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Background and purpose

A decade on from Sick Water?
In 2010, the United Nations Environment Programme 
(UNEP) and the United Nations Human Settlements 
Programme (UN-Habitat) published Sick Water? The 
Central Role of Wastewater Management in Sustainable 
Development – A Rapid Response Assessment (“the Sick 
Water? report”) (UNEP, UN-Habitat and GRID-Arendal 2010). 
Set against the background of the Millennium Development 
Goals (MDGs) and the International Year of Sanitation 2008, 
this report aimed to change the narrative of wastewater 
management. It called for a greater focus on the intelligent 
management of wastewater, recognizing its critical 
contribution to sustainable development. This included 
addressing increasing water stress and inequity, but also 

capitalizing on the multiple potential benefits to be gained 
from wastewater. The report examined key challenges in 
wastewater management, looked at possible solutions for 
reducing both water usage and contamination levels in 
wastewater and detailed how wastewater could be reused 
in an affordable and sustainable way. 

The four key messages and six policy recommendations 
set out in the Sick Water? report highlighted the need to 
shift perspective and trigger a move away from seeing 
wastewater management as a linear process, with 
disposal as the end point, to a circular approach, which 
realizes the value of wastewater as a resource. 
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The potential for wastewater resource 
recovery and reuse
Wastewater in numbers
How much wastewater is being produced?

In 2013, Sato et al. estimated the annual production of 
wastewater to be 330 billion m3 (m3 = 1 000 litres) (Sato et 
al. 2013). This volume has been estimated to increase to 
497 billion m3/year by 2030 (Jones et al. 2022) representing 
an increase of just over 50 per cent in the volume of 
wastewater produced between 2013 and 2030, when the 
SDGs expire. Box 4 presents an explanation of the different 
fractions of wastewater included in these estimates.
 

The global average per capita production of wastewater is 
49 m3 per year. The United States of America population 
average is four times this amount per capita (211 m3/
year), the Canadian average is 198 m3/year per capita, 
with small prosperous European States such as Andorra 
at 257 m3/year per capita, Austria at 220 m3/year per 
capita and Monaco at 203 m3/year per capita (Jones et 
al. 2021). Comparatively, the larger Western European 
countries have lower wastewater production per capita, 
with Germany, the United Kingdom of Great Britain and 

PART 2

159

33

34

2

17

67

380

68

176

35

37

3

20

70

411

69

191

37

41

3

24

74

441

70

205

39

45

3

29

77

470

71

218

41

49

3

34

81

498

72

228

43

54

3

40

84

525

73

237

44

59

3

46

87

550

74

245

45

64

4

53

89

574

75

2015 2020 2025 2030 2035 2040 2045 2050
Billion cubic metres
Municipal wastewater production across regions in 2015  and predicted until 2050

Oceania

Latin America & the Caribbean

Sub-Saharan Africa

Global

Asia

Middle East & North Africa

Europe

North America

Source:
 
Qadir et al. 2020; GRID-Arendal/Studio Atlantis, 2023.

Figure 2.1: Municipal wastewater production across regions in 2015 and predicted until 2050, calculated using wastewater data 
from different sources.
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Extreme water scarcity has been part of the historical 
water supply scenario for Windhoek, the capital city of 
Namibia, with a population of approximately 350 000 
inhabitants. The semi-arid environment receives on 
average 360 millimetres of rain annually, with extreme 
variations. This has caused the nation to rethink the 
concept of reuse of their limited supply of water. Despite 
seemingly insurmountable barriers, water reclamation 
and reuse can enable communities to strategically 
link the distribution and use of locally available water 
resources, even to the point of supplying potable water, 
particularly in areas where sustainable water supply has 
become a major challenge. First developed in response 
to a crisis, DPR of wastewater has been practised in 
Windhoek for more than 50 years, since 1968. This was 
a milestone for the country, being the first place in the 
world where purified household sewage was reclaimed 
for drinking purposes. The Windhoek DPR facility 
remains crucial to the city during periods of both normal 
and abnormal water supply. During the 2014–2016 
drought, conventional surface water supplies, which 

supply 75 per cent of what is required under normal 
conditions, almost entirely failed. In December 2016, 
these supplies were effectively replaced by temporary 
high volume withdrawals from the aquifer under 
the Windhoek managed aquifer recharge scheme, 
with direct potable reclamation yielding most of the 
remaining demand, reducing surface water supply 
to only 3 per cent of the total. Importantly, the DPR 
design is now developed with solid multi-barriers 
against several parameters, including the removal 
of micropollutants and contaminants of emerging 
concern. Reliable operations, diligent monitoring and 
keeping abreast of the latest emerging issues is key to 
maintaining trust to ensure the future of DPR as part 
of the potable supply to Windhoek. The municipality is 
painfully aware that a single blunder can destroy over 
50 years of trust and hard work in a single heartbeat. 
This would be catastrophic for a city which currently 
relies on this source for about 30 per cent of its supply 
and is facing 6 per cent urban growth per year, with no 
viable alternatives.

