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• Exists for billions of years.

• Water is always cycling around, through 
and above the Earth.

• This natural water cycle is our planet’s 
way of recycling water and is essential for 
life on Earth.

Natural water cycle

• evaporation  — condensation — 

precipitation — infiltration  — run-off — 

transpiration
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WATER – Water Resources
(the water cycle; water

management)

WATER – Water Resources

(the urban water cycle)
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 WHO / UNICEF 2019 -two out of five people or three billions

of people in the world don’t have basic conditions for wash

hands at home : 

- 1,6 billions have limited facilities without water or soap. 

- 1,4 billions don’t have any facilities

 WHO / UNICEF 2022 : 

- Water: 2.2 billion still lacked safely managed     drinking 
water, including 115 million people drinking surface water.

- Sanitation: 3.5 billion people still lacked safely managed 
sanitation, including 419 million who practiced open 
defecation.

- Hygiene: In 2022, 2 billion still lacked basic hygiene services, 
including 653 million with no facility at all.

- Menstrual health: Adolescent girls and women living in rural 
areas are more likely to use reusable materials, or no 
materials at all, to manage menstruation.

- Gender: 1.8 billion people still do not have drinking water on-
premises, and in two out of three households, women are 
primarily responsible for water collection.
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Water, sanitation, hygiene and health A PRIMER FOR HEALTH PROFESSIONALS
© World Health Organization 2019

WASH - Water, sanitation, hygiene and health
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 Nearly three quarters of the population of the Least 

Developed Countries lack soap and water handwashing 

facilities.

(OMS / UNICEF 2022)

 Almost 900 million children around the world lack a basic 

hygiene service in their schools. (OMS / UNICEF 

2022)
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 About 297,000 children - more than 800 every day - under the 

age of five die annually from diarrheal diseases due to poor 

sanitation, lack of hygiene or clean water. (OMS / UNICEF 2019)

 Children under 5 years of age in countries in conflict are 20 times 

more likely to die from causes linked to unsafe water and 

sanitation than from direct violence. (OMS / UNICEF 2019)
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 1 million deaths per year are associated with births without 

conditions. Infections are responsible for 26% of neonatal 

deaths and 11% of maternal mortality. (OMS / UNICEF 

2019)

 Hygiene promotion is the most cost-effective health 

intervention. (World Bank 2016)
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► without water and sanitation there will be no just societies

► Access to water is "essential to enjoy the right to life". 

Therefore, (July 2010) the United Nations General Assembly recognized

access to clean water and sanitation as a fundamental 
universal human right.fundamental and universal human right.
access to clean water and sanitation
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The water-centric 17 Sustainable Development 
Goals for each sector (United Nations 2015c; 
Makarigakis and Jimenez-Cisneros 2019;
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https://www.unesco.org/reports/wwdr/en/2024/s
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Millions

Population growth
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updated-world-population-growth-1750-2100

https://ourworldindata.org/wp-content/uploads/2013/05/updated-World-Population-Growth-1750-2100.png
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2013 - 7.1 Billions inhabitants

1.2 Billions without acess to safe water

2.5 Billions without sanitation

2050 - 9.3 Billions inhabitants

6.2 Billions without acess to safe water

7 Billions in cities
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Urban Population per continent in 1950 e 2020 (%) 
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JAKARTA 1976 JAKARTA 1989

CHENGDU, CHINA 1990
(urban areas in green )

JAKARTA 2004 

18,2 millions  inhabitants)CHENGDU, CHINA 2000

(urban areas in purple)
4,6 millions  inhabitantes)
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? ? ?
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13th

18th
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? ? ?
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• Following the global population growth, the amount of wastewater produced and the pollutants 
it carries are increasing as well. 

• increase awareness of how wastewater can be considered as a sustainable source of water, 
energy, nutrients, and other materials that can be recoverable. 

• In general, the potential of wastewater as a sustainable resource is being neglected as an offset to 
the growing water crisis. According to U.N. statistics, the global demand for potable (drinkable) 
water is expected to increase by 50% by 2030.

World Water Day

In 1993, the General Assembly of the United Nations designated March 22nd as World Water Day, 

with each year given a designated theme. The 2017 theme for World Water Day is “Wastewater”, which 
is defined as any water that has been used in a home, business, industry, or agriculture.
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World Water Day
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Água para energia

World Water Development Report United Nations - Water
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Água para energia
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How much do you know about the 
urban water cycle in your country?

What are the problems?……..If there is any….

Have you ever thought about this?

Where does water come from?

And what about wastewater?

Do you pay for water? How much?

And for wastewater treatment?

“Water” is a utility. How do you compare what you pay for it with
other utilities (energie suplly, internet….)
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Water distribution

Oceans [saline seawater] (97,5%)

Fresh water (2,5%)
Rivers and lakes (0,3%)

glaciers (68,9%)

Ground water (30,8%)
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Percentual distribution of water consumption by sector and by continent

world

europe

america

oceania

asia

africa

agriculture industries municipalities



Fundamentals on Environment and 
Sustainability WATER - the urban water cycle Leonor Amaral

Water, food and energy
a nexus at the heart of
sustainable development

Agriculture is the largest

consumer of the world’s
frehwater resources, and water
is used to produce most forms
of energy

Water, food, energy and
ecosystems
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Virtual Water – Water consumptions

10.200 L 140 L 155 L 1.600 L 43.000 L 15 L

900 L 820 L 8.500 L
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Indus Valley Civilization
Bronze Age NW (South) Asia,3300 and 
1300 BC; 2600 and 1900 BC.

Water supply and drainage
Built before the Christian era to allow the Nîmes aqueduct (which is almost 
50 km long) to cross the River Gard.

Gard Bridge (aqueduct), Nîmes, France  - UNESCO's list of World Heritage sites -1985

Transporting water over long distances, overcoming slopes



Fundamentals on Environment and 
Sustainability WATER - the urban water cycle Leonor Amaral

Why to treat water?

To make it safe

Aesthetic aspects
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Water sources:

superficial

ground water
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Why do we need to treat water?

Physical: materials that do not dissolve (suspended solids) in water and make 

the water appear "dirty“. 

Chemical: substances dissolved in the water from both natural and man-made 

processes or even lack of some substances.

Biological: viruses, bacteria, algae, and other small living organisms.

There are many impurities in the raw  water 

These “impurities” can be grouped into three categories:
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Portugal Water

Water catchment: 
Freshwater – 256
Underground – 5 912

(Fonte: DEFINING FUTURE