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1. Presentation of the study
The initial scheme for the Global Warming Potential (GWP) calculation integrated both fertiliser
production and wastewater treatment (Figure 1). However, this study concerned mainly resource
recovery and the link between nutrients in urine and agriculture. Thus, the scheme was later reduced
around the nutrient cycle in urine and the production of fertilisers (Figure 3).

Figure 1. Conventional way of production of mineral fertilisers and urine-based alternative

1.1. Study area
A case study representative of the Norrbotten’s context has been chosen for a comparison of
different ways to produce fertilisers. The Vuna process could be implanted in a single place in the area,
without necessitating huge infrastructures for storage and processing steps. The distances between
population and fields were short in this area and 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: few fields
gathered in the same places, close to the urban and semi-urban areas. 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 in the area, according to Statistics
Sweden (2017), among which 2221 adults and 232 children (Statistics Sweden, 2017), and ca.
910 hectares of agricultural fields (Jordbruksverket, 2010). The repartition of the population and of
the fields is represented on Figure 2. On the basis of 2.05 p/hh (Statistics Sweden, 2018), a number of
1200 hh (households) was considered.
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Figure 2. Study area in Övertorneå

1.2. Impact category
The assessing criterion chosen was the Global Warming Potential on a 100-year impact base
(GWP 100, hereafter named simply GWP), expressed in kg of CO2-equivalents emissions (CO2-eq).
This 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)
The decomposition of the system in single processes, materials and distances, and the use of unitary
GWP contributions, enabled to calculate the GWP of each scenario.
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1.3. Functional unit
The functional unit was the production and handling of 5.63 t of nitrogen (N), 0.46 t of
phosphorus (P) and 1.23 t of potassium (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 of 11.0 gN, 0.9 gP and 2.4 gK (Jönsson, Baky, Jeppsson,
Hellström, & Kärrman, 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 assumed excreted, and
collected, at home, and only 75 % of the excreted urine was considered correctly source-separated in
the toilets (Spångberg, Tidåker, & Jönsson, 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 located in the area considered. In the end, 15.4 kg of N,
1.3 kg of P and 3.4 kg of K were assumed 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.

1.4. Scenario presentation
In the selected area, two scenarios were hypothetically constructed in order to produce fertilisers
used in this same area (Figure 3).

Figure 3. Commercial fertiliser production pathway (yellow) and urine fertiliser production pathway (green),
steps non integrated in the study in dashed line