Direct potable reclamation in Windhoek, Namibia

CASE STUDY 2

Figure 2.9: Changes in Windhoek water supply to increase the reuse of treated wastewater as a result of a period 
with drought.
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Pierre van Rensburg
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Burkina Faso is predominantly rural (74 per cent), with 
85 per cent of the population involved in agricultural 
activities (Institut National de la Statistique et de la 
Démographie 2022). Water and sanitation facilities are 
improving, with a reduction of open defecation as a 
result of increased construction of pit latrines. However, 
there is poor nutrient recovery from these facilities. In 
regions such as rural Burkina Faso, where subsistence 
farming is dominant and access to commercial 
fertilizers is challenging, neglecting the fertilizer content 
of human excreta when introducing sanitation is a 

missed opportunity. The annual quantity of nitrogen, 
phosphorus and potassium in the urine and faeces from 
the average rural family in Burkina Faso is equivalent to 
80 kg of commercial fertilizer, worth approximately US$ 
40–80 per year (national prices for 2018–2022 from 
the Africa Fertilizer initiative), which is more than most 
households can afford. Extrapolated for the country of 
approximately 21 million inhabitants, available plant 
nutrients in excreta surpasses what is currently used 
as chemical fertilizers in Burkina Faso (figure 2.13) and 
has a fertilizer value of US$ 150–300 million.

Sustainable productive sanitation solutions in rural Burkina Faso

CASE STUDY 4

Figure 2.13: Application of plant nutrients from chemical fertilizers compared with nutrients from human excreta.
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Application of plant nutrients from chemical fertilizers in 2020 compared with nutrients available in human 
excreta in Burkina Faso

One person’s excreta/year 

9.2 kg of NPK (15:15:15) 
5.2 kg of urea 
Total

Excreta from 5.6 people/year
50 kg of NPK (15:15:15) + 30 kg of urea 

N (kg)

3.8* 

1.4 
2.4 
3.8 

21
21

P (kg)

0.6* 

0.6 
– 
0.6 

3.3 
3.3

K (kg)

~1.8** 

1.2 
– 
1.2 

10
6.3

Table 2.2: Annual quantity of nutrients in human excreta in Burkina Faso with the corresponding quantity of urea and NPK 
(15:15:15) (the most common fertilizers in Burkina Faso).

Notes: N and P are estimated based on the average daily protein intake in Burkina Faso according to the method proposed by Jönsson 
et al. 2004. Protein consumption data from FAOSTAT for the period 2015–2019 (Food and Agriculture Organisation of the United Nations 
[FAO] 2020). K is estimated based on the P/K relation of excreta in countries cited in Jönsson et al. 2004.

This quantity correspond to what is found in 14.4 kg of chemical fertilizers (9.2 kg of NPK (15:15:15) and 5.2 kg of urea):   

For an average rural household of 5.6 people, this implies roughly 50 kg of NPK and 30 kg of urea: 

Linus Dagerskog
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Gotland, an island off the coast of Sweden, is a popular 
tourist destination, but suffers from severe water 
shortages and coastal eutrophication in the surrounding 
Baltic Sea, with wastewater treatment plants running 
at full capacity. In the ongoing N2Brew project on 
Gotland, which includes actors from the food and 
fertilizer industries, municipality, toilet rental companies 
and academia, the Swedish University of Agricultural 

Sciences and Sanitation 360 are demonstrating how 
the urine nutrient loop can be closed. Fresh urine from 
dry urinals is being collected, chemically stabilized 
on-site, dried centrally and applied on farms to fertilize 
malting barley, which is used to produce beer. Already 
this year, 300 litres of urine have been dried and used 
to grow 25 kg of barley, and the goal is to produce 10 
tonnes of barley during the summer of 2023.

Producing urine-based fertilizer on the island of Gotland, Sweden

CASE STUDY 5

Barley fertilized with dehydrated urine-based fertilizer on the island of Gotland, Sweden.

Prithvi Simha, Swedish University of Agricultural Sciences, Department of Energy and 
Technology, Sweden
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The wastewater treatment plant in Hamburg, Germany, 
operated by Hamburg Wasser, is one of the largest 
municipal wastewater treatment plants in Europe, 
treating wastewater from an equivalent of 2.5 million 
people. Traditionally, such wastewater treatment plants 
have been among the largest energy consumers of 
a municipality. However, wastewater contains more 
energy and other resources that can be recovered for 

reuse than are needed for treatment. This is exactly 
what the Hamburg Wasser wastewater treatment 
plant has achieved, now producing even more energy 
than it consumes. The generated heat and electricity 
are used within the wastewater and sludge treatment 
processes, with surplus energy being fed to the 
public grid (as electricity and biomethane) and to the 
neighbouring container terminal (district heating). 
In 2020, the wastewater treatment plant in Hamburg 
was able to deliver 23.5 GWh of renewable electrical 
energy and 34.6 GWh thermal energy to the public grid. 
This surplus also compensates the energy needed 
to operate the sewer network, including the pumping 
stations and building heating, adding up to 8.9 GWh 
of electrical energy and 4.4 GWh of thermal energy. 
As a result, Hamburg Wasser can compensate for 
unavoidable carbon dioxide emissions, achieving 
carbon neutrality as concerns the energy supply needed 
for both freshwater supply and wastewater treatment. 
Being energy self-sufficient is not only an ecological 
issue, but also has economic implications. Compared 
with 2007, the Hamburg wastewater treatment plant 
was able to cut down the energy cost by 35 per cent in 
2021. At the same time, the market price for electricity 
went up by 241 per cent.

