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1 Executive Summary 

This life cycle assessment (LCA) report examines the product LOOP shower from the company 

Flow Loop ApS, the commissioner of this LCA study. Compared to a regular shower the LOOP 

shower recycles large part of the bathing water and therefore has a smaller water and energy 

consumption. Since the main function for the LOOP shower is the same as the regular shower, 

both products are compared based on their main function identifying the environmental impact 

of each shower. In addition, a hot-spot analysis is conducted identifying the impact of each life 

cycle stage and the biggest contributors. Because the main purpose of the products is to provide 

bathing water, the functional unit (FU) is defined as Delivering bathing water with a flow of 

12 L/min and 38oC for 8 minutes in Denmark containing exact specifications for comparing. 

The system boundaries include every life cycle process covering the material extraction, 

transport to Flow Loop ApS and customer, production, use stage, and disposal. Excluded pro-

cesses include any detergents used while showering, and fixed bathroom furniture such as ce-

ramic tiles in the bathroom. The process tree consists of foreground and background processes. 

The foreground processes are based mainly on primary data. The background processes also 

include primary data like datasheets and measurements but uses secondary data such as data 

from internet research.  

For conducting the LCA study several assumptions are made of which most regard the manu-

facturing stage and use stage. For the use stage district heat for water heating, showering dura-

tion and frequency, as well as number of people per apartment are the most impactful assump-

tions. The showering frequency and population per apartment also affect the manufacturing 

stage since they define the number of uses over shower lifetime. Based on the determined in-

formation, the environmental impact is calculated. The results indicate LOOP showers’ global 

warming score as a bit more than half of the regular showers score. While for both showers the 

use stage represents the biggest contributor, the manufacturing stage of the LOOP shower 

shows also significant CO2 emissions, whereas the regular shower is only dominated by the 

use stage. Especially the high contribution of the aluminium and the filter of the LOOP shower 

as part of the manufacturing impact are identified. Considering different impact categories, 

affecting human health and ecosystem quality, the LOOP shower has smaller impacts in the 

majority and in most important impact categories.  

For considering the uncertainty of certain assumptions a sensitivity study was conducted. 

Longer shower duration, more frequent use, and higher water temperatures increase the envi-

ronmental impact difference between the two product systems in favour of the LOOP shower. 

Additionally, heating the water with DK electricity mix shows similar results if the fraction of 

fossil energy increases. Besides a comparison of the products’ sustainability, an absolute view 

on the sustainability was taken. It shows that both products are not absolute sustainable.  

Based on the results, it is recommended to implement the LOOP shower in water intensive 

surroundings and to consider using recycled alumnium for the LOOP showerdue to its high 

impact contribution. Moreover, reusable filter can reduce the impact of the manufacturing 

stage. 
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2 Technical Summary 

In this LCA study the object of investigation is a product called LOOP shower from the com-

pany Flow Loop ApS. The LOOP shower is a recycling shower, and it was compared to a 

regular shower which is used as a reference in this LCA. The LOOP shower recycles a large 

part of the bathing water through a treatment process which results in a significantly smaller 

water and energy consumption. For both product systems the whole life cycle from cradle to 

grave is evaluated in this LCA. Two goals for conducting this LCA were given by the company. 

The first is finding the most sensible ways to reduce the CO2 impact of the LOOP shower. The 

second is identifying the break-even point after which the LOOP shower performs better than 

a regular shower in terms of CO2 emissions. In order to meet these objectives, a comparative 

study between the two shower products and a hot-spot analysis of the LOOP shower is con-

ducted. 

The functional unit (FU) for this LCA is defined as Delivering bathing water with a flow of 12 

L/min and 38oC for 8 minutes in Denmark. The decision context for this study is the micro-

level decision support, and therefore the attributional LCI modelling framework is applied in 

this LCA. 

The main data source for this LCA is the commissioner, Flow Loop ApS. The company pro-

vided the data through component datasheets, a previous water and energy usage report, and 

their website. Additionally, a main primary data source is the weighting of the shower compo-

nents and materials by the LCA team. The data for a regular shower was gathered from the 

internet through a company website. Regarding data quality it should be noted that the data for 

the LOOP shower is mainly high-quality primary data and therefore provides higher quality 

than for a regular shower. However, some of the data regarding the LOOP shower (transporta-

tion distances and detailed information about some components) were not gathered directly 

through the company and may not be of the same quality as the first-hand data. Ecoinvent 

database represents the main data source for the background processes. One of the main method 

assumptions is that all data has been specifically chosen for Denmark which is why there may 

be result usage limitations for countries outside Denmark. Another main assumption is that the 

SimaPro impact category Water availability for human health is not used in this LCA study 

because of misleading data in the Ecoinvent database, but rather calculated by hand for the use 

phase only. In the use stage district heat for water heating was assumed as well as shower time 

of 8 minutes and that four people are living in one apartment and using the shower on daily 

basis. In Figure 1 a process tree of the LOOP shower is shown which gives an overview of all 

the processes that were taken into consideration in the data collection. 
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Figure 1. LOOP shower process tree and system boundaries. 

The calculations of the global warming score with the Excel hand-calculations and in SimaPro 

software provide a similar picture. With 0.152 kgCO2eq/FU for the hand-calculations and 0.155 

kgCO2eq/FU for the SimaPro calculations, the global warming score of the LOOP shower is 

significantly lower than that of a regular shower which has a score around 0.271 kgCO2eq/FU 

for the hand calculations and 0.275 kgCO2eq/FU for the SimaPro results. The main contributors 

in the SimaPro calculations for the LOOP shower are the heating of water in the use stage with 

45% contribution, the manufacturing and raw materials with 31% contribution, and the use 

stage other than heating of the water with 14% contribution. The Figure 2 of the normalized 

results shows a similar picture as the results of the global warming score.  

 

Figure 2. Normalized endpoint results from SimaPro IMPACT World+ damage level method 

in pers-year/FU sorted into human health and ecosystem impact categories for the LOOP 

shower and a regular shower. Note: y-axis is log-scaled. 
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The normalized endpoint results show that the impact categories climate change short and long 

term are contributing the most in the area of protection human health. For ecosystem the impact 

categories climate change long term and freshwater ecotoxicity long term have the highest 

impact. 

For almost all impact categories the LOOP shower has a smaller impact than a regular shower. 

Only for Ozone layer depletion in human health and Freshwater ecotoxicity (short term), Land 

occupation and biodiversity in ecosystem quality are higher in impact for the LOOP shower 

than for a regular shower. 

In the sensitivity study it was found out that in terms of global warming the LOOP shower is 

most sensitive to changes in shower duration and number of uses over product lifetime. 

Whereas the regular shower is significantly sensitive to the duration of the shower and espe-

cially to the heating method of the bathing water. 

The calculations for the CO2 break-even revealed that the LOOP shower outperforms the reg-

ular shower after 3133 uses. For this calculation the whole process of the shower has been 

considered, not just the use stage processes. 

In total it can concluded based on the performed LCA including the normalization of results, 

sensitivity analysis, and absolute sustainability assessment that the LOOP shower is a more 

sustainable product than a regular shower. As always, there are some limitations to using LCA 

study results. As mentioned in the beginning, the study uses specific data for the Danish market 

and therefore results cannot easily be applied to another country. Secondly, the result are only 

applicable for the current state of the Flow Loop ApS company as the start-up is in a developing 

state and currently produces the LOOP showers by hand. The main takeaway from the results 

of this LCA is that Flow Loop ApS should focus on reducing the emissions of the product itself 

as they do not have any influence on how the bathing water is heated. For example, they could 

reduce the use of aluminium or use recycled aluminium instead of virgin one. Another way to 

reduce the carbon footprint of the product itself is to change the material of the microfilter or 

investigate if it can be safely used for longer than the Flow Loop ApS currently recommends. 

Furthermore, it is recommended for Flow Loop ApS to focus on users with higher water con-

sumption as this reduces the overall emissions per FU.   
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3 Goal Definition 

3.1 Intended Application 

The intended application of this study is a comparative assertion of a recycling shower called 

LOOP shower and a regular shower. The environmental impact of both product systems is 

evaluated for the whole life cycle from cradle-to-grave.  

3.2 Method Assumptions and Impact Limitations 

There are some limitations in the study’s usability for countries outside of Denmark since the 

data that has been used is specific to Denmark. For example, some of the processes used for 

modelling such as electricity mix have been picked to fit the Danish market. Also, the processes 

used (e.g., electricity mix) correspond to today's situation, and may no longer be valid years 

from now. Therefore, the study has limited representation of temporal and spatial variations. 

Nearly all possible impact categories will be taken into consideration in this study. One impact 

limitation is that the SimaPro Water Availability for Human Health impact cannot be used in 

this LCA study when using the IMPACT World+ method. This is because the Ecoinvent data 

is currently incorrect and is mixing extraction of water with consumption of water in the water 

turbine part of the metal working processes.  

3.3 Reasons for Carrying Out the LCA Study and Decision Context 

There are two main reasons for the execution of the LCA study. Firstly, it is the company’s 
aim to find the most sensible ways to reduce the CO2 impact of the LOOP shower. The second 

reason is to identify the break-even point, meaning the number of showers after the LOOP 

shower outperforms a regular shower in terms of the CO2 emissions. The reasons for the LCA 

execution led to the decision context of the LCA study. It is likely that the company will use 

the results of this LCA to support their decision making in the future. However, due to the 

small scale of the studied product system, the decisions influenced by this LCA will not cause 

big structural changes in the systems that the product system interacts with. Therefore, the 

decision context for this study is Micro-Level Decision Support as it is defined in the LCA 

handbook by Hauschild et al. (2018, pp. 70-71). 

3.4 Target Audience 

The results of the LCA study are primarily destined for the company of the LOOP shower, so 

that they can be used internally for further development. The company has previously done 

some calculations regarding the carbon footprint of the LOOP shower but has not completed a 

full LCA. Therefore, they have some background knowledge about the assessment, but still 

require the help of external experts to make more informed decisions.  

3.5 Comparative Assertions to be Disclosed to the Public 

The study results are only intended to be used for internal use, so the comparative assertions 

will not be disclosed to the public. 

3.6 Commissioner of the LCA Study and Other Influential Actors 

The Commissioner of this LCA study is Flow Loop ApS, the company producing the LOOP 

shower. 
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4 Scope Definition 

4.1 Deliverables 

The deliverables will consist of a report describing and discussing a Life Cycle Assessment for 

the LOOP shower and a regular shower. The results will be based on a life cycle inventory with 

data on the environmental inputs and outputs associated with the two product systems. The 

impact assessment will include all impact categories (except limitations mentioned in 1.2) in-

cluding water usage, energy consumption, carbon emissions etc. In addition, the assumptions 

made during the study and the potential impact of these assumptions on the results will be 

discussed. In the end, recommendations to the company will be provided, with suggestions for 

lowering the impact of the LOOP shower, including e.g., information on the current break-

even point (CO2) between a regular shower and the LOOP shower. 

4.2 Product Description 

The main product of this LCA is the LOOP shower, a water recycling shower produced by the 

company Flow Loop ApS (Figure 3). In contrast to a regular shower, the water used in the 

LOOP shower can be directly reused for showering again.  

The process of the LOOP shower is 

as follows: The shower is turned on 

and the recycling mode is activated 

by pressing a button. After a few mil-

limetres of water has collected on the 

floor, the water recycling starts. The 

water on the floor is sucked into the 

suction inlet by the pumps, and it gets 

filtered through a prefilter and a mi-

crofilter before getting disinfected by 

a UV lamp. The microfilter is 

changed once a month. After the used 

water has flowed through these pro-

cesses, it flows through the shower 

head again and will be directly re-

used. Some fresh water is also added 

to the recycled water to maintain suf-

ficient temperature.  

 

Every two weeks the shower needs to go through a rinse process, and a cleaning tablet is added 

to purify the system. The rinse process works in a 3-3-3 cycle; the floor is first filled with water 

for 30 seconds after which the water is recirculated for 3 mins. Then, the shower is turned off 

to let the chemical sit and then the shower is run normally without the recycling mode for 3 

more minutes. (Flow Loop ApS, 2023.) 

Figure 3. Products of interest: LOOP shower 

(left) and regular shower (right). (Flow Loop ApS, 

2023; Gulv & Flise Eksperten, 2023). 
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The product on the right in Figure 3 was chosen as a reference shower to represent a regular 

shower in this LCA. It was chosen because it is able to reach the same flow rate as the LOOP 

shower, it has a hand shower, and it does not include any additional functionalities that the 

LOOP shower does not have (Gulv & Flise Eksperten, 2023.)  

4.3 Function, Functional Unit and Reference Flows 

To carry out a meaningful comparative LCA, the functions of the compared product systems 

need to be identified as either primary or secondary functions. In this study, the primary func-

tion of the two product systems is to provide bathing water for showering, while the secondary 

functions may include relaxation, maintaining good hygiene, being part of the interior design 

of the bathroom, or the ability to recycle and reuse the water and energy. 

To ensure a representative functional unit (FU) for the systems to be evaluated, mandatory and 

positioning characteristics of the products must be defined. In this study, both showers have 

many mandatory characteristics such as safety and providing sufficient water flow. The safety 

parameter is a legally required property, so that the showers do not endanger the health of the 

user, e.g., by unregulated heating of the water or unregulated quality of the bathing water. 

Another mandatory feature is that the showers must be compatible with existing structures, 

such as household water outlets, and must be able to regulate water flow and temperature. Some 

positioning features that make the products more attractive to the customer and increase their 

value can be certain designs, including colour or shape, or different showerhead settings. In 

addition, the lifespan of a shower, the ease of use, and the energy and water consumption can 

vary between different shower products, providing different value to the customer. 

Based on this defined information, the functional unit (FU) can be formed. The FU quantifies 

the performance of the product to be evaluated and serves as a reference unit for comparison 

and is therefore the same for both product systems (ISO 14044, 2006). The FU for this LCA is 

as follows, 

• Delivering bathing water with a flow of 12 L/min and 38oC for 8 minutes in Denmark. 

In the FU, the flow of 12 L/min, the water temperature of 38oC, and shower time of 8 min are 

based on a previous water and energy usage assessment report (Niras A/S, 2023). Referring to 

this functional unit, there are key environmental parameters used to calculate the reference 

flows (Table 1). For the quantity of the key environmental parameters, key assumptions are 

made and information from data sheets and reports of former analyzation of the LOOP shower 

are taken. The assumptions for the key environmental parameters or those which are used to 

calculate the key environmental parameters are stated in Annex 1. All assumptions that are 

made in the LCA study focus on Denmark as the Danish market is the only point of sale for 

the company for now. The influence of this assumption may result for example in a high per-

centage of renewable energy use in the modelling, because renewable sources are common in 

Denmark (Energinet, 2023).  
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Table 1. Key environmental parameters.  

• Lifespan of a shower 

• Recycling rate of the LOOP shower 

• Water savings of the LOOP shower 

• Frequency of filter change of the LOOP shower 

• Frequency of rinse process of the LOOP shower 

• Specific heat of water 

• Way of heating the water 

• Temperature of cold domestic water 

• Power of pumps 

• Power of UV lamp 

• Number of showers over the product lifetime 

• Temperature loss during recycling process of the LOOP shower 

• Rinse process data (temperature of water, water flow, duration) 

 

These key assumptions and key environmental parameters mentioned above have been used to 

calculate the reference flows for both systems in  

Table 2. These calculations have been categorized into required domestic water, energy for 

water heating, electricity, showers, and maintenance per FU. First, the calculations for the 

LOOP shower are based on the assumption that water is recycled for the whole showering 

process except the starting phase where water is collected on the floor. As 63% of the Danish 

households use district heating for water heating, this is counted as energy instead of electricity 

(Danish Energy Agency, 2015). The water consumption for both showers is calculated with 

the provided water flow and showering time. In addition, the water consumption of the LOOP 

shower takes into account the water savings calculated by the company. They measured that 

for a water flow of 12 L/min for 8 minutes, 17.5 L water are consumed (Niras A/S, 2023). 

Since the LOOP shower requires a rinsing process every two weeks, the water used for this 

process is also added. The energy and electricity used by the shower during the rinse process 

is calculated based on the information from the company that the UV lamp is on for the whole 

rinse process, and when in recirculation mode both pumps are on, and when in normal shower 

mode only the delivery pump is on. To provide more detailed information, the first 30 seconds 

when the water is pooling on the floor only one pump is active. Then, when the recirculating 

starts the two pumps are working for 3 minutes, and then the normal shower is active for 3 

minutes with only one pump to finish up the rinsing.  