1.4.1. Commercial fertilisers scenario
In the commercial fertilisers scenario, the production of the NPK fertiliser was decomposed into
the production of three fertilisers, ammonium nitrate containing 0.335 kgN/kg of fertiliser, triple
superphosphate containing 0.480 kgP/kg of fertiliser and potassium chloride containing 0.600 kgK/kg
of fertiliser. These ratio were found in Brentrup and Pallière (2008). The fertilisers were supposed to be
produced in Siilinjärvi in Finland by Yara company (Yara, 2019), and transported to Övertorneå over
470 km1 by 17.3 t payload trucks. The CO2-eq emissions given by Brentrup and Pallière integrated the
transport of raw resources to Europe and the production of fertilisers.
All the transport distances from the place of production of facilities and Övertorneå were calculated in Google
Maps (Google, 2019).
1
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The production of 5.63 tN as fertiliser was equivalent to the production of 16.81 t of ammonium nitrate.
The process consumed approximately 235 700 MJ/y of electricity (Brentrup & Pallière, 2008). The
Finish electricity mix was considered (Joint Research Center, 2018).
The production of 0.46 tP as fertiliser was equivalent to the production of 0.96 t of triple superphosphate.
The process consumed approximately 200 MJ/y of electricity (Brentrup & Pallière, 2008). The Finish
electricity mix was considered (Joint Research Center, 2018).
The production of 1.23 tN as fertiliser was equivalent to the production of 2.05 t of potassium chloride.
The process consumed approximately 6200 MJ/y of electricity (Brentrup & Pallière, 2008). The Finish
electricity mix was considered (Joint Research Center, 2018).
1.4.2. Urine fertiliser scenario
Changes in households
The first assumption was that each household had 2 toilets, both being replaced by urinediverting toilets. Each toilet was supposed to be made of 21 kg of ceramics with a plastic seat
(Ökobaudat, 2016). On the model of Dubbletten’s toilets, they would be produced in Aneby in the South
of Sweden (BB Innovation & Co AB, n.d.), and transported to Övertorneå over 1400 km by 17.3 t
payload trucks. A lifespan of 30 years was assumed for these toilets (according to The Real Estate
Inspection Co, n.d., it could be 50 years).
30 m of Ø50 mm pipes (thickness of 1.8 mm according to Pipelife Sverige AB, n.d.) made of PVC
(density of 1.38 according to BPF, 2019) were counted for the connection of the two toilets to the urine
storage tank (11 kg/hh of pipes in total). The pipes were assumed to be produced in Ölsremma in the
South of Sweden (Pipelife Sverige AB, n.d.), and transported to Övertorneå over 1450 km by 17.3 t
payload trucks. The estimated lifespan was 50 years (the manufacturer gave more than 100 years).
Assuming that one person produces 1.5 L/d of urine, but that only 80 % of that are excreted at home and
only 75 % of those 80 % are correctly source-separated, and diluted in 4 small flushes of 0.05 L each,
then one person generates 1.1 L/d of urine mix (urine + flush-water). Assuming in order to take into
account possible extended families and guests, 5 persons were considered for the design of the urine
storage tank at home. In 1 year, 5 persons would produces around 2400 L of urine mix, taking a
supplementary margin the urine storage tank in each household was supposed to have a capacity of 3 m3.
The tanks was made by Baga, in fibre-glass reinforced polymer, and weighted 130 kg each (Baga, n.d.).
It was assumed that the fibre-glass would constitue 30 % of the weight of the tank, and the polymer resin
70 % (Glassfibre & Resin Supplies Ltd, n.d.). The tanks were assumed to be produced in Eskilstuna in
the South of Sweden and transported to Övertorneå over 1100 km by 17.3 t payload trucks. A lifespan
of 50 years was assumed for the urine tanks (the manufacturer gave an unlimited lifespan).
Each fibre-glass urine storage tank would be buried in the houses garden, in a 12.5 m3 hole made using
a 15 kW excavator (Ökobaudat, 2016).
Changes at Övertorneå’s WWTP
Considering again 2.05 p/hh, 823 L of urine would be stored in 1 year at each household. The
volume of urine mix really collected from the population would be 985 m3/yr (2.7 m3/d). Assuming a
tanker truck with a capacity of 25 m3, 39 trucks per year would be needed to collect these 985 m3. Each
truck would collect urine from 30 households on average. In order to simplify, the mean distance by the
road between each house and the WWTP was supposed to be 2 times the mean straight distance
calculated with the function hub distance of QGIS (average calculated from 7 distances measured by
the road and straight). The average straight distance was of 2.7 km, resulting in a 5.4 km average road
distance. Each truck would do twice this distance from the WWTP and back, the total distance was then
rounded up to 15 km per collection trip. In one year, the total distance would be of 585 km. The truck
was supposed to be filled at its maximum capacity of 25 m3 (CO2-eq emissions calculated with a truck
6
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of 27 t payload ; Joint Research Center, 2018). The contribution to the GWP of the scenario of the
chemicals used for cleaning the tank of the truck and the fuel consumed by the pomp integrated to the