Large-scale centralized wastewater treatment as an energy source  
in Hamburg, Germany

CASE STUDY 7

Besides recovering water, energy and nutrients from 
wastewater, there is a wide range of other materials that 
can be recovered, and ongoing research continues to 
develop new possibilities. Some of the resource recovery 
options for which full-scale installations already exist 
include the production of cellulose, bioplastics, extracellular 
polymeric substances and volatile fatty acids (table 2.3). 

Resource recovery options for which technologies exist, 
but whose commercial viability at large scale has not yet 
been proven, include the recovery of metals and single-cell 
protein. The challenges towards scaling up these resource 
recovery options mainly relate to process economics 
and logistics, environmental and health risks, social 
acceptance and policy barriers (Kehrein et al. 2020).

Other potential products from wastewater and their applications

Hendrik Schurig, Arnold Schäfer and Lüder Garleff, Hamburg Wasser
Tim Fettback, HafenCity University Hamburg
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Using our own urine as fertilizer? Source-separating 
sanitation systems, which separate and recycle 
different fractions of wastewater, have been 
proposed as a disruptive approach to transition to 
a circular economy model (Simha, Zabaniotou and 
Ganesapillai 2018; Simha et al. 2020). However, 
there are real challenges scaling such approaches. 
Mainstreaming any circular system will need a broad 
range of actors to accept and support them (Simha 
2021). A survey of farmers in Southern India (Simha 
et al. 2017) found that while recycling cow urine as 
fertilizer is common practice, farmers did not believe 
in using urine from people, but despite this, 60 per 
cent were willing to apply human urine to their farms. 
The study found that there is a lot of social stigma 
surrounding human urine.

When asking consumers whether they would be 
willing to eat food fertilized by human urine, there was 

a lot of variability between countries, ranging from 
15 to 80 per cent acceptance (Simha et al. 2021). 
On average, 68 per cent favoured recycling human 
urine, 59 per cent stated a willingness to eat urine-
fertilized food, and only 11 per cent believed that 
urine posed health risks that could not be mitigated 
by treatment. Literature on the social aspects of 
recycling urine (Lienert and Larsen 2009; Larsen, 
Udert and Lienert 2013; Simha et al. 2017; Simha 
et al. 2018; Guo et al. 2021; Simha et al. 2021; Zhou 
et al. 2022) clearly suggests that there is sufficient 
interest and willingness among end users (farmers, 
toilet users/homeowners, food consumers) to adopt 
new behaviours and sanitation systems to recycle 
urine. Therefore, the resistance to such new and 
disruptive innovations likely lies elsewhere in the 
circular sanitation chain. Presumably, there are other 
actors with high stakeholder power and high interest 
in maintaining the status quo.

Social barriers to urine recycling in decentralized sanitation systems

CASE STUDY 8

Prithvi Simha

There are a diverse range of issues that can limit social 
and cultural acceptance of reclaimed resources by 
individual and industry consumers. These can include 
cultural taboo, social stereotypes, price, choice and the 
option to use non-waste alternatives, or the perception 
of quality (Otoo and Dreschel 2018). Different cultural 
and religious perceptions about water in general and/or 
about using treated wastewater can be a factor of social 
acceptance (Zandaryaa and Jimenez-Cisneros 2017). 
These issues are affected by education, awareness, 
communication, trust, and observing how others around 
you behave (Morris et al. 2021).

Low transparency and communication can contribute to 
a lack of trust towards public and regulatory authorities, 
resulting in barriers between these authorities and 
implementing actors, such as end users and businesses 
(Morris et al. 2021). This can be further exacerbated 
by a lack of information on procedures and quality 
standards, decreasing trust in the competence of 
authorities to implement reuse properly and safely, and 

reduced levels of acceptance in the reuse of resources 
from wastewater (Morris et al. 2021).

Engagement and participation of stakeholders, in 
particular end users and potential consumers, has 
been shown to be an important aspect to ensure 
solutions are socially and culturally acceptable, 
equitable and just. Where there is an open and 
transparent process of information flow and ability to 
communicate, this builds ownership, trust, and can 
lead to successful acceptance and implementation 
(Morris et al. 2021).

