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Summary
The evolution of society towards sustainability and environment-friendliness remains the centre of
numerous debates. A way of saving resources and preventing natural areas pollution is to close the nutrient
loop. The goals of this study were to assess the potential of reuse of nutrients from urine to agriculture in the
North of Sweden in terms of quantity and environmental impact. Based on regional statistics, enough nutrients
were found in the North of Sweden to replace the commercial fertilisers used in the same region. Regarding
the environmental impact, the Global Warming Potential (GWP) was calculated for two scenarios of
production of fertilisers. The scenario involving the treatment and concentration of urine was found to have a
GWP lower by one third compared to the conventional scenario of commercial fertilisers production. In a
sensitivity analysis, longer lifespans of materials and use of hydropower lead to a GWP lower by two thirds
with urine than commercial fertilisers. The main contributors to the GWP were the production of materials and
the generation of electricity, highlighting the importance of considering durable and ecological materials and
to switch to renewable energies. The potential of source-separating systems was considered as a necessary step
for the recovery of nutrients from human excreta. Nevertheless, technical, social and economic issues remain
barriers to their further development and to resources recovery.

Sammanfattning
Summary in Swedish

Résumé
L’évolution de la société vers la durabilité et le respect de l’environnement est au centre de nombreux
débats. Un moyen d’économiser les ressources et d’empêcher la pollution des milieux naturels est de boucler
le cycle des nutriments. Cette étude avait pour objectifs d’évaluer le potentiel de revalorisation des nutriments
de l’urine dans l’agriculture dans le Nord de la Suède en terme de quantité et d’impact environnemental. À
partir de statistiques régionales, il s’est avéré qu’il y avait assez de nutriments dans le Nord de la Suède pour
remplacer les engrais minéraux utilisés dans la même région. Concernant l’impact environnemental, le
potentiel de réchauffement global (PRG) a été calculé pour deux scénarios de production d’engrais. Le scénario
impliquant le traitement et la concentration d’urine s’est avéré avoir un PRG un tiers plus faible que le scénario
conventionnel de production d’engrais minéraux. Dans une analyse de sensibilité, une durée de vie plus longue
des matériaux et le recours à l’hydroélectricité ont montré un PRG deux tiers plus faible avec l’urine que pour
les engrais minéraux. Les principaux contributeurs au PRG étaient la production des matériaux et la génération
d’électricité, soulignant l’importance de recourir à des matériaux durables et écologiques et de se tourner vers
les énergies renouvelables. De plus, la séparation à la source apparaît comme une étape nécessaire pour la
valorisation des nutriments contenu dans les excréments humains. Néanmoins, des contraintes techniques,
sociales et économiques constituent autant d’obstacles face à leur plus large développement et à la réutilisation
des ressources.
Keywords:
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1. Introduction
This project started from a will to reduce the environmental impact of human activities. Considering
wastewater, and all the pollutants that need to be removed before discharge in natural waters, the first step is
that they could be recovered separately and reused as resources for other human activities, replacing products
which need to be made from scratch. Among the resources found in wastewater, nutrients are of particular
interest for reuse in agriculture and food production. Plants take up nutrients from the soil in order to grow.
Then people consume nutrients while eating and release them under the form of excreta, which end up in
domestic wastewater. But a lot of transportation occurs for fertilisers, food and even wastewater. In the North
of Sweden, the cold climate, together with the predominance of forested and heath areas that are toughly
exploitable for agricultural purposes, are major obstacles to local food production. Moreover, the sparse
population leads to an important rely on transportation, both for fertilisers for existing agricultural areas and
for the great majority of the food consumed. They are imported from the South of Sweden and other countries
mainly located in Europe, but also from America and Northern Africa (Johansson, 2005 ; Olsson, Wedén, &
Karlsson, 2018). Transportation is further increased by the abusive use of mineral fertilisers, which end up for
a non-negligible part of the spread amount into water layers, causing eutrophication and the disappearance of
some aquatic animal and plant species. Considering those observations, the aim of this study was to evaluate
the amount of nutrients available for reuse as fertilisers in the North of Sweden and to estimate the
environmental impact (calculated in emissions of CO2-equivalents) of two scenarios of fertiliser production in
order to investigate if local fertiliser production from urine could be a more sustainable way of closing the
nutrient loop.
More specifically, the following objectives guided the study:
- Determine the relevance of nutrient recovery from urine and reuse as fertilisers in Northern Sweden,
in terms of amount ;
- Assess the environmental impact in terms of global warming potential of production and transportation
of fertilisers from urine compared to commercial fertilisers ;
- Discuss the relevance of source-separating systems for more efficient, less energy-consuming, less
greenhouse gases emitting and globally more environmentally friendly ways to improve nutrients
recovery and their availability for agriculture.
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2. Background
2.1. The northern context
Norrbotten is the northernmost region of Sweden (Figure 1). More than half of Norrbotten’s territory
is located above the Arctic Circle, and the climate conditions impose some constraints upon society. The long
winter and presence of snow prevent all forms of field agriculture in this season, and even though the long
days in summer contribute to accelerating plant growth, it is to a lesser extent. Summer is short and the growing
season (with daily mean temperatures above 5 degrees Celsius) too, approximately 4 to 5 months between May
and September (Tveito et al., 2001). Moreover, summer can be a dry period in the North as well, contributing
to lowering crop yields (Peltonen-Sainio, 2012). As a consequence, mainly roots, tubers and cold resistant
cereals are grown in the region.
Fertilisers are used in order to maintain a sufficient amount of nutrients in the soil and enable plants to grow.
But mineral fertilisers such as phosphorus compounds are made from phosphate ore that are finite fossil
resources (Global Phosphorus Research Initiative, n.d.). Moreover, those fertilisers are mostly imported
(Olsson et al., 2018; UN Comtrade, 2018) and made through energy-consuming processes. Yet, phosphorus,
nitrogen and potassium, the main nutrients spread in fields, are also found in wastewater, resulting from the
consumption of food by the population and their release in the form of urine and faeces.

Arctic Circle

Figure 1. Swedish regions (“län” ; left), and municipalities (“kommuner”) of Norrbotten (right)
(Pegy22, 2019, left ; Pantzare Information AB, n.d., right)

In Norrbotten, the population is composed of 250 500 inhabitants (Statistics Sweden, 2019) sparsely located.
The wastewater treatment facilities reflect this repartition: the biggest ones are located in the cities and serve
the majority of the population, but the majority of the systems are small (< 2 000 person-equivalents – PE1,
cf Table 1) completed by a number of isolated houses with their own on-site treatment system.

Unit of measure for the design of wastewater treatment facilities, based on the biological oxygen demand BOD7. 1 PE
corresponds to the amount of biodegradable material consuming 70 g of dissolved oxygen per day over 7 days (André et
al., 2018).
1
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Table 1. Numbers of wastewater treatment plants of different sizes in Norrbotten
(Ek, Junestedt, Larsson, Olshammar, & Ericsson, 2011 ; Olshammar, 2018 ; Olshammar & Persson, 2018)
Wastewater treatment systems in Norrbotten
Number of units (and people connected)
WWTPs > 2 000 PE
19 (around 200 000 persons)
WWTPs 200 – 2 000 PE
64 (around 40 000 persons)
WWTPs 25 – 200 PE
964
On-site sanitation systems < 25 PE
22 331

Even if many of the smallest systems are neither owned nor managed by the municipalities, which increases
the difficulty to find information about their number, the data in Table 1 can be assumed to reliably represent
the wastewater treatment situation in Northern Sweden as it was compiled during several national
questionnaires campaigns to the municipalities (Ek et al., 2011 ; Olshammar, 2018 ; Olshammar & Persson,
2018). The majority of the treatment plants with more than 200 PE have an activated sludge treatment, trickling
filters or only a chemical precipitation without biological treatment (Ek et al., 2011 ; Olshammar & Persson,
2018). These systems target organic matter and nutrients but are less efficient in cold climates, where biological
activity is reduced. Concerning the small treatment systems (Figure 2), more than one third of them consist of
only a septic tank without further treatment, while another third infiltrate the water on-site. It appears that
alternative treatments (also called ecological sanitation systems) like wetlands and planted filters are rare in
Northern Sweden. This could be explained by the low efficiency and/or inadaptability of these systems in cold
climates (Agence de l’eau Rhin-Meuse, 2007 ; Tilley, Ulrich, Lüthi, Reymond, & Zurbrügg, 2014). Anyway,
inefficient, inadequate or even absent wastewater treatment systems are an important source of nutrients
discharge into Swedish natural waters, although agriculture is the major contributor (André et al., 2018).
Nutrients present in too high concentrations in water bodies cause the proliferation of algae and
microorganisms consuming oxygen, leading to a diminution of biodiversity: this is eutrophication. The Baltic
Sea is particularly affected by phis phenomenon.

Figure 2. Types of wastewater treatment systems in Norrbotten
(Ek et al., 2011 ; Olshammar, 2018 ; Olshammar & Persson, 2018)

In Norrbotten, the northernmost region of Sweden, food availability relies on importation from the South of
Sweden and European countries in majority. 61 % of foodstuffs and agricultural products consumed in Sweden
in 2017 came from the European Union, according to the National Statistical Institute, Statistics Sweden (SCB)
and the Swedish Board of Agriculture Jordbruksverket (2018). But there are still agricultural lands in
Norrbotten. The total area of arable lands is of 33 000 hectares, used for growing mainly fodder, cereals and
root vegetables (Statistics Sweden, 2007, 2015). Additional 2 800 ha are pastures for cattle (Statistics Sweden,
2015), but in this study they were not considered as nutrient consuming areas. Agriculture covers only 0.4 %
of the territory in Norrbotten, 60 % being forested area and almost 40 % being mires, heath, meadow and
rocks.
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According to a survey led by SCB in 2015/2016 (Andrist Rangel & Redner, 2017), the amount of mineral
(conventional) fertilisers used in Norrbotten is represented in Table 2. The data was a combination of values
for Norrbotten, Västerbotten and national Swedish average, depending on the availability of the figures.
Table 2. Amount of nutrients considered used as fertilisers in Norrbotten depending on the crop
(adapted from Andrist Rangel & Redner, 2017)
Type of crop
unit
nutrient
cereals

Total crop area
ha
4000

Total amount of mineral fertilisers used in Norrbotten
t/yr
N
P
K
128
13
29

temporary grasses

21300

734

23

84

temporary grazing

2000

0

1

2

other crops

3300

0

4

14

Total

30600

862

41

129

Total obtained from the
average for all crops

30600

817

45

136

The amount of nutrients used as fertilisers in Norrbotten considered in this study was of 860 t of nitrogen, 45 t
of phosphorus and 135 t of potassium. Nutrient supply in agriculture is completed by manure, animal excreta
collected in breeding farms, but this goes out of the scope of this study. Manure spreading is already a form of
nutrient recovery, a waste, animal excreta, is reused as fertiliser.