truck were considered negligible.
The collected urine was assumed stored at the WWTP in flexible bags. In order to avoid collection in
winter time, a 100-days storage capacity was considered, that is to say 270 m3, rounded to 300 m3. Two
flexible bags of 150 m3 each and made of polyester and PVC came from Amboise in France (Citerneo,
n.d.), transported to Övertorneå over 3300 km by a 17.3 t payload truck. The thickness of the fabric was
assumed to be 1.5 mm (Doowin, 2019), for a weight of 550 kg for each tank. The composition was 50%
of the weight of polyester (density of 1.38 according to BPF, 2019) and 50 % of PVC (density of 1.37
according to BPF, 2019). The lifespan of these tanks was 25 years according to the manufacturer, but it
was considered 15 years because of the effect of cold that could damage more quickly the tanks in
Övertorneå.
A new building made on the Swedish model, with wooden walls, was supposed to shelter the Vuna
treatment unit at the WWTP. The area of this building was 300 m2 to fit all the installations, and its
lifespan was assumed of 50 years.
With a nutrient content of 11.0 gN/p/d, 0.9 gP/p/d and 2.4 gK/p/d for an adult and half of it for a child,
containing 94 % of ammonia NH4+ (Jönsson et al., 2005), the total mass of nitrogen under ammonia
form to treat each day was 14500 gN-NH4+/d (that is to say a concentration of 5,37 gN-NH4+/L of
urine mix). Assuming a nitrification rate of 0.4 gN-NH4+/Lsolution/d, corresponding to the lower
boundary of the interval given in the report of the Vuna project (Eawag, 2015), 36 250 L of solution
were considered each day. The solution was composed of 60 % of the volume of biomass and 40 % of
urine mix. The total capacity of the basin needed was then 36 m3 rounded up to 40 m3 (radius of 2 m
and height of 3 m). This basin was supposed to be made of high density polyethylene (HDPE ; Etter,
2019, density of 0.95 according to BPF, 2019), with a thickness of 30 mm. It weighted 1300 kg and its
lifespan was supposed to be 25 years. The transportation of this basin was not considered in the study.
The energy needed for aeration in the basin was considered of 50 Wh/L of urine mix (Eawag, 2015),
that is to say a consumption of 177390 MJ/yr with 2700 L/d of urine mix. The electricity was supposed
to come from the Swedish electricity mix (Joint Research Center, 2018).
The purification step was supposed to happen each day for the 2700 L of daily urine mix. A 3 m3 HDPE
basin with similar material, thickness and lifespan as the nitrification basin was considered. Its radius
was 0.8 m and its height was 1.5 m. The total weight of HDPE considered was 300 kg. The
transportation of this basin was not considered in this study.
Activated carbon for the purification step were supposed to be made from wood pine and to come from
Vierzon in France (Jacobi Carbons, 2019), transported to Övertorneå over 3300 km by a 17.3 t payload
truck. Based on the Vuna experience, 200 mg/L of powdered activated carbon by litre of urine mix was
considered, that is to say 200 kg/yr.
For the concentration step, a distiller made of 3000 kg of steel was considered (KMU LOFT Cleanwater
GmbH, n.d.), even if this does not seem realistic it was assumed to be more accurate than the integration
of unknown plastic ratio and other components. The distiller came from Kirchentellinsfurt in Germany
and was supposed to be transported to Övertorneå by a 17.3 t payload truck, over 2900 km. Its lifespan
was estimated to be of 20 years.
The energy consumed by the distiller was of 60 Wh/L of water removed. In order to obtain a fertiliser
containing 4.2 % of nitrogen (Vuna Ltd, 2019), approximately 2500 L of water would be removed each
day, that is to say around 900000 L of water removed each year and a consumption of electricity of
194400 MJ/yr. The electricity was supposed to come from the Swedish electricity mix (Joint Research
Center, 2018).
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At the WWTP, 170 m of Ø110 mm PVC pipes were considered in order to transport urine from one step
to the other. A thickness of 3 mm was assumed (237 kg of PVC in total), the characteristics of the PVC,
and the transportation details are similar to the pipes used in houses. The lifespan was assumed of
30 years.
In order to transport urine from one basin to other, 4 pumps were added. With AlphaV pumps from
Dreno (Dreno Pompe srl, 2019), with a flow of 4.2 L/s, 15 minutes each day would be enough for each
pump to transport the daily 2700 L of urine mix. Each pump was supposed to be made of 17.5 kg of cast
iron in Monselice in Italy and to be transported to Övertorneå over 3500 km by 17.3 t payload truck.
The lifespan of the pumps was assumed of 5 years.
The power of the pumps was of 0.5 kW each, running 15 minutes a day each. This made a consumption
of 657 MJ/yr The Swedish electricity mix was considered for the corresponding yearly electricity
consumption (Joint Research Center, 2018).
103 m3 of liquid fertiliser would be produced each year through the process. This would be stored in a
flexible bag with a capacity of 110 m3 (same characteristics as urine storage flexible tanks, weight of
410 kg), and farmers would come to the WWTP to pick up the fertiliser.