The amount of energy needed to heat the water to 38oC for a regular shower was calculated 

based on the information that 50% of the water coming in is cold and 50% is hot and they are 

mixed to find the optimal temperature (Niras A/S, 2023). The energy consumed by the LOOP 

shower is composed of the energy for heating the water during the showering process and the 

rinsing process (both heated to 38oC), whereas for the regular shower only the energy for the 

showering process is required. However, for the LOOP shower less hot water is needed than 

for a regular shower because the water is constantly recycled back into the system and only a 
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small amount of hot water is needed to keep up the temperature of 38oC. In addition, the LOOP 

shower requires electricity to pump up the water and to disinfect the recirculated water, again 

distinguishing between the rinse and the shower process. As shown earlier in the reference 

flow, the LOOP shower requires some maintenance, including rinsing (every 2 weeks, 1 tablet 

per rinse) and changing the microfilter (every 4 weeks). This information was used to calculate 

the number of filters and rinse tablets needed per FU. Additionally, the fraction of the actual 

shower itself used per FU for both product systems was also calculated based on the average 

number of showers taken per person in a week, the shower lifetime, and the number of people 

living in an apartment. 

Table 2. Reference flows of the LOOP shower and a regular shower. 
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4.4 LCI Modelling Framework 

The LCI modelling framework needs to align with the decision context determined in the goal 

definition (Hauschild et al., 2018, p. 88f). Therefore, based on the handbook recommendation 

this LCA study has an attributional modelling framework (Hausschild et al. 2018, p. 98). Fol-

lowing the handbook, the system expansion through the use of average processes was applied. 

Even though no elemental co-products could be identified in the product systems, the heat 

recovery through incineration of the plastics and the cardboard in the disposal stage was taken 

into account. If the product systems were to have some components that are reused, these would 

be shown in the modelling as avoided impact in the raw material stage. 

4.5 System Process Tree, Boundaries, and Completeness Requirements 

The process tree or flow chart is used to gain a clear overview of the different processes related 

to the product systems, and it displays the connections from reference flows up to existing 

database unit processes. The tree consists of foreground processes (specific to system) and 

background processes (not specific to system). The foreground and background processes are 

displayed in the process trees (Figure 4 & 5). The processes which are included in the fore-

ground processes for the LOOP shower process tree (Figure 5) are the ones that the company 

contributes to themselves: the manufacturing of the LOOP shower, its transportation to the 

customer, and the service provided by the LOOP shower to the customer. All the processes 

inside the system boundaries which are not inside the foreground processes box are background 

processes and are ones that the company does not contribute to such as the extraction of the 

materials for the shower components. 

According to ISO 14044 (2006), the system boundary is the set of criteria specifying which 

unit processes are part of a product system and ideally includes all the required processes from 

cradle to grave to fulfil the function (Jolliet et al., 2016). The system boundaries include the 

processes of shower production, transport, and use. As seen in the process trees (Figure 4 & 

5), the LOOP shower has a greater number of components and therefore also raw materials 

needed for the shower production. That is why these processes are different and have been 

included in the boundaries. Also, as the water and energy consumption per functional unit are 

not the same between the two systems, water treatment, wastewater treatment, and energy sup-

ply are included in the system boundaries. Also, the emissions to soil, water, and air are in-

cluded in the system boundaries, as shown in the process trees. Lastly, to consider differences 

in produced waste, the end-of-life processes (disposal method) are also to be included to the 

system. The factors that are excluded from the system boundaries are ones that are assumed to 

be equal between different systems. For example, some excluded processes are domestic cos-

metics used while showering, and water and cleaning products used to clean the bathroom. 

Additionally, the other products used when showering such as a shower curtain or closet and 

ceramic tiles in the shower are also excluded from the system boundaries.  
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Figure 4. Regular shower’s process tree and system boundaries. The light blue boxes demon-

strate all the materials needed per functional unit. 

A reduced process tree for the LOOP shower is displayed in Figure 5. A more detailed version 

of the process tree can be found in Annex 2. 

 

Figure 5. LOOP shower process tree and system boundaries.  

4.6 Representativeness of LCI Data  

The data regarding the foreground processes and some background processes has been col-

lected first-hand from the Flow Loop ApS company. This primary data is the most accurate 

information available, however, it contains some justified assumptions (e.g., assumptions in 

the water and energy savings calculations carried out by the company) that have been traced 

and documented as best as possible. During the inventory analysis, almost all of the background 

processes were constructed from other than first-hand data sources, mostly from the Ecoinvent 

database within the SimaPro software. In terms of geographical representativeness, the data 

used in the study is specific to Denmark and Danish consumers and therefore the data does not 

represent a situation where the product is used in another country. The processes used e.g., 

electricity mix correspond to today’s situation and might change over time, therefore affecting 

the temporal and technological representativeness of the data. 
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4.7 Basis for Impact Assessment 

All impact categories (except limitations mentioned in 1.2) will be assessed in this LCA. How-

ever, there are some impact categories that are especially interesting, as the recycling shower 

requires a lot of components consisting of various materials compared to the regular shower 

yet uses less water and energy during the use stage because of its water recycling function. 

Therefore, the water use and energy consumption leading to emissions impacting global warm-

ing, fossil energy use and human respiratory health effects from air pollutants such as PM2.5 

from the upstream raw material extraction stage and transportation as well as the use stage are 

of special interest in this study. For the midpoint and endpoint impact calculations IMPACT 

World+ Endpoint method will be used. Additionally, normalization and weighing of results 

will be conducted.  

4.8 Requirements for Comparative Studies 

Special requirements are set in the ISO 14044 for comparative studies, to make sure that the 

systems can be compared fairly. Systems should have the same functional unit and equivalent 

methodological considerations e.g., performance, system boundary, data quality, and allocation 

procedures. The differences between these parameters should be identified and documented. 

(Hauschild et al., 2018, p. 113-114.) 

The parameters have been kept as similar as possible for both product systems that are being 

compared in this study. However, more primary data has been collected for the LOOP shower 

regarding the shower components’ materials compared to the regular shower. This is not sur-

prising, as it was easier to gain access to the LOOP shower in real life since the company is 

also the commissioner of the LCA, whereas the regular shower was chosen based on internet 

research and was impossible to see in real life. Therefore, higher quality primary data has been 

used for some of the LOOP shower data.  

4.9 Critical Review Needs 

Critical reviews are conducted to prevent misuse and unsupported claims, help identify mis-

takes, find more justifiable assumptions, and improve the general quality of the LCA study. 

(Hauschild et al., 2018, p. 335). According to ISO 14044, a critical review is mandatory for 

LCA studies where “the results are intended to be used to support a comparative assertion 

intended to be disclosed to the public” (ISO 2006). The mandatory critical review can be per-

formed only by a panel of interested parties including at least three LCA experts. (Hauschild 

et al., 2018, p. 339.)  

A formal critical review is not needed in this case because the results are not intended to be 

disclosed to the public but are for the internal use of the company. Therefore, for the purposes 

of this LCA course, the reviewing is conducted by teacher assistants and the course professor 

who have signed the confidentiality agreement and are required not to disclose any confidential 

information. Furthermore, a version of the LCA reports that excludes all confidential infor-

mation will be peer reviewed by other students participating in the LCA course.  
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5 Life Cycle Inventory Analysis 

5.1 LCI Model at System Level  

As mentioned previously, the detailed process tree for the Loop Shower can be found in the 

Annex 2. Compared to Figure 5 this process tree provides all information about the materials 

and components that are part of the recycle shower as well as the transportation of them. 

5.2 Data collection 

The following described data collection is divided into the different life cycle stages. Because 

there was no data available for the disposal life cycle stages, this will be left out in this para-

graph. In the Annex 3 a full list with the collected data and the assumptions about the compo-

nents and materials and the origin of manufacturing/supplier can be found. 

To get a list of all different components and materials of the LOOP shower, an actual prototype 

was disassembled at the manufacturing site. After that, all the disassembled components were 

weighted to get exact values for each component using the scale in Figure 6.  

 

Figure 6. Scale used for weighing the components. 

The data for the weight of the aluminium used for the LOOP shower cover and the frame, as 

well as the total weight of the shower was delivered by the contact person from the Flow Loop 

company. Most of the components’ materials could be identified by looking at the supplier data 

sheets and billing list Excel information that was provided by the company. For the components 

that no data sheets were available, internet research was conducted. For the manufacturing and 

production of the LOOP shower and the components, the available data was provided by the 

company.  

The data about the origin of the suppliers could also be gathered through the data sheets or 

through a deeper internet research about the supplier companies. After the data about the coun-

try of origin of the supplier was identified, the distance of transportation was found out. For 

countries of origin within Europe a transportation via truck was assumed and the distance was 

determined through a route calculation with Google Maps. For the starting point a city that is 
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approximately in the middle of the supplier country and as the endpoint the location of Flow 

Loop ApS was chosen. For countries outside Europe the transportation via freight was assumed 

and the data about the distance of the transportation was gathered through a website (Fluent 

Cargo, 2023). The distances from country to another were calculated from port to port. 

The data for the use stage of the LOOP shower was mainly provided by the company, the 

company’s website, and a previous analysis report of the LOOP shower (Flow Loop ApS, 

2023; Niras A/S, 2023). This included for example the technical properties, provided water 

flow, and details about the showering and rinsing processes. This report also provided data 

about the average showering habits in Denmark. Additional data was collected from data sheets 

of the different energy consuming components such as the UV lamp and pumps (Krausen Bal-

tija, 2023; Xylem Inc., 2023). 

In summary, most of the data was either provided by the company, their suppliers or was gath-

ered trough own measuring, which present high quality sources. All other data sources (trans-

portation distances and detailed information about components) have been carefully selected, 

but it should be noted that the quality may not be the same standard as primary first-hand data. 

5.3 System Modelling Per Life Cycle Stage  

In this section the system modelling will be presented in detail. The focus is set on collected 

data and its treatment as well as the major assumptions. For this purpose, the section is divided 

into two main sections: “LOOP shower” and “regular shower”. Each of these sections consist 

of the following stages: materials/components, production, manufacturing, use, and disposal. 

The processes used in the hand-calculations and SimaPro model for the LOOP shower can be 

found in Annex 4 and for the regular shower in Annex 5. 

5.3.1 LOOP shower 

Material/components stage: The gathered weights of the components were summed up and 

were compared to the total weight of the prototype. Because of a small weight gap between the 

sum of the weight of all components and the weight of the whole LOOP shower prototype, the 

weight of each component was scaled up. For this the relative weight discrepancy was used as 

the scale up factor. This constitutes the most important main assumption in this stage. For some 

components in the data sheets no detailed list of materials and/or amount of each material frac-

tion for the component was given. For these components assumptions were made through in-

ternet research. For example, the materials of a power cord could be found in a former con-

ducted LCA (Gallego-Schmid et al., 2023). In cases where the internet research was not suc-

cessful, an educated guess was made by estimating the contributed weight of each material. 

For example, this was done for the two materials of the filter: polypropylene (PP) and polyester. 

As most of the filter was white polyester filter lining, it was assumed to be 80% of the whole 

filter and the smaller blue PP parts were assumed to cover the remaining 20%. Furthermore, 

the ingredients of the cleaning tablets are unknown. Therefore chloride, as it is a standard sub-

stance for purifying water (NOAH Chemicals, 2022), was assumed to be the main substance. 

In Annex 1 a table of all minor and major assumptions of the materials and components is 

given.  
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Production stage: After all materials and their weights were gathered, the production of the 

components was taken into account. As there was limited data available about the production 

of the components, it was assumed that all products made of plastics were injection moulded 

since it is a common way of plastic production. Also, the additive manufactured plastic were 

considered to be made by injection moulding, as the Ecoinvent database does not cover additive 

manufacturing. The assembling of the thermostatic cartridge, the external power supply for the 

UV lamp, the thermostat housing and the power cord was neglected because of the lack of data. 

Manufacturing stage: For the assembling of the whole LOOP shower, all components were 

transported to Flow Loop ApS. For some components no data about the country of origin was 

available, so an assumption was made for the transportation distance using the average distance 

of the known materials. The materials that were used for these components were also used for 

other components which used materials only coming from Europe. Therefore, the average dis-

tance of all European countries of origin were used as a distance for the components with an 

unknown origin. 

Use stage: The water consumption was determined based on the assumption that 82% of water 

is saved for the defined parameter of showering at the rate of 12 L/min for 8 minutes. This 

implies the assumption that for the shower process the recycling function is active for the long-

est time possible and not turned off during the process. This percentage was calculated by the 

company and Niras. Furthermore, it is stated that the LOOP shower recycles at a rate of 10-11 

L/min and the new mixed domestic water added to the flow is between 1-2 L/min. (Niras A/S, 

2023.) For this LCA, 11 L/min of recycled water and 1 L/min of domestic water are assumed. 

In Denmark tap water comes from groundwater and the Ecoinvent process used for the bathing 

water is tap water production from disinfected underground water (Europe without Switzer-

land). For the wastewater the Ecoinvent process average wastewater treatment in Europe with-

out Switzerland was chosen. Since the majority of Danish households use district heating for 

water heating (Danish Energy Agency, 2015), the energy calculations are based on this as-

sumption. The temperature for the cold domestic water is assumed to be 15°C (Unified Water 

Label Association, 2023) and the temperature loss for the recycled water is assumed to be 4°C 

(Flow Loop ApS, 2023a). For the electricity, the process with the Danish electricity mix (later 

referred as DK electricity mix) in Ecoinvent was chosen. To calculate the required mainte-

nance, the number of showers per week in an apartment in Denmark was calculated based on 

the assumption that 4 people live in an apartment and that the average weekly shower time in 

Denmark is 34 minutes (Niras A/S, 2023). Regarding the total lifetime of a shower, it was 

estimated that a shower is used for 15 years (Flow Loop ApS, 2023a).  

Disposal: For the disposal of the LOOP shower no data is available except that the component 

materials are separated before they are disposed. This lack of data results from the fact, that 

Flow Loop ApS. is a relatively young company so a LOOP shower has not reached the end of 

its lifetime yet. Therefore, standard processes for Denmark are used in the modelling, such as 

incineration of mixed plastics and a mix of recycling and landfilling for the disposal of scrap 

metals. For the disposal of used metals, brass is counted as copper because disposal processes 

for brass were not found from the Ecoinvent database, and it is closest to copper from the 
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available metals. Furthermore, the disposal methods used are based on the Swiss market. This 

assumption was made because this market is the closest to Denmark of the available options. 

5.3.2 Regular Shower 

Manufacturing (materials and processing): The regular shower materials and manufacturing 

was based on the information retrieved from the product website (Gulv & Flise Eksperten, 

2023). The regular shower has a total weight of 10 kg made primary of stainless steel. The 

shower head is usually made of plastic that has been coated with a metallic finish. While it was 

not possible to find data upon the material distribution from the website, assumptions had to 

be made. From the total weight it was assumed that the steel would contribute to 9 kg, while 

the last 1 kg would be polypropylene plastics. Additionally, there was no information about the 

shower packaging, so 1 kg of cardboard was assumed. The shower is manufactured in China 

and transported to Denmark from Sweden (Gulv & Flise Eksperten, 2023; Zhuhai primy 

kitchen Co., Ltd., 2023). Thus, manufacturing processes included Ecoinvent rest of the world 

processes (RoW) of granulated polypropylene production to injection moulding, converter pro-

duction of low-alloyed steel to metal working of average steel product manufacturing and solid 

bleached and unbleached board carton production. 

Transport stage: The shower of 10 kg shower and 1 kg of packaging had to be transported 

22000 km by global freight container ship from China to the supplier located in Sweden, 

Malmö. From the retailer’s store to the customer in Denmark (assumed in Copenhagen), an 

average distance of 50 km transported by a larger truck (market for transport, freight lorry >32 

metric ton, EURO 5) was assumed. 

Use stage: Like the LOOP shower, showering water for the regular shower is also heated 

mostly with district heat in Denmark. For this the Ecoinvent process Heat, district or industrial, 

natural gas in Denmark is used as well. For the regular shower, the Ecoinvent process used for 

the bathing water is tap water production from disinfected underground water (Europe without 

Switzerland). Additionally, the same assumptions regarding the lifetime, the showers taken per 

week per apartment and the temperature of the cold domestic water and the temperature it needs 

to be heated to were made as they were for the LOOP shower.  

