reach the max. number of wears (technical lifetime). Non-reusable clothes (technical lifetime 

is reached) are considered textile waste. After the sorting process of the clothes in the separate 

stream, where any textile waste is separated from the reusable clothes, the garments are stored in 

a reuse store from where they are available for purchase.  
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2.2 Parameter values 

In principle, the simulation can be carried out for different garment types, thereby simulating the 

collective wardrobe of an entire society. Due to data constraints, only the material flows of one 

single garment type were simulated, being ‘thin upper parts’ (t-shirts and tops). For this garment 

type, it is assumed that consumers need 5 unique garments per week (7 days), considering that such 

garments are used 1-2 times before being washed. Furthermore, for computational reasons, the 

simulation was run for 250 persons. Finally, to give clothes the opportunity to be reused multiple 

times, the simulation is run over 20 years. As such, the simulation calculates the material flows 

related to providing 5 unique garments for 250 persons, every week, over 20 years. The parameter 

values are shown in Table 1. For simplicity, the simulation is based on single values and not 

stochastic distributions. Hence, the only stochastic process is the choice of which garment to wear 

(random process).  

Table 1: Parameter values used in the study 

Parameter Unit Value Comment / Source 

Clothing need Pieces per 
week 

5 Unique pieces per week 

User lifetime Years 4.6 Storage time before discarding, for t-shirts, from 
(Laitala & Klepp, 2020b) 

Technical lifetime Wears 45 PEFCR apparel and footwear, Version 1.3 (28/03/2022) 

Min. stock  Pieces 30 6 times a clothing need of 5 items. See annex 1. 

Figure 1: Simplified clothing system with reuse 
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Max. stock Pieces 50 Assumption. 

Willingness to 
buy secondhand 

% 5 Represented by the share of secondhand purchases 
over all purchases. For tops, shirts. From (Laitala & 
Klepp, 2020a) 

Random purchase Pieces per 
person 

2 Yearly purchase of 1.4 tops and shirts based on (Laitala 
& Klepp, 2020a), rounded. 

Separation 
reuseable clothes 
by households 

% 47 Represents the share of reusable clothes being 
discarded in the separated stream. Calculations based 
on (Syversen et al., 2023).  

Separation textile 
waste by 
households 

% 74 Represents the share of textile waste being discarded 
in the residual waste stream. The remaining part 
follows the separated stream until sorting. 
Calculations based on (Syversen et al., 2023) 

Sorting efficiency 
of reuseable 
clothes  

% 100 To include the full potential of the reusable clothing 
stream, we assume that all reusable clothes in the 
separated steam are available for reuse.   

 

2.3 Parameter changes 

To identify how different elements in the clothing system influence the consumption of new clothes, 

a baseline, representing the current clothing system, is first calculated based on the parameters 

shown in Table 1. Afterwards, the following parameters have been changed:  

1. The willingness to buy secondhand is increased to 100% (“Max. reuse”). This means that the 

system aims to add only secondhand clothes to the stock. In this case, two remarks should 

be made: (1) the clothing stock will first be filled with new clothes. Only over time, reusable 

clothes will become available, (2) if no secondhand clothes are available, new clothes will be 

added instead. 

2. The technical lifetime is increased from 45 to 65 wears to analyze the effect of producing 

more durable clothes. 

3. Discarding behavior by households is improved. All reusable clothes are now discarded in 

the separated flow. Separation of reusable clothes by households is now set at 100% 

(“Perfect sorting”).  

4. Random purchases are increased gradually to see the impact of increased consumption. To 

understand the impact of different wardrobe sizes in combination with consumption levels, 

the maximum wardrobe size is decreased from 50 to 33 items, meaning there is less capacity 

to store additional clothing purchases.  
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2.4 Environmental impact 

To analyze how transport within the reuse value chain influences the environmental impact of the 

clothing system, meaning the impact of increased transport due to reuse, a simplified life cycle 

analysis is carried out. Mass flows are multiplied with data representing the potential impact on 

climate change. It should be noted that the production of clothes causes more environmental 

problems than their effects on climate change alone. Hence, the conducted analysis should not be 

regarded as a full environmental impact assessment of the clothing system. To better understand 

the different environmental problems, the analysis should for example consider different fabric 

types within the clothing system. Including this, however, would take us too far from the scope of 

this study. 