The public’s acceptance of planned reuse varies widely 
and depends on a range of factors, such as the degree of 
contact between the water and the user, education and 
risk awareness, the degree of water scarcity or availability 
of alternative water sources, economic considerations, 
cultural barriers, as well as the public’s involvement 
in decision-making and prior experience with treated 
wastewater (EIB 2022).
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In Ouardanine, Tunisia, farmers face limited natural 
water resources and are forced to rely on wastewater 
reuse to irrigate their crops. The supply can be erratic 
in both quantity and quality, due to the illegal discharge 
of industrial effluents into the sewer system. This 
has resulted in a lower quality of irrigation water 
and an increased risk to human and environmental 
health, both leading to lower trust of consumers and 
low acceptance of produce irrigated by wastewater, 
especially peaches, which have historically been 
an important crop in the region. So, while there is a 

willingness of farmers to use treated wastewater, there 
is a reluctance of consumers to purchase their produce 
on the local market. This has caused farmers to adapt 
the types of crops they grow, moving to cultivating 
non-food plants or food plants that either require 
ground-level drip irrigation, or that have a skin that is 
not eaten, thus reducing pathogen-related risks. Moves 
to establish new fit-for-purpose standards and updated 
national regulations for the quality of water that can be 
reused will be important to enable farmers to sustain 
their businesses and to build the trust of consumers.

When farmers’ acceptance is challenged by consumers’ buy-in and  
the quantity and quality of the effluents, Ouardanine, Tunisia

CASE STUDY 9

Olfa Mahjoub
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Biodiversity and ecosystem health 

Wastewater is a globally important source of pollution, 
in particular nutrient and pathogen pollution can lead 
to serious negative impacts on terrestrial, freshwater 
and marine ecosystems and biodiversity, undermining 
ecosystem health and nature’s contribution to people 
(UNEP 2017; CBD 2022) (see box 7). Some impacts 
include causing eutrophication in freshwater and coastal 
waters, which in extreme situations can lead to dead 
zones – extremely low-oxygen environments, which 
kill most aquatic life (Breitburg et al. 2018) and direct 

damage to organisms and shifts in species composition 
(CBD 2022). Improved management of wastewater can 
control this source of nutrient pollution by 50 per cent 
(CBD 2022) and successfully reduce eutrophication 
(Schindler et al. 2016). A commitment to reduce nutrient 
pollution was adopted within the Kunming-Montreal Global 
Biodiversity Framework agreement to protect and restore 
biodiversity (CBD 2022). Achieving the Kunming-Montreal 
agreement target for pollution (Target 7) will be important 
for the protection and restoration of biodiversity, and 
consequently for reaching other related targets for climate 
and human health (CBD 2022). 

Coral reef ecosystems are globally distributed, and on 
which around a billion people depend for their livelihoods 
(UNEP 2004). They are incredibly important to the 
health and livelihoods not only of these dependent 
communities, but also those further away. They are also 
one of the world’s most threatened ecosystems (IPCC 
2018; IPBES 2019), due to a combination of global and 
local pressures, including the impacts of climate change, 
overexploitation, pollution and land-use change.

The input of nutrients from land-based sources, such 
as wastewater discharge, is of high concern for many 
inshore coral reefs (CBD 2022; International Coral 

Reef Initiative 2022), with many of the contaminants 
associated with agricultural, industrial and domestic 
wastewater having adverse impacts on coral reef 
health, even in very small volumes (UNEP 2017). 

It has been shown that corals are more susceptible to 
thermal stress when they are also exposed to chronic 
wastewater pollution, and less able to recover. Minimizing 
land-based pollution through improving circularity of 
water management is a vital and feasible response, which 
can improve water quality and increase resilience of coral 
reefs in the face of the more global overlying pressures 
resulting from global climate change (UNEP 2017).

Box 7: Wastewater undermining the resilience of coral reefs – an ecosystem on the brink

Lingyuan City, Liaoning Province, China, has been 
facing acute water scarcity, threatening groundwater 
resources, economic development and ecosystem 
health. One opportunity that was identified was to 
invest in improvement of wastewater collection, 
treatment and reuse, to realize and address the 
challenges of water scarcity. The project required 
an investment of US$ 40.1 million, covered by the 
city government, with a loan from the World Bank, to 
develop storm drainage, sewers, a reclaimed water 
network, connection of an existing wastewater 

treatment plant and building of a new wastewater 
treatment plant to reclaim water. About half of the 
effluent is subject to tertiary treatment, used to supply 
industry and to replenish the urban lake, maintaining 
an aquifer around the lake. The other half of the 
effluent is discharged after secondary treatment into 
the local river, downstream of the city, supporting 
the regeneration of the urban landscape, riparian 
ecosystem, increasing biodiversity and improving the 
liveability of the city (World Bank Group and Global 
Water Security & Sanitation Partnership 2020).