1.5. Study boundaries and main assumptions
This study concerned a specific area, and even if it was supposed to be representative of the
context of Northern Sweden, it was not a generality for the case of Sweden or any other place. The main
assumptions for the comparison of 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 or from the shop or relay to the
fields was assumed similar in both 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 removal, it was assumed that
the existing WWTP did not have an efficient nitrogen treatment. Then using in parallel the Vuna
process could improve the treatment efficiency, reduce eutrophication and its effects and reduce
energy consumption, but these consequences were not taken into account in this study.

1.6. 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 database 3.2 2018 (Joint Research Center, 2018)
- Ökobaudat database 2017 (Ökobaudat, 2016)
- Emissions factors from the Winnipeg sewage program (Veolia water & City of Winnipeg,
2011)
- Banque de données Agribalyse v1.3 2016 (Ademe, 2016)
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- Brentrup and Pallière (2008)
- Ayikoe Tettey et al. (2019) and Nässén et al. (2007)
The unitary CO2-equivalents emissions are given in Annex 1 of the report.

2. Scenario Commercial fertilisers – Results
2.1. Production of fertilisers
The transportation of raw resources and the production of the fertilisers contributed to a total of
41 t CO2-eq/yr. Nitrogen fertiliser production was the major emitter of greenhouse gases (40 t CO2eq/yr), because of the formation of N2O gas during the production of nitric acid from nitrogen of the
atmosphere, and of the high energy consumption of this process (Brentrup & Pallière, 2008). N2O has a
global warming potential to a 100-years horizon 298 times more important than CO2 (Myhre et al.,
2013).

2.2. Transportation of fertilisers
The fertilisers were supposed 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). Then transportation of the
total amount of fertilisers by truck from Siilinjärvi to Övertorneå had a GWP of 1 t CO2-eq/yr.

2.3. Total GWP contribution of the scenario
The total Global Warming Potential of the commercial fertilisers scenario was of 42 t CO2-eq per year,
the production of ammonium nitrate and of the electricity required for this process being the major
contributor to the GWP of the scenario (95 % of the emissions, Table 1).

3. Scenario Urine fertiliser – Results
3.1. Houses adaptations
The total GWP contribution of all the changes in households in the study area was of 15 t CO2eq/yr with the assumed lifespans of the components.

3.2. WWTP adaptations and Vuna process
The total GWP contribution of the installation and operation of the Vuna process at Övertorneå’s
WWTP was of 10 t CO2-eq/yr.

3.3. Total GWP contribution of the scenario
The total Global Warming Potential of the urine fertiliser scenario was of 25 t CO2-eq per year.
Both the changes needed in the households and the installation and operation of the VUNA-process were
equivalent in terms of CO2-eq emissions. But the major contributors remained the changing of the toilets
to urine-diverting toilets and the installation of individual storage tanks, together with the Vuna process
itself. It had a high energy consumption and required the fabrication of equipment generating a lot of
greenhouse gases emissions (plastic columns, activated carbons and distiller mainly).

4. Sensitivity analysis
4.1. Scenario variations
It seemed very time-consuming and very complex to assess the uncertainty on the GWP of both
studied scenarios. Hence, in order to determine whether or not the production of fertilisers from urine
could really contribute less to global warming, a few parameters were modified.
- The possibility of a production of commercial fertilisers in Sweden, using electricity generated
from hydropower, was considered (scenario SA0). Instead of the GWP of the original Finish
9
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electricity mix, the GWP of hydroelectricity was used. However, the distance for the
transportation of the final fertilisers was not modified, 470 km can be travelled in Sweden too.
Electricity was supposed to be generated through hydroelectricity (SA1). The Swedish
electricity mix was composed of 40 % of electricity from hydro-power, 40 % from nuclearpower, 11 % from wind-power and 9 % from heating plants, the remaining being solar-based
electricity for 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 (or wind power), which reduced the environmental impact
of electricity production compared to the Swedish mix. Then the unitary GWP of electricity
production for energy used for aeration during nitrification, for distillation and for the pumps in
the Vuna process was replaced by the unitary value for hydropower based electricity.
The lifespan of the new urine-diverting toilets, individual tanks and pipes has been increased
(SA2). It was fixed to 30 years for the toilets because of a potential will of new owners to change
their installations, but in a more eco-friendly approach, it could be of 50 years for the toilets and
70 years for the tanks and pipes, changed less often. The manufacturers gave even a 100 years
lifespan, but it seemed not very realistic that the urine recovery process would operate for such
a long time without any need for adaptations. Then the lifespan of individual toilets, tanks and
pipes in the households were increased.
The pipes at home and between the different steps of the Vuna treatment were supposed to be
made of polyvinylchloride (PVC). This plastic material had the highest GWP of all the plastics
considered for pipes. But assuming polypropylene (PP) pipes reduced the total impact of the
process and was still relevant in regards of manufacturers products (Pipelife Sverige AB, n.d.)
(SA3). The same lengths and dimensions were kept for the calculation, only the unitary GWP of
the material was modified as well as the specific volume of the plastic (leading to 7 kg of pipes
per households instead of 11 kg, and 155 kg at the WWTP instead of 237 kg).
A scenario combined SA1, SA2 and SA3, in order to assess the combination of all these changes
upon the total GWP (SA4).
The basins for the Vuna process were supposed to be in high-density polyethylene (HDPE), but
they were quite big and could be built in concrete like in wastewater treatment plants (SA5).
Then it was estimated that 15 m3 of reinforced concrete would be used for the 40 m3
nitrification basin and 5 m3 for the 3 m3 purification basin. The unitary GWP of concrete
production was of 0.36 kgCO2-eq/kg of reinforced concrete C20/25 (Veolia water & City of
Winnipeg, 2011). Assuming a specific weight of 25 kN/m3, the GWP was of 900 kgCO2-eq/m3.
In order to take into account a higher rate of reinforcement, the GWP was assumed to be of
1000 kgCO2-eq/m3 of reinforced concrete.
There was also a possibility that the urine storage tank in the households were made of concrete
too, like some septic tanks (SA6). The same GWP was considered as for the nitrification and
purification basins. The volume of concrete assumed to be used for each 3 m3 urine tank was
of 3 m3.