Table 2 shows the main assumption used in the analysis. The impact from transport and incineration 

is collected from ecoinvent v3.9 (Wernet et al., 2016) whereas the production impacts of a new 

garment (“thin upper part”) are assumed to be 5kg CO2e. Processes that happen independently of 

the garment’s origin, e.g. during use phase, were omitted from the analysis. 

 

Table 2: Main assumptions used for calculating the impact of the mass flows 

Process Assumptions 

New clothes 224 gram per piece, 5 kg CO2e per piece 

Discarded clothes as waste Incinerated, 50km transport with waste collection vehicle 

Clothes to sorting facility 1500 km transport with 16-32t lorry 

Clothes to reuse store 1500 km transport with 16-32t lorry 

Loss from sorting facility (waste) Incinerated, 100km transport with 16-32t lorry 

Unused stock at reuse store Incinerated, 100km transport with 16-32t lorry 
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3 Results 

Below, the results from the simulation are presented. First, the baseline system using values from 

Table 1 is presented. Afterwards, the results from the different parameters changes are shown.  

3.1 Baseline 

Figure 2 shows the clothing flows within the analyzed system over 20 years. To ensure 250 persons 

can wear 5 unique garments every week, approximately 38 000 new clothes are necessary. From 

those, 7510 items are still present in the stock at the end of year 20, while 19 592 items have been 

incinerated. The remaining part is stored in the reuse stock, waiting to be demanded by consumers.  

 

 

Figure 2: Required clothing flows over 20 years in the baseline system. 

To get a better understanding of the 38 000 items required to meet the weekly clothing need, Figure 

3 shows the consumption of new clothes for a system with minimum stock size of 5 pieces (instead 

of 30 in the baseline). In this case, only 30 000 items are required. Since every item is worn every 

single week, each item is worn out before it is perceived as outdated by the user, and consequently 

no reusable clothes are available. Hence, the minimum number of new clothes required to fulfill the 

clothing need for 250 persons, given a technical lifetime of 45 wears, is 30 000 items (6 items per 

year per person). This is 8 000 items less than in the baseline scenario, which can be considered as 

the “cost” of having multiple clothes to choose from in a non-perfect clothing system.  
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Figure 3: Required clothing flows over 20 years, in a system with a minimal stock that equals demand (5 items per 
person) and without random consumption.  

3.2 Increased clothing reuse 

Figure 4 shows the effect of maximizing reuse in the current system (willingness to buy secondhand 

is increased to 100%). One can see that the number of purchased secondhand items increases with 

9 960 items (from 1551 to 11 511 items), while the number of new items only decreased with 2 697 

items. Furthermore, one can see that the total number of purchased clothes (secondhand and new) 

increases from approximately 40 000 items to 47 000 items. Meaning that increased consumption 

of secondhand clothes has been compensated by a higher overall need for clothes, leading to 

secondhand items only partially replacing new items (a replacement rate of 27%). 

 

Figure 4: Inflow of new and secondhand clothes in the clothing stock over 20 years.  
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The higher overall clothing need is caused by the shorter lifetime of secondhand clothes compared 

to new clothes. Indeed, reusable clothes in the baseline case have only 20% of their technical 

lifetime left (see Figure A.2), resulting in a shorter in-use period for secondhand clothes (the 

maximum numbers of wears are reached faster compared with new clothes). When clothes with 

fewer remaining wears are added to the stock, more clothes are necessary to cover the same 

number of wears in a given time interval.  