Reuse of treated municipal wastewater for industry and 
ecosystem health in Lingyuan City, China
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The population of New Delhi, the capital city of India, 
is currently at 18 million people and growing rapidly, 
putting tremendous pressure on the city’s water and 
wastewater systems. The city produces approximately 
3 268 million litres of sewage per day, while the current 
system has an operational capacity of only 2 756 
million litres/ day (it does not operate at full capacity 
so that figure is closer to 2 083 million litres/day). Only 
50 per cent of the population of Delhi is served by a 
sewerage system and the sewage generated from the 
remaining population joins the Yamuna river through a 
number of surface drains. The source of about 80 per 
cent of the water pollution in the Yamuna is domestic 
sewage flowing through drains from authorized/
unauthorized areas (India, Government of Haryana 

London is currently being served by a sewer system built 
in the 1800s. The population has more than doubled since 
then, and sewage leaks out into the River Thames when 
it rains, making the system no longer fit for purpose. A 
10-year, £5 billion project, started in 2015 to update the 
150-year-old system known as the Super Sewer, includes 
25 km of tunnels designed to collect the overflow from 
the old system and transport it back to the sewage 
treatment plant. It is expected that this new infrastructure 
will reduce the overflow into the River Thames by 
95 per cent and ensure regulatory requirements for 
wastewater pollution are met. In addition, the project is 
anticipated to have social, economic and environmental 
co-benefits through the creation of jobs, enabling 
continued housing development and improving the 
environmental health of the river.

2020). The Delhi Jal Board has an ambitious sewage 
master plan to connect all unsewered areas by 2031 
(India, Delhi Jal Board and AECOM WAPCOS 2014). To 
cope with the increasing load, the city is planning to 
expand treatment capacity by more than 20 per cent 
by mid-2023. This involves upgrading existing plants 
and constructing 48 new treatment plants. The largest 
of the upgraded treatment plants, located in the south 
of the city at Okhla, can process 564 million litres of 
sewage/day. The plant has the capacity to remove 
nutrients from the wastewater, which when treated will 
be used for non-potable purposes such as groundwater 
recharge, lake regeneration and industry. The facility 
also has a sludge management system which includes 
a solar drying system (The Pioneer 2021).

The challenges of keeping up with the demands of a growing city – 
expanding wastewater treatment capacity in Delhi, India

The London Super Sewer – Improving the collection of wastewater

CASE STUDY 12
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Living in an arid environment emphasizes the fact that 
water is a valuable resource. One way of coping with 
water scarcity is to reuse reclaimed wastewater for 
irrigation after proper treatment. On-site (decentralized) 
wastewater treatment is used globally and is often 
crucial to developing countries, temporary settlements 
(i.e. refugee camps) and remote regions that have no 
access to centralized wastewater treatment facilities. A 
new wastewater treatment system designed for small, 
off-grid settlements was tested on a farm located in 
the Israeli Negev desert to see if the proposed system 
would be able to produce a high-quality effluent 
product, year-round and across seasonal variation 
that would be approved by governmental regulators 
for unlimited irrigation. The system, which has been 
running for nearly two years, has shown promising 
results in producing clean effluents that are used for 

irrigating crops. Dissolved organic carbon content 
had decreased by up to 90 per cent in addition to the 
complete removal of the bacteria E. coli after ozone 
disinfection and membrane filtration. The water quality 
met government regulations for year-round use and the 
system was approved for use by the Israeli Ministry of 
Health. As the world is slowly transitioning to a hybrid 
model of combined centralized and decentralized 
wastewater treatment, there is great potential and 
opportunities for replicating this wastewater treatment 
system. The Ramat Negev regional municipality aims to 
replicate this system in dozens of farms in the region. 
The system has proved to be efficient at reclaiming 
water for safe reuse in arid environments, but as the 
system heavily relies on biological treatment, extremely 
cold environments might pose a challenge and act as a 
geographic limiting factor

Advanced wastewater treatment for reuse in small off-grid 
settlements in the Israeli Negev Desert

Aviad Avraham, Amit Gross and Roy Bernstein, Zuckerberg Institute for Water Research, 
Ben-Gurion University of the Negev, Israel

CASE STUDY 14

Figure 3.8: Dissolved organic content and total suspended solids concentrations before and after treatment in the 
wastewater treatment plant, as compared with the Israeli Government guidelines for unlimited irrigation.
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To improve water and sanitation, the Solomon 
Islands is currently implementing a US$ 92 million 
internationally funded urban water supply and 
sanitation sector project (Solomon Islands Water 
Authority 2020). The project was approved in 2019 and 
is due for completion in 2027. In addition to improving 
drinking water, the project includes developments to 
stop the release of untreated sewage. At present, 76 
per cent of the urban population and only 18 per cent 
of the rural population of the Solomon Islands are 
connected to basic sanitation. The impacts of poor 
water and sanitation services disproportionately affect 
women, who have primary responsibility for cleaning, 
cooking, washing and caring for children and sick 
family members (World Bank 2019). For those living 

in the capital Honiara, there are many locations and a 
surrounding area that are not connected to the sewer 
(about 90 per cent of the population). The septic tanks 
are serviced by contractors who pump out the septage 
and transport it to a non-engineered landfill where it 
overflows into a nearby creek. Among the project’s 
activities, the proposed improvements include the 
use of NBS, including via the construction of a reed 
bed filter treatment plant that can accommodate 
60 m3 of septage per day (current volumes are 
estimated at 40 m3/day). The treated water flowing 
out of the filter system will be pumped to the nearest 
wastewater treatment plant for discharge, while the 
sludge will be periodically removed from the reed 
beds and used for fertilizer.