Disposal stage: The disposal stage for the regular shower is largely unknown. Consequently, 

standard processes are applied. However, no Danish disposal processes exist in the database. 

The Danish waste disposal market has resemblance with the Swiss market, which is why dis-

posal processes of waste are modelled from the Swiss market processes just like they have been 

with the LOOP shower. For the disposal of the steel, the process market for waste reinforced 

steel (CH), was used. Since the actual disposal processes are unknown, the market process was 

chosen as this considers a treatment mix including transportation, sorting, recycling, and final 

disposal. In Denmark, incineration is a plausible disposal process for plastics and cardboard. 

For the disposal of the 1 kg of plastic and 1 kg of cardboard packaging municipal incineration 

processes in Switzerland were used. The incineration would produce some energy, which 

would be regarded as avoided electricity. For these processes market for low voltage electricity 

in Denmark were used. Finally, the shower produces wastewater. For this process average 

wastewater treatment in Europe without Switzerland was chosen. 
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5.4 Calculated LCI Results 

LCI results were calculated in SimaPro for both LOOP shower and regular shower. All the LCI 

results for the foreground and background systems are based on and available in existing LCI 

databases, in this case Ecoinvent. Tables detailing the unit processes used in SimaPro, that are 

behind the LCI results, are documented in Annex 6.  

 

5.5 Basis for Sensitivity and Uncertainty Analyses 

The parameters for the uncertainty and sensitivity analysis are shown in Table 3 and include 

the values for the standard, low- and high-end scenarios. These parameters were chosen based 

on the contribution of the different life cycle stages and the uncertainty due to assumptions. 

The global warming potential results shown in Figure 9 identify the use stage for both products 

as the highest contributor to CO2 equivalent. Therefore, parameters were selected that have a 

high influence on the use stage. In addition to the above, one of the variables considered in the 

sensitivity analyses was the replacement of the virgin aluminium used in the production of the 

shower with recycled aluminium. This was done because the production of aluminium compo-

nents was identified as one of the most significant processes in terms of the product's total 

emissions. In this analysis, the low-end and high-end scenarios were not applied, and no com-

parison was made with a regular shower, because there is no aluminium in it. 

Table 3. Parameters for sensitivity and uncertainty analysis including the low-end, default, 

and high-end scenarios. 

 Low-end Default High-end 

Bathing water  

temperature 
35°C 38°C 41°C 

Shower duration 5.5 min 8 min 15 min 

Heating method 
Electricity, 100%  

photovoltaic (PV) 
District heating 

Electricity, DK elec-

tricity mix 

Number of showers 

taken over shower 

lifetime 

2.1 person per apart-

ment (avg. Danish 

household) 

→ 6962 showers 

4 person per house-

hold (family) 

→13260 showers 

10 showers per day 

(boarding school, 

sports facility etc.) 

→ 54750 showers 

Type of aluminium 

used as raw mate-

rial 

Virgin aluminium vs. recycled aluminium 

 

These parameters include the temperature of the shower, the duration of the shower, the way 

the water is heated, the number of showers taken, and the type of aluminium used as raw ma-

terial for shower production. The water temperature is considered because the water tempera-

ture was an assumption made in the analysis report of the company (Niras A/S, 2023) and the 

temperature has a high uncertainty due to different showering habits. In addition, this parameter 
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is expected to have a high influence on the results due to the large contribution of energy for 

water heating in the use stage. The length of a shower is the second parameter that is varied in 

a sensitivity analysis, as 8 minutes is an assumption made by the company (Niras A/S, 2023). 

For the low-end scenario, 5.5 min and for the high-end scenario, 15 min of showering time per 

shower are assumed, which we concluded from a survey as high and low showering times in 

Denmark (Energistyrelsen, 2022). The third parameter with a high degree of uncertainty is the 

way the bathing water is heated. Although the majority of the Danish population uses district 

heating for water heating, electricity shows an increasing trend and should therefore be consid-

ered (Danish Energy Agency, 2023). In the low-end scenario, the water is heated with 100% 

renewable energy from solar power, as this energy source has the lowest CO2 emissions in the 

SimaPro software. In the high-end scenario, the DK electricity mix is used to heat the water 

with electricity. The number of showers taken during the lifetime of the shower product has 

also been calculated using a number of assumptions. However, in real life the number of show-

ers used during the lifetime of the shower may be completely different. As a sensitivity analy-

sis, a different number of showers taken per product lifetime should be used. The values for 

the low- and high-end scenarios are calculated based on the assumption in what kind of house-

hold and facility the showers are installed. Based on this, the lower end is represented by the 

average person per apartment in Denmark (Statistics Denmark, 2023). On the other side, the 

high-end encompasses a water-intensive frequent user scenario represented by a boarding 

school or a sports facility with estimated use of ten showers per day. As one of the biggest 

contributors to the overall emissions of the LOOP shower are the primary aluminium produc-

tion and aluminium product manufacturing, it was also decided that a sensitivity study should 

be done on using recycled aluminium instead of virgin aluminium. 
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6 Life Cycle Impact Assessment 
 

6.1 Energy Balance and Carbon Footprint 

The hand-calculation results regarding non-renewable primary energy have been presented in 

the Figure 7. After that, the hand-calculation and SimaPro results are compared in Figure 8 in 

terms of fossil CO2 and in Figure 9 in terms of the global warming score. All stack bars are 

grouped in such a way that the manufacturing stage includes both the production of the shower 

itself, but also the production of the more frequently changed microfilters. Transportation is 

presented as is. Use stage has been separated into Use, heating of water and Use, other than 

heating of water, of which the latter includes tap water, electricity, and cleaning tablet con-

sumption during shower use. Also, the disposal stage has been separated into Disposal, 

wastewater and Disposal, other than wastewater, of which the latter includes disposal of the 

shower materials at the end of the life cycle and energy recovery from incineration of plastics 

and packaging cardboard. 

 

Figure 7. Comparison stack bar for non-renewable primary energy.  

As seen in Figure 7, the total non-renewable primary energy consumption per FU of the LOOP 

shower is only slightly more than half of the total consumption of the regular shower. The 

primary energy consumption of the two showers is caused by slightly different life cycle stage. 

In the primary energy consumption of a regular shower, the heating of the bathing water is 

highlighted (86%) and, to small extent, also other components of the use stage (particularly 

electricity and tap water consumption) (7%), and wastewater treatment (7%). In the case of the 

LOOP shower, the primary energy consumption due to heating of bathing water is significantly 

smaller compared to regular shower, although it is still the largest component of the primary 

energy consumption (58%). It is also essential to note that the primary energy consumption of 
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the LOOP shower is more affected by the manufacturing stage, its share being around 26%. 

The contribution of other components of the use stage (except heating of bathing water) is 13%. 

 

Figure 8. Comparison stack bar of fossil CO2. 

Figure 8 shows that the fossil CO2 emissions of the LOOP shower are slightly more than half 

of the emissions of a regular shower. According to SimaPro results, the contribution of water 

heating is 78% for a regular shower and 48% for the LOOP shower. The second largest fossil 

CO2 contributor for a regular shower is wastewater treatment (15%). Respectively, for the 

LOOP shower, it is manufacturing stage (29%). Regarding the LOOP shower, manufacturing 

is followed by Use, other than heating of water, whose share is 14%. 

 

Figure 9. Comparison stack bar of the Global Warming score (midpoint results).  
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As seen in the midpoint stacked bar graph in Figure 9, the Global Warming score results follow 

a very similar trend to fossil CO2 emissions. In SimaPro results, the main contributors of the 

LOOP shower use to CO2 equivalent emissions are Use, heating of water (45%), Manufactur-

ing and raw materials (31%), and Use, other than heating of water (14%). Respectively, for a 

regular shower the main contributors are Use, heating of water (76%), Disposal, wastewater 

(17%), and Use, other than heating of water (6%). 

The viability of the energy balance and carbon footprint results was assessed by checking the 

gCO2/MJ ratio of all the materials, material processing processes, transport, energy carriers 

(electricity and district heat), and end-of-life processes. End-of-life processes had, as expected, 

higher gCO2/MJ ratios (4791 gCO2/MJ for plastic incineration and 337 gCO2/MJ for treatment 

of used cables), whereas all the other processes had ratios within range 12-85 gCO2/MJ, ma-

jority of them being around 50-70 gCO2/MJ, which indicates that the processes are valid. This 

can also be seen from Figure 8 comparing primary energy and fossil CO2. Similar shape and 

ratio of the stack bars indicate that the gCO2/MJ ratio is as it should be.  

 

Figure 10. Comparison of primary energy and fossil CO2. 

 

6.2 Midpoint Impact Results 

The tables below (Table 4 & 5) display midpoint impact results for a regular shower and the 

LOOP shower, which are the basis for the endpoint impact results. Water scarcity results should 

not be considered accurate (see section 5.3).  
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Table 4. Regular shower midpoint impact results from IMPACT World+ Midpoint method.  

Impact category Unit/FU Total Tap water 
Production 

(rest) 

Heating of  
bathing  
water 

Transport  
total Disposal Wastewater 

treatment 

Climate change, 
short term 

kgCO2eq 2.77E-01 1.57E-02 3.35E-03 2.10E-01 1.75E-04 1.30E-04 4.73E-02 

Climate change, 

long term 
kgCO2eq 2.71E-01 1.51E-02 3.06E-03 2.08E-01 1.73E-04 1.33E-04 4.42E-02 

Fossil and nu-

clear energy use 
MJ deprived 5.34E+00 3.45E-01 4.27E-02 4.38E+00 2.40E-03 -6.81E-04 5.69E-01 

Mineral 

resources use 
kg deprived 2.07E-02 1.48E-04 7.53E-04 3.88E-04 2.68E-06 -3.52E-08 1.94E-02 

Photochemical 

oxidant 

formation 

Kg NMVOC 
eq 

4.45E-04 3.69E-05 1.21E-05 1.71E-04 3.97E-06 4.51E-07 2.21E-04 

Ozone layer 

depletion 
kgCFC-11eq 1.96E-08 9.67E-10 1.90E-10 1.46E-08 3.68E-11 8.59E-12 3.78E-09 

Freshwater 

ecotoxicity 
CTUe 6.32E+02 4.86E+00 1.71E+00 8.89E-01 9.80E-03 -2.86E-02 6.25E+02 

Human toxicity 

cancer 
CTUh 1.17E-08 1.92E-10 5.26E-10 3.16E-10 2.41E-12 7.42E-14 1.07E-08 

Human toxicity 

non-cancer 
CTUh 8.62E-08 1.65E-09 3.36E-10 1.14E-09 5.51E-12 -8.80E-12 8.31E-08 

Freshwater 

acidification 
kgSO2eq 1.19E-09 1.66E-10 2.67E-11 1.92E-10 1.03E-11 1.60E-13 7.99E-10 

Terrestrial 

acidification 
kgSO2eq 1.10E-06 1.34E-07 2.20E-08 1.66E-07 8.43E-09 1.45E-10 7.69E-07 

Freshwater 

eutrophication 
kgPO4eq 1.11E-04 4.52E-08 3.87E-08 6.92E-08 5.79E-09 1.23E-09 1.11E-04 

Marine 

eutrophication 
kgNeq 1.36E-03 7.59E-07 3.91E-07 3.07E-06 7.62E-08 8.57E-09 1.36E-03 

Particulate 

matter formation 
kgPM2.5eq 6.66E-05 4.66E-06 1.83E-06 3.73E-06 1.79E-07 3.48E-08 5.61E-05 

Ionizing 

radiation 
Bq C-14eq 5.53E-01 2.87E-01 8.41E-03 1.55E-02 9.67E-04 -7.11E-04 2.42E-01 

Land 

transformation, 

biodiversity 

m2yr arable 5.45E-05 2.29E-06 6.28E-07 7.18E-06 2.92E-08 -4.59E-10 4.44E-05 

Land occupation, 

biodiversity 
m2yr arable 2.73E-03 3.91E-04 8.88E-05 1.05E-04 7.52E-07 -1.07E-05 2.16E-03 

Water scarcity m3 world eq 4.45E-01 3.94E+00 7.33E-04 3.24E-02 4.10E-06 -8.50E-06 -3.53E+00 
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Table 5. LOOP shower midpoint impact results from IMPACT World+ Midpoint method. 

Impact  
category 

Unit Total Alumini
um 

Production 
(rest) Filter 

Cleaning 
tablet 

Tap  
water 

Heating 
bathing 
water 

Electricity 
Transpo
rt total Disposal 

Waste  
water 

treatment 
Climate change, 

short term 
kgCO2eq 

1.57E-
01 

2.65E
-02 

1.41E-
02 

1.29E
-02 

1.45E
-04 

3.03E
-03 

7.04E
-02 

1.92E-
02 

8.74E
-04 

8.49E-
04 

9.14E-
03 

Climate change,  
long term 

kgCO2eq 
1.51E-01 2.47E-02 1.30E-02 1.21E-02 1.38E-04 2.92E-03 6.96E-02 1.84E-02 8.60E-04 8.67E-04 8.54E-03 

Fossil and nuclear en-

ergy use 
MJ deprived 

2.58E+00 2.53E-01 1.98E-01 1.90E-01 2.99E-03 6.65E-02 1.47E+00 2.88E-01 1.33E-02 -6.54E-03 1.10E-01 

Mineral resources 

use 
kg deprived 

5.27E-03 9.09E-05 6.60E-04 4.07E-04 3.01E-06 2.85E-05 1.30E-04 1.89E-04 1.55E-05 -1.36E-06 3.75E-03 

Photo-chemical 

oxidant formation 

kg NMVOC 
eq 

3.51E-04 8.58E-05 5.89E-05 4.50E-05 3.90E-07 7.13E-06 5.71E-05 4.32E-05 1.05E-05 -4.42E-07 4.26E-05 

Ozone layer 

depletion 
kg CFC-11 eq 

3.47E-08 8.42E-10 1.71E-09 2.56E-08 1.03E-11 1.87E-10 4.89E-09 5.71E-10 1.93E-10 2.02E-12 7.29E-10 

Fresh 

water ecotoxicity 
CTUe 

1.51E+02 7.19E+00 1.34E+01 1.77E+00 5.20E-02 9.39E-01 2.98E-01 6.87E+00 1.01E-01 -9.75E-02 1.21E+02 

Human toxicity 

cancer 
CTUh 

6.11E-09 1.49E-09 1.79E-09 1.98E-10 1.67E-11 3.70E-11 1.06E-10 3.87E-10 1.60E-11 -4.98E-13 2.06E-09 

Human toxicity  

non-cancer 
CTUh 

4.17E-08 4.46E-09 1.68E-08 7.98E-10 2.13E-11 3.18E-10 3.81E-10 2.79E-09 6.36E-11 -4.37E-11 1.60E-08 

Freshwater 

acidification 
kgSO2eq 

1.14E-09 3.33E-10 2.98E-10 9.78E-11 2.97E-12 3.20E-11 6.42E-11 1.35E-10 2.39E-11 -2.42E-12 1.54E-10 

Terrestrial acidifica-

tion 
kgSO2eq 

9.58E-07 2.68E-07 2.40E-07 8.34E-08 2.36E-09 2.58E-08 5.56E-08 1.16E-07 1.98E-08 -2.07E-09 1.49E-07 

Freshwater 

eutrophication 
kgPO4eq 

2.23E-05 9.31E-08 3.39E-07 2.45E-07 2.28E-09 8.73E-09 2.32E-08 7.89E-08 3.02E-08 -4.49E-10 2.14E-05 

Marine eutrophi-

cation 
kg N eq 

2.70E-04 1.57E-06 2.18E-06 1.55E-06 1.20E-08 1.47E-07 1.03E-06 1.04E-06 1.92E-07 -5.92E-09 2.62E-04 

Particulate matter 

formation 
kgPM2.5eq 

5.14E-05 1.79E-05 1.12E-05 4.09E-06 6.88E-08 9.00E-07 1.25E-06 4.52E-06 6.28E-07 -5.29E-08 1.08E-05 

Ionizing radiation Bq C-14 eq 4.18E-01 2.12E-02 4.65E-02 3.06E-02 2.25E-03 5.53E-02 5.18E-03 2.08E-01 5.51E-03 -5.17E-03 4.68E-02 

Land 

transformation, 

biodiversity 

m2 yr arable 
2.05E-05 2.39E-06 3.29E-06 1.13E-06 1.83E-08 4.42E-07 2.41E-06 2.05E-06 1.93E-07 -2.92E-08 8.57E-06 

Land occupation, 

biodiversity 
m2 yr arable 

3.77E-03 2.51E-04 4.31E-04 2.41E-04 3.63E-06 7.54E-05 3.51E-05 2.34E-03 1.74E-05 -5.97E-05 4.16E-04 

Water scarcity m3 world eq 1.06E-01 2.90E-03 5.95E-03 4.06E-03 2.60E-04 7.60E-01 1.09E-02 2.65E-03 4.67E-05 -2.86E-05 -6.81E-01 

 

Figure 11 shows the contributions to the total impact on the midpoint impact category partic-

ulate matter formation that affects the human health for both the LOOP and regular shower. 