2.2. The need for nutrient recovery and current practices
2.2.1. Nutrient recovery: a local solution in a global context
The Earth is a finite system, this consideration should never be left aside while managing projects.
There, humanity and nature form an indissociable whole, impacting and depending on each other. So it is
primordial to improve the quality of our environment while acting within its limits. Rockström et al. (2009),
identified nine planetary boundaries, updated a few years later (Steffen et al., 2015), measuring the evolution
of the Earth equilibrium due to anthropogenic activities. While two of those boundaries are on the way to be
crossed (climate change and land-system change), according to the authors two others are already far beyond
the Earth capacity. They are phosphorus and nitrogen flows, causing eutrophication, and the genetic diversity
of species, which is decreasing at a very high rate. The first one highlights the importance of using more
carefully and wisely nutrients while treating more efficiently wastewater, in order to limit the eutrophication
phenomenon, which can impact the second one.
When those boundaries are crossed, the planetary equilibrium would change radically. Here resilience appears
as a key-concept. It is “the capacity of a system [...] to deal with change and continue to develop”, and this
includes a way of thinking that leads to a more conscious and sustainable society in harmony with nature
(Stockholm Resilience Centre, n.d.). Because if our planet can adapt to the changes we impose on it, very high
societal costs are involved in order for humans to adapt. In order to try avoiding growing such inequalities in
our society, the United Nations fixed seventeen world objectives called the Sustainable Development Goals.
Everyone on Earth should have the chance to live a decent life, away from poverty, hunger, wars and diseases,
those objectives are to be considered in priority in projects (United Nations, 2015).
One of the possible answers to the food and sanitation problems includes recycling and circular economy, in
order to reduce the consumption of raw primary resources, and local economy, in order to reduce transportation
and its heavy impact on the environment and on our health (e.g. air and water pollution, disruption of the
natural ecosystems, extinction of species). These alternatives could reduce the environmental impact of
nutrition and allow to explore or re-explore ways of producing food. They involve creativity and require that
wastes should no longer be considered as wastes but rather as resources. Thus, Salgot and Folch (2018)
proposed different applications for treated wastewater mainly for irrigation (agriculture and recreational areas)
and identified obstacles to overcome in order to reuse it as drinking water. But wastewater contains also
nutrients, for example nitrogen, phosphorus and potassium. It appears that these nutrients are also the main
components of artificial fertilisers. The sanitation process, more than a solution to health issues and human
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impact on natural areas, seems to be a possible point of action for nutrients recovery for example, which could
serve then for agricultural purposes, avoiding the resort to fossil resources. So far, it seems relevant to close
the nutrient loop and reuse the nutrients undesired in wastewater for agricultural purposes. This could improve
sanitation while enhancing food production. Sewage sludge containing a lot of those nutrients is already being
used in agriculture, proposing a first solution for closing the nutrient loop. It is spread on fields, but the presence
of pharmaceuticals, pathogens and sometimes heavy metals raises concern and this practice is far from being
a generality. In parallel, and because of the raising awareness of the damage of eutrophication on natural
environment, other ways of managing nutrients from wastewater are being explored. Sweden counts already a
number of studies about nutrient reuse from wastewater to agriculture (Spångberg, Tidåker, & Jönsson, 2014 ;
Tidåker, Kärrman, Baky, & Jönsson, 2006). Different recovery methods and treatments are studied. But it
appears that the most efficient ways of transferring nutrients to agriculture include source-separation of urine
and/or faeces and/or organic wastes. In source-separating systems, nutrients are far less diluted than in
conventional sewage streams, and their recovery is made easier.

2.2.2. Why source-separation?
Source-separation has been popularised in Europe for solid wastes, with the development of recycling
plants for paper, plastic, metal and glass for example. It is implemented by the citizens when they select the
wastes they put in each bin according to the material they are made of and then in the separated treatment
chains. In the water field, source-separation systems are less widespread.
In Sweden, the direct discharge of domestic wastewater, rich in nutrients, into rivers, lakes and seas has led to
a rapid eutrophication of natural waters during the first half of the 20th century. The first municipal wastewater
treatment plants appeared at that time but concern was raised only in the 1960s (André et al., 2018). After a
slow development, nowadays the quasi-totality of the cities’ buildings are connected to a sewer system and a
wastewater treatment plant, while in the countryside still many households (among which a lot of holidays
houses) are not connected to a municipal sewer network nor have any kind of wastewater treatment (André et
al., 2018).
Nevertheless, wastewater management went further in Sweden. After a first experience with urine-diverting
toilets in big cities in order to reduce waste volumes and nuisances in the late 19th century, the 1990s saw the
development of those systems in summerhouses, in isolated houses in the countryside and in eco-villages
(Kvarnström et al., 2006). Blackwater separation systems were also used, separating faeces together with urine
from greywater (wastewater from the bathroom, the kitchen and washing-machines). Greywater contains less
nutrients and is often treated on-site and infiltrated. But the great interest of source-separating wastewater,
apart from easing treatments, is that it opens the door to nutrient recovery. Both urine and faeces contain a lot
of nutrients: they gather 95 % of the nitrogen and 90 % of the phosphorus in less than 20 % of the whole
domestic wastewater volume (Nagy & Zseni, 2017). However, it seems already very relevant to focus only on
urine recovery, because it is even more concentrated. Urine contains 11.0 g/p/d of nitrogen (N), 94 % of which
being under ammonia (NH4+) form, 0.9 g/p/d of phosphorus (P) and 2.4 g/p/d of potassium (K), which
represent 80 % of the nitrogen and about half of the phosphorus and potassium of domestic wastewater
(Jönsson, Baky, Jeppsson, Hellström, & Kärrman, 2005, Table 3). All of this is only diluted in 1.5 L or urine
per person and per day, that is to say less than 2 % of the domestic wastewater volume (Jönsson et al., 2005 ;
Randall & Naidoo, 2018). For this reason, in this project the choice has been made to focus only on urinediverting systems.
The amounts of nutrients supposed to be contained in urine often used as a reference for the Swedish case have
been established by Jönsson et al. (2005), they are presented in Table 3. The content of phosphorus and
potassium is lower than the design values given by Vinnerås et al. (2006). In effect, it is always uncertain what
really contains human urine, because it depends a lot on people’s diet, culture and place of life (Simha &
Ganesapillai, 2017).
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Table 3. Nutrient content of human wastewater streams
according to Jönsson et al., 2005 (J. et al.) and Vinnerås et al., 2006 (V. et al.)
urine
faeces
greywater
total domestic
wastewater
J. et al.
V. et al.
J. et al.
V. et al.
J. et al.
V. et al.
J. et al.
V. et al.
11.0
11.0
1.5
1.5
1.5
1.4
14.0
13.9
0.9
1.0
0.5
0.5
0. 7
0.5
2.1
2.0
2.4
2.7
0.9
1.0
0.8
1.0
4.1
4.7

Another undeniable advantage of urine diversion is that it also enables to separate nutrients from many of the
pollutants of wastewater. Urine has a very low heavy metal content (Jönsson et al., 2005) and is sterile when
not subject to cross-contamination from faeces (Spångberg et al., 2014). However, it contains the majority of
medicines and hormones taken by humans (Udert, Larsen, & Gujer, 2006), and therefore needs treatment
before reuse. But on the other hand, those pharmaceuticals do not end up in water layers because they cannot
be efficiently removed by simple treatments at wastewater treatment plants.

2.3. Source-separating systems for nutrient recovery
2.3.1. Nutrient recovery from urine
Source-separated urine, thanks to urine-diverting toilets or urinals, is collected apart from faecal
matter. It can be mixed with a bit of flush-water. But nutrients in urine, particularly nitrogen, can be lost along
the way between the toilets and the fields, where they can be reused as fertilisers. In effect, urea from fresh
urine is hydrolysed very quickly and forms ammonia, a volatile gas easily dispersed in the atmosphere (Udert
et al., 2006). In order to keep the maximum of the nutrients, stabilisation of urine is required. Another concern
is the effect of pharmaceutical, hormones and pathogens on health once people eat food from urine-fertilised
fields. In order to prevent harmful consequences, a further treatment of urine is preferable. And finally,
nutrients needs to be available in a product ready to be spread on fields, so either extracted from water, or
present in a reduced volume of liquid. A lot of different techniques for urine treatment have been studied lately
and are objects to a few paper reviews (notably Harder, Wielemaker, Larsen, Zeeman, & Öberg, 2019 ; Maurer,
Pronk, & Larsen, 2006). The majority of the methods cited in these articles have a targeted goal, e.g. nutrient
recovery or pathogens elimination. They need to be combined in order to provide a good quality fertiliser.
In Sweden, some full-scale experimentations (up to around 200 inhabitants) with urine recovery have been
made: Ganrot, 2012 ; Hanaeus, Hellström, & Johansson, 1997 ; Jönsson, 2002 ; Spångberg et al., 2014 ;
Tidåker et al., 2006 ; Tidåker, Sjöberg, & Jönsson, 2007. In these reports, some barriers were identified on the
way to success of nutrient recovery from urine. Design of toilets should be considered carefully so that they
are easy to use, but this should also go with communication and explanations to the users, as well as education
of good behaviours (Hanaeus et al., 1997 ; Zeeman & Kujawa-Roeleveld, 2011). Also, leakage and
precipitation in storage tanks and pipes lead to nutrient losses (Zeeman & Kujawa-Roeleveld, 2011) and quick
malfunctioning of facilities. When simple storage of urine was considered (this concerned most of the study
cases), urine-diverting techniques were good solutions to recover nutrients and decrease energy consumption
and fossil resources use, if they were to really replace mineral fertilisers (Tidåker et al., 2007). A lot of the
technical issues were solved with the development of new technologies, and it seemed that the most recent
projects in Sweden performed better (McConville, Kvarnström, Jönsson, Kärrman, & Johansson, 2017). But
all the nutrients were not recovered in these studies (except in Ganrot, 2012 where more than 90 % of the
nitrogen and phosphorus from urine were recovered through zeolite adsorption and struvite precipitation).
They still lead to more eutrophication risks than conventional treatments if collection, storage and spreading
in fields are not done carefully (Spångberg et al., 2014 ; Tidåker et al., 2006).
In this project, a complete process of urine transformation leading to a fertiliser with a high nutrient content
was chosen for further assessments. It is referred to as the Vuna process in this report.

2.3.2. Urine treatment using the Vuna process
The Vuna process developed by Eawag (Swiss Federal Institute of Aquatic Science and Technology)
is a treatment process producing a liquid nutrient-rich fertiliser from urine. It has been developed during the
VUNA project lead in parallel in Durban in South Africa and in Switzerland between 2010 and 2015. The goal
of this project was to reduce the environmental pollution caused by non-treated wastewater as well as to
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produce fertilisers to increase crops yields, while reducing health issues by the use of toilets. Struvite
precipitation and urine electrolysis were studied within this project, as well as the Vuna process for “complete
nutrient recovery” (Eawag, 2015). After these first steps, the process has been improved (Fumasoli, Etter,
Sterkele, Morgenroth, & Udert, 2016) and the final fertiliser, Aurin, is now commercialised (it has been
licensed in 2018 by the Swiss Federal Office for Agriculture). It is sold in Switzerland, France and Germany
to private individuals for ornamental and vegetables gardens (Vuna Ltd, 2019).
Urine is collected by urine diverting toilets and urinals without flush water (or with a very low water volume),
before transformation (Figure 3). First urine is stabilised through a nitrification process (suspended biomass)
in order to prevent the further releasing and loss of ammonium under gas form, and prevent odours. Then an
activated carbon filter removes pharmaceuticals and hormones. Finally, distillation at high temperature reduces
the volume of liquid while also inactivating pathogens (Eawag, 2015). The only by-product of the process,
apart from a small amount of sludge from the aerobic nitrification, is distilled water, which in the case of the
Vuna unit installed at Eawag’s headquarter, is reused as flush-water for toilets (faeces fraction). The main
interest of this process is that it enables to recover 100 % of the nutrients contained in urine (or at least 99 %
of the nitrogen), without the pollutants, and without generating anything else than water. The final volume of
liquid fertiliser is reduced around 30 times compared to the incoming volume of urine. But on the other side,
the process requires high amounts of energy, notably for aeration during nitrification and for distillation. Some
specific processed resources like activated carbons are also required. A condition for this process is that the
incoming urine should not be diluted, at least the flush-water fraction should not constitute more than 20 % of
the total volume of urine mix (Etter, 2019). Otherwise the volumes and energy consumption are too high, and
the nutrient concentration of the urine mix is too low, the process loses a big part of its interest and efficiency.