Nature-based solutions to treat wastewater for resource 
recovery and reuse – the Solomon Islands Urban Water 
Supply and Sanitation Sector Project

CASE STUDY 15

many countries. In Durban, South Africa, the eThekwini 
Municipality installed 100 000 of these toilets, which 
are serviced by the municipality to collect the urine. In 
Sweden, there are an estimated 135 000 urine-diverting 
toilets, mostly installed in holiday homes (Kvarnström 
et al. 2006). Latest designs like Laufen’s Save! toilet can 
separate urine using just surface tension and an outlet 
that is not visible to toilet users (Gundlach et al. 2021). 
Unlike old designs where the toilet had separate bowls 
for urine and faeces, the Save! toilet appears just like any 
other non-separating toilet. The collection and storage of 
urine can also be adapted to single private/public toilets 
and multistorey buildings. 

Stored human urine has been shown to be an effective 
crop fertilizer (Mkhize et al. 2017), but only practical at a 
small local scale due to the challenges of managing the 
large volumes of urine (Larsen, Udert and Lienert 2013). 
Urine is 95 per cent water by composition and every 
person excretes 550 litres per year (table 1). To fertilize 
90 kg of nitrogren per hectare, 15 000 kg of urine would 
need to be spread by farmers, compared with only 200 kg 
of synthetic urea. To tackle this problem, there have been 
many attempts to develop treatment technologies that 
can reduce the volume of urine or to recover the valuable 
resources it contains (see Larsen, Udert and Lienert, 2013; 
and Harder et al. 2019 for an overview). 

There are two broad categories of technologies that can 
be applied for recovering nutrients from urine. 

Alkaline dehydration: where human urine is converted 
to a solid fertilizer (<link to case study: Malmo>). It 
involves dosing fresh urine with sparingly soluble (<10 
g/L) alkaline chemicals like calcium hydroxide (US$ 
0.08/kg) that increase the urine pH from 7 to >10. This 
prevents the natural degradation of urea to ammonia 
(Vasiljev et al. 2022; Simha et al. 2022). Urea, the most 
widely used fertilizer globally, makes up 85 per cent 
of the nitrogen in urine but is degraded by the enzyme 
urease. Urease is excreted by ubiquitous environmental 
bacteria that tend to form biofilms in toilet pipes. 
When alkalized urine is dehydrated, a high-quality 
solid fertilizer containing >15 per cent nitrogen, >2 
per cent phosphorous and >5 per cent potassium is 
produced (Simha et al. 2021; Simha et al. 2022; Vasiljev 
et al. 2022), that also fulfils WHO’s microbial safety 
guidelines (Senecal et al. 2018) and is being tested in 
the production of barley for beer.

Nitrification-distillation: where human urine is converted 
to a concentrated liquid fertilizer. It involves stabilizing 
urine after it has been hydrolysed by partial biological 
nitrification. This converts half of the ammonia nitrogen 
to nitrate, which reduces the pH from >9 to <6 and 
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stabilizes the other half of the ammonia nitrogen as 
ammonium ions (Udert and Wächter 2012). The nitrified 
urine is then concentrated by distillation to produce a 
liquid fertilizer containing 4.2 per cent nitrogen, 0.4 per 

cent phosphate, and 0.13 per cent phosphorous and 
1.5 per cent potassium. The product called “Aurin” is 
approved as a fertilizer by the Swiss Federal Office  
for Agriculture. 

As at 2022, only 34 per cent of the Georgian population 
had access to safely managed sanitation services 
and 71 per cent of the population were connected to 
water supply (WHO 2023; Todradze and Apkhaidze 
eds. 2021). Many rural households use pit latrines for 
sanitation and wells for drinking water. With increasing 
prosperity and water supply more households installing 
flush toilets, but without the connection to sewage 
meaning that 246.3 million m3 of untreated wastewater 
is discharged into waterbodies each year. While the 
Government is investing in the construction of water 
treatment facilities in the bigger cities, this is not 
yet the case in rural areas (Todradze and Apkhaidze 
eds. 2021). The discharge of untreated sewage 
waters, infiltration of animal manure and land erosion 
are issues of particular concern on the 310 km of 
Georgia’s Black Sea coast. Between 2014 and 2016, 
a UNEP-funded project was implemented by Women 
Engage for a Common Future in cooperation with 