4.2. Results
The total results and the contribution of the different components of the scenarios are summed
up in Table 1.
The urine scenario was found to be more performant in terms of CO2-eq emissions compared to the
commercial fertilisers scenario. It decreased the GWP by 41 %, that is to say by more than 1/3. Even if
the urine fertiliser scenario consumed more energy each year than the commercial fertilisers scenario
(respectively 372 000 MJ/yr and 242 000 MJ/yr), the emissions of greenhouse gases like N2O were
considerably reduced. They came mainly from the production of materials in the urine fertiliser scenario.
As a result, when the same energy source is used for the production of fertilisers in both scenarios
(alternative SA1 and SA0), the total GWP of the two ways of production of fertilisers is equivalent, with
a slight advantage in favour of the production from urine (respectively 20 and 22 t CO2-eq/yr).
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Table 1. Results and sensitivity analysis

SA2
*with increased
lifespan for
toilets, pipes and
tanks

SA3
*with polypropylene pipes

SA4
*with hydropower-based
Swedish electricity, increased
lifespan for
toilets, pipes and
tanks and polypropylene pipes

SA5
*with concrete
basins in the
Vuna process

SA6
*with concrete
basins in the
Vuna process and
concrete tanks in
households

SA0
Commercial
fertilisers with
hydroelectricity

Commercial
fertilisers

Urine fertiliser*

SA1
*with
hydropowerbased Swedish
electricity

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%

Reduction of
emissions
compared to
urine fertiliser

--

(reference)

-21%

-20%

-2%

-42%

+3%

+269%

-13%

Main
contributor(s)

95 % nitrogen
fertiliser
production
(energy and
reaction)

70 % production
of materials +
23 % energy of
the Vuna
treatment

88 % fabrication
of materials

64 % production
of materials +
29 % energy of
the Vuna
treatment

69 % production
of materials +
24 % energy of
the Vuna
treatment

86 % production
of materials

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

90 % production
of materials

94 % nitrogen
fertiliser
production
(reaction)