Figure 3. The Vuna process developed by Eawag (Vuna Ltd, 2019)
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3. Methods
3.1. Bibliographical study
A literature review concerning urine diversion and nutrient recovery from wastewater to agriculture
has been done using the common databases gathering scientific articles from all over the world. A focus has
been put on Northern Europe and particularly Sweden. This has been completed with data from the Swedish
Statistical Institute Statistics Sweden (SCB), the Swedish agricultural board Jordbruksverket and the Swedish
Environment Emission Database (SMED). This permitted to gather information on the existing wastewater
treatment plants and systems, the Swedish population, the flows of nutrients in the different human streams,
the use of fertilisers and the repartition of agriculture in the country.
For the rest of the study, the nutrient content in urine has been chosen according to the lowest values found
between Jönsson et al. (2005) and Vinnerås et al. (2006) (Table 3) in order to reduce the potential
overestimation of the amounts of nutrients that could possibly be recovered from human excreta. Also, as often
as possible regional information was preferred, from municipalities or Norrbotten’s region. In the case of
fertilisers, no data was found regarding the actual consumption in fields. Then sells statistics have been
considered as approximations for fertiliser use (Table 2). Those were not always available for Norrbotten. Then
the assumptions were based on the values of Västerbotten, the second northernmost region of Sweden.
Västerbotten is the closest to Norrbotten among all the Swedish regions in terms of environmental context
(land cover, climate) and social context (population repartition, size of the cities). Finally when no data was
available for any of those two regions, national average values were taken as the best available information for
fertilisers consumption.

3.2. Geographical Information System
Maps enable to compare at a glance the geographical representation of data, and are the basis for
distances calculation. The Geographical Information System (GIS) software QGIS 3.6 was used during this
study for the mapping of the existing wastewater and agriculture situation in the North of Sweden. The spatial
data files came from SCB (Statistics Sweden, 2017) and the Swedish Board of Agriculture (Jordbruksverket,
2010). The population was represented through squares of 100 m side. The fields were represented as surfaces.
The distance from each population square to the nearest field has been calculated using the function hub
distance from the MMQGIS plugin. Other distances were evaluated using measuring tools. They served to
evaluate the impact of transportation between the places of production and the places of reuse of nutrients, in
terms of CO2-equivalents emissions.

3.3. Commercial fertilisers and fertiliser from urine – Comparison of the Global Warming
Potential
3.3.1. Study area
A case study representative of the Norrbotten’s context has been chosen for the comparison of different
ways to produce fertilisers. The area was small enough for the Vuna process to be implemented without
necessitating huge infrastructure (for storage and processing steps) and with short distances between
population and fields, but it concentrated both population and agricultural fields. The ratio fields over
population here was of 0.37 ha/p (Statistics Sweden, 2015, 2019). Even if this is 3 times superior to the
Norrbotten’s average of 0.13 ha/p and superior to the Swedish average of 0.25 ha/p as well, it was supposed
representative of the agricultural context of Norrbotten’s region: few fields gathered in the same places. The
chosen area had a size of ca. 20 000 ha and was located around the city of Övertorneå, along the Torneälv river
at the border between Sweden and Finland.
Using QGIS 3.6 software, spatial data showed 2453 inhabitants according to Statistics Sweden (2017) in the
area, and ca. 910 hectares of agricultural fields (Jordbruksverket, 2010). The distribution of the population and
of the fields is represented in Figure 4. The majority of the field production in Övertorneå municipality consists
in hay for animals, cereals (barley and oat) and potatoes (Statistics Sweden, 2007). Concerning vegetables
production, it is interesting to note that in this area there are also greenhouses belonging to the company
Hietala, producing tomatoes, cucumbers and also flowers, and fields cultivated by the same company, for root
vegetables, broccoli and cabbage production (Hietala, 2018).
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Figure 4. Study area in Övertorneå

3.3.2. Impact category and functional unit
In order to compare the impact on the environment, and more precisely on the climate, of the elaborated
scenarios, the criterion chosen was the Global Warming Potential on a 100-year impact base (GWP 100),
expressed in kg of CO2-equivalents emissions (CO2-eq). The GWP is commonly used to assess environmental
impact of processes: “Emission metrics such as Global Warming Potential (GWP) and Global Temperature
change Potential (GTP) can be used to quantify and communicate the relative and absolute contributions to
climate change of emissions of different substances, and of emissions from regions/countries or
sources/sectors” (Myhre et al., 2013). From unitary values, for single processes, material production, transport
on unitary distances, and quantities of materials, energy consumption, distance, the GWP of each scenario was
calculated.
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The functional unit for the assessment was the production and handling of 5.63 t of N, 0.46 t of P and 1.23 t
of K under the form of fertiliser in a one-year period. In effect, in order for the results to be comparable,
both pathways should produce the same amount of nutrients under the same form and during the same time
period, this is the functional unit. The daily nutrient content of urine for a Swedish person as defined in Table
3 (Jönsson et al., 2005) was taken as a basis for adults, the values were divided by two for children (Welch et
al., 2009). Moreover, only 80 % of the daily amount of urine was considered excreted, and collected, at home,
and only 75 % of the excreted urine was considered correctly source-separated in the toilets (Spångberg et al.,
2014). Jönsson et al., assumed that 65 % of the time was spent at home, however this figure has been increased
to 80 % in this study in order to take into account urine collected in public buildings like schools and in
company buildings located in the area considered. Also, considering 0.05 L of flush-water per small (only urine
bowl) flush (BB Innovation & Co AB, n.d.) and 4 small flushes per day and per person at home, 1.1 L of urineflush-water mix was counted per person and per day. In the end, 15.4 kg of N, 1.3 kg of P and 3.4 kg of K were
assumed to be collected each day in urine on the study area. A period of one year was considered in the study,
covering a whole season in agriculture for the use of fertilisers. Then, urine from the population in the study
area would contain 5.63 t of N, 0.46 t of P and 1.23 t of K per year.

3.3.3. Scenario comparison and study boundaries
In the selected area, two scenarios were hypothetically constructed in order to produce fertilisers used
in this same area.
The first scenario represented the actual situation. This scenario was called the commercial fertilisers scenario
and is represented in yellow in Figure 5. Synthetic fertilisers, found on the market and made mainly from
phosphate ore and atmospheric nitrogen, were assumed to be produced in Finland and transported to
Övertorneå. In order to obtain a fertiliser containing given amounts of nitrogen, phosphorus and potassium,
single nutrients fertilisers, one containing nitrogen, another containing phosphorus and a third one with
potassium, were considered later mixed together. The complete fertiliser would be used on the fields.
The second scenario integrates the Vuna process to the area in order to produce fertiliser from urine. This
scenario was called urine fertiliser and is represented in green in Figure 5. Some changes were applied to the
houses: urine-diverting toilets would replace normal toilets in all households (2 toilets/hh), urine storage tanks
would be added for each household too (1 tank/hh), new pipes from the toilets to those tanks would be added
as well (20 m/hh). Other changes were applied at Övertorneå’s wastewater treatment plant (WWTP): storage
tanks would be installed for urine and final fertiliser, a new building would be built for the facilities of the
process (nitrification tank, purification tank, distiller), with necessary pipes (170 m in total) and pumps
(4 pumps in total).
The main assumptions allowing to compare both scenarios were the following:
(1) Recycling and end-of-life treatments of the materials and facilities were not integrated.
(2) Transportation of fertilisers from the wastewater treatment plant to the fields was considered to be the
same in the two scenarios.
(3) The spreading technique between liquid and solid fertiliser is not exactly the same and does not
necessarily imply the same distances travelled in the fields. Nevertheless, the difference in terms of
GWP is very small: 37.1024 kg CO2-eq per hour of spraying (liquid fertiliser, urine fertiliser) against
37.1003 kg CO2-eq per hour of spreading (solid fertiliser, commercial fertilisers). This difference was
considered negligible in the study.
(4) The same mass of nutrients would be added to the fields, giving equivalent crop yields independently
of the type of fertiliser used (commercial or from urine). The crops would then be cultivated and
harvested in the same way in both scenarios and food would follow the same path until the consumers.
(5) The WWTP would still have the same operation, even if the incoming wastewater would have a much
lower nutrient content, mainly a significantly lower nitrogen content. Knowing that in the North of
Sweden there is no regulation concerning nitrogen reduction, the existing WWTP does not have an
efficient nitrogen removal anyway. Then using in parallel the Vuna process could reduce energy
consumption, improve the treatment efficiency, reduce eutrophication and its effects, but this has not
be taken into account in this study.
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Figure 5. Commercial fertiliser production pathway (yellow) and urine fertiliser production pathway (green),
steps non integrated in the study in dashed lines