The impact in stated in kg PM2.5 equivalent, meaning the equivalent impact of particles less or 

equal than 2.5 µm in aerodynamic diameter. Overall, the regular shower can be identified as 

the product with the higher impact in this impact category. For the LOOP shower, the manu-

facturing stage including the extraction of the raw material is the biggest contributor to this 

impact category accounting for around 60% of the total impact. The second biggest contributor 

is the use stage and the wastewater treatment. Furthermore, it can be concluded that heating 

the water has a negligible fraction and the highest contributors in the use stage are the filter and 

the electricity with similar fractions. The impact from the regular shower on the other side is 

dominated by wastewater treatment processes accounting for around 85% of the impact. Since 

the LOOP shower recycles most of the used water, less wastewater needs to be treated after-

wards and therefore explains the results. 
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Figure 11. Comparison stack bar of particulate matter formation (midpoint results) 

Another midpoint result is shown in Figure 9, which shows the climate change impact of the 

LOOP shower and the regular shower in kg CO2eq. A detailed description of the climate change 

results can be found in Section 6.1. 

6.3 Normalized Results  

The graph in Figure 12 below displays the normalized endpoint impact results. The graph is 

in log scale so that the impact values can be compared more easily. Normalized results are 

based on the damage scores exported from SimaPro in DALY/FU and PDF-m2-yr/FU for hu-

man health- and ecosystem quality impact categories, respectively. DALY refers to Disability-

Adjusted Life Years and PDF to Potentially Disappeared Fraction of species due to environ-

mental pressures. From SimaPro IMPACT World+ method the normalization factor was deter-

mined to be 13.7 pers-yr/DALY for human health and 0.000101 pers-yr/PDF-m2-yr for eco-

system quality, respectively. From SimaPro ReCiPe 2016 (H) method the normalization factor 

was determined to be 41.7 pers-yr/DALY, 676 pers-yr/species-yr and 3.57∙10-5 pers-

yr/USD2013 for human health, ecosystem quality, and resources, respectively.  

Although all other impact categories were included in this study, the SimaPro Water availabil-

ity human health and water availability freshwater ecosystems had to be excluded because of 

problems in the database processes. For these two impact categories, the Ecoinvent database 

used in SimaPro is mixing extraction of water with consumption of water in the water turbine 

part of the metal working processes for aluminium and steel. The water turbine in the metal 

working process is being used to create electricity. In reality, the water that passes through the 

turbine is given back to nature, but Ecoinvent calculates it as consumed. Additionally, under 

the impact categories, the wastewater treatment process is contributing negatively to the overall 

impact based on that it is released back into nature. This is not realistic in Denmark. Danish 
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drinking water comes from groundwater, and therefore when wastewater is released to nature 

(e.g., rivers), the quality of the water is not as high as when it was extracted. Consequently, for 

water availability human health the impact of wastewater treatment should not be subtracted in 

the overall impact category. Furthermore, in Denmark a lot of wastewater is discharged to the 

fjords and the sea. In this case, all the freshwater is lost. Therefore, the results from SimaPro 

of water availability- human health and freshwater ecosystems for this LCA cannot be used 

and Ecoinvent data needs to be updated.  

In order to still include these missing impact categories in this LCA study, the results have 

been calculated by hand. It is assumed that all the water used is during the use-stage of the 

lifecycle. Thus, water used during production and disposal are neglected. Either way, most 

water is probably used during the use stage of a shower, which is why other water consumptions 

could be considered negligible in addition to no water recovery from wastewater treatment, 

due to loss of water quality in the Danish supply. Thus, the Water availability, human health 

and Water availability freshwater ecosystems was calculated based on only the use stage water 

consumption of 18.5 L for the LOOP shower and 96 L regular shower. In SimaPro, for Water 

availability, human health in Denmark a midpoint to damage factor of 0 DALY/m3 water was 

found. Consequently, the normalized impact is zero for both the LOOP and regular shower. 

This indicates that there is no water scarcity in Denmark. In SimaPro, for Water availability, 

freshwater ecosystems in Denmark a midpoint to damage factor of 0.000306 PDF-m2-yr/m3 

water was found. Using the already mentioned normalization factor of IMPACT World+, the 

normalized impact of Water availability, freshwater ecosystems was determined. 

 
Figure 12. Normalized endpoint results from SimaPro IMPACT World+ damage level method 

in pers-year/FU sorted into human health and ecosystem impact categories for the LOOP 

shower and a regular shower. Note: y-axis is log-scaled. 
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In Figure 12, it can be seen that compared to the regular shower the LOOP shower has smaller 

impacts in nine of ten impact categories affecting human health. The only impact category 

where the LOOP shower has a slightly higher impact, is Ozone layer depletion. Very significant 

differences and high impacts in categories affecting human health can be identified in Climate-

change short and long-term where the LOOP shower outperforms the regular shower consid-

ering the log-scale. These conclusions can be made because of the log-scale which helps to not 

overinterpret small differences among scenarios (Hauschild, Rosenbaum, & Irving Olsen, 

2018, p. 118). Water availability human health has impacts of 0 pers-yr/FU for both the LOOP 

shower and the regular shower due to the already explained midpoint to impact damage factor 

from SimaPro of 0 DALY/m3 deprived water, as there is no water scarcity in Denmark. This 

could change a lot depending on the geography of the study.  

Additionally, when examining the impacts on the ecosystem quality the overall picture shows 

that the LOOP shower has lower impacts in nearly every impact category except ecotoxicity 

short term and Land occupation. Climate change affecting the ecosystem on long and short 

term, Ecotoxicity long term, Marine eutrophication, Land occupation, Biodiversity, and Water 

availability in freshwater and terrestrial ecosystems are examples for impact categories where 

the LOOP showers show significantly lower impacts. For the last three mentioned impact cat-

egories, in Figure 15 it becomes clear that higher water consumption of the regular shower 

explains these results. It can be seen, that either the wastewater or the tap water is by far the 

dominant contributor. Regarding the impact of climate change to both human health and eco-

system quality, the contribution figure indicates that the higher impacts of the regular shower 

are primarily attributed to the heating of bathing water from district heat production, with 

smaller contributions from wastewater treatment and tap water extraction.  

To make sure that the conclusion is not only based on one LCIA method, the ReCiPe 2016 

Endpoint (H) method has been used as well found in Figure 13. Rrom now on it will be referred 

to as just ReCiPe or ReCiPe method. However, same problems with water consumption in the 

ReCiPe method were identified, which is why same calculations made by hand in the IMPACT 

World+ method had to be applied. For Water consumption - Human health and Aquatic eco-

systems in Denmark the midpoint to damage factor was found to be 0 DALY/m3 or species-

yr/m3. This leads to the same conclusion derived from IMPACT World+ method results. For 

Water Consumption, Terrestial ecosystems in Denmark the midpoint to damage factor was 

found to be 1.56∙10-9 species-yr/m3 water. By using the already mentioned normalization factor 

of ReCiPe, the normalized impact of Water Consumption, Terrestrial ecosystems was deter-

mined and is found in Figure 13.  

Before comparison between these two methods, it should be noted that the methods use differ-

ent wording for many of the same impact categories, while both methods feature something 

not included in the other.  
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Figure 13. Normalized endpoint results from ReCiPe 2016 (H) damage level method in pers-

year/FU sorted into human health and ecosystem impact categories for the LOOP shower and 

a regular shower. Note: y-axis is log-scaled. 

For the comparison of human health impact categories between the ReCiPe- and IMPACT 

World+ method featuring long- and short-term impact categories, both the long- and short-term 

impact categories are compared with the equivalent impact category in ReCiPe. If IMPACT 

World+ only features one impact category, this is compared to the equivalent impact category 

in ReCiPe. 

By comparing Figure 12 and Figure 13 the ReCiPe method gives close to the same result as 

IMPACT World+ for Global Warming scores, with comparable order of magnitudes, espe-

cially between Global warming human health in ReCiPe and Climate change human health 

long term in IMPACT World+. For Ozone formation human health in ReCiPe equivalent to 

Photochemical oxidant formation in IMPACT World+, the regular shower still has a higher 

impact, but the values vary where ReCiPe yields an approximate 2 orders of magnitude higher 

impact than IMPACT World+. For Ionizing radiation the trend is also the same, however ReC-

iPe yields around 1 order of magnitude lower impacts than IMPACT World+. For Stratospheric 

ozone depletion equivalent to ozone layer depletion the LOOP shower impact are comparable, 

though the impact of the regular shower is around 1 order of magnitude higher in the ReCiPe 

method. Interestingly, this shifts around the impact score of the systems, with the regular 

shower in ReCiPe having the higher impact. Human Carcinogenic toxicity equivalent to human 

toxicity cancer is in the same order of magnitude compared to the short term IMPACT World+ 

category, but roughly 1 order of magnitude higher in ReCiPe than IMPACT World+ long term. 

For human Non-carcinogenic toxicity in ReCiPe equivalent to Human toxicity non-cancer in 

IMPACT World+ the values are in the same order of magnitude for both short term and long 

term. Additionally, the lon-term impact value in IMPACT World+ is very close to the human 

carcinogenic toxicity impact value in ReCiPe. For fine particulate matter formation, ReCiPe 

yields approximately 1 order of magnitude higher impacts than IMPACT World+. Finally for 
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human health, the water availability are zero in both methods due to the hand calculations 

described earlier. Generally, for the human health results the only notable change is the strato-

spheric or ozone layer depletion results varying both in order of magnitude and the LOOP 

shower having a lower impact than the regular shower in ReCiPe and vice versa in IMPACT 

World+. Else orders of magnitude across impact categories are comparable between the two 

methods, and the general conclusion that the LOOP shower outperforms the regular shower 

still holds across the human health impact categories. 

For the comparison of ecosystem quality impacts between IMPACT World+ and ReCiPe the 

methods have a handful of comparable impact categories. The same comparison method used 

in the human health impact category comparison applies for the ecosystem quality impact cat-

egory comparison between the two methods. Climate change ecosystem quality in IMPACT 

World+ might not be directly comparable to the global warming- terrestrial- and freshwater 

ecosystems in ReCiPe, and these comparisons should be critically viewed.  

By comparing Figure 12 and Figure 13 for global warming terrestrial ecosystems in ReCiPe 

to climate change short- and long-term in IMPACT World+, ReCiPe yields around 1 and 2 

orders of magnitude lower impact values, respectively. For global warming freshwater ecosys-

tems in ReCiPe compared to climate change short- and long-term in IMPACT World+, ReCiPe 

yields 6 orders of magnitude lower impacts than IMPACT World+ in both cases of short- and 

long-term. However, as mentioned above, this comparison is not reliable as the impact catego-

ries are not equivalent to each other. Other than that, in ReCiPe the global warming ecosystem 

scores for the LOOP shower are notably smaller than the regular shower considering the log 

scaled results, making the same conclusion as IMPACT World+. Freshwater ecotoxicity in 

ReCiPe is comparable to the freshwater ecotoxicity short- and long-term of IMPACT World+. 

Here there are higher differences between the methods. ReCiPe yields around 3 and 2 orders 

of magnitude lower results for the Loop- and regular shower, respectively, when compared to 

Ecotoxicity freshwater short-term in IMPACT World+ and around 5 orders of magnitude lower 

impacts when compared to long term IMPACT World+ for both the LOOP- and regular 

shower. Additionally, the ReCiPe Freshwater ecotoxicity shows the same trend as the IMPACT 

World+ long term Freshwater ecotoxicity with the regular shower having significantly higher 

impact than the LOOP shower. One noteworthy observation, in contrast to IMPACT World+, 

is that with ReCiPe Freshwater ecotoxicity does not seem to be an important impact category. 

For Terrestrial acidification ReCiPe yields 1 order of magnitude lower impacts. For Freshwater 

eutrophication ReCiPe yields comparable values with the same order of magnitude as found in 

IMPACT World+. For Marine eutrophication ReCiPe yields different values with 3 orders of 

magnitude lower impacts than found in IMPACT World+. Land use in ReCiPe does not have 

a direct equivalent impact category in IMPACT World+, but are compared with Land transfor-

mation biodiversity and Land occupation biodiversity, respectively. For Land use and Land 

transformation ReCiPe yields around a 1 and 2 order of magnitude lower impact for the LOOP- 

and regular shower. For Land use and Land occupation, ReCiPe yields 1 order of magnitude 

lower impacts than IMPACT World+. Even though these impact categories are not directly 

equivalent, they compare fairly well between the two methods. Land occupation in IMPACT 

World+ and Land use in ReCiPe compare the best, demonstrating in both methods, that the 

LOOP shower has the higher impact, whereas when taking Land transformation into account 

the opposite is found. Finally for ecosystem quality impact categories, the hand calculated Wa-

ter consumption terrestrial ecosystem in ReCiPe can be compared with the Water availability 
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terrestrial ecosystem in IMPACT World+. These values compare well having the same order 

of magnitude, which strengthens the assumption that most of the water is used in the use stage 

of the shower lifetime. 

Generally, ecosystem quality impact categories vary more between the used methods. This 

emphasizes the high uncertainties coupled to the final impact results, as they are not only de-

pendent on the assumptions made, but also the methods used. Though, the impact values differ, 

the trend is mostly the same across the compared impact categories, supporting the narrative 

that the LOOP shower has a smaller environmental impact than the regular shower. 

The ReCiPe method additionally features the resource impact categories Mineral resource scar-

city and Fossil resource scarcity as seen in Figure 13. The impact for the LOOP shower is 

comparable to the regular shower in Mineral resource scarcity, but notably smaller in the Fossil 

resource scarcity impact category.   

6.4 Weighted Results 

The weighted endpoint results per impact category as well as the total weighted impact score 

for both the LOOP shower and regular shower is shown in Figure 14. The unit of the weighted 

damage is Euro per FU and is calculated from the damage score results exported from SimaPro 

with the IMPACT World+ method and weighting factors based on the economic approach. 

This approach considers how much people are willing to pay to avoid certain emissions or 

damages. (Jolliet et al., 2016). The weighting factor is a value as described by Weidema (2009) 

of 74000 EUR/DALY and 0.14 EUR/PDF-m2-yr (1400 EUR/BAHY = 0.14 EUR/PDF-m2-yr 

(BAHY - Biodiversity Adjusted Hectare Years)) for human health and ecosystem quality, 

respectively. 

 

Figure 14. Weighted endpoint results from SimaPro IMPACT World+ damage level method 

in Euro/FU sorted into human health and ecosystem impact categories for the LOOP shower 

and a regular shower. Note: y-axis is log-scaled. 
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The total weighted results for both shower products can be seen at the very right of the diagram 

in Figure 14 and conclude that the LOOP shower has overall smaller damages. Taking a closer 

look at the impact categories relating to human health a higher damage of the regular shower 

to all high weighted impact categories (prioritized importance) including Climate change in 

short and long, Human toxicity cancer and Particulate matter formation can be identified. The 

only category affecting human health where the LOOP shower performs worse than the regular 

shower is the impact category Ozone layer depletion. Because the weighted results are gener-

ally lower than the other categories and the difference is not significantly high, this does not 

change the overall results. 

The impacts categories relating to ecosystem quality that are weighting the most are short- and 

long-term impacts of Climate change and Freshwater ecotoxicity (Figure 14). In all these im-

pact categories, the LOOP shower outperforms the regular shower with less damages. Espe-

cially a very high difference can be seen in the impact category Freshwater ecotoxicity. This 

result can be explained by taking a closer look at the contribution figure (Figure 15) where the 

wastewater treatment dominates the impact. Since the LOOP shower has a significantly lower 

water consumption, the large difference in the impact makes sense. 