3.3 Increased durability 

Figure 5 shows the effect of having clothes with a higher technical lifetime (65 wears) in the two 

clothing systems presented above (baseline and max. reuse). Using more durable clothes in the 

current clothing system leads to a demand for 37 000 new items over 20 years. Compared to the 

baseline system (clothes with a lifetime of 45 wears, see Figure 4), this only results in a reduced 

consumption of 1000 new pieces. With sufficient demand for secondhand clothes (max. reuse, 

meaning willingness to buy secondhand clothes is 100%), the consumption of secondhand clothes 

increased with 9 605 items while the consumption of new clothes decreased with 6 591 items. 

Meaning that in the case of increased durability, every additional secondhand item avoided the 

need for 0.68 new items (a replacement rate of 68 %), being considerably higher than the 27% 

replacement observed in the baseline case. Longer technical lifetimes lead to more remaining wears 

of secondhand items, resulting in longer average user lifetimes of secondhand clothes and hence, 

only a slight increase in overall clothing need (+3014 items compared to +7263 items in the baseline 

case). 

 

Figure 5: Clothing inflow over 20 years for a system where clothes have a technical lifetime of 65 wears.  
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3.4 Improved waste separation 

The previous cases have all been performed with the current sorting behavior by households, i.e. 

only 47% of the reusable clothes are separated correctly and are sent to the sorting facility 

afterwards. Figure 6 evaluates the impact of improved sorting behavior by households in the 

previous cases, i.e. for normal and more durable clothes under the assumption of maximum reuse 

(willingness to buy secondhand clothes is 100%). 

For normal clothes (45 wears), the consumption of new clothes can be reduced to 31 777 items with 

perfect sorting behavior (i.e. all reusable clothes are discarded in the separate flow). This represents 

a 10% reduction compared to current sorting behavior. For more durable clothes (65 wears), a 

reduction of 24% was obtained. As reusable clothes in the durable alternative have more remaining 

wears left (higher potential replacement, see section 3.3), discarding these items in the correct 

stream (and eventually reusing them) leads to lower consumption of new clothes. Hence, improved 

sorting behavior has a higher impact on the consumption of new clothes when reusable clothes 

have many remaining wears compared to less durable clothes. As such, to harvest the benefits of 

more durable clothes, one should ensure that reusable clothes are discarded appropriately and that 

they remain attractive as secondhand items.  

 

Figure 6: Demand for new clothes under improved sorting behavior by households.  
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3.5 Higher random consumption 

This case simulates the effect of purchasing clothes when there is no direct need for it (the number 

of clothes in stock are larger than the minimum stock level). Furthermore, a 100% willingness to buy 

secondhand clothes was assumed, meaning that the randomly purchased items will be secondhand, 

if available. Figure 7 shows how the consumption of new clothes changes with increased random 

consumption. To study the influence of sorting behavior by households and excess wardrobe 

capacity, four cases are made by combining different levels of sorting behavior with different 

wardrobe sizes (excess capacity). Other parameter values remain as presented in Table 1.  

For three out of four cases, one can see that high levels of random consumption correspond to 

higher consumption of new clothes. This is mainly for the cases with current sorting performance 

(dark blue and orange lines). Furthermore, one can see that the consumption of new clothes mainly 

increases from 8 randomly purchased items (per person per year) and higher. Only the case with 

perfect sorting and a small stock (light blue line) appears to be resistant against more random 

consumption.  

A detailed analysis reveals that, at first, random purchases mainly change the timing of a purchase 

event, and not the overall stock level to the same degree. Instead of waiting for a need to appear 

(stock size goes below the minimum level), clothes are purchased in advance, thereby avoiding 

critically low stock levels to be reached. Above a certain number of purchases, however, the overall 

stock size increases to a steady state higher than the original level, resulting in more reusable clothes 

being discarded. In case of a small stock, a higher consumption level will result in more outflow 

(clothes are discarded before they are worn out) and hence more clothes go to incineration. This 
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effect, however, is compensated by the additional items that are stored in the large stock, leading 

to a higher consumption of new clothes for large stocks compared to small stocks.  