the Rural Community Development Agency to work 
with two villages to explore affordable options for 
simple decentralized sanitation systems as well as 
the safe reuse of resources that could be recovered 
from domestic and farm wastewater. The project 
was highly participatory and focused on empowering 
women in the community to act as multipliers. As a 
result of the training and awareness-raising activities, 
43 households expressed a willingness to invest in the 
installation of urine-diverting dry toilets and adapted 
technology solutions for sustainable wastewater 
management. The advantage of urine-diverting dry 
toilets is that they do not need to be connected to 
a sewage system and, unlike pit latrines, are above 
ground and do not pollute the groundwater. The 
project results showed that women were motivated by 
this sanitation solution for the reasons of increased 
comfort, hygiene and water protection and the 
production of good fertilizers for the gardens (faecal 
matter and urine are treated and then reused as 
fertilizer). To date, all constructed facilities continue 
being used properly by local families including women-
headed households, demonstrating an integrated way 
to treat the household wastewater streams. Most of 
these households have been using urine as fertilizer in 
their gardens. Faeces are composted to be used after a 
two-year treatment that kills pathogens and results in a 
safe fertilizer and soil improvement. 

Through a combination of affordable and effective 
measures such as community-managed initiatives, 
increased recycling and composting and simple 
wastewater filters, the project has contributed with 
replicable examples of how to reduce the pollution in 
the Black Sea along the river Khobi in Georgia.

Source: WECF 2015

Sustainable wastewater and nutrient management in rural Georgia 
to address pollution in the Black Sea
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The Wastewater Zero Commitment Initiative under 
WBCSD (2020) provides a framework for business 
action to eliminate wastewater pollution from industry 
by 2030 and contribute to achieving biodiversity, 
climate and water security objectives. Launched 
through a call to action in 2020, the commitment is 
founded on three pillars of ambition for zero pollution, 
zero freshwater impact (treating wastewater so it 
can be reused to replace freshwater withdrawals) 
and low carbon wastewater treatment. To help 
implement this commitment is an action framework 
encouraging circularity, developing science-based 
metrics and encouraging partnerships across industry 

sectors, value chain partners and with regulators to 
ensure an enabling environment to realize the goals. 
Additionally, the Wastewater Impact Assessment 
Tool (WBCSD 2022) allows users to understand 
which aspects of wastewater treatment in a facility 
cause major changes in terms of water quality, water 
availability and greenhouse gas emissions. The tool 
displays the local water security context on maps 
and uses some of these global indicators, together 
with local data on industrial withdrawals, discharge 
and pollution load to assess the changes caused by 
the facility’s wastewater management and point to 
possible interventions.

The Wastewater Zero Commitment Initiative, Global

CASE STUDY 17

 Action framework and commitment mechanism
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Source: WBCSD 2020

Figure 3.12: The action framework and commitment mechanism of the Wastewater Zero Commitment Initiative.
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Water and sanitation services have been persistently 
underfunded in Latin America and the Caribbean, with 
rural populations of many countries having the lowest 
levels of wastewater treatment. Less than 50 per cent 
of the rural population in Guatemala, Bolivia and Haiti 
had access to adequate sanitation services in 2015 
(Bertoméu-Sánchez and Serebrisky 2018), and only 26 
per cent of wastewater was collected and treated in the 
entire region. The collection and treatment statistics 
only reflect urban areas; in rural zones the collection 
and treatment of water are reported to be much lower 
although the available data is very limited (Bertoméu-
Sánchez and Serebrisky 2018). 

The second phase of the Caribbean Regional Fund for 
Wastewater Management (CReW+) is a multiple-donor 
cooperation project under the Global Environment 
Facility. It implements practical and innovative 
solutions at a small scale for integrated water and 
wastewater management in order to reduce the 
negative impact on the environment and the people in 
the wider Caribbean region, while promoting new and 
innovative financing mechanisms at small-scale local, 
community and national levels. To support the primary 
objectives, the project supports the promotion of policy, 
legislative and regulatory reforms for integrated water 
and wastewater management (IWWM), knowledge 
management and advocacy on the importance of 
IWWM to assist in achieving the SDGs and in particular 
SDG 6 on water and sanitation.
 

The project has successfully supported a number 
of examples of national-level financing of IWWM – 
stepping stones in a much larger scale of actions that 
will unfold in 2023 and 2024 and that can be replicated 
in the other participating countries and the international 
community, including:
•	The development of a business case for the 

wastewater treatment plant in Innswood for the reuse 
of treated wastewater in Jamaica.

•	Advances in reforming the Belize Wastewater 
Revolving Fund.

•	The identification of possible financing mechanisms 
for installed ecotechnologies and for operating the 
existing treatment plants in Quintana Roo, Mexico.

•	Elaboration of a proposal for integrating reuse and 
promoting policy coherence in the tariff system in 
Colombia.

•	The baseline for the development of a technical-
financial mechanism to improve access to financing 
for sanitation projects in Costa Rica.

To ensure the sustainability of these national activities, 
the project has facilitated several subregional and 
regional capacity-building activities through the GEF 
CReW+ Academy, including: 
•	Financing wastewater infrastructure and cost-

benefit analysis.
•	Gender lens investing.
•	Credit improvements in the water and wastewater 

sector.
•	Business models towards the socioeconomic and 

environmental sustainability of reuse. 
•	Multi-stakeholder dialogue for the search for financing 

of the adequate management of wastewater within 
the basins.