According to Figure 14, for both the LOOP- and regular shower, Climate change human health 

long term is the most important impact category contributing 33% and 28% respectively to the 

total weighted impact score of the showers. Considering all climate change impact categories 

in both human health and ecosystem quality, they contribute 61% and 52% to the total weighted 

impact score for the LOOP- and regular shower, respectively. For the LOOP shower, according 

to the IMPACT World+ weighted impact results, the Freshwater ecotoxicity is the third most 

important impact category contributing 13% to the total impact. However, as mentioned in 

section 6.3 the impact of the Freshwater ecotoxicity impact category is small according to the 

ReCiPe method, while global warming impacts are consistently the high contributors. In all of 

these most important impact categories, the LOOP shower is performing better than the regular 

shower. 

7 Interpretation 
This section continues to elaborate on the results from the previous section and goes into more 

detail about them.  

7.1 Significant Issues 

7.1.1 Process contribution analysis  

The graph in Figure 15 and Figure 16 displays the contribution of the shower lifetime pro-

cesses for each endpoint impact category. The impact categories have been summed up to equal 

100% to highlight their contribution to the whole.  
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Figure 15. Differentiated contribution of different life cycle processes for each endpoint impact 

category summing up to 100% based on the normalized IMPACT World+ results. Under each 

impact category the LOOP shower is the left bar and regular shower is the right bar. 

Generally, from Figure 15 in the case of the LOOP shower the heating of bathing water, the 

wastewater treatment and the aluminium play significant roles in many impact categories, 

along with contributions from the filter and electricity consumption. For the regular shower, 

also the heating of bathing water and wastewater treatment are the primary contributors across 

most impact categories, and, in a few cases, tap water extraction. Production (rest) reporting 

all other materials and components than the aluminium also plays a significant role across many 

impact categories, and especially for all the Human toxicity cancer and non-cancer impact cat-

egories. For almost all impact categories the disposal of the LOOP and regular shower contrib-

utes to less than 1% and less than 2% for all impact categories. The cleaning tablet contributes 

less than 1% to all impact categories and can be considered negligible. Transportation also has 

small contributions all less or equal to 3%. Water availability human health is not displayed in 

Figure 15, as these values were zero as mentioned earlier. Water availability freshwater eco-

systems numbers are only based on the used tap water from reasons already explained (see 

5.3). 

Taking a closer look at the impact categories that were pointed out in the normalized endpoint 

results we can see that for the Ozone layer depletion which was the only category in human 

health where the LOOP shower has a slightly higher impact the biggest contributors between 

the two showers differentiates. For the regular shower the biggest contributor in this category 

is the heating of bathing water, while for the LOOP shower it is the filter. For impact categories 

in the ecosystem quality the most interesting impact category from the categories where the 

LOOP shower as higher impacts as the regular shower is the Land occupation. The biggest 
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contributor in this category is for the LOOP shower the used electricity and for the regular 

shower the wastewater treatment. Another interesting category in ecosystem quality is the 

freshwater ecotoxicity (short term) where the biggest part for the LOOP shower is the Alumin-

ium whereas for the regular shower it is the wastewater treatment. 

Again, for quality control, the ReCiPe 2016 endpoint (H) method results with differentiated 

contribution have been included in Figure 16.  

 

Figure 16. Differentiated contribution of different life cycle processes for each endpoint impact 

category summing up to 100% based on the normalized ReCiPe 2016 (H) results. Under each 

impact category the LOOP shower is the left bar and regular shower is the right bar. 

As seen in Figure 16, the disposal of the LOOP and regular shower contributes to less than 1% 

for all impact categories. The cleaning tablet contributes to less than 1% for all impact catego-

ries and transportation has comparable low impact with all but Fine particulate matter for-

mation, Ozone formation for both human health and terrestrial ecosystems and Terrestrial acid-

ification contributing less than 1%. However, for the mentioned impact categories transporta-

tion contribution is still low at less than 4%. Therefore, there is no changes in the smaller con-

tribution processes from ReCiPe to IMPACT World+. 

When comparing Figure 15 and Figure 16 for all human health impact categories with excep-

tion of Stratospheric ozone depletion/ozone layer depletion the contributions of the different 

processes are very comparable, showing the same picture between methods. The major differ-

ence is the filter contribution in the Ozone layer depletion impact category between the two 

methods. In ReCiPe the filter still has the highest contribution by around 30%, however it is 

substantially lower than the contribution in IMPACT World+ of approximately 70%. In ReC-
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iPe this makes the contribution in receding order of wastewater treatment, the heating of bath-

ing water and the electricity consumption of the LOOP shower more important for the Ozone 

layer depletion impact category. 

For the ecosystem quality impact categories by comparison of Figure 15 and Figure 16 all the 

ReCiPe global warming categories compares well to the IMPACT World+ short- and long-

term climate change categories. The ReCiPe Freshwater ecotoxicity is in good comparison to 

the long term Freshwater ecotoxicity in IMPACT World+. Terrestrial acidification also has 

good contribution comparison between the methods. For Freshwater eutrophication ReCiPe 

attributes a little lower contribution to wastewater treatment in the LOOP shower giving elec-

tricity consumption of the LOOP shower and the Production (Rest) a slightly bigger contribu-

tion. Marine eutrophication compares well across methods. Land use in ReCiPe compares re-

ally well with the Land occupation in IMPACT World+, as was found in section 6.3. Finally, 

the hand calculated Water consumption terrestrial ecosystem in ReCiPe has a very good com-

parison to the SimaPro IMPACT World+ Water availability terrestrial ecosystem, further rein-

forcing the validity of the assumptions made. Generally, even though the different methods 

yielded some different impact category values, the contribution of the different processes to-

wards the impact remains more or less the same. The methods support the same narrative in 

the contribution analysis. 

Finally, ReCiPe includes resource impact categories. For mineral resource scarcity the produc-

tion of the LOOP shower has the highest contribution, while for the regular shower it is the 

wastewater treatment contributing most. For fossil resource scarcity the heating of the bathing 

water is by far the biggest contributor, explaining why the LOOP shower outperforms the reg-

ular shower in this impact category. 

7.1.2 Hot-spot Analysis 

The hot-spot analysis determines which processes have the most impact in the product system’s 
life cycle. Based on the SimaPro model results and hand-calculations, the processes contrib-

uting the most to the LOOP shower’s total CO2 fossil and carbon footprint (CO2 equivalent) 

are listed in the table below (Table 6). The processes with 3% or less contribution have not 

been considered as hot spots. All the processes used in modelling the LOOP shower can be 

seen in Annex 4 inventory table.  
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Table 6. Hot-spot processes for the LOOP shower. 

Process Ecoinvent process name(s) Contribution 

to total car-

bon footprint  

(CO2eq.) 

Contribu-

tion to total 

fossil CO2 

Heating water for 

showering and rinse 

processes  

(district heating) 

Heat and power co-generation, natural 

gas, combined cycle power plant, 400 

MW electrical, DK, Cut-off S 

45% 48% 

Primary  

aluminium  

production and alu-

minium product 

manufacturing 

Aluminium production, primary, ingot 

(RoW), Cut-off S; 

Metal working, average for aluminium 

product manufacturing (RoW),  

Cut-off S 

20% 18% 

Electricity for 

shower and rinse 

processes 

Electricity, low voltage (DK), market 

for, Cut-off S 

12% 12% 

Wastewater treat-

ment 

Treatment of wastewater, average, ca-

pacity 1E9l/year (Europe without Swit-

zerland), Cut-off S 

6% 5% 

Microfilter  

(changed every 

4 weeks) 

Textile production, nonwoven polyes-

ter, needle-punched (RoW), Cut-off S; 

Injection moulding (RoW), Cut-off S 

5% 5% 

 

7.2 Sensitivity and Uncertainty Analysis 

The sensitivity studies were done using SimaPro and only the CO2 equivalent was taken into 

consideration in the comparisons. This decision was based upon the arguments given in section 

6.4. Here it was found that climate change impacts are by far the most important in both the 

IMPACT World+ and ReCiPe method. In IMPACT World+, the impact category Freshwater 

ecotoxicity also was found important, which was in contrast to ReCiPe. It was therefore found 

relevant to make the analysis upon the most important impact categories, which also was con-

sistent in both LCIA methods. For all scenarios, the default values of the parameters that were 

not varied are applied. This means for example that the default number of four people in a 

household stays the same for the duration of shower, energy source for heating bathing water, 

and bathing water temperature sensitivity studies. Since varying a parameter result in different 

values of the unit processes, the SimaPro input data was adjusted to include the new values for 

the unit processes (Table 7). An explanation of the sensitivity scenarios is described in para-

graph 5.5 and displayed in Table 3. 
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Table 7. Values for changed unit processes for the applied sensitivity scenarios. 

 Low-end High-end 

Bathing water 

temperature 

Energy required for heating water: 

• Regular shower: 8.04 MJ 

• LOOP shower: 2.91 MJ 

Energy required for heating water: 

• Regular shower: 10.45 MJ 

• LOOP shower: 3.09 MJ 

Shower duration 

Water required for bathing: 

• Regular shower: 66 L 

• LOOP shower: 15 L 

Energy required for heating water: 

• Regular shower: 6.36 MJ 

• LOOP shower: 2.3 MJ 

Electricity (only LOOP shower): 

• LOOP shower: 0.046 kWh 

Water required for bathing: 

• Regular shower: 180 L 

• LOOP shower: 24.5 L 

Energy required for heating water: 

• Regular shower: 17.34 MJ 

• LOOP shower: 4.96 MJ 

Electricity (only LOOP shower): 

• LOOP shower: 0.126 kWh 

Energy source for 

heating bathing 

water 

Electricity for water heating (not including electricity for LOOP shower 

use): 

• Regular shower: 2.57 kWh  

• LOOP shower:  

o Bathing water: 0.83 kWh  

o Rinsing process: 0.028 kWh 

Number of  

showers taken 

over shower  

lifetime 

 

Rinsing process: 

• Heating water: 0.1889 MJ 

• Electricity: 0.0023 kWh 

• Tap water: 0.35L 

• Cleaning tablets: 1/17.85 

units 

Microfiltering: 

• Filter: 1/35.7 units 

Rinsing process: 

• Heating water: 0.0337 MJ 

• Electricity: 0.0002 kWh 

• Tap water: 0.35L 

• Cleaning tablets: 1/100 

units 

Microfiltering: 

• Filter: 1/200 units 

Type of alumin-

ium used as raw 

material 

Virgin aluminium: 

• Manufacturing raw materials: 100% virgin aluminium (of total 

weight of aluminium in the product) 

• Disposal, other than wastewater: 100% scrap aluminium 

 

Recycled aluminium (further explanations in section 7.3.5): 

• Manufacturing and raw materials: 80% virgin aluminium, 20% 

recycled aluminium 

• Disposal: 80% aluminium recycled, 80% avoided virgin alumin-

ium    
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7.2.1 Bathing Water Temperature 

Figure 17 shows that the absolute global warming potential of the LOOP shower remains al-

most the same for the low and high scenarios, whose differences can be negligible. Neverthe-

less, an increase in the bathing water temperature for the LOOP shower results in a very small 

increase in the global warming score. On the contrary, the regular shower shows higher differ-

ences for the global warming potential of both sensitivity scenarios compared to the default 

one. Based on these results, it can be concluded that the difference in CO2eq emissions for both 

products become smaller as the shower temperature decreases and becomes larger as the tem-

perature increases. These results make sense because of the functionality of the LOOP shower. 

Since the LOOP shower requires significantly less water to be heated due to its recycling func-

tion, the temperature change does not have much impact on the energy required. The regular 

shower, on the other hand, requires much more heated water, depending on the scenario. Alt-

hough the impact of the LOOP shower remains unchanged, scenarios with higher bathing tem-

peratures show that the LOOP shower is even more preferable in terms of CO2eq emissions. In 

addition, it is important to note that the results show that the LOOP shower has lower CO2eq 

emissions in every water temperature scenario and can therefore be classified as the better 

product regarding these emissions. The water temperature only affects the use stage (heating 

of water) of the products, where the sensitivity changes take place. 

 

Figure 17. The effect of the bathing water temperature on the Global Warming scores of the 

two showers. 

7.2.2 Shower Duration 

The effects of varying the shower duration are shown in Figure 18. When looking at the low-

end scenario (shower of 5.5 minutes), the Global warming scores of both products are very 

close together, whereas for the high-end scenario (15 minutes) the score is much higher for the 

regular shower than for the LOOP shower. Because of the very high increase compared to the 

LOOP shower, the regular shower is at 5.5 min still worse regarding emissions than LOOP 

shower at 8 min. The same applies for the regular shower at 8 min compared to the LOOP 

shower at 15 min. It can be said that the variation in the shower duration has the biggest impact 

on the use stage for heating the water that is used more, but also the impact of wastewater 

disposal goes up for the regular shower significantly. Regarding regular shower, in total 84 L 

water is consumed more in the high-end scenario compared to default scenario, whilst for the 
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LOOP shower only 7 L is consumed more compared to default scenario. To sum up, the LOOP 

shower has lower global warming score for all scenarios and is significantly better for long 

showering. The biggest difference occurs indeed in the high-end scenario where the global 

warming score of the regular shower is 2.3 times higher than of the LOOP shower. 

 

Figure 18. The effect of the duration of bathing on the Global Warming scores of the two 

showers. 

7.2.3 Heating Method 

Starting from the comparison of the default scenario to the low-end one shows that heating up 

the bathing water with electricity that is generated by 100% photovoltaic does not result in 

significant differences for neither product compared to district heating. In Figure 19 can be 

seen that using PV electricity result in a very small decrease of the global warming score of 

both products. This can also be seen by the comparison of the product. While in the district 

heating scenario the global warming impact of the regular shower is 1.8 times higher than of 

the LOOP shower, the impact difference amounts up to 1.7 in favour of the LOOP shower. 

Therefore, this sensitivity scenario does not result in changes of the order. Nevertheless, heat-

ing up the bathing water with electricity generated with the DK electricity mix leads to signif-

icantly higher GHG emissions compared to district heating. Although, both products have 

higher emissions in the high-end scenario, the emission increase of the regular shower is much 

higher than for the LOOP shower. While the LOOP shower has 2.1 higher CO2eq emissions in 

the high-end scenario compared to the default one, the regular shower emits 2.9 times as much. 

This leads to the results, that in the high-end scenario, the regular shower emits 2.4 times more 

CO2eq emissions than the LOOP shower. Hence, the LOOP shower becomes even better when 

comparing it to the regular shower. Based on these results it can be concluded that changing 

the district heat to electricity for water heating, does not affect the order of the two products in 

terms of GHG emissions. Moreover, it can be seen that by using partly fossil based electricity, 

the LOOP shower becomes better when comparing it to a regular shower. 

Since in some countries the fossil fraction in the electricity mix is higher, the difference be-

tween regular and LOOP shower will increase even more. The difference between the scenarios 

is only due to an increase in the use stage of the emissions by heating the water. Therefore, the 
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ratios of the life cycle stages vary and only for the LOOP shower significant differences be-

tween the life cycle stage ratios can be seen due to the high carbon intensive manufacturing. If 

the water is heated with 100% renewable energy, as in the low-end scenario, manufacturing 

accounts for 32% of the total CO2eq emissions. This is only one percent higher than using 

district heating, where manufacturing accounts for 31%. If, on the other hand, the DK electric-

ity mix is used to produce the electricity, manufacturing in this scenario is responsible for only 

15% of the total CO2eq emissions of the whole product. This is around half as much as in the 

district heating scenario. Nevertheless, it can be seen in the figure that no scenario changes the 

ranking of contribution of the life cycle phases, meaning that the use stage still accounts for 

most of the CO2eq emissions in each scenario. 

 

Figure 19. The effect of the energy source for heating bathing water on the Global Warming 

scores of the two showers. 

7.2.4 Number of Showers Taken Over Product Lifetime 

The global warming score for different scenarios regarding number of showers taken over 

product lifetime is shown in Figure 20. When looking at the graph, several things stand out. 

Firstly, the global warming score of the regular shower stays approximately the same (around 

0.27-0.28 kgCO2eq/FU). Only a very small increase when decreasing number of showers can 

be seen. The reason for this is that decreasing the number of showers over product lifetime 

increases only the emissions per FU related to manufacturing of the shower. At the same time 

the global warming score for the LOOP shower increases significantly when reducing the num-

ber of uses over product lifetime. Again, the reason lays in the increasing fraction of the man-

ufacturing per FU. In the low-end scenario, the fraction of the manufacturing is around 11% 

and increases in the default scenario to 31%. In the high-end scenario, the manufacturing takes 

up nearly half (44%) of the global warming score per FU. Lastly, it is to mention that the LOOP 
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shower has lower global warming scores for all scenarios compared to the regular shower. 