3.3.3.1.
Scenario commercial fertilisers
The commercial fertilisers scenario considered the production of 16,81 t of nitrogen fertiliser as
ammonium nitrate, 0,96 t of phosphorus fertiliser as triple superphosphate and 2,05 t of potassium fertiliser as
potassium chloride (also called muriate of potash). These quantities correspond to the amount of nutrients
defined in the functional unit according to Brentrup and Pallière (2008). The fertilisers were assumed to be
produced by YARA company in Siilinjärvi in Finland where a fertiliser with a similar N/P/K ratio as urine is
produced (YaraMila 26/3/5). The CO2-eq emissions of the transportation of raw materials, the production of
fertilisers and the energy consumption of the process have been taken from Brentrup and Pallière (2008). In
this paper the production site is supposed to be in Europe, which is the case in this study. The electricity mix
used was the Finnish mix defined in the ELCD 3.2 database (2018).
The total amount of fertilisers was supposed to be then transported by truck (17.3 t payload) from Siilinjärvi
to Övertorneå (470 km).
3.3.3.2.
Scenario urine fertiliser
In the urine fertiliser scenario, urine was assumed to be collected from each household in an individual
tank. In Övertorneå municipality, 2.05 persons live on average in each household, which is very close to the
average for Norrbotten of 2.02 persons (Statistics Sweden, 2018). Considering 2453 inhabitants, this makes
1200 households. But in order to design the urine tank, that would serve for several years and hopefully
decades, taking into account e.g. visitors, possible expansion of the families, or change of owner and thus
change in the number of occupants, 5 persons were considered per house.
The assumption was made that each house had 2 toilets, both of them being replaced by urine-diverting toilets.
In order to avoid smells, blockage from precipitation and to keep the facilities and pipes clean, 0.05 L of flushwater was added for each use of the toilets (Dubbletten toilet from BB Innovation & Co AB, n.d.). Assuming
that each person flushes 4 times the toilets each day at home, this make 0.20 L added per day to the 1.5 L of
urine. With only 80 % of the excretions made at home each day and 75 % of the urine being effectively sourceseparated, the nitrogen concentration in the final urine mix is of 5.37 gN-NH4+/L of urine mix. The amount of
urine compared to water is of 82 %, which is suitable for the Vuna process.
Based on an emptying once a year, the urine tanks have been considered to have a capacity of 3 000 L (model
BAGA VPI 3 m3, Baga, n.d.) in each households (production of 2 010 L of urine mix for 5 persons during
1 year). They were made of fibre-glass reinforced polyester (30 % of fibre-glass for 70 % of polyester resin
according to GRS Ireland – Glassfibre & Resin Supplies Ltd, n.d.) and assumed to be produced in Eskilstuna
in the South of Sweden (1 100 km away from Övertorneå). They required the excavation of 12.5 m3 of soil in
each household’s garden, done with a 15 kW excavator (Ökobaudat, 2016).
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The new toilets were assumed to be made of ceramics (21 kg per toilet ; Ökobaudat, 2016) with a plastic seat.
They were assumed to be produced in Aneby in the South of Sweden (1 400 km away from Övertorneå).
20 meters of PVC pipe per households was considered (ø50 mm for urine ; Pipelife Sverige AB, n.d.), made
in Ölsremma in the South of Sweden (1 450 km away from Övertorneå). The lifespan of the components is
estimated to be 30 years for the toilets and 50 years for the tanks and pipes The manufacturers gave a lifespan
of 100 years and more, but considering that at some point people want to change their installations, when
moving in for example, 30 years seem more realistic for toilets, while pipes and tanks would not be changed
so often. The transportation of the old toilets to the recycling centre and their treatment were not considered in
the study, except for the plastic toilet seats where the GWP included their production and the recycling of the
material.
The individual tanks were assumed to be emptied once a year to aliment continuously the Vuna process
operating at the WWTP in a newly created building. But during winter, the permanent presence of snow and
the cold temperatures may prevent the emptying of the tanks (difficult accessibility). For this reason, a capacity
of 100 days of urine, corresponding to the coldest months of winter, has been taken into account at the WWTP.
This corresponds to 300 m3, divided into two 150 m3 flexible bags (Citerneo, n.d.). The tanks were supposed
to be produced in Amboise, France (3 300 km away from Övertorneå by the road). Those pillow tanks do not
require any excavation. The fabric is composed of polyester with a PVC coating, with a ratio 1:1.
Urine was supposed to be collected by a tanker truck at each household. It has been estimated that with a
25 000 L capacity tanker, 39 rounds would be needed each year to empty all the individual tanks (one tank for
30 households approximately). On average, using QGIS to estimate the distances, houses are located 15 km
away from the WWTP. Then this distance should be driven twice by each truck, which makes a total of 585 km.
A 27 t payload truck was considered for the CO2-eq emissions of urine collection, but the fuel consumption of
the pump integrated in the truck was been taken into account.
A new building (hall) of 300 m2 made of wood (traditional Swedish building), was taken into account for the
nitrification, purification and concentration steps, as well as service areas. A carbon footprint of 150 kg CO2eq/m2 of useful area has been considered (Ayikoe Tettey, Dodoo, & Gustavsson, 2019 ; Nässén, Holmberg,
Wadeskog, & Nyman, 2007).
For the nitrification process, based on a nitrification rate of 0.4 gN-NH4+/d/L of solution (60 % of the volume
of biomass and 40 % of urine mix according to Fumasoli et al., 2016), a HDPE tank of 40 m3 has been chosen,
with suspended biomass (Etter, 2019). The Swedish electricity mix was used for the energy consumption for
aeration, considering a supply of dioxygen of 4.6 kgO2/kgNH4+ nitrified (Ecos, 2013).
Another HDPE basin was used for purification using activated carbon. This basin had a one-day capacity of
3 m3. Activated carbon was supposed to be produced in France by Jacobi company, from wood pine, and
transported to Övertorneå by truck (3 300 km). Based on the Vuna process consumption (Eawag, 2015), a
quantity of 200 mg of powdered activated carbon per liter of water treated was considered for the process, this
made approximately 200 kg of activated carbon per year.
For the distillation step, the energy consumption of the KMU-Master-Line distiller (KMU LOFT Cleanwater
GmbH, n.d.) was considered: 60 Wh/L of removed water. The machine comes from Kirchentellinsfurt in
Germany (2 900 km from Övertorneå by the road) and was supposed to have a lifespan of 20 years.
4 AlphaV pumps from Dreno (Dreno Pompe srl, 2019) were added to the study of the Vuna process for the
transport of water from one tank to the other. They were supposed to be made in Monselice in Italy (3 500 km
away from Övertorneå) and transported by truck from there to the WWTP. A lifespan of 5 years was taken into
account for the 4 pumps.
Also, a total of 170 m of 110 mm diameter PVC pipes was added, from Ölsremma in the South of Sweden, in
order to cover all the needs of the process at the WWTP (transport of the urine from one tank or facility in the
process to another). A lifespan of 50 years was considered for those pipes.
Finally, with a concentration factor of 9.6 for the distiller, 103 m3 of liquid fertiliser containing 4.2 % in mass
of nitrogen were supposed to be produced every year. This liquid fertiliser was supposed to be stored in a
110 m3 flexible bag from Citerneo, made in France and transported to Övertorneå’s WWTP. It has been
assumed that farmers would come and pick up the fertiliser at the WWTP (20 km away from the further field
in the area, according to QGIS calculation) directly with the spreading tractor or with an intermediary tank.
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3.3.4. Sensitivity analysis
Seven additional scenarios were studied in order to assess the impact of some factors over the GWP.
The following parameters were modified:
- The production of commercial fertilisers was supposed to take place in Sweden and the electricity used
during the processes was supposed to come from hydropower (scenario SA0).
- Electricity used in the Vuna process was supposed to be generated through hydropower (SA1). The
Swedish electricity mix was composed in 2017 of 40 % of electricity from hydro-power, 40 % from
nuclear-power, 11 % from wind-power and 9 % from heating plants, the remaining being solar-based
electricity representing less than 1 % (Dellby & Enmalm, 2018). Norrbotten gathers the biggest hydropower plants, located on the Luleälv River, and a few wind power plants, but no nuclear nor biomass
plant (OX2, 2019 ; Vattenfall AB, 2019). It was assumed that electricity used in Övertorneå came from
hydropower, which reduced the environmental impact of electricity production compared to the
Swedish mix.
- The lifespan of the new urine-diverting toilets, individual tanks and pipes was increased (SA2). It was
fixed to 30 and 50 years because of a potential will of new owners to change their installations, but in
a more eco-friendly approach, it could be 50 years for the toilets and 70 years for the tanks and pipes.
The manufacturers gave a 100 years lifespan, but it seemed not very realistic that the urine recovery
process would operate for such a long time without any modification.
- The pipes at home and between the different steps of the Vuna treatment were changed to PP pipes
(SA3). PVC, used previously, was the plastic material with the highest GWP of all the plastics
considered for pipes. But assuming PP pipes would reduce the total impact of the process and was still
relevant in regards of manufacturers products (Pipelife Sverige AB, n.d.).
- The way of generating electricity, the lifespan of the households’ facilities and the material of the pipes
were all applied in a unique scenario (SA4) in order to observe the combined effect of these changes
on the total GWP.
- The basins for the Vuna process were supposed to be made of HDPE, but they were estimated to be
quite big (40 m3 for the nitrification basin), so they could be built in concrete like in wastewater
treatment plants (SA5).
- There was also a possibility that the urine storage tanks in the households were made of concrete too
(SA6). Tanks could be pre-built and buried in the gardens.
- The study area chosen was one unique case among a multitude of possibilities for the comparison of
the two chosen scenarios. It might have been too big or too small, and lead to results that are very casedependent. Two other sites were evaluated as well in order to test the effect of the area where urine
recovery is applied for fertiliser production. These sites were located in Älvsbyn, one containing
6394 inhabitants (2.5 times more than in Övertorneå) and the other containing 542 inhabitants (5 times
less than in Övertorneå). Changes of size of infrastructures and facilities were applied as well as
adjustment of distances.

3.3.5. LCA software and databases
In order to read some of the LCA databases to obtain the contribution of the different steps of
production and transport to the total GWP of each scenario, the OpenLCA 1.8 software from GreenDelta was
used. The calculations of the GWP were done using the assessment method CML 2 baseline 2000 from the
methods database LCIA 2.0.3.
Different databases and information sources were used for the project:
- ELCD 3.2 2018 database (Joint Research Center, 2018) ;
- Ökobaudat 2017 database (Ökobaudat, 2016) ;
- Emissions factors from the Winnipeg sewage program (Veolia water & City of Winnipeg, 2011) ;
- Banque de données Agribalyse v1.3 2016 (Ademe, 2016) ;
- Brentrup and Pallière (2008) ;
- Ayikoe Tettey et al. (2019) and Nässén et al. (2007).
The details of the unitary CO2-equivalents emissions are given in Annex 1. CO2-eq emissions of single
processes used in the LCA
.
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4. Results and discussion
4.1. Potential for nutrient recovery in Northern Sweden and reuse in agriculture
4.1.1. Availability and spatial distribution of nutrients and agricultural fields in Northern
Sweden
In the North of Sweden, most of the 250 500 inhabitants, representing the source of nutrients, live
along the coast of the Bothnian Bay and along the largest rivers, mainly Piteälv, Luleälv and Torneälv rivers
(Figure 6). This population is globally very sparsely located except in the biggest cities, with an average density
of population of 2.6 inhabitants per square kilometre in the region.
The 33 000 hectares of agricultural fields, representing the consumers of nutrients, are located along the
Bothnian Bay and the main rivers (Figure 7). Pastures are not represented on this map as they were not
considered as fertilised areas. Nevertheless, some of them were seen as overlapping fields, putting into question
the reliability of the spatial data and highlighting the uncertain nature of the base of this study.
Both maps highlight the fact that the population and the agricultural fields are gathered in the same areas, along
the Bothnian Gulf coast and the main rivers. Using QGIS software, the distance from each population square
to the closest agricultural field has been calculated. The results are presented in Table 4 and Figure 8.
Table 4. Distances of Norrbotten’s population to cultivated fields
Distance of inhabitants to closest agricultural fields
Share of the population of Norrbotten
0-1 km
46.7% (~116 900 inhabitants)
1-5 km
44.5% (111 400)
5-10 km
8.5% (21 400)
10-20 km
0.2% (470)
20-40 km
0.1% (160)
>40 km
0.1% (220)