Legal barriers pose an important challenge for the 
implementation of financial mechanisms. Taking 
into consideration that the outsourcing of water and 
sanitation services is regulated through specific 
institutions and mechanisms in several countries, 
introducing new mechanisms like public-private 
partnerships requires changes to existing policies, 
legislation and regulations.

Financing wastewater treatment and reuse in Latin America and 
the Caribbean 2019 – 2024. Part of the GEF CReW+ Project
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Problems of water availability have been increasing in 
Colombia, mainly due to the unsustainable exploitation 
of water sources, the excessive transformation of 
forests into agricultural or livestock lands and the 
low capacity to confront the phenomena of climatic 
variability. This has increased the priority to invest in 
the conservation and protection of natural ecosystems 
or “Green Infrastructure”. However, green infrastructure 
actions like protecting the watershed are not explicitly 
recognized in water tariffs and operate differently from 
those included in the rates.

Although Colombia has developed a circular economy 
policy for water and sanitation, implementation has 
proved challenging, requiring nuance in the conceptual 
and regulatory frameworks. Adopting circular economy 
principles in the water and sanitation sector requires 
water conservation practices and the promotion of 
wastewater reuse as a keystone to reducing freshwater 
withdrawals and changing the use chain. The Commission 
for the Regulation of Drinking Water and Basic Sanitation 
(abbreviated as CRA in Spanish) is looking at incentives 
to promote investment in wastewater treatment, 
resource recovery and reuse and how the tariff formula 
could be broadened to include public services related 
to conservation and environmental sustainability. The 
ambition of the tariff reform is to contribute to widespread 
water reuse across the country.

The GEF CReW+ project has been working with the 
Colombian Government through CRA, the Ministry of 
Environment and Sustainable Development, and the 
Ministry of Housing to achieve “improvement in the 
efficiency and effectiveness of the investments in 
water and basic sanitation through a reform in the tariff 
regulation”, in particular through:
•	Institutional, policy, legislative and regulatory reforms 

for integrated water and wastewater management
•	Sustainable and tailor-made financing options for 

urban, peri-urban and rural IWWM

The project produced an analysis of the possible 
impacts of the tariff regulation for reuse, taking into 
consideration the effects of the different components 

of the tariff and how these could be stabilized to find 
a balance between creating incentive for reuse and 
protecting the end users from high costs. The analysis 
provided proposals of the incentives for water reuse, 
including decreasing environmental taxes for the 
operator, lower operational costs in the treatment 
systems and harnessing of reuse income.

At the time of writing, the tariff analysis had been 
submitted to the authorities responsible for the 
development of the new tariff framework for their 
consideration. Based on the analysis, this new tariff 
framework may include integrating a tariff provider for 
the delivery of treatment and transport of wastewater 
for reuse, but this may only be applicable whenever 
there is an economic agent interested in using 
the wastewater. Another possibility is to include 
remuneration for the costs of the service of treatment 
and disposal of wastewater, so service providers 
could recuperate these costs similarly as it is done in 
cleaning services.

Legal and policy changes are political decisions under 
the responsibility of the relevant national authorities. 
For projects like GEF CReW+ to provide support and 
input effectively it is important to consider the timing 
of political debate and decision-making cycles as well 
as working with the different political stakeholders to 
avoid delay or impede successful outcomes. Working 
with a tariff report made it necessary to solicit different 
points of view, not only concerning incentives, but also 
regarding any concerns or risks to end users.

Tariff reform to support wastewater treatment and reuse in 
Colombia, 2020-2023, Part of the GEF CReW+ Project

CASE STUDY 19

Pedro Moreo, GEF CReW Project Coordinator

©
G

IZ













94 95

To meet its national water needs, Singapore has four 
principal sources to build a reliable supply of water, 
including from the local catchment, maximizing 
rainwater collection; through importing water from 
Malaysia under an agreement until 2061; desalination 
through five plants as at 2022; and through production 
of NEWater, recovered from wastewater since 2003. 
Treatment includes advanced membrane technologies 
and ultraviolet treatment meeting the most stringent 
drinking water standards. 

The goal for Singapore is to have a resilient  
and self-reliant water supply by 2060 with an 
expectation that 55 per cent of this will be produced  

by NEWater, reducing reliance on water imports. As  
an awareness-raising drive to highlight the issue of 
water security, climate change and the innovative 
measures being implemented, the National Water 
Agency first collaborated with a craft brewery, 
Brewerkz, in 2018 to produce and bring to market 
a beer made from 100 per cent recycled water. The 
beer proved to be a success and a tropical blonde 
ale developed for the 2022 Singapore International 
Water Week, with the beer going on sale to the public 
for the first time. 

Sources: Tortajada 2020; Brewerkz 2022; Singapore, Public 
Utilities Board 2022.

NEWBrew – Raising awareness with a beer from 100 per cent 
recycled wastewater, Singapore
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