With perfect discarding behavior (light blue and green lines), the impact from randomly purchased 

items is generally lower. As shown in Figure 8, the consumption of new clothes remains almost 

constant in the case of a small stock. In this case, every additional purchase pushes a clothing item 

to the reuse stock, which is purchased again afterwards. Hence, clothes are used until they reach 

technical lifetime, but their use is spread over multiple users. As such, high consumption levels lead 

to a high number of clothes circulating within society. In the case of more excess wardrobe capacity 

(“large stock”), more clothes can be stored. As a result, not every random purchase pushes out 

another piece to reuse, leading to more new clothes being purchased.    

 

Figure 8: Clothing flows over 20 years, for a varying degree of randomly purchased items, with perfect sorting 
behavior. 

3.6 Environmental impact 

Figure 9 shows the climate change impact of the analyzed clothing system, per person per year. The results 

show that wearing 5 unique garments (thin upper parts) per week causes an impact of 39.4 kg CO2e per 

person per year in the current system (assuming every new garment has a production impact of 5 kg CO2e.). 

Furthermore, one can see that the production of new clothes (“virgin material”) accounts for the biggest 

share of the impact on climate change, while impacts related to transport or incineration only represent a 

minor share.  

With a technical lifetime of 45 wears, the perfect sorting scenario (100% willingness to buy secondhand and 

100% separation of reusable clothes) delivers the lowest impact on climate change (33.3 kg CO2e. per person 

per year). With increased consumption and limited excess wardrobe capacity, (“High cons. Perfect sorting”, 
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representing the scenario with the purple bars in Figure 6), the impacts of the perfect sorting scenario 

increase to 35.3 kg CO2e. This is partly due to a higher impact from transport which is caused by the 

substantial number of clothes circulating in society.  

The lowest impacts on climate change are realized with a technical lifetime of 65 wears. Within the current 

system, the benefits of increased technical lifetime are minimal. Indeed, the extra wears need to be realized 

to be beneficial. With a higher willingness to purchase secondhand (“Max. Reuse”) on the other hand, the 

impact per person per year lowers to 31.6 kg CO2e. Combined with perfect sorting of reusable clothes, the 

impact decreases further to 24.1 kg CO2e, which is 9.2 kg CO2e lower than the perfect sorting system in the 

45 wears alternative.  

 

Figure 9: Climate change impact of the analyzed system, per person per year 

 

Figure 10 shows the benefits of clothing reuse, per reused item.  The benefits represent the impact difference 

between the current system and the analyzed alternatives, divided by the number of reused items that 

created the benefits. The results show that buying a secondhand item is most beneficial in the 65 wears 

system. Indeed, since these items have more remaining wears, they replace a larger share of a new clothing 

item. When looking at the 45 wears system, the “perfect sorting” system gives highest benefits per 

secondhand item. Furthermore, one can see that the benefits per reused item have decreased substantially 

in the system with high consumption, now being lowest of all scenarios. This unlike Figure 9, where the “max 

reuse” scenario has the lowest benefits of all reuse scenarios.  As shown in Figure 8 (purple bars), the “high 

consumption” system has many items circulating within society, resulting in many items being reused (often 

multiple times), thereby reducing the benefits per reused item.  
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4 Discussion and conclusion 

The results show that a system with technically durable clothes has the potential to reduce the consumption 

of new clothes substantially. However, this requires that the extra wears they provide are realized. Increasing 

the user lifetime of garments (making timeless clothes), reducing the wardrobe size (increasing the use 

frequency) or improving the reuse system are possible strategies to accomplish this. Even though this study 

focused on the latter, strategies to avoid reuseable clothes being discarded should also be considered when 

designing a new clothing system.   

When considering the latter, the results show that a reused item has a higher replacement of new clothes 

when it has many remaining wears left. Using the same logic (more remaining wears leads to a larger share 

of a new garment being replaced), one could conclude that reusable clothes in good condition are more 

important to reuse than clothes in bad condition, as they have a higher replacement rate. To confirm this 

hypothesis, future research should analyze the impact of using a narrower definition of what’s reusable, e.g. 

only considering clothes that have more than half of their technical lifetime left. This unlike the current 

analysis, where every item that has remaining technical lifetime is considered reusable.  