 

Figure 20. The effect of the number of showers taken over shower lifetime on the Global Warm-

ing scores of the two showers. 

7.2.5 Type of aluminium used as raw material 

A slightly different sensitivity study from other sensitivity analyses was also conducted to as-

sess how using recycled aluminium affects the total emissions of the LOOP shower. The same 

analysis could not be done for the regular shower, because it does not contain alumin-ium. 

However, the regular shower in its default scenario was used as a benchmark also in this study. 

As instructed in this course, formulas based on the Circular Footprint Formula (Zampori & 

Pant, 2019, p. 65) were used to calculate the effect of using recycled material on the product 

lifetime emissions. The used formulas for the calculations were: 

• Input: 𝐸𝑣 + 𝑅1 × 0.2 × (𝐸𝑟𝑒𝑐 − 𝐸𝑣) 

• Output:  𝑅2  × 0.8 × (𝐸𝑟𝑒𝑐 − 𝐸𝑣) 

where R1=R2=1 (R1 = fraction of recycled materials used as input, R2 = fraction material recy-

cling as output), 

Ev = emissions and resources consumed caused by the acquisition and pre-processing of virgin 

material, 

Erec = specific emissions and resources consumed (per functional unit) arising from the recy-

cling process of the recycled (reused) material, including collection, sorting, and transportation 

process (Zampori & Pant, 2019, S. 65) 

The equations presented above mean that the benefits of recycled aluminium can only be fully 

obtained when 1) recycled aluminium is used as raw material and 2) used aluminium is recycled 

at the end of the product's life cycle. The input equation contains an assumption that only 20% 

of the input is actually recycled aluminium whereas 80% is virgin because the global supply of 

recycled aluminium is too small compared to the demand (Frees, 2008; Zampori & Pant, 2019, 

S. 66-67). In the output equation, on the other hand, it is assumed that 80% of the used alumin-

ium ends up in recycling and can be deducted from the product’s emissions in the disposal 
stage as avoided virgin aluminium. This action grants a bonus to the product in question from 

recycling used aluminium to meet the global demand. 
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The global warming score for the recycled aluminium scenario, the virgin aluminium scenario, 

and default scenario of a regular shower are shown in Figure 21. The results show that using 

recycled aluminium instead of virgin aluminium in the LOOP shower production decreases the 

net emissions by 16%. Due to the used formulas, this change can mostly be seen under Dis-

posal, other than wastewater category. However, also the emissions related to the manufactur-

ing decrease by 9%. Compared to the regular shower in its default scenario, the emissions of 

LOOP shower per FU are 44% lower when using virgin aluminium and 53% lower when using 

recycled aluminium. 

 

Figure 21. The effect of using recycled aluminium instead of virgin aluminium in the LOOP 

shower production on the Global Warming score. 

7.2.6 Sensitivity and Uncertainty Analysis Summary 

From the results of all the sensitivity analyses, it can be concluded that the global warming 

score of the LOOP shower is sensitive to changes in different parameters than the regular 

shower. This can also be seen from Table 8. As proposed by Jolliet et. al (2016) the criteria for 

significant differences in CO2 is considered when the results change for more than 10%. There-

fore, the low and high end scenarios for the LOOP shower for the water temperature and num-

ber of uses over life time are significant sensitive. However, for the heating method, the LOOP 

shower is only significant sensitive for the high-end scenario. Furthermore, the results of the 

LOOP shower are the most sensitive to changes inthe heating method for the high-end scenario 

(+111%). The . A regular shower, on the other hand, is significantly sensitive to the duration 

of the shower and water temperature just like the LOOP shower, but especially to the heating 

method of the bathing water. The highest sensitivity is again produced by the high-end scenar-

ios (heating method +188% and shower duration +86%). These results are of high importance 

and tell about the magnitude of the uncertainty of the entire LCA results. However, it is im-

portant to note that these results only show trends in sensitivity, since not every parameter is 

changed by the same amount. 
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Table 8. Net value comparison of low-end and high-end scenarios to default scenario. 

Net value comparison to default scenario (100%) 

LOOP shower 

Changed parameter Low-end High-end 

Bathing water temperature 99 % 101 % 

Shower duration 85 % 143 % 

Heating method 97 % 211 % 

Number of uses over product lifetime 73 % 134 % 

Regular shower 

Bathing water temperature 90 % 110 % 

Shower duration 69 % 186 % 

Heating method 94 % 288 % 

Number of uses over product lifetime 99 % 101 % 

 

7.3 CO2 Break-even Analysis 

In Figure 22 the break-even point in terms of CO2 equivalent emissions for the LOOP shower 

compared to the regular shower is shown. The whole process of the shower from cradle-to-gate 

has been considered in this calculation, not just the use stage processes. The break-even point 

in this case states the number of showers that must be taken until the LOOP shower is better 

than a regular shower in terms of greenhouse gas emissions, which are indicated in CO2 equiv-

alent. To calculate the break-even point, the fixed CO2eq and variable CO2 were determined. 

The fixed CO2 emissions are independent from the number of showers used and are mainly 

represented by the material, production, manufacturing, and disposal stage. The variable CO2 

emissions are emitted every time a shower is taken and are therefore emissions from the use 

stage. 

  

Figure 22. Break-even point of the LOOP shower and a regular shower. 
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The calculations resulted in a break-even point at 3133 showers. Under the assumption that one 

person showers 4.25 times per week, this number is reached after approximately 3.5 years for 

the default scenario with 4 people per household. For 2.1 people per household (average Danish 

household) 3133 showers have been taken after approximately 6.7 years. For the high-end sce-

nario with 10 showers per day, the break-even point is reached after 0.85 years (around 10 

months). 

 

7.4 Completeness and Consistency Checks 

Consistency of the SimaPro calculations and hand-calculations were checked by means of the 

percentage difference of the obtained values (Tables 9 and 10). Overall, there are no signifi-

cant differences in the net values of the CO2 equivalent and fossil CO2. The biggest differences 

occur in wastewater treatment emissions between hand-calculations and SimaPro calculations. 

The reason for this error is different emission data behind the same wastewater treatment pro-

cess between hand-calculation spreadsheet and SimaPro. This means that different version of 

the Ecoinvent database has been used in the calculations. The results obtained from SimaPro 

are based on more recent data, and thus, SimaPro results should be used whenever possible. 

For the same reason, the Use, other than heating of water results differ, although the difference 

is smaller. The DK electricity mix process included in Use, other than heating of water has 

been updated and therefore gives different results between hand-calculations and SimaPro. It 

is also important to note that although there are 9-18% differences in the results of Disposal, 

other than wastewater and Transportation, these stages do not play a big role in the carbon 

footprint of either shower, so they can be neglected. 

 

Table 9. Hand-calculations compared to SimaPro in terms of GHG CO2 equivalent. 

 
Hand-calculations compared to SimaPro in 

terms of GHG CO2 equivalent  
LOOP shower Regular shower 

Manufacturing and raw materials 2 % 3 % 

Transportation -11 % 16 % 

Use, heating of water 6 % 6 % 

Use, other than heating of water -20 % -8 % 

Disposal, wastewater -34 % -34 % 

Disposal, other than wastewater -20 % -12 % 

Net value -2 % -2 % 
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Table 10. Hand-calculations compared to SimaPro in terms of fossil CO2. 

 
Hand-calculations compared to SimaPro in 

terms of fossil CO2  
LOOP shower Regular shower 

Manufacturing and raw materials 3 % 1 % 

Transportation -16 % 9 % 

Use, heating of water 3 % 3 % 

Use, other than heating of water -21 % -10 % 

Disposal, wastewater -52 % -52 % 

Disposal, other than wastewater -18 % -12 % 

Net value -4 % -6 % 

 

7.5 Absolute Sustainability 

The normal LCA process in this study supports the relative assessment of sustainability and 

enables one to conclude if a product is more sustainable compared to another product. How-

ever, to know whether a product is sustainable or not in an absolute sense, an absolute sustain-

ability assessment needs to be done. This assessment creates a boundary for what is sustainable, 

by using the planetary boundaries and how much can be allowed per capita (carbon foot-

print/person).  

When determining the absolute sustainability of a product system, the sustainable boundary 

assigned to one FU (kgCO2eq/FU) needs to be calculated. For this the Absolute Environmental 

Sustainability Assessment (AESA) is used. As the first step of the AESA the life cycle envi-

ronmental impact per FU is calculated. Then the environmental carrying capacities (planetary 

boundary) are calculated and allocation is done for the FU.  

One of the allocation methods used for this study is the economic allocation, which considers 

the price of the shower product itself as well as the Danish price of the wastewater, raw water, 

and the heat used during the shower use stage. The heating water cost was 2.55 DKK/FU 

(Gregsen, & Patursson, 2023), the raw water/wastewater cost 3.71 DKK/FU (Hofor, 2022), 

and the purchase cost of the product 0.45 DKK/FU (Gulv & Flise Eksperten, 2023). Therefore, 

in total the cost per FU is 6.71 DKK/FU. For this study, the default of a 4-person family and 

the regular shower product system are used to set up the economic allocation. The price of the 

regular shower is used rather than the LOOP shower because it is the more conventional sce-

nario from the two and is closer to what most people are using in Denmark now. The reference 

shower simply represents a proxy of what is the value of taking a shower. Based on the eco-

nomic allocation method, the sustainable boundary assigned to one FU is 0.007 kgCO2eq. 

The second allocation method used in this study is the Grandfathering method, which does not 

allocate emissions based on price but instead allocates the carbon emissions proportionally 
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according to emissions at a particular base year. For this study, the total carbon footprint emis-

sions in Denmark from the year 2019 were used to calculate the annual consumption-based 

emissions per person (kgCO2eq/pers/yr). Then this value is used to calculate the reduction fac-

tor to reach planetary boundary. The reference shower emissions are divided by this reduction 

factor to allocate the sustainable boundary for one FU. Based on the Grandfathering allocation 

method the sustainable boundary assigned to one FU is 0.009 kgCO2eq. 

The Table 11 below shows the absolute sustainability calculation results for the two different 

allocation methods: Economic Allocation and Grandfathering. Two methods are used because 

the calculation includes a lot of uncertainty. The results are based on the absolute sustainability 

exceedance ratio which is calculated by dividing the global warming score [kgCO2eq/FU] by 

the sustainable boundary assigned to one functional unit [kgCO2eq/FU]. The sustainable 

boundary assigned to one FU is higher for the grandfathering method than the economic allo-

cation method which means that more emissions have been allowed per FU. This shows in the 

results as a higher exceedance ratio in the Economic Allocation results than the Grandfathering 

results. The absolute sustainability assessment was done for all LOOP shower sensitivity study 

scenarios (see section 7.3). As seen from the table results, all scenarios’ global warming score, 

or carbon footprint, exceeds the respective sustainable boundary assigned to one FU and are 

colored red. Therefore, none of the scenarios meet the absolute sustainability requirements. 

When looking at both allocation method results, it seems like the best (most sustainable) sce-

nario is the one where the default LOOP shower parameters are the same but the number of 

people using the shower per day has been increased (10 showers per day). The worst (least 

sustainable) scenario is the high-end scenario with LOOP shower using DK electricity mix. It 

should be noted that the regular shower using DK electricity mix still has a higher global warm-

ing score than the LOOP shower and would therefore be the least sustainable if the regular 

shower’s sensitivity analysis would be shown as well (see Figure 19). It is advised that the 

LOOP shower is used by multiple people per day to bring down the overall CO2eq impact of 

the shower per FU.  
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Table 11. Absolute sustainability calculation results. 

Scenarios 

Global  

Warming score 

[kgCO2eq/FU] 

Economic  

allocation 

[exceedance  

ratio] 

Grandfathering 
[exceedance 

ratio] 

Regular shower (reference system) 

8 min shower, family of 4, district 

heating, 38°C 

0.275 41.89 29.05 

LOOP shower (default system) 

8 min shower, family of 4, district 

heating, 38°C 

0.155 23.61 16.37 

LOOP shower sensitivity analysis scenarios 

Bathing water heating: 

100% PV electricity (low-end) 
0.150 22.85 15.85 

Bathing water heating: 

DK electricity mix (high-end) 
0.327 49.81 34.54 

Bathing water temperature:  

35°C (low-end) 
0.153 23.30 16.16 

Bathing water temperature:  

41°C (high-end) 
0.157 23.91 16.59 

Length of shower:  

5.5 min (low-end) 
0.132 20.11 13.94 

Length of shower:  

15 min (high-end) 
0.221 33.66 23.35 

Number of people in household:  

2.1 people (low-end) 
0.207 31.53 21.87 

Number of showers taken per day:  

10 (boarding school, sports facility, 

etc.) (high-end) 

0.113 17.21 11.94 

Different material: 

Recycled aluminium 
0.130 19.80 13.73 
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8 Conclusions 

Based on the performed LCA, it can be concluded from the normalization of results, sensitivity 

analysis, and absolute sustainability assessment that the LOOP shower is a more sustainable 

product than a regular shower. This is despite LOOP shower being a significantly more com-

plex product in terms of manufacturing (more materials, transportation, and complicated pro-

duction) than a regular shower. The main reason for the regular shower being less sustainable 

is that it uses much more water and requires more heating in the use stage. Although the LOOP 

shower is more sustainable than the regular shower in a relative sense, neither of the products 

are absolute sustainable. 

The most important impact categories for the LOOP shower were found from the IMPACT 

World+ weighted results to be Climate change human health long-term contributing 33% to 

the total weighted impact score. Considering all human health and ecosystem quality climate 

change impact categories, they contributed above 60% to the total weighted impact score of 

the LOOP shower. The IMPACT World+ ecosystem quality impact category Freshwater eco-

toxicity long term was also found to be important. Climate change impacts was found to be 

consistently important from the LCIA ReCiPe 2016 (H) method, while the Freshwater ecotox-

icity impact was found to be negligible. The ReCiPe method did not change general conclu-

sions regarding which product is more sustainable but did change the order of magnitude of 

the different impact category results. This emphasizes that the results are highly dependent on 

used methods and limitations. 

8.1 Limitations 

As with all LCAs, there can be some limitations for the usability of the study results. In this 

study, there are some spatial and temporal limitations because the study has been done for 

Danish users and uses data specific to the Danish market and corresponding to today’s situa-
tion. Therefore, the results cannot be expanded to compare the product’s impact in a different 

country or in different time. For example, the impact of water availability will change drasti-

cally based on geographical and temporal scale. 

Additionally, the Flow Loop ApS company is a startup and is currently producing the LOOP 

showers by hand at their small manufacturing facilities in Denmark but have plans of upscaling 

the business. The LCA study has been done considering the current situation, and if the com-

pany were to scale up the production, the results are not applicable. Therefore, these results 

cannot be directly applied to a scale-up situation. 

When using the LOOP shower, the consumer can choose whether they want the system in 

recycling mode or not. In this study it was assumed that the consumer uses the recycling feature 

as much as possible. Therefore, the results will be affected based on how often the consumer 

uses the recycling feature. For example, if the consumer decides to shower without using the 

recycling feature at all, this will affect the results negatively as more water and heating will be 

required.  

Furthermore, any LCA result may vary from case to case and study to study, as the results are 

based on a lot of assumptions and choices (e.g., modelling processes). A more refined dataset 

could reduce the number of needed assumptions and thus lead to more certain results. However, 
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the results of this case study are notably limited by the collected data and are therefore based 

upon several assumptions. 

8.2 Recommendations 

The carbon footprint of the LOOP shower mainly consists of the heating of bathing water and 

manufacturing and raw material extraction. The possibility of Flow Loop influencing the way 

the bathing water is heated is very small, so focusing on reducing the carbon footprint of the 

product itself is recommended especially if the recycling function of the LOOP shower cannot 

be further enhanced to reduce the hot water consumption and the produced wastewater. A less 

effective, but not insignificant way to reduce the emissions in the use stage would be to reduce 

the electricity consumption of the LOOP shower during showering. 