The distances were straight, not taking into account the presence and detours of roads, and were known at least
with an uncertainty of +/- 0.07 km due to the square representation of the population (0.1x0.1 km), but it could
be much more due to the imprecision of the representation and the acquisition method of the spatial data.
Nevertheless, the percentages are rather clear, it can still be asserted that more than 99 % of the population in
Norrbotten (or at least with less uncertainty more than 90 %) live closer than 10 km away from an agricultural
field. The longest distances were found in the North-Western part of the region, where there are very few
inhabitants and where the mountains make it difficult to cultivate crops. Proximity is an undeniable advantage
for reducing distances between sources and consumers of nutrients. It also encourages to think about local food
production in this region. In effect, distances on another part of the nutrient loop, between the place of
production of food, the fields, and the place of consumption of food, houses, appeared to be short. However,
it did not seem possible with the actual agricultural areas and cultivation methods to produce locally enough
food to supply the population’s needs: with only 0.13 ha of fields per inhabitants, Norrbotten was far from the
0.44 ha estimated by Johansson as the average Swedish foodprint (the total area necessary to feed one Swedish
person, Johansson, 2005).
The 250 500 inhabitants of Norrbotten are composed of 225 225 adults and teenagers and 25 225
children approximately (Statistics Sweden, 2019). Assuming that a child (under 10 years old) consumes half
the amount of food of an adult, and thus releases in his or her excreta half the amount of nutrients of an adult
(Welch et al., 2009), and based on the unitary excretions from Table 3 (Jönsson et al., 2005), the total amount
of nutrients produced by the population of the region has been calculated. A total of 1200 t N, 180 t P and
360 t K appeared to be present in domestic wastewater in Norrbotten each year. These amounts represented
the total quantity of theoretically available nutrients in wastewater in Norrbotten.
In this study, only urine was supposed to be recovered. Then the amount of nutrients theoretically available
was of 950 t of N, 80 t of P and 200 t of K, based on the same hypothesis. Those figures would in reality drop
to 570 t N, 48 t P and 120 t K while considering losses due to source-separating systems (-25 %) and presence
of the people at home (-20 %, in the hypothesis of recovery only at home and not in public and work spaces).
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Figure 6. Repartition of the population in Norrbotten
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Figure 7. Repartition of agricultural fields in Norrbotten
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Figure 8. Distance from the population to the agricultural fields

17
July 2019

PIRD – INSA Lyon/LTU

L. Turlan

4.1.2. Fertiliser consumption in Sweden and potential replacement with fertilisers produced
from wastewater
In Sweden, there is approximately 0.25 ha of agricultural fields per person. It has been estimated that
for the season 2010/2011, urine and faeces from the Swedish population would only be able to replace 28 %
of the N and 44 % of the P sold as fertilisers in the country (Spångberg et al., 2014). Though, all of the fertilisers
are not actually used, because a lot of them are drained in the fields before being taken up by plants, and end
up polluting natural water environments. But even if these losses were considered, there is a high probability
that there would not be enough nutrients in blackwater from the population to supply the needed fertilisers.
In the Norrbotten region, there is approximately 0.13 ha of agricultural fields per person, which is half of the
amount for the country. Nutrient recovery could replace more commercial fertilisers in this region. The total
amounts of fertilisers (excluding manure from animal origin) used in 2015/2016 considered in this study were
the following: 860 t of N, 45 t of P and 135 t of K (Table 2). This was comparable to the amount of fertilisers
sold between 2010 and 2015 in Norrbotten, the average annual sales being, according to SCB, of 800 t N,
100 t P and 200 t K (Wahlstedt, 2016). The first results being higher for nitrogen, the main nutrient brought to
fields, but still relevant, they were the ones taken as a basis for this study. Reported to the cultivated (fields)
area in Norrbotten, they made a use of 26 kg/ha/yr N, 1.5 kg/ha/yr P and 4 kg/ha/yr K.
For the three considered nutrients, the amount that was theoretically found in wastewater in Norrbotten
exceeded the amount of nutrients consumed as mineral fertilisers: 140 % of the N used was contained in
domestic wastewater, as well as 400 % of the P and 265 % of the K. This meant that if 75 % of the N, 25 % of
the P and 40 % of the K from domestic wastewater were recovered, enough fertilisers could be produced from
local resources for all the fields in Norrbotten.
In the urine-only recovery scenario, 110 % of the N, 165 % of the P and 150 % of the K used as fertiliser were
present in urine from Norrbotten’s inhabitants. But while considering 20 % of losses representing the urine not
excreted at home (or not in a place connected to a recovery facility) and supplementary 25 % of losses because
of the limited efficiency and the misuse of source-separating toilets, there was not enough nitrogen nor
potassium, and barely enough phosphorus: only 65 % N, 100 % P and 90 % K could be compensated.
Nevertheless, in the hypothetical case of recovery of all nutrients, urine would be a big enough supplier for
Norrbotten. This meant that the recovery rates would be of 90 % for N, 60 % for P and 65 % for K in order to
provide the previous 860 t of N, 45 t of P and 135 t of K used as fertilisers in agriculture.

4.2. Could nutrient recovery from urine and reuse as fertiliser reduce the environmental
impact of food production? – A scenario comparison
4.2.1. Comparison of a conventional fertiliser production pathway with nutrient recovery by
urine separation
The total GWP of the commercial fertilisers scenario was 42 t CO2-eq per year (Table 5). The
production itself contributes to 41 t CO2-eq/yr, nitrogen fertiliser production being the major emitter of
greenhouse gases (40 t CO2-eq/yr), because of the formation of N2O during the production of nitric acid from
nitrogen of the atmosphere, and of the high energy consumption of this process. N 2O has a global warming
potential to a 100-year horizon 298 times more important than CO2 (Myhre et al., 2013). The GWP contribution
of the transport of the fertilisers is of 1 t CO2-eq/yr.
The total Global Warming Potential of the urine fertiliser scenario was calculated to be 25 t CO2-eq per year.
Both the changes needed in the households and the installation and operation of the Vuna process are equivalent
in terms of CO2-eq emissions. The total GWP contribution of the changes in every house in the study area is
of 15 t CO2-eq/yr with the assumed lifespans of components. The total GWP contribution of the installation
and operation of the Vuna process at Övertorneå’s WWTP is of 10 t CO2-eq/yr. However the major contributors
remain the fabrication of the urine-diverting toilets and the fabrication of storage tanks, together with the Vuna
process itself, with a high energy consumption and fabrication-polluting equipments (mainly plastic columns,
activated carbons and distiller). The production of equipment contributed with 70 % of the emissions, followed
by the energy consumption for the treatment process, with 23 % of the emissions. Transportation of the
materials and facilities from their production place represents less than 2 % of the total CO2-eq emissions of
the scenario, which is less than the transport of urine (collection by tanker truck), accounting for 3 % of the
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total emissions. Yet it is to underline that the pipes, tanks and distiller were supposed to be produced in Europe,
which reduces considerably the distances in the scenario.
Table 5. Results of the scenario comparison
commercial fertilisers
urine fertiliser
42 t CO2-eq/yr
25 t CO2-eq/yr
Total CO2-eq emissions
Total CO2-eq emissions
Fertiliser production
41 t CO2-eq/yr
Changes in households
15 t CO2-eq/yr
Fertiliser transport
1 t CO2-eq/yr
Installation and operation
10 t CO2-eq/yr
of the Vuna process

In comparison, for the production of the defined amounts of nutrients in Övertorneå, the Vuna process would
emit 15 t CO2-eq less than the conventional way of producing fertilisers, each year. The fact to produce
fertilisers from urine from the nearby population using the Vuna treatment would then reduce by more than
1/3 the contribution to greenhouse gases emissions of fertiliser production.
However, this result is to be put into perspective. First, a lot of assumptions were made in order to be able to
evaluate the GWP and to simplify the study, leading to a model that did not reflect the reality of the site with
accuracy. The simplifications and assumptions are discussed in paragraph 4.2.2. Secondly, many potential
obstacles remain for the practical implementation of the Vuna process, some of them are discussed in
paragraph 4.3. Thirdly, the sources consulted for the assumptions and the databases containing population
information, nutrient content, unitary CO2-eq emissions, etc. were as many sources of error. This particular
aspect and its impact on the total GWP values of the studied scenarios are discussed in Annex 3. Fourthly, it
appeared that the Vuna process in Övertorneå, in the conditions considered in this study, could not produce
enough fertiliser to replace the totality of commercial fertilisers. Human urine, considering losses, could meet
respectively 24 %, 42 % and 34 % of the needs in N, P and K, based on the estimated Norrbotten’s consumption
(cf paragraph 2.1). The main explanation was that the area chosen for the scenario comparison had a higher
ratio field/population than the regional and even national average. If this process was to be implemented in
this area, fertilisers would still be needed from another source than human urine. If the total amount of
fertilisers assumed to be required in the area was produced by the Vuna process, a population of
9300 inhabitants should be part of the process, that is to say almost 4 times more people than in this study.
A possibility to replace more commercial fertilisers would be to recover nutrients from other sources in
addition of urine. But different treatment techniques should be used for the conversion of faeces or blackwater
and organic food wastes into fertilisers concentrated in nutrients. These processes have not been all evaluated
from a GWP point of view, and so it cannot be told if the replacement of all the commercial fertilisers by
human wastes based fertilisers could in the end really reduce the GWP of fertiliser production.
The three nutrients for the study were chosen because they are the major components of commercial fertilisers.
But in the end, it turned out that nitrogen fertilisers had the biggest environmental impact because of the
enormous energy required for the capture of the nitrogen present in the atmosphere and the CO2-eq emissions
of the reaction itself. A focus on nitrogen recovery would then already reduce highly the environmental impact
of the production of fertilisers. However, for other reasons, phosphorus is also an important resource to recover.
The availability of phosphorus ore is limited, phosphorus is on the edge to become a very scarce resource.
Concerning potassium, the challenges gravitating around its recovery have not been evaluated in this study.
Another matter of concern was the impact of transportation of urine from houses to the treatment unit and then
back to the fields. It appeared that in regard to the high energy consumption and the production of materials
for the facilities (toilets, tanks, pipes), transport or urine did not have a high impact on the total GWP value: it
represented only 3 % of the total GWP of the urine fertiliser scenario, with less than 1 t CO2-eq/yr. The
transport of materials and devices was also quite low: it contributed for 2 % of the total GWP of both scenarios.
But it was kept in Europe, where distances are quite small compared to a globalised world trade scheme (except
for resources used for the fabrication of the materials themselves, this was integrated in the databases without
further explanation on the origin of resources). Despite this low contribution of transport, it should not be left
aside, because it might become more important if other parameters become more environment-friendly (e.g.
via more energy-efficient processes, renewable energy or recycling of resources for tanks).
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4.2.2. Assumptions made for the scenario comparison
The scenario comparison was based on rough estimation of greenhouse gases emissions. A part of the
errors on the final results come from the assumptions made. The main assumptions are discussed in the
following paragraphs.
The total amount of urine considered as produced at home was 80 % of the inhabitants’ urine. But (1) this
amount can be overestimated if we consider, as suggested in Jönsson et al. (2005), that people spend only 65 %
of their time at home, and that this implies that they deliver there only 65 % of their daily urine production ;
or (2) this amount can be underestimated if we consider that even companies, schools and public buildings are
equipped with urine-diverting toilets. In the second case, it would be necessary to add in the study urinediverting toilets and urine collection tanks in office and public buildings as well. But this would increase the
potential for a sewer based collection of urine, avoiding transport by trucks (but requiring more pipes).
Many difficulties went on the way to finding a precise value of the amount of nutrients in urine. It varies a lot
depending on people’s diet and water consumption, but it was supposed that based on a great number of persons
it would stabilise. Still, those concentrations vary along the studies, so a site-specific measure could be more
precise before designing a recovery system. Concerning nitrogen, the evaluation of the potential in urine is
important to design the process. The considered nitrification rate for the Vuna treatment was 0,4 gN-NH4+/d/L,
corresponding to the lower boundary of the interval given in the Vuna experiment report (Eawag, 2015), but it
could be up to 0.8 gN-NH4+/d/L according to this same report.
A scenario where there is no urine treatment, only storage, could have been compared to the Vuna process,
which consumes large amounts of energy and requires complex infrastructure and constant monitoring. In
order to achieve the same quality of the final product, a long storage period would be required, requiring a
bigger storage capacity though, and eventually some energy for heating the stored urine and limit the duration
of the process. But in this case, storage could be decentralised in each farm, and thus the distance for collection
of urine would be reduced, each farm gathering urine for the neighbouring households.
The assumption concerning the equivalence of GWP for the spreading of both liquid and solid fertiliser has
been frequently put into question. Usually liquid urine fertiliser is diluted, leading to more trips on the fields
to spray it and reach the desired nutrient addition. Soil compaction in the fields increases, and finally lower
yields are observed (Tidåker et al., 2006). So both CO2-eq emissions due to more frequent trip in the fields and
the increased use of fertilisers to reach the same yields as with commercial fertilisers would lead to an increase
of the GWP of the urine fertiliser scenario. However, in this study the liquid fertiliser obtained was more
concentrated than in the case of direct application of stored urine and the effect of soil compaction was not
considered as increased compared to solid fertilisers.
Among the different databases used for the CO2-eq calculations, it seemed that very similar processes had
different GWP values. Then the reliability of the databases can be put into question.
Transportation of materials and urine was considered by medium heavy trucks (payload smaller than 17.3 t),
but sometimes it can be done by articulated heavy trucks or by train, which would reduce the total impact of
transportation.
The hypothesis of placing one urine storage tank in each household was justified by the fact that the houses
are sparsely located and there are not a lot of collective buildings in Övertorneå. But where the population is
denser, it could be considered that collective tanks, bigger, could be used for groups of houses, or even than
collection by sewer pipes could be done. Then the CO2 impact of the fabrication of the tanks could be reduced,
while the pipe length would be increased, but could possibly in the end produce less greenhouse gases at the
scale of the complete scenario.
In the end, it should be emphasized that many practical issues remain, that would need to be solved if the Vuna
process was to be really implemented in Norrbotten. Notably, energy could be required for the heating of the
pipes, tanks and urine during the process in winter to prevent freezing and blockage, the actual nitrogen and
ammonium concentrations should be measured regularly before the beginning of the process and during the
process for a more appropriate design and operation and the resistance of the flexible tanks in a cold climate
should be validated if this solution were to be kept.
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4.2.3. Sensitivity analysis of the scenario comparison
The final results and contribution of transportation and materials production are summed up in Table
6.
Table 6. Results of the sensitivity analysis
SA4
*with hydropower-based
SA6
SA2
Swedish
*with conSA1
SA5
SA0
*with inSA3
electri-city,
crete basins
*with hydro*with conCommercial
Commercial Urine ferticreased
*with polyincreased
in the Vuna
power-based
crete basins
fertilisers
fertilisers
liser*
lifespan for propylene lifespan for
process and
Swedish
in the Vuna
with hydroetoilets, pipes
pipes
toilets, pipes
concrete
electricity
process
lectricity
and tanks
and tanks
tanks in
and polyhouseholds
propylene
pipes
CO2-eq
emissions
Reduction of
emissions
Reduction of
emissions
compared to
urine fertiliser