CO2-eq
emissions
Reduction of
emissions

Electricity
consumption

20.5 t/yr

49%

5.8 t/yr

23%

0.6 t/yr

3%

5.8 t/yr

29%

5.8 t/yr

24%

0.6 t/yr

4%

5.8 t/yr

23%

5.8 t/yr

6%

0.4 t/yr

2%

Production of
materials

20.6 t/yr

49%

17.4 t/yr

70%

17.4 t/yr

88%

12.6 t/yr

64%

17.0 t/yr

69%

12.3 t/yr

86%

18.0 t/yr

71%

82.5 t/yr

90%

20.6 t/yr

95%

Transport of
the facilities
and devices

0.6 t/yr

2%

0.5 t/yr

2%

0.5 t/yr

3%

0.4 t/yr

2%

0.5 t/yr

2%

0.4 t/yr

3%

0.5 t/yr

2%

2.2 t/yr

2%

0.6 t/yr

3%

Transport of
urine

--

--

0.7 t/yr

3%

0.7 t/yr

4%

0.7 t/yr

4%

0.7 t/yr

3%

0.7 t/yr

5%

0.7 t/yr

3%

0.7 t/yr

1%

--

--

Other

--

--

0.4 t/yr

2%

0.4 t/yr

2%

0.3 t/yr

1%

0.4 t/yr

2%

0.3 t/yr

2%

0.4 t/yr

1%

0.4 t/yr

1%

--

--
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The production of electricity from hydropower (SA1) reduced considerably the contribution to the GWP
of energy consumption. It fell from 23 % in the original urine fertiliser scenario to 3 %, at the expense
of the production of materials, which increased from 70 % to 88 % (but the GWP of this component did
not change, the materials were still the same in these cases). As a result, the total GWP of the scenario
decreased by 1/5 (‑21 % compared to the original urine fertiliser scenario), which was also a decrease
by a factor 2 compared to the commercial fertilisers scenario (‑53 %).
The same effect was observed when the production of commercial fertilisers was done with hydropowerbased electricity (SA0). The total GWP of the scenario was then divided by 2 compared to the original
commercial fertilisers scenario (‑48 %). The contribution to the GWP of energy production decreased
from 49 % to only 2 %. In this alternative, 92 % of the GWP of the scenario were due to the synthesis
of nitrate. An alternative to this reaction could reduce considerably the GWP of the production of
fertilisers nowadays if the energy comes from renewable sources.
When the lifespan of the materials used in the houses was increased from 30 to 50 years for the urinediverting toilets and from 50 to 70 years for the pipes and urine storage tanks, similar total results than
for the scenario SA1 were observed. The GWP was reduced by 1/5 compared to the urine fertiliser
scenario (‑20 %), and divided by 2 compared to the commercial fertilisers scenario (‑52 %). In effect,
increasing the lifespan of the facilities lead to a decrease of the GWP of the production of the materials
from 17.4 to 12.6 t CO2-eq/yr.
The change of pipes material from PVC to PP, even if PP engenders almost half of greenhouse gases
emissions of PVC, did not have any obvious impact on the total CO2-eq emissions of the scenario (only
a reduction by less than 1 t CO2-eq/yr, that is to say less than 2 % less than the original urine fertiliser
scenario). This was due to the low length of pipes required in the scenarios. In the case of a transport of
urine from households to the WWTP by a sewer system, with pipes, instead of by truck, the length of
pipes would be more important, and additional excavations would be needed, increasing the weight of
pipes in the total GWP. However this option was not assessed.
When the three alternatives SA1, SA2 and SA3 were considered together (SA4), more than 1/3 of the
original urine fertiliser scenario greenhouse gases emissions were prevented (‑42 %). This implied a
reduction by 2/3 of the emissions compared to the commercial fertilisers scenario. The pattern of
repartition of the different components in terms of GWP contribution was similar to the alternative SA1,
86 % of the GWP being due to the production of the materials.
When concrete was considered for the nitrification and purification basins in the Vuna process at the
WWTP (SA5), a slight increase of less than 1 t CO2-eq/yr was observed. The importance of the materials
used for the facilities in the households was too big to observe a big change in this scenario. However,
when all the tanks (except the flexible tanks for urine and fertiliser storage at the WWTP, flexible PVC
and polyester tanks were considered as reducing the amount of materials and avoid excavation) were
replaced by concrete tanks, then the GWP of the urine fertiliser scenario increased a lot. Its GWP more
than doubled the commercial fertilisers scenario GWP (+120 %), which represent almost 4 times the
GWP of the original urine fertiliser scenario. Building individual storage tanks in concrete should be
avoided in the case of the implementation of a urine-diverting system.
It can be noted that transportation of materials and devices did not appear to be the main contributor to
the GWP of any of the scenarios. The transport of materials represented less than 3 % of the total GWP
(less than 0.6 t CO2-eq/yr except for SA6 where it represented 2.2 t CO2-eq/yr). But the production
places have been kept in Europe, the distances were small compared to a world trade. Transformation
processes and energy consumption were the biggest contributors. This highlighted the importance of
reducing energy consumption and using renewable energy for electricity production (the same goes for
heat, but there is no particular heat need in this project), as well as promoting the transformation of
products and the reuse of materials instead of producing new materials from scratch. The transport of
urine represented a bit more in terms of GWP, with a contribution of 0.7 t CO2-eq/yr, less than 5 % in
every scenario. But in larger areas it could become less negligible.
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4.3. Influence of the site
In order to test the site-dependency of the results, two other sites were taken as supports for the
GWP comparison of the production of fertilisers. They had different sizes, one was almost three times
more populated (Älvsbyn big) and the other five times less populated (Älvsbyn small) than the original
area in Övertorneå.
The two additional areas were located in the municipality of Älvsbyn, 200 km south of Övertorneå
(distance taken into account in transport calculations, the maps are located in Annex 2). The same
assumptions as in the original scenario were kept. The number of households, distances to the WWTP,
litres of urine mix produced per day and storage capacity at the WWTP were adapted according to the
geography of the sites using QGIS 3.6 and on the basis of statistics from SCB (Statistics Sweden, 2017).
But for the scenario Älvsbyn big, another change was done. The nitrification basin was divided into 2
basins, otherwise the capacity of a single basin would have been too big. The pipe length and number
of pumps were adapted (230 m of pipes instead of 170 m and 5 pumps instead of 4).
The principal results are presented in Table 2 and detailed in Annex 3.
Table 2. Site variations