As found in the hot-spot analysis, in reducing the LOOP shower's carbon footprint resulting 

from manufacturing and raw material extraction, it is worth focusing on reducing the use of 

aluminium or switching to recycled aluminium if this is not already the case. Also, Flow Loop 

ApS could influence the recycling of LOOP shower materials at the end of the product lifetime, 

which could be a potential way to make reductions in emissions per shower. The disposal stage 

already has a contribution of less than 1% across impact categories, however, potentially it 

would significantly reduce the production and manufacturing stage impact of the shower with 

reused or recycled materials. Regarding the microfilter, it is worth investigating alternative 

materials (e.g., reusable filter material) or investigating whether the current filter can be safely 

used longer than the current recommendations state. Additionally, as seen by the sensitivity 

study of the frequent user case (boarding school, sports facility case, etc.), it is recommended 

that Flow Loop targets to intensive water users since this significantly brings the overall emis-

sions per FU down. Similar effect can be achieved by increasing LOOP shower’s effective 
lifetime meaning that the number of showers taken over shower lifetime increases.  
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Annexes 

Annex 1. Assumptions use stage. 

Assumption Quantity Source Explanation 

Water flow 12 L/min - - 

Water temperature 38°C - - 

Lifespan of a 
shower  

15 years 
Flow Loop ApS, 
2023a 

- 

Recycling rate of 
the LOOP shower  

11 L/min 
NIRAS A/S & Flow 
Loop ApS., 2023 

- 

Water consump-
tion at water flow 
of 12 L/min for 8 
minutes  

17.5 L 
NIRAS A/S & Flow 
Loop ApS., 2023 

- 

Average weekly 
showering time in 
Denmark 

34 min/week Energistyrelsen, 2022 - 

Consumed water 
per week per per-
son 

408 L - 
Showering 34 min per week at a flow of 12 
L/min 

Number of show-
ers per person per 
week 

4.25  

showers/week 
- 

408 𝐿8 𝑚𝑖𝑛 × 12 𝐿𝑚𝑖𝑛 

Number of show-
ers over shower 
lifetime per person 

3315 showers - 4.25 𝑠ℎ𝑜𝑤𝑒𝑟𝑠𝑤𝑒𝑒𝑘 × 52 
𝑤𝑒𝑒𝑘𝑠𝑦𝑒𝑎𝑟  × 15 𝑦𝑒𝑎𝑟𝑠 

Avg. population in 
one apartment 

2.1 persons 
Statistics Denmark, 
2023 

- 

Number of show-
ers over shower 
lifetime per apart-
ment (family of 4) 

13260 showers - 4 
𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡  × 3315 𝑠ℎ𝑜𝑤𝑒𝑟𝑠𝑝𝑒𝑟𝑠𝑜𝑛  

Number of show-
ers over shower 

6962 showers - 2.1 
𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡  × 3315 𝑠ℎ𝑜𝑤𝑒𝑟𝑠𝑝𝑒𝑟𝑠𝑜𝑛  
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lifetime per apart-
ment (avg. Danish 
household) 

Filter change fre-
quency for a fam-
ily of 4 

Every 4 weeks or 
every 200 show-
ers (whichever 
comes first) 

→ 68 showers per 
filter 

Flow Loop 
4,25 

𝑠ℎ𝑜𝑤𝑒𝑟𝑠𝑤𝑒𝑒𝑘 𝑎𝑛𝑑 𝑝𝑒𝑟𝑠𝑜𝑛× 4 𝑤𝑒𝑒𝑘𝑠 𝑥 4 
𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑝𝑎𝑟𝑚𝑒𝑛𝑡 

Rinse process fre-
quency 

Every 2 weeks or 
100 showers 
(whichever comes 
first) 

→ 34 showers per 
rinse process 

Flow Loop 
4,25 

𝑠ℎ𝑜𝑤𝑒𝑟𝑠𝑤𝑒𝑒𝑘 𝑎𝑛𝑑 𝑝𝑒𝑟𝑠𝑜𝑛× 2 𝑤𝑒𝑒𝑘𝑠 𝑥 4 
𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑝𝑎𝑟𝑚𝑒𝑛𝑡 

Specific heat of 
water 

4.1876 kJ/kg * °C - - 

Method of heating 
water 

50:50 cold and hot 
domestic water 
(non-recycling 
process)  

NIRAS A/S & Flow 
Loop ApS., 2023 

- 

Temperature of 
cold domestic wa-
ter 

15°C 
Unified Water Label 
Association, 2023 

- 

Power of pump 240 W Xylem Inc., 2023 - 

Power of UV lamp 25 W Krausen Baltija, 2023 - 

Temperature loss 
of recycled water 

4°C 
Flow Loop (mea-
sured) 

- 

 

 

 

 

 

 



Annex 2. Process tree LOOP shower (non-confidential) 



Annex 3. Weighted LOOP shower materials and components (confidential).

Photo of the weighted component Component 
desciption/name Component website Materials based on data 

sheets/websites
Weight for one 
component (kg)

Number of 
components in one 

shower

Total weight in one 
shower (kg)

Supplier (na=not 
available)

Supplier country 
(na=not available)

Manufacturer (na=not 
available)

Manufacturing 
country (na=not 

available)

Estimated material 
fractions IF multiple 

materials

Amount of each 
material (kg)

Corrected amount of 
each material (kg)

Material/component used in 
the LCA Assumptions

Tubes, transparent

https://dk.rs-
online.com/web/p/slange

r-og-fleksible-
ror/3680211

Plastic (PVC) 0,559 1 0,559 RS Components UK RS Components UK - 0,559 0,568 PVC -

Legend

Tubes, white

https://www.johnguest.co
m/gb/en/products/jg-

speedfit/pipes/pex-barrier-
pipe/pex-barrier-pipe-coil

Plastic (PEX) 0,066 1 0,066 JG Speedfit UK JG Speedfit UK - 0,066 0,067 PEX -

Cabel guide

https://www.billigvvs.dk/L
amper-el-Kabel-ledning-

Kabelkanaler-
befaestigelse-

Kabelkanaler.html

Plastic (assumed PVC) 0,357 1 0,357 Billig VVS Denmark na na - 0,357 0,362 PVC

Material assumed based on 
similar product. 

Available: 
https://www.bauhaus.dk/kabel
bakke-mini-15-x-15-mm-2-m-

hvid-rev-ritter

Red tank (hot break 
tank)

https://www.atlasfiltritali
a.com/en/products

Head & bowl: Reinforced nylon, 
Breath valve: Body: Stainless steel, O-

ring: EPDM, Sealing o-ring: EPDM, 
Discharge ball-valve: CW 614 N brass 
nickel plated, Drain funnel: Reinforced 

polypropylene, Filter medium: 
Stainless steel net AISI 304, Inner core 

and end caps: Polypropylene,
Sealing o-ring: SEBS with antimicrobial 

technology

0,393 1 0,393 Atlas Filtri Italy Atlas Filtri Italy - 0,393 0,399 Nylon 6-6
Only Nylon used because no 

drain funnel or valve was 
attached when weighing

Transparent tank (mixed 
break tank)

https://www.atlasfiltritali
a.com/en/products Plastic (PET) 0,466 1 0,466 Atlas Filtri Italy Atlas Filtri Italy - 0,466 0,473 PET -

Transparent tank 
(without the cover)

https://www.atlasfiltritali
a.com/en/products Plastic (PET) 0,430 0 0,000 Atlas Filtri Italy Atlas Filtri Italy - 0,000 0,000 PET -

Thin grey cable
https://dk.rs-

online.com/web/p/styrek
abel/8124511

Plastic (PVC), metals (copper) 0,342 1 0,342 RS Components Denmark Lapp Group Germany - 0,342 0,347
Cable, unspecified (not 

separated into materials, can 
be found from database)

-

Thick grey cable Plastic (Polybutylene), Metals (copper) 0,269 1 0,269 RS Components Denmark RS Components Germany - 0,269 0,273
Cable, unspecified (not 

separated into materials, can 
be found from database)

-

Thermostat housing 
(without thermostatic 

cartridge)

https://item.taobao.com/i
tem.htm?spm=a230r.1.1
4.49.6e5b3908KjQttf&id=
629572885770&ns=1&ab

bucket=3#detail

Metal (assumed stainless steel) 0,302 1 0,302 Bying China Bying China 70% housing and 30% 
thermostatic cartridge

0,302 0,307 Stainless steel

Material assumed based on 
own assessment. Material 

fractions assumed based on 
material densities. 

0,039 0,039 PPS

0,039 0,039 Copper

0,039 0,039 Brass

0,013 0,013 Wax

Corner for wires typ 1

https://dmfit.it/en/efcbb-
beer-outlet-elbow-female-
connector-od-tube-bspp-
thread/671-beer-outlet-
elbow-female-connector-

od-tube-bspp-thread-
15mm-x-12-

8000000012296.html

Plastic (Nylon) 0,020 1 0,020 DMfit Italy DMfit South Korea - 0,020 0,020 Nylon 6-6 -

Vernet France 30% PPS, 30% Copper, 
30% brass, 10% wax

Weight assumption based on 
own assessment; assumed to 

be 30% of the weight of 
thermostatic cartridge + 

thermostatic housing (above). 
Material fractions based on 

material densities. 

Information in the cell 
includes assumptions

Thermostatic cartridge 
CA43-058

https://www.vernet-
group.com/wp-

content/uploads/2020/06
/CA43-Product-sheet.pdf
https://www.divapor.com

/guides/vernet-
thermostatic-
cartridges.php 

(information about 
materials)

http://shop.bannerindustr
ies.com/Customer/bainne
/specpages/Cobetter_PPS
FilterCartridge_Industrial_

PPS, paraffin wax, brass, copper 0,130 1 0,130 Vernet France
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Photo of the weighted component Component 
desciption/name Component website Materials based on data 

sheets/websites
Weight for one 
component (kg)

Number of 
components in one 

shower

Total weight in one 
shower (kg)

Supplier (na=not 
available)

Supplier country 
(na=not available)

Manufacturer (na=not 
available)

Manufacturing 
country (na=not 

available)

Estimated material 
fractions IF multiple 

materials

Amount of each 
material (kg)

Corrected amount of 
each material (kg)

Material/component used in 
the LCA Assumptions

Plastic components https://www.rias.dk/ 3D print plastic (Nylon 12 SDS) 0,252 1 0,252 RIAS Denmark RIAS Denmark - 0,252 0,256 Nylon 6-6 Nylon 6-6 used because no 
Nylon 12 in database

Shower head (hand 
shower) 

https://www.spakompagn
iet.dk/produkter.php?id=1

744&gclid=Cj0KCQjw_4-
SBhCgARIsAAlegrWtdwpk
J2pG7toD2HQ9N7FzpOW

49U-
DYbvtF9lFs85Ujb6fZhQq9

NQaArFtEALw_wcB

Metal (chrome-plated brass) 0,210 1 0,210 Spa Compagniet Denmark Spa Compagniet Denmark - 0,210 0,213 Brass Chrome-plated brass not 
available in the database

Hand shower holder

https://bernstein-
badshop.com/showers/sh

ower-accessories/hand-
shower-holders/a-4022

Metal (chrome-plated brass) 0,214 1 0,214 Bernstein Germany Bernstein Germany - 0,214 0,217 Brass Chrome-plated brass not 
available in the database

Tube for shower head

https://bernstein-
badshop.com/showers-

gb/shower-
accessories/shower-

hoses/a-16594

Plastic (PVC) 0,225 1 0,225 Bernstein Germany Bernstein Germany - 0,225 0,229 PVC -

0,403 0,410 Stainless steel

0,121 0,122 Silicone

Cable box

https://www.billigvvs.dk/L
amper-el-Kabel-ledning-

Kabelkanaler-
befaestigelse-

Kabelkanaler.html

Plastic (assumed ABS) 0,540 1 0,540 Billig VVS Denmark na na - 0,540 0,548 ABS
Material assumed to be ABS 

because no data available and 
ABS is a general material.

VersiJet Series
Industrial Diaphragm 

Pump
Model: P502F-11NN-

0PF1

Data sheet provided by 
Flow Loop

Plastic (PP), cast aluminium, 
thermoplastic elastomere 

(santoprene), rubber (EPDM), 
stainless steel, coated steel 

2,800 2 5,600 Flojet UK Xylem China - 5,600 5,685
2x pumps (not separated into 
materials, can be found from 

database)
-

3-diverter solenoid valve 
for UV lamp

https://www.akmueller.d
e/en/products/detail/32-
way-lever-valve-dn-9-47-

009-303

Body (PPS), stainless steel plunger 
guide plunger and spring, Membrane 

and
sealings: FKM, Coilcoating: PA

0,341 1 0,341 A. u. K. Muller Germany A. u. K. Muller Germany 100% PPS 0,341 0,346 PPS
Material fraction assumed to be 
100% plastic because the other 
material amounts are negligible

UV filter with lamp LUXE 
STYLE 25W 1/2'' IN-
OUT, 1,1t/h max, L 
565mm D 15mm

https://www.krausen.lv/c
atalog/ultra-violet-water-
sterilizers-and-parts/ultra-

violet-filters-luxe-
style/8478/

Stainless steel housing, quartz tube, 
ceramic lamp holder, 8 mg mercury 

inside lamp
1,653 1 1,653 Krausens Baltija Ltd Latvia na na - 1,653 1,678

1x UV lamp (not separated into 
materials, can be found from 

database)
-

0,150 0,152 Aluminium

0,150 0,152
1x circuit board (not separated 

into materials, can be found 
from database)

0,650 0,660 Silicone

0,650 0,660 Aluminium

50% Aluminium, 50% 
circuit board

Materials assumed, material 
fractions based on material 

density, weight assumed based 
on similar product. Available: 

https://www.geo-
technik.de/Buehnenlicht-

Buehnenscheinwerfer/Zubehoer-
Kabel-Stecker-

Bauteile/Vorschaltgeraete-fuer-
Lampen/EVG-12V-24V-f-
Leuchtstofflampen/EVG-

Vorschaltgeraet-24V-DC-T8-
58W--1599.html

PSU 24VDC 200W, HEP-
240W AC/DC power 
supply for UV lamp

Data sheet provided by 
Flow Loop

Aluminum case, heat-conductive 
silicone 1,300 1

Weight based on data sheet info 
of whole packaging being 1,3 

kg. 
Material fractions based on 

material densities.

1,300 Mean Well Netherlands Mean Well Netherlands 50% silicon, 50% 
aluminium

Electronic ballast for UV 
lamp, GmbH - LT-UVC25-

F/M 24V

https://lt-
elektronik.de/en/product/

elektronische-
vorschaltgeraete-fuer-uv-
niederdrucklampen/evg-
fuer-kleinspannung/24-v-

dc/

Aluminium, circuit board (assumed) 0,300 1 0,300 LT ELEKTRONIK GERA Germany LT ELEKTRONIK GERA Germany

Plastinox SLP 
cinstallation flexi hose

https://npiitalia.com/en/p
roducts/water-flexible-

hoses/bathroom-
suites/parinox-epdm-

dn10-dn13-dn16

Silicone tube with stainless steel 
braiding

0,262 2 Material fractions based on 
material densities. 

0,524 Neoperl Nordic A/S Denmark Neoperl na 0,77% stainless 
steel,0,23% silicone
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Photo of the weighted component Component 
desciption/name Component website Materials based on data 

sheets/websites
Weight for one 
component (kg)

Number of 
components in one 

shower

Total weight in one 
shower (kg)

Supplier (na=not 
available)

Supplier country 
(na=not available)

Manufacturer (na=not 
available)

Manufacturing 
country (na=not 

available)

Estimated material 
fractions IF multiple 

materials

Amount of each 
material (kg)

Corrected amount of 
each material (kg)

Material/component used in 
the LCA Assumptions

Plastic showerhead 
connector

https://dmfit.it/en/fabb-
female-adaptor-od-tube-
bsp-thread/460-female-

adaptor-od-tube-bsp-
thread-15mm-x-12-

8000000008008.html

Plastic (Nylon) 0,028 1 0,028 DMfit Italy DMfit South Korea - 0,028 0,028 Nylon 6-6 -

PCB https://www.hp-
elektronikmontage.dk/ Plastic, metals 0,238 1 0,238 HP Elektronik-

Montage ApS
Denmark HP Elektronik-Montage ApS Denmark - 0,238 0,242

1x circuit board (not separated 
into materials, can be found 

from database)
-

3-way connector

https://dmfit.it/en/tub-
tee-union-od-tube/518-

tee-union-od-tube-
a15mm-x-b15mm-x-

c15mm-
8000000010537.html

Plastic (Nylon) 0,038 2 0,076 DMfit Italy DMfit South Korea - 0,076 0,077 Nylon 6-6 -

Shower knobs

https://ourtaps.com/epag
es/98ca1330-6c2f-4fbb-

860c-
1ee59576605f.sf/secdab5
6c0766/?ObjectPath=/Sho
ps/98ca1330-6c2f-4fbb-

860c-
1ee59576605f/Products/

358MN

Metal (brass with chrome finish) 0,094 2 0,188 Panda Online Ltd UK na na - 0,188 0,191 Brass -

0,507 0,515 PP

0,507 0,515 SAN

0,023 0,023 PP

0,091 0,093 Polyester

Connector https://www.lavprisvvs.dk
/muffe-12-181055 Brass 0,053 1 0,053 LavprisVVS Denmark na na - 0,053 0,054 Brass -

Connector
https://dk.rs-

online.com/web/p/slange
konnektorer/1463182

Brass 0,027 4 0,108 RS Components UK RS UK - 0,108 0,110 Brass -

Elbow connector https://www.ebay.de/p/1
437856573 Plastic (Nylon) 0,028 6 0,168 Riegler Germany Riegler? Germany (assumed 

in the carbon excel)
- 0,168 0,171 Nylon 6-6 -

Shower head
https://www.jiafeng-

shower.com/70-holes-top-
shower-head.html

Plastic (assumed ABS) 1,193 1 1,193
Taizhou Jiafeng 

plastic sanitary ware 
Co

China Taizhou Jiafeng plastic 
sanitary ware Co

China - 1,193 1,211 ABS

Material assumed based on 
similar product. Weight 

assumed based on material 
density and product size. 