Main contributor(s)

42 t/yr

25 t/yr

20 t/yr

20 t/yr

24 t/yr

14 t/yr

25 t/yr

92 t/yr

22 t/yr

(reference)

-41%

-53%

-52%

-41%

-66%

-39%

+120%

-48%

--

(reference)

-21%

-20%

-2%

-42%

+3%

+269%

-13%

86 % production of
materials

71 % production of
materials +
23 % energy
of the Vuna
treatment

90 % production of
materials

94 % nitrogen fertiliser
production
(reaction)

70 % pro64 % pro69 % pro95 % nitroduction of
duction of
duction of
gen fertiliser
88 % fabrimaterials +
materials + materials +
production
cation of ma23 % energy
29 % energy 24 % energy
(energy and
terials
of the Vuna
of the Vuna of the Vuna
reaction)
treatment
treatment
treatment

Electricity
consumption

49 %

23 %

3%

29 %

24 %

4%

23 %

6%

2%

Production
of materials

49 %

70 %

88 %

64 %

69 %

86 %

71 %

90 %

95 %

Transport of
the facilities
and devices

2%

2%

3%

2%

2%

3%

2%

2%

3%

Transport of
urine

--

3%

4%

4%

3%

5%

3%

1%

--

Other

--

2%

2%

1%

2%

2%

1%

1%

--

The change of pipes material from PVC to PP, even if PP engenders almost half of greenhouse gases emissions
as PVC, did not have an important impact on the total CO2-eq emissions of the scenario. This was due to the
low length of pipes required.
In contrast, the production of electricity from hydropower instead of the Swedish mix (as much nuclear power
than hydropower), and the increase of fibreglass tanks, pipes and toilets lifespans reduced more significantly
the GWP of the urine fertiliser scenario. As a result, when the three parameters were considered together, 2/3 of
the original greenhouse gases emissions were prevented. This implied a reduction by 40 % of the emissions
compared to the commercial fertilisers scenario, and reduced by half the impact of urine fertiliser compared to
the original urine fertiliser scenario.
When concrete was considered for every tank (except urine and fertiliser storage tanks at the WWTP, flexible
PVC and polyester tanks had been considered to reduce the amount of materials and avoid excavation), then
the GWP of the urine fertiliser scenario increases considerably: it became more than the double of the
commercial fertilisers scenario GWP, equivalent to more than 3 times the GWP of the original urine fertiliser
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scenario. However, the scenario considering concrete basins at the WWTP only showed a lower increase of
the GWP value compared to the original urine fertiliser scenario, +3 %, leading to almost no change compared
to the commercial fertilisers scenario, still a decrease by more than 1/3 of the GWP.
When the application site of the Vuna process was changed (Table 7), leading to an increase or a decrease of
the population and a modification of the geographical situation, the trend observed with the original location
was conserved. The urine fertiliser scenario had a GWP lower by around 40 % than the commercial fertilisers
scenario. However, when the area is small, in this case for the smaller area in Älvsbyn, the precision of the
results decreases (the results were given within 1 t CO2-eq), and the difference of GWP observed between the
commercial fertilisers scenario and the urine fertiliser scenario is lower. A reduction by nearly 1/3 of the CO2eq emissions was observed though (-29 %), confirming the better environmental impact from a global warming
point of view of urine recovery for fertiliser production.
Table 7. Results of the site variations

Älvsbyn big
Övertorneå*
Älvsbyn small

Population

Fields

Mean distance to
WWTP

6394 inh
2453 inh
542 inh

1745 ha
910 ha
315 ha

15 km
15 km
11 km

GWP commercial fertilisers

GWP urine
fertiliser

108 t/yr
42 t/yr
9 t/yr

63 t/yr
25 t/yr
6.5 t/yr

Reduction of
GWP of urine
compared to
commercial
-42%
-41%
-29%

4.3. Potential simultaneous improvements of sanitation systems and agriculture methods
in Northern Sweden
In this study, it has been shown that recycled nutrients from domestic wastewater can replace a nonnegligible part of commercial fertilisers which engender harmful consequences on the environment. Nutrient
recovery from wastewater can also reduce the environmental impact of agriculture by reducing the GWP of
fertiliser production. At the same time, resources are saved, agriculture is less dependent on fossil resources
becoming scarcer, like phosphorus ore for example. However, the Vuna treatment considered in this study is
very energy-consuming. The impact on the environment of this process can then be reduced while using
electricity generated from renewable sources. At a time when electricity consumption should be reduced in
order to preserve a good environment quality though, it may not seem relevant to rely so much on electricity
to produce food. But what are the alternative that could provide an efficient treatment as well as be ecological
and energy-neutral? A compromise has to be done between quality of the final fertiliser, duration of the
treatment process and environmental impact. Parameters to be taken into consideration include energy
consumption, GWP, impact of transportation, impact on natural ecosystems (acidification, eutrophication,
reduction of biodiversity), impact on human health, consumption of fossil resources, other resource recovery
pathways, other resource sources and combination of sources (e.g. urine and/or faeces and/or organic food
wastes), technical implementation, costs, robustness, acceptance and behaviours. Once all those parameters
are evaluated, a multi-criteria analysis can be performed and help to take decisions and develop a sustainable
waste and wastewater management, adapted to each project’s context (Pictet, 1996).
Moreover, this study included a great number of loopholes and uncertainties, notably from a socio-technical
point of view. Urine-diversion is still far from integrated to design studies and general wastewater management
(McConville, Kvarnström, Jönsson, & Kärrman, n.d. ; McConville et al., 2017). It has been studied a little in
Sweden, but this country is not representative of Europe nor of the world, because of its tradition with urinediverting toilets and dry toilets in summer houses. Social acceptance is often brought as an explanation for the
low efficiency of those systems, users being used to combined flush-toilets and farmers being hesitant to use
those non-conventional fertilisers made from human excreta. One major condition is for the urine fertilisers to
contain no pharmaceuticals or other pollutants residues (Lienert, Haller, Berner, Stauffacher, & Larsen, 2003).
Concerning the North of Sweden, apart from urine treatment, agricultural methods for human food production
should also be considered. The climate is a big issue in this part of the country. Some studies have been trying
to find ways of producing food in cold climate (Rönnqvist, 2018), and some companies have been succeeding
for decades thanks to greenhouses (Hietala, 2018). Still, agriculture is far from being the main activity there.
Other possible applications are explored for sewage sludge recycling. In Luleå for example, the main
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wastewater treatment plant, Uddebo, is equipped with two anaerobic digesters producing biogas from the
sludge resulting of the treatment process of municipal wastewater. This biogas is then used as fuel for running
municipal vehicles, but also for the production of electricity and heat (Luleå’s municipality, 2016). The system
will also integrate food wastes in a near future.