Älvsbyn big
Övertorneå*
Älvsbyn small

Population

Fields

Mean
distance to
WWTP

GWP
commercial
fertilisers

GWP urine
fertiliser

6394 inh
2453 inh
542 inh

1745 ha
910 ha
315 ha

15 km
15 km
11 km

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%

The main observation is that all the urine fertiliser scenarios had a GWP around 1/3 lower than the
commercial fertilisers scenarios. The factor of equivalence between the GWP in the different sites was
close to the factor of equivalence between the number of people leaving in the area. Thus, the big site
in Älvsbyn was 2.6 times bigger in terms of population than the site in Övertorneå, and had a GWP 2.6
times bigger than in Övertorneå for both the commercial and the urine fertiliser scenarios. The small
site in Älvsbyn was 4.5 less populated than the site in Övertorneå, the GWP of the commercial fertilisers
scenario there was 4.7 times lower, the GWP of the urine fertiliser scenario was 3.8 times lower. This
difference can be explained by the roughness of the estimation compared to the size of the site: while
getting smaller, the precision of the estimation introduced more errors in the calculations and the
roughness of the assumptions had a bigger impact. The repartition of the different sources of CO 2-eq
emissions followed the same pattern on every site. The production of materials and the energy required
in the urine treatment were the main sources, with around 70 and 25 % respectively of the total GWP of
the urine fertiliser scenario.
It should be highlighted that for more precisions, a proper design of all the facilities and a deeper
consideration of the assumptions should be done (the discussion of some of them can be found in the
main report). Anyway, these additional sites did not invalidate the fact that fertilisers made from urine,
using the Vuna process, are more environment friendly in terms of CO2-eq emissions than commercial
fertilisers made from raw resources.
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Annex 1. CO2-eq emissions of single processes used in the GWP calculation
CO2-eq emissions
Unit process
attributed
Ammonium
nitrate,
production
including
transportation
kg CO2of raw
eq/kg
materials
1,18 product
Energy
consumption
during
ammonium
nitrate
MJ/kg
fabrication
14,02 product
Triple
superphosphate
, production
including
transportation
kg CO2of raw
eq/kg
materials
0,26 product
Energy
consumption
during triple
superphosphate
MJ/kg
fabrication
0,18 product
Potassium
chloride,
production
including
transportation
kg CO2of raw
eq/kg
materials
0,25 product
Energy
consumption
during
potassium
chloride
MJ/kg
fabrication
3 product
Spreading of
37,1002 kg CO2powdered
8 eq/h
fertiliser
tractor
Spraying of
37,1024 kg CO2liquid fertiliser
eq/h
tractor
Transportation
by diesel train

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
Banque de donnée Agribalyse v1.3 2016 (ADEME 2016)*.
Process "Fertilizing, with spreader 2500L"

Production in
Europe
Case of France

Banque de donnée Agribalyse v1.3 2016 (ADEME 2016)*.
Process "Fertilizing or plant protection, with sprayer 2500L"

Case of France

kg CO20,02754 eq/km/t

ELCD database 3.2 2018 (ELCD, 2018). Process "Rail
transport, technology mix, diesel driven, cargo"

Transporation
kg CO2by electric train 0,02623 eq/km/t

ELCD database 3.2 2018 (ELCD, 2018). Process "Rail
transport, technology mix, electricity driven, cargo"

Transporation
by truck

kg CO20,06579 eq/km/t

ELCD database 3.2 2018 (ELCD, 2018). Process "Lorry
transport, 17,3 t max payload"

Transporation
by heavy truck

kg CO20,04978 eq/km/t

ELCD database 3.2 2018 (ELCD, 2018). Process "Articulated
lorry transport, 27 t max payload"

Transportation
by van

kg CO20,13647 eq/km/t

ELCD database 3.2 2018 (ELCD, 2018). Process "Small lorry
transport, 3,3 t max payload"

Finnish
electricty mix,

kg CO20,0847 eq/MJ

ELCD database 3.2 2018 (ELCD, 2018). Process "Electricity
grid mix, consumption mix, at consumer, AC, 230V - FI"

Transportation
of 1 t of good
upon 1 km
Transportation
of 1 t of good
upon 1 km
Transportation
of 1 t of good
upon 1 km
Transportation
of 1 t of good
upon 1 km
Transportation
of 1 t of good
upon 1 km
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production and
distribution
Swedish
electricity mix,
production and
distribution
Hydro power
electricity,
production and
distribution