Ensuring a match between supply of, and demand for, secondhand clothes is key to realize its potential. Given 

a high number of secondhand clothes remaining unused in the baseline system, the consumption of 

secondhand clothes should be increased. However, this should not lead to an overall increase in clothing 

stock, it should rather redirect consumer demand from new to secondhand items. In light of this, buying 

secondhand items suddenly, because you found a piece you like, is tolerable if it replaces future purchases 

rather than expanding long-term stock levels. As such, how an additional purchase influences wardrobe 

dynamics is more important than the timing of a purchase.  

In principle, a perfect reuse system (perfect sorting and a high willingness to purchase secondhand) could 

sustain a system with high material outflows (i.e. rapid consumption or short user lifecycles). However, this 

requires clothes to keep their value throughout multiple use cycles, which is questionable. Furthermore, this 

results in large material flows circulating within society, which contradicts with the principles of a circular 

economy that seeks to narrow and slow material flows.  

Larger material flows also result in more transport, thereby increasing the overall impact from the reuse 

value chain and lowering the benefits of reuse. However, with industrial transport means, the impact 

contribution from transport is too low to cancel out the benefits of reuse. Furthermore, as most of the 

benefits come from reduced production of new clothes, focusing on items that are more intensive to produce 

(in terms of climate change impacts), will generate higher benefits (per reused item), allowing higher impacts 

from transport if necessary.  

The aim should always be to develop a clothing system with the lowest environmental impact possible. When 

redesigning the clothing system, one should evaluate the performance of the entire system, and not relative 

to the number of reused items. As such, using clothes in a single use-cycle until they reach their technical 

lifetime has shown to be the preferred solution. 
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Annex 1: Minimum stock level 

The minimum stock level shown in Table 1 was determined by comparing the share of reusable 

clothes in the separated stream and residual waste steam with literature values. According to 

Syversen et al. (2023), 87% of the thin upper parts in the separated stream are reusable, while 73% 

of the thin upper parts in the residual waste stream are reusable. As shown in Figure A.1, the reusable 

share increases gradually with increased stock size, until it stabilizes around 96% in both streams. It 

should be noted that a garment is considered reusable until it reached its technical lifetime.  

With a stock lower than 20 units (4 times weekly demand), items are used rather frequently and 

hence, they reach technical lifetime before maximal user lifetime is reached (no reuse). With 

increased stock size, the likelihood of reaching the technical lifetime before max. user lifetime 

decreases as the number of wears (clothing need) is now spread over multiple items, wearing each 

one less frequently. Hence, the number of reusable clothes leaving the stock increases. With high 

stock sizes, the stock outflow is dominated by reusable clothes. For a minimal stock size of 30 items 

(6 times weekly demand), the values from the model correspond to literature values, and hence, a 

minimal stock size of 30 units was used.  

  

Figure A.1 Reusable thin upper parts in the residual waste stream and separate stream according to the model 

Figure A.2 and Figure A.3 show the influence of the minimal stock size on the average storage time 

(“user lifetime”) of clothing items and the number of wears registered on reusable items (i.e. items 

that haven't reached technical lifetime). As expected, the average storage time increases with larger 

stocks while the average number of registered wears per item decreases.  
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Does increased clothing reuse lead to reduced consumption of new clothes?    

 

Figure A.3: Average storage time of clothing items in 
stock, with varying stock size. 

 

Figure A.2: Average number of wears recorded on 
reusable clothes, with varying stock size 
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Does increased clothing reuse lead to reduced consumption of new clothes?    

Annex 2: Material flows for increased durability 

 

 

Figure A.4: Required clothing flows over 20 years in a system with increased technical lifetime (65 wears) and current 
willingness to purchase secondhand clothing.  

 

 

Figure A.5:Required clothing flows over 20 years in a system with increased technical lifetime (65 wears) and 100% 
willingness to purchase secondhand clothing. 
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