4.4. Outlook and future research
This study focused on nutrient recovery. However, water, heat, energy or biomass are also valuable
resources found in wastewater. As noted in Tidåker et al. (2006), the use of very low-flush toilets reduces the
needs for drinking water used as flush-water, which reduces the energy consumption during the treatment
process for drinking water production. But as soon as source-separation is involved, a lot of additional pipes
and tanks are required, involving more resources of another kind than the ones found in wastewater. As fairly
underlined by Tidåker and al., it is only better to a certain level to increase energy consumption in order to
recycle nutrients, so the choice of the treatment process should be made wisely. The present study showed that
the Vuna process for fertiliser production was emitting less CO2-eq than conventional methods, despite the
addition of pipes and the resort to activated carbon and electricity-consuming techniques, so even if the
alternative systems consume resources, they can have a less deleterious impact on the environment. New
projects, considering the problem from a more global point of view, consider water, heat, biomass and nutrient
recovery at the same time, creating housing and feeding solutions that are a lot more efficient (one example is
the “Zonneterp” concept from The Netherlands, discussed in Zeeman & Kujawa-Roeleveld, 2011). When
processes for nutrient recovery consume a lot of energy, it becomes very interesting to combine them with
energy recovery, mainly for heat production. The problem should be considered globally, now that technical
solutions exist individually and at smaller scales.
One of the main concerning questions at the beginning of this study was the impact of transportation of urine
and fertiliser in a recovery scenario. In the end, urine transportation represented less than 6 % of the GWP in
the urine fertiliser scenarios. But considering the excess of nutrients at the scale of the region of Norrbotten,
it could be worthwhile to assess a scenario with local transformation of urine into fertiliser before
transportation to the South of Sweden, where the demand in fertilisers is higher. Then the food could be
transported back, as it is nowadays, to the Northern region. This could be a way to reduce the number of
farmers needing to adapt their equipment, and to maintain a constant production of urine fertiliser without
worrying about the lack of interest of local farmers or any dependency on the climate, the type of soil or the
type of crops grown and their nutrient demand.
In all cases though, many other obstacles prevent the proper closing of the nutrient loop. Lots of technical,
social and political challenges remain yet to be solved, in order to make people accept the use of urine as
fertiliser for food crops, but also to have regulations allowing this use, which is an important parameter to
consider (Malila, Lehtoranta, & Viskari, 2019), and to define thresholds for a safe production and reuse of
nutrients from human excreta and wastes. These are social problems, but research can help people trust these
new concepts and techniques and can broaden the options by efficient communications to stakeholders, funders
and users. The lack of practical implementation and financing (McConville et al., 2017) also prevents from
more assessments of emerging techniques in large-scale contexts. It is true that urine-diverting solutions and
efficient treatments, in spite of guarantying a safe fertiliser, seem very expensive. And even if source-separation
has been existing for a few decades now, long term viability and sustainability of those systems are still
unknown. Along, some ethical problems arise: could it be justified to replace at high costs infrastructures that
are in a quite good shape, at least that are functioning correctly, in order to save nutrients and reduce greenhouse
gases emissions, while millions of people on Earth still do not have access to proper sanitation? It could be
considered to only replace damaged or too old infrastructures by source-separating systems, in order to save
resources and money, but then the changes would be done drop by drop and a few decades would be necessary
before being able to operate efficient recovery systems. Yet then, no solution could be found in this study, costs
of such changes were not evaluated.
In my opinion, it is also very important to even consider the problem more globally. If food production, diet
and agriculture, wastes, wastewater, water and ecosystems management are not considered together, no really
efficient, resilient and sustainable solution would be found. For that, wastewater treatment can be reconsidered,
but agriculture as well. All the more in a winter climate, greenhouses and urban farming solutions like
hydroponics, aquaponics, roof cultures, adapted species, are as many possible alternatives to produce local
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food while valuing human wastes and prevented their discharge in the environment. In order to increase the
visibility of urban farming and its potential, it is important to keep searching, trying and developing initiatives
such as Grow Gothenburg (Grow Gothenburg, 2019) or The Foodprint Lab (The Foodprint Lab Architects,
2018).
In a future study, it could be interesting to consider the problem starting from food production and not
wastewater generation. Considering an urban area, looking for food production for a certain amount of people
and investigating how much space and resources would be necessary in order to grow this food, one could try
to determine if those resources could be found within the same area in the sanitation systems and agricultural
fields.
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5. Conclusions
There are a lot of nutrients in domestic wastewater in the North of Sweden. Theoretically, recovery of
nitrogen, phosphorus and potassium from only human urine could replace all the nutrients applied as fertilisers
in the fields in the region. Using a technology like the Vuna treatment at a scale of 2 500 people like in
Övertorneå for example would enable to transform human urine into a liquid fertiliser ready for application in
fields, while reducing the Global Warming Potential (GWP) of fertiliser production. For conventional
fertilisers’ production in the study area, the GWP would be of 42 t CO2-eq/yr, against 25 t CO2-eq/yr for urinebased fertilisers produced via the Vuna treatment, that is to say a reduction by 41 %. Considering alternatives
with renewable hydroelectricity and longer lifespans of new facilities, the urine fertiliser scenario even reached
a GWP of 14 t CO2-eq/yr, whereas the impact of the commercial fertilisers scenario would decrease to
22 t CO2-eq/yr using hydroelectricity as well. When concrete was used for the construction of storage tanks,
the urine fertilisers scenario lost its advantage, with a GWP of 92 t CO2-eq/yr, underlining that the choice of
materials for facilities is very important from an environmental point of view. The processes emitting the most
greenhouse gases were the production of the materials used for the facilities and the generation of electricity
when it was not from renewable sources. Transportation of urine and importation of products at the scale of
Europe had a low effect on the total results, representing between 2 and 8 % of the total GWP depending on
the scenario. However, a lot of obstacles remain on the road to urine-diverting systems. Technically, some
systems are ready to be implemented at larger scales, they are efficient to recover nutrients from urine while
removing pollutants like pharmaceuticals, hormones and pathogens. But from a social, political and managerial
point of view, the situation is not yet fertile for urine-diverting systems development. Many of the solutions
are also expensive, in themselves or because of the repercussions they imply on society, because they require
the changing and/or addition of a lot of infrastructures, mainly toilets, pipes and tanks.
The combination of resource recovery techniques from wastewater with alternative agricultural techniques
could be an efficient way of producing food while reducing the need for primary resources and wastewater
treatment and reducing the global warming potential of both sanitation and food production. But funding and
decision-making processes remain important barriers for a real development. So nutrient recovery from urine
to agriculture is worthwhile, even in the North of Sweden where agriculture is not widespread. But only under
conditions of wise reflection and global thinking in order not to hide and forget about undesirable
consequences. So even if no real solution has been evidenced through this work, at least it showed that there
are options to reduce the human impact on the environment in the field of sanitation, and that it is important
to act, because it is possible to achieve such sustainable goals today, without waiting for more polluted water
to reach the seas.
Furthermore, there are many other criteria than GWP to consider in a recovery pathway assessment. The
problem of resource recovery is complex because of the multiple possible solutions, each one of them not
always being adapted to every case. A good starting point could be to define precisely and to hierarchize
objectives pursued by a precise project, in order to reduce the field of possibilities, before performing multicriteria analysis taking into account both socio-technical and environmental criteria.
It should be emphasized that source-separation is not promoted mainly because it could be a way to reduce the
environmental impact of fertilisation. In fact, most of the technologies used for the treatment of urine or
blackwater require a lot of energy, a lot of new installations, and thus produce a lot of greenhouse gases (even
if it can be less than conventional systems in the end, when the operation period is taken into account). But
source-separation is also a philosophy. It is the first step for solutions enabling to reduce the consumption of
raw resources, and it has various side-effects, for example the possibility to use less energy in wastewater
treatment because wastewater contains less pollutants, or pollutants that are more specific and can be targeted
by specific methods. It rises the consciousness that what we consider as wastes, our excreta, is truly valuable,
and opens the door to a wide range of alternative resource management ideas, concerning water and wastewater
but also e.g. building materials, food production and process and transportation. It could be considered as a
step further towards a more sustainable and resilient society, which has been initiated through the paper “Urine
diversion: one step towards sustainable sanitation” by Kvarnström et al. (2006). Global thinking, organisation
and communication are the keys towards more chance of seeing local changes.
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8. Annexes
Annex 1. CO2-eq emissions of single processes used in the LCA
CO2-eq emissions
Unit process
attributed
Ammonium nitrate,
production including
transportation of raw
kg CO2-eq/kg
materials
1.18 product
Energy consumption
during ammonium
nitrate fabrication
14.02 MJ/kg product
Triple
superphosphate, production including transportakg CO2-eq/kg
tion of raw materials
0.26 product
Energy consumption
during triple superphosphate fabrication
0.18 MJ/kg product
Potassium chloride,
production including
transportation of raw
kg CO2-eq/kg
materials
0.25 product
Energy consumption
during
potassium
chloride fabrication
3 MJ/kg product
Spreading of powde- 37.10028 kg CO2-eq/h
red fertiliser
tractor

Source

Comment(s)

Energy efficiency and greenhouse gas emissions,
Brentrup and Pallière, 2008
Production in Europe
Energy efficiency and greenhouse gas emissions,
Brentrup and Pallière, 2008
Production in Europe

Energy efficiency and greenhouse gas emissions,
Brentrup and Pallière, 2008
Production in Europe

Energy efficiency and greenhouse gas emissions,
Brentrup and Pallière, 2008
Production in Europe

Energy efficiency and greenhouse gas emissions,
Brentrup and Pallière, 2008
Production in Europe
Energy efficiency and greenhouse gas emissions,
Brentrup and Pallière, 2008
Production in Europe
Banque de donnée Agribalyse v1.3 2016 (ADEME Case of France
2016)*. Process "Fertilizing, with spreader 2500L"

Spraying of liquid
fertiliser

37.1024 kg CO2-eq/h
tractor

Transportation
diesel train

by

kg CO20.02754 eq/km/t

Transporation
electric train

by

kg CO20.02623 eq/km/t

Banque de donnée Agribalyse v1.3 2016 (ADEME
2016)*. Process "Fertilizing or plant protection,
with sprayer 2500L"
ELCD database 3.2 2018 (ELCD, 2018). Process
"Rail transport, technology mix, diesel driven,
cargo"
ELCD database 3.2 2018 (ELCD, 2018). Process
"Rail transport, technology mix, electricity driven,
cargo"

Transporation
truck

by

kg CO20.06579 eq/km/t

ELCD database 3.2 2018 (ELCD, 2018). Process Transportation of 1 t
"Lorry transport, 17,3 t max payload"
of good upon 1 km

Transporation by heavy truck

kg CO20.04978 eq/km/t

ELCD database 3.2 2018 (ELCD, 2018). Process Transportation of 1 t
"Articulated lorry transport, 27 t max payload"
of good upon 1 km

Transportation
by
van
Finnish
electricty
mix, production and
distribution
Swedish electricity
mix, production and
distribution
Hydro power electricity,
production
and distribution

kg CO20.13647 eq/km/t

Production of ceramic

Production of a plastic toilet seat
Production of polyvinylchloride (PVC)
Production of polypropylene (PP)