Production of
ceramic

kg CO20,0156 eq/MJ

ELCD database 3.2 2018 (ELCD, 2018). Process "Electricity
grid mix, consumption mix, at consumer, AC, 230V - SE"

kg CO20,0017 eq/MJ

ELCD database 3.2 2018 (ELCD, 2018). Process "Electricity
from hydro power, production mix, at power plant, AC, 230V"

kg CO2eq/kg
2,82925 ceramic

Production of a
plastic toilet
kg CO2seat
15,4484 eq/piece
Production of
polyvinylchlori
kg CO2de (PVC)
2,66622 eq/kg PVC
Production of
polypropylene
kg CO2(PP)
1,95174 eq/kg PP
Production of
high density
kg CO2polyethylene
eq/kg
(HDPE)
1,9128 PEHD
kg CO2Production of
eq/kg
glass fibre
1,89 fiberglass
Production of
polyester
Production of
fiber-glass
reinforced
polymer

Soil excavation
Construction of
a wooden
building
Production and
use of activated
carbon from
wood chips

kg CO22,64 eq/kg resin
kg CO2eq/kg
fiber-glass
reinforced
2,415 polymer
kg CO2eq/m3
excavated
1,298 soil
kg CO2150 eq/m2
kg CO2eq/kg AC
produced
7,73 and used

Production of
steel

kg CO21,60133 eq/kg steel

Production of
cast iron

kg CO2eq/kg cast
1,51 iron

Database Ökobaudat 2017 (BMI, 2019)*. Process 8.3.01
"Sanitary ceramic 1kg".

Database Ökobaudat 2017 (BMI, 2019). Process 8.3.01 "Toilet
seat/cover (Duroplast) 1 piece".
ELCD database 3.2 2018 (ELCD, 2018). Process
"Polyvinylchloride resin (S-PVC), production mix, at plant,
suspension polymerisation"

Production,
transport,
disposal, for
the case of
Germany
Production,
transport,
disposal,
recycling
potential, for
the case of
Germany

ELCD database 3.2 2018 (ELCD, 2018). Process
"Polypropylene granulate (PP), production mix, at plant"

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

Ratio from GRS Glassfiber and Resin Supplies (Ireland),
https://www.grs.ie/information/

Combination of
0,7 polymer +
0,3 fibre

Database Ökobaudat 2017 (BMI, 2019). Process 9.1.01
"Excavator 15 kW".

Case of
Germany

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/20
12/682-2012/682-2012_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/20
12/682-2012/682-2012_Appendix_HWSTP_South_End_Plant_Process_Selection_Report/Appendix
%207.pdf

Case of
Sweden
Production
from wood
chips

17

PIRD – INSA Lyon/LTU

L. Turlan

Annex 2. Configuration of the additional sites studied

Figure 4. Small area in Älvsbyn
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Figure 5. Big area in Älvsbyn
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Annex 3. Results of the site variation
Table 3. Site variations - Results

Commercial fertilisers
in Övertorneå

Urine fertiliser in
Övertorneå

Commercial fertilisers
in Älvsbyn big

Urine fertiliser in
Älvsbyn big

Commercial fertilisers
in Älvsbyn small

Urine fertiliser in
Älvsbyn small

42 t/yr

25 t/yr

108 t/yr

63 t/yr

9 t/yr

6.5 t/yr

Reduction of
emissions

(reference)

-41%

(reference)

-42%

(reference)

-29%

Main
contributor(s)

95 % nitrogen fertiliser
production (energy and
reaction)

70 % production of
materials + 23 % energy
of the Vuna treatment

95 % nitrogen fertiliser
production (energy and
reaction)

70 % production of
materials + 24 % energy
of the Vuna treatment

95 % nitrogen fertiliser
production (energy and
reaction)

75 % production of
materials + 20 % energy
of the Vuna treatment

Electricity
consumption

20.5 t/yr

49%

5.8 t/yr

23%

52.8 t/yr

49%

15.0 t/yr

24%

4.5 t/yr

49%

1.3 t/yr

20%

Production of
materials

20.6 t/yr

49%

17.4 t/yr

70%

53.1 t/yr

49%

43.6 t/yr

70%

4.5 t/yr

49%

4.9 t/yr

75%

Transport of
the facilities
and devices

0.6 t/yr

2%

0.5 t/yr

2%

2.3 t/yr

2%

1.1 t/yr

2%

0.2 t/yr

2%

0.1 t/yr

2%

Transport of
urine

--

--

0.7 t/yr

3%

--

--

1.9 t/yr

3%

--

--

0.1 t/yr

2%

Other

--

--

0.4 t/yr

2%

--

--

1.0 t/yr

1%

--

--

0.1 t/yr

1%

CO2-eq
emissions
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