Avaiable: 
https://www.amazon.in/MTR-

Plastic-Bathroom-Shower-
Square/dp/B091TZWWG3/ref=s
r_1_5?keywords=shower+head+
plastic&qid=1698069653&sr=8-

5

0,080 0,081 PVC

0,015 0,015 Brass

0,005 0,005 Copper

RS Components China 80% PVC, 15% brass, 5% 
copper

Weight estimated by weighing 
similar power cord. Available: 

https://pure.manchester.ac.uk/
ws/portalfiles/portal/62970175
/Environmental_sustainability_o

f_kettles.pdf

Power cord
https://dk.rs-

online.com/web/p/netstik
/8496103

Brass, copper, PVC 0,100 1 0,100 RS Components UK

Ultra Filter Germany 50% PP; 
50% SAN

Material fractions based on own 
assessment. 

Pleated filter

https://www.ultra-
filter.dk/ups10pl010/upp-
pleated-element-9-10-m-

doe/

PP (blue parts) and polyester (white 
part)

0,114 1

Material fractions based on the 
volume and the density of both 

materials 
(Polyester=1,39g/cm^3 and 

PP=0,93g/cm^3)

0,114 Ultra Filter Scandinavia Denmark Ultra Filter China 20% PP, 80% Polyester

Filter cover

https://www.ultra-
filter.com/upu0934pps34
b/ultra-pure-9-pp-housing-

-28l-m-white-sump/

Plastic (PP and SAN) 1,014 1 1,014 Ultra Filter 
Scandinavia

Denmark
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Photo of the weighted component Component 
desciption/name Component website Materials based on data 

sheets/websites
Weight for one 
component (kg)

Number of 
components in one 

shower

Total weight in one 
shower (kg)

Supplier (na=not 
available)

Supplier country 
(na=not available)

Manufacturer (na=not 
available)

Manufacturing 
country (na=not 

available)

Estimated material 
fractions IF multiple 

materials

Amount of each 
material (kg)

Corrected amount of 
each material (kg)

Material/component used in 
the LCA Assumptions

Tube tightener

https://dk.rs-
online.com/web/p/spaen

deband-
slangeband/1450245/

Zinc plated mild steel 0,012 13 0,156 RS Components UK RS Components Thailand - 0,156 0,158 Steel -

Connector

https://dmfit.it/en/mcbb-
straight-adaptor-od-tube-
bspp-thread/380-straight-

adaptor-od-tube-bspp-
thread-15mm-x-3-4-

8000000005878.html

Plastic (Nylon) 0,017 1 0,017 DMfit Italy DMfit South Korea - 0,017 0,017 Nylon 6-6 -

Tank switch

https://dk.farnell.com/cel
duc/ptfa0100/sensor-

level-horizontal-no-
10w/dp/2251801?pf_cust

SiteRedirect=true

Plastic (Nylon 6) 0,018 3 0,054 Farnell Denmark Relais France - 0,054 0,055 Nylon 6-6 -

Aluminum casing and 
frame

https://www.indiamart.co
m/jbmetalindustries/ Aluminium 14,700 1 14,700 JB metal industries India JB metal industries India - 14,700 14,924 Aluminium -

Suction inlet lifting rod
https://www.boltelageret.

dk/shop/rustfri-a2-
gevindstang-16755p.html

Metal (stainless steel) 0,072 1 0,072 Boltelageret Denmark Boltelageret Denmark - 0,072 0,073 Stainless steel -

Square drain metal parts

https://www.alibaba.com
/product-detail/6-inches-

Stainless-Steel-Pop-
up_1117201715.html

Metal (stainless steel) 0,207 1 0,207 Huafa China Huafa China - 0,207 0,210 Stainless steel -

Square drain plastic 
parts 3D print plastic (Nylon 12 SDS) 0,078 1 0,078 RIAS Denmark RIAS Denmark - 0,078 0,079 Nylon 6-6 Nylon 6-6 used because no 

Nylon 12 in database

Hair filter 3D print plastic (Nylon 12 SDS) 0,063 1 0,063 RIAS Denmark RIAS Denmark - 0,063 0,064 Nylon 6-6 Nylon 6-6 used because no 
Nylon 12 in database

0,079 0,080 PA 6,6 30% fibre glass

0,009 0,009 Stainless steel

0,113 0,115 PA 6,6 30% fibre glass

0,075 0,076 Stainless steel

0,335 0,340 Stainless steel

0,037 0,038 EPDM rubber

Plastic body from angled 
solenoid valve

Data sheet provided by 
Flow Loop Plastic (PA 66 glass fibre reinforced) 0,026 2 0,052 A. u. K. Muller Germany A. u. K. Muller Germany - 0,052 0,053 PA 6,6 30% fibre glass -

Total 33,4 33,9 kg
Weighted components in total 33,4 kg

Total weight of the Loop shower 33,9 kg
Weight missing 0,5 kg

Correction factor 1,02 -
Packaging (cardboard) 2,0 kg

0,372 A. u. K. Muller Germany A. u. K. Muller Germany 90% stainless stell; 10% 
EPDM rubber

RPE Italy 60% PA 6,6 30% fibre 
glass; 40% stainless steel -

Metal parts from angled 
solenoid valve

Data sheet provided by 
Flow Loop

Stainless steel (plunger guide, plunger 
and spring, filter), PBT/PET/epoxy 
resin (coal coating), EPDM rubber 

(membrane and sealings)

0,186 2 -

R mini 117 solenoid 
valve part

https://www.rpesrl.com/e
n/products/solenoid-valve-

servo-assisted-dn-11-
series-r-mini/11

Plastic (PA 6,6 30% fiber glass), metal 
(stainless steel)

0,094 2 0,188 RPE Italy

R mini 117 solenoid 
valve part

https://www.rpesrl.com/e
n/products/solenoid-valve-

servo-assisted-dn-11-
series-r-mini/11

Plastic (PA 6,6 30% fiber glass), metal 
(stainless steel)

0,044 2 -0,088 RPE Italy RPE Italy 90% PA 6,6 30% fibre 
glass; 10% stainless steel
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Annex 4. Inventory table of Ecoinvent processes for the LOOP shower. 

Process 

# 

Component/ 

material/process 

Ecoinvent process Region 

code 

Manufacturing (Materials + Processing) 

17429 Stainless Steel steel production, chromium steel 18/8, hot rolled RER 

146 ABS acrylonitrile-butadiene-styrene copolymer production RoW 

16436 PVC polyvinylchloride production, suspension polymerisa-
tion 

RER 

17112 Silicone silicone product production RER 

904 Brass brass production RoW 

15471 Nylon nylon 6-6 production RER 

16576 Circuit board printed wiring board production, through-hole 
mounted, unspecified, Pb free 

GLO 

17429 Stainless Steel steel production, chromium steel 18/8, hot rolled RER 

904 Brass brass production RoW 

17714 EPDM synthetic rubber production RER 

15471 Nylon nylon 6-6 production RER 

327 Aluminium aluminium production, primary, ingot RoW 

16576 Circuit board printed wiring board production, through-hole 
mounted, unspecified, Pb free 

GLO 

16389 PPS polyphenylene sulfide production GLO 

16436 PVC polyvinylchloride production, suspension polymerisa-
tion 

RER 

16391 PP polypropylene production, granulate RER 

17515 SAN styrene-acrylonitrile copolymer production RER 

904 Brass brass production RoW 

5701 PA 66 glass fibre glass fibre reinforced plastic production, polyamide, 
injection moulded 

RER 

17429 Stainless Steel steel production, chromium steel 18/8, hot rolled RER 

995 Cable cable production, unspecified GLO 

17112 Silicone silicone product production RER 

327 Aluminium  aluminium production, primary, ingot RoW 

16436 PVC polyvinylchloride production, suspension polymerisa-
tion 

RER 

16346 PEX polyethylene production, high density, granulate RER 

904 Brass brass production RoW 

17430 Steel steel production, converter, low-alloyed RoW 

14474b Pumps market for water pump, 240W GLO 

146 ABS acrylonitrile-butadiene-styrene copolymer production RoW 

904 Brass brass production RoW 

2009 Copper copper production, cathode, solvent extraction, and 
electrowinning process 

GLO 

16436 PVC polyvinylchloride production, suspension polymerisa-
tion 

RER 

17429 Stainless steel steel production, chromium steel 18/8, hot rolled RER 

904 Brass brass production RoW 

15804 Wax paraffin production RER 

2009 Copper copper production, cathode, solvent extraction, and 
electrowinning process 

GLO 

16389 PPS polyphenylene sulfide production GLO 
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15471 Nylon nylon 6-6 production RER 

15471 Nylon nylon 6-6 production RER 

5701 PA 66 glass fibre glass fibre reinforced plastic production, polyamide, 
injection moulded 

RER 

16359 PET polyethylene terephthalate production, granulate, 
amorphous 

RER 

17429 Stainless Steel steel production, chromium steel 18/8, hot rolled RER 

15471 Nylon nylon 6-6 production RER 

20673 UV Lamp ultraviolet lamp production, for water disinfection GLO 

327 Aluminium  aluminium production, primary, ingot RoW 

7164 Shower manufacturing, 
plastics 

injection moulding RER 

14806 Shower manufacturing, 
copper 

metal working, average for copper product manufac-
turing 

RoW 

1099 Shower manufacturing, 
brass 

casting, brass RoW 

14810 Shower manufacturing, 
steel 

metal working, average for steel product manufactur-
ing 

RoW 

14802 Shower manufacturing, 
aluminium 

metal working, average for aluminium product manu-
facturing 

RoW 

2029 Packaging Cardboard corrugated board box production RER 

17821 Filter manufacturing, pol-
yester 

textile production, nonwoven polyester,  
needle-punched 
 

RoW 

7163 Filter manufacturing, PP Injection moulding RoW 

16391 PP for filter polypropylene production, granulate 
 

RER 

Transportation 

18094 Transportation truck,  
average distance 

market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

18094 Transportation truck 
Denmark 

market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

18094 Transportation truck Ger-
many 

market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

18094 Transportation truck 
Netherlands 

market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

18094 Transportation truck UK market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

18094 Transportation truck 
France 

market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

18094 Transportation truck  
Italy 

market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

18094 Transportation truck  
Latvia 

market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

18150 Transportation freight  
India 

transport, freight, sea, container ship GLO 

18150 Transportation freight 
China 

transport, freight, sea, container ship GLO 

18150 Transportation freight 
Thailand 

transport, freight, sea, container ship GLO 

18150 Transportation freight 
South Korea 

transport, freight, sea, container ship GLO 

18150 Transportation of pumps 
from China 

transport, freight, sea, container ship GLO 

18150 Transportation of filters 
from China 

transport, freight, sea, container ship GLO 
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18027 Transport to customer 
from Flow Loop 

transport, freight, light commercial vehicle Europe 
without 
Switzerland 

18094 Transportation of  
cleaning tablets to 
Flow Loop, truck 

market for transport, freight, lorry >32 metric ton, 
EURO5 

RER 

Use stage 

17772 Tap water for shower pro-
cess 

tap water production, underground water with disin-
fection 

Europe 
without 
Switzerland 

6281 Heat for bathing water heat and power co-generation, natural gas, combined 
cycle power plant, 400MW electrical 

DK 

9708 Electricity for shower 
process 

market for electricity, low voltage DK 

17772 Tap water for rinse pro-
cess 

tap water production, underground water with disin-
fection 

Europe 
without 
Switzerland 

6281 Heat for rinse process heat and power co-generation, natural gas, combined 
cycle power plant, 400MW electrical 

DK 

9708 Electricity for rinse pro-
cess 

market for electricity, low voltage DK 

1332 Cleaning tabs chlorine dioxide production RER 

Disposal 

20583 Wastewater from shower 
process 

treatment of wastewater, average, wastewater treat-
ment 

Europe 
without 
Switzerland 

20583 Wastewater from rinse 
process 

treatment of wastewater, average, wastewater treat-
ment 

Europe 
without 
Switzerland 

12611 Aluminium treatment 
mix (recycling and land-
fill) 

market for scrap aluminium Europe 
without 
Switzerland 

12619 Steel treatment mix (re-
cycling and landfill) 

market for scrap steel Europe 
without 
Switzerland 

12614 Copper and brass  
treatment mix (recycling 
and landfill) 

market for scrap copper Europe 
without 
Switzerland 

20237 Mixed plastics from 
shower and filter to  
incineration 

treatment of waste plastic, mixture, municipal incin-
eration 

CH 

9708 Energy recovery from 
plastic incineration 

market for electricity, low voltage DK 

20184 Cardboard packaging in-
cineration 

treatment of waste paperboard, municipal incineration CH 

9708 Energy recovery from 
cardboard incineration 

market for electricity, low voltage DK 

19990 Electrical components to 
waste treatment 

treatment of waste electric and electronic equipment, 
shredding 

GLO 

19772 Used cables to waste 
treatment 

treatment of used cable GLO 

 

 

 

 



 

58 
 

Annex 5. Inventory table of Ecoinvent processes for a regular shower. 

Process # 
Component/ 

material/process 
Ecoinvent process 

Region 

code 

Manufacturing (Materials + Processing) 

17430 Steel production steel production, converter, low-alloyed RoW 

16390 Plastic production polypropylene production, granulate RoW 

7163 Shower manufac-
turing plastic 

injection moulding RoW 

14810 Shower manufac-
turing metal (steel) 

metal working, average for steel product manufacturing RoW 

2029 Cardboard for pack-
aging 

corrugated board box production RER 

Transportation 

18150 Transport to retailer 
freight 

transport, freight, sea, container ship GLO 

18094 Transport to cos-
tumer truck 

transport, freight, lorry >32 metric ton, EURO5 RER 

Use stage 

6281 Electricity hot water heat and power co-generation, natural gas, combined cy-
cle power plant, 400MW electrical 

DK 

17772 Bathing water tap water production, underground water with disinfec-
tion 

Europe 
without 
Switzerland 

Disposal  
20583 Wastewater treat-

ment 
treatment of wastewater, average, wastewater treatment Europe 

without 
Switzerland 

12619 Steel treatment mix 
recycled and land-
fill 

market for scrap steel Europe 
without 
Switzerland 

20237 Plastic to incinera-
tion 

treatment of waste plastic, mixture, municipal incinera-
tion 

CH 

9708 Energy recovery 
from plastic  
incineration 

market for electricity, low voltage DK 

20184 Cardboard  
packaging 
incineration 

treatment of waste paperboard, municipal incineration CH 

9708 Energy recovery 
from cardboard in-
cineration 

market for electricity, low voltage DK 

 

 

 

 

 

 

 

 



Annex 6. Unit processes in SimaPro (confidential). 

 

Loop shower use per FU configuration 

 

 

 

 

 

 

 

 

 

 

 



Loop shower configuration 

 



 

 

 

 

 

 

 

 

 

 

 

 



Filter configuration 

 

 

 

Cleaning tablet configuration 

 

 



Wastewater per FU configuration for Loop shower 

 

 

 

 



Regular shower use per FU configuration 

 

 

Regular shower configuration 

 



 

 

Wastewater per FU configuration for regular shower 

 