Case of France

Transportation of 1 t
of good upon 1 km
Transportation of 1 t
of good upon 1 km

ELCD database 3.2 2018 (ELCD, 2018). Process Transportation of 1 t
"Small lorry transport, 3,3 t max payload"
of good upon 1 km
ELCD database 3.2 2018 (ELCD, 2018). Process
"Electricity grid mix, consumption mix, at con0.0847 kg CO2-eq/MJ sumer, AC, 230V - FI"
ELCD database 3.2 2018 (ELCD, 2018). Process
"Electricity grid mix, consumption mix, at con0.0156 kg CO2-eq/MJ sumer, AC, 230V - SE"
ELCD database 3.2 2018 (ELCD, 2018). Process
"Electricity from hydro power, production mix, at
0.0017 kg CO2-eq/MJ power plant, AC, 230V"
Production, transport,
kg CO2-eq/kg Database Ökobaudat 2017 (BMI, 2019)*. Process disposal, for the case
2.82925 ceramic
8.3.01 "Sanitary ceramic 1kg".
of Germany
Production, transport,
disposal, recycling
kg CO2Database Ökobaudat 2017 (BMI, 2019). Process potential, for the case
15.4484 eq/piece
8.3.01 "Toilet seat/cover (Duroplast) 1 piece".
of Germany
ELCD database 3.2 2018 (ELCD, 2018). Process
kg CO2-eq/kg "Polyvinylchloride resin (S-PVC), production mix,
2.66622 PVC
at plant, suspension polymerisation"
ELCD database 3.2 2018 (ELCD, 2018). Process
kg CO2-eq/kg "Polypropylene granulate (PP), production mix, at
1.95174 PP
plant"
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Production of high
density polyethylene
(HDPE)

kg CO2-eq/kg
1.9128 PEHD

Production of glass
fibre

kg CO2-eq/kg
1.89 fiberglass

Production of polyester

IDEMAT database (DTU, 2019).
A.130.06.106 "Polyester (unsaturated)"

Production of fiberglass reinforced polymer

kg CO2-eq/kg
2.64 resin
kg CO2-eq/kg
fiber-glass reinforced poly2.415 mer

Soil excavation

kg CO2-eq/m3
1.298 excavated soil

Database Ökobaudat 2017 (BMI, 2019). Process
9.1.01 "Excavator 15 kW".
Uniben Yao Ayikoe Tettey et al. / Energy Procedia
158 (2019) 4254–4261 & J. Nässén et al. / Energy
32 (2007) 1593–1602
https://www.winnipeg.ca/finance/findata/matmgt/documents/2012/6822012/682-2012_Appendix_HWSTP_South_End_Plant_Process_Selection_Report/Appendix%207.pdf
ELCD database 3.2 2018 (ELCD, 2018). Process
"Steel sections (ILCD), production mix, at plant,
blast furnace route / electric arc furnace route"
https://www.winnipeg.ca/finance/findata/matmgt/documents/2012/6822012/682-2012_Appendix_HWSTP_South_End_Plant_Process_Selection_Report/Appendix%207.pdf

Construction of
wooden building

a

Production and use
of activated carbon
from wood chips

Production of steel

Production of cast
iron

150 kg CO2-eq/m2

kg CO2-eq/kg
AC produced
7.73 and used
kg CO2-eq/kg
1.60133 steel

kg CO2-eq/kg
1.51 cast iron

ELCD database 3.2 2018 (ELCD, 2018). Process
"Polyethylene high density granulate (PE-HD), production mix, at plant"
ELCD database 3.2 2018 (ELCD, 2018). Process
"Continuous filament glass fibre (dry chopped
strands), at plant"
Process

Ratio from GRS Glassfiber and Resin Supplies (Ire- Combination of 0,7
land), https://www.grs.ie/information/
polymer + 0,3 fibre
Case of Germany

Case of Sweden

Production
wood chips

from

Annex 2. Supplementary material. Commercial fertilisers and fertiliser from urine,
comparison of the Global Warming Potential
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Annex 3. Error evaluation – a qualitative uncertainty analysis
In this project, almost no measurement was done. Thus, very little errors were introduced directly by
instruments. However, there was a difference between the true value, which the study aimed at approaching,
and the calculated value, which the study considered as results and drew conclusions from.
One of the goals of the study was to compare the environmental impact of the production of fertilisers using a
nutrient recovery approach with a conventional method often used for the production of commercial fertilisers.
But the environmental impact is a wide notion. Then a criterion among several must have been chosen to assess
this impact. The Global Warming Potential (GWP) was chosen, because it has been used in a lot of studies,
allowing comparisons between studies, and it is a meaningful indicator for researchers, for example in LifeCycle Assessments (LCA). Despite the fact that it represents only a small part of what could be included in the
environmental impact, it can be integrated in a multi-criteria analysis, a tool used to help stakeholders to find
a compromise among different solutions depending on various criteria. In order to compare the GWP in this
study, two scenarios were built and the GWP of each one was calculated.
As there was no measurement in this study, hence no repeated measurement, the method A from the GUM
(Guide for Uncertainty in Measurements) was not applicable. As there was no distribution of the values
available, and as it was not possible to find out enough values representing the same parameter to observe any
kind of statistical distribution, and thus any kind of symmetric distribution, the method B from the GUM was
not applicable. A possibility would have been to assume uniform distributions for the majority of the
parameters, within an interval representing possible values for each one of them (for example the thickness of
the HDPE used for treatment tanks could have been taken randomly between 2 and 20 mm, or the number of
people living in the study area could have been between 2350 and 2550). Then using the Monte Carlo approach
as defined in a supplement to the GUM, an estimation of the uncertainty on the final values of the GWP and
on the difference between the scenarios could have been made. Anyway, it is very likely that the final coverage
interval obtained by this method would have been so wide that it would not have meant anything else than the
fact that the possibilities in this project were extremely various.
This remark underlines the fact that the uncertainty here is more a qualitative uncertainty, because of the
building of the scenarios, than a statistical uncertainty from measurements. Instead of trying to apply a
meaningless uncertainty analysis, the main sources of error and possible ways of reducing the bias they
introduce were detailed in this annex. Thus, in order to still test out the model built, a sensitivity analysis was
performed. This is not a tool for representing uncertainties, but it is a way to try other assumptions, to see if
by changing some parameters the final results changes a lot too, or if the results are more or less independent
of certain parameters.
The main inputs in the scenarios were statistics (number of inhabitants, spatial repartition of this population),
travel distances (between imprecise places, estimated with imprecise tools), materials (type and quantity) and
energy consumptions. They were based on assumptions made by only a few persons (the study’s author and
manufacturer’s information for facilities, found on their websites).
Error using statistics
The statistics describing the population and the agricultural fields came from the National Statistical Institute
of Sweden, but spatial and table data were not based on the same years, and thus did not represent the same
things. Sometimes, regional data were not available for the area considered, notably for fertiliser consumption,
and information from other regions, similar but not exactly the same as the study area, were used. As people
and their practices move and evolve, the differences between the years and regions have not been considered
as major sources of error. No information about the methods used to build the statistics was searched during
the study. But statistics are often made from a small sample of population and extrapolated to the entire
population. This is also a source of errors, statistics represent a tendency and not reality.
For fertiliser consumption, no information was found concerning the real consumption, all the statistics
concerned sells of fertilisers. The use should depend on the type of soil and the type of crops grown, but such
precise localised information do not exist. In this case, the available information was considered as the best
possible. It was not considered as precise, but the order of magnitude was assumed to approximate reality.
The errors in the choice of the statistical data (different years, different areas combined altogether) and in the
statistics themselves contributed to the uncertainty on the calculated result, but were also a source of error
regarding the assessment of quantities. Then the definition of the functional unit itself was false. Starting from
there, there were obviously errors in the final results.
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Errors using data from the literature
The nutrient content of urine was quite uncertain. Depending on the papers, depending on the site studied and
on the year, the nitrogen, phosphorus and potassium content were not the same. Here again, the values
considered were assumed to represent at best the expected information. The differences between the papers
can also be explained by the fact that the definition of the quantity estimated was not the same in every case.
For example the difference between the amount of nitrogen N under the form of ammonium NH 4+ and the
amount of ammonia itself was not always made in the studies, without explicit explanation of the element
considered.
Data from the literature often represent a particular case, different for each study. An uncertainty estimation
should be attached to the results for each study. But the fact to base another study completely different on data
from the literature introduces imprecisions. The order of magnitudes can be the same, but each situation is
different, and so should be the content of nutrients for example. It would not be relevant to consider this as un
uncertainty, because anyway, if the data from one study is precise in its own context, it is not at all the case for
the case studied here.
Error on distances
For the transportation of urine, calculation were done with the software QGIS 3.6 tools, and can contain errors
related to the software itself, but also to the projection systems used. The shape of the elements and their size,
distances being calculated from their centre of gravity, introduce also errors. For example, distances from the
population to fields or to a WWTP, the population being represented by 100 m x 100 m squares, were
obviously precise only within a range of +/- 71 m, representing a half diagonal (distances were calculated from
the centre of the squares). However, the distances have always been rounded to the superior kilometre, in order
to take a margin. This integrates other sources of errors than the representation and calculation of the distance.
This results in a worst-case scenario, it is not an uncertainty. For the transportation of materials, estimations
were done using Google maps tools, rounded up to the superior tens kilometres in order to integrate
imprecisions as well.
Error on assumptions
The main source of error is that the calculations were based on assumptions creating a hypothetical case. This
case was built in order to be realistic, that is to say to approximate reality as precisely as possible. But even
with these precautions, it stays away from reality. This constitutes a first uncertainty, assumptions are not true
values.
Secondly, the quality of the assumptions can be put into questions. Some of them were made from
manufacturers websites, which do not always give information conform to reality, or up-to-date. Others were
based on personal feelings and appreciations, and these can be completely false in spite of the good will of the
author. The tendency was to overestimate the quantity of materials for example, but the reality can be very
different.
One cannot talk about uncertainty properly speaking, the errors are here qualitative. But in order to evaluate
anyway the margins around the results, a sensitivity analysis was performed. It was used to determine the
influence of some important parameters on the total GWP of the studied scenarios, and test the reliability of
the conclusions of the study. It turned out that like in uncertainty analysis, the components used the most are
the ones which impact the most the results, in this study the materials for individual tanks and the energy
consumption along the treatment process.
Error on GWP databases
The calculations of the GWP was based on unitary processes’ GWP, found in different databases. The values
found in these databases contained already a certain error, very rarely given. It was also difficult to found one
value for a unitary GWP, so it was not possible to perform a statistical analysis based at least on 3 values from
different databases. Moreover, each value does not integrate the same parameters than the other, which makes
it impossible to compare because they do not represent the exact same thing.
Error in the calculations
Hopefully, there were not a lot of errors in the calculations made with Excel, but the human factor (the rigour
of the author) is to be taken in consideration.
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In the end, the results of the GWP of the scenarios were rounded to the ton of CO2-eq per year and not
to the tenth of ton or to the kilogram. This reminds the reader that the results are rough estimations, very
uncertain, and which should be considered as so. The difference between the results of each scenario were
compared using percentages (e.g. one scenario lead to 30 % less emissions of CO2-equivalents than another)
more than the amount of CO2-equivalent emitted by each scenario. This does not get rid of the error, but at
least it has the advantage to prevent the reader from attributing precise values to a scenario. The GWP was
only a tool to quantify the environmental impact and then to make a comparison. But it should not be
considered alone, it should be part of a wider study, taking into account other parameters like for example the
eutrophication potential, the energy consumption or the cost of installation, operation and maintenance. All of
these parameters can be subject to rough estimations based on worst scenarios (for the stakeholders or the
performance of the parameters), or determined together with uncertainties from a real pilote study (and not a
hypothetical case as it was done here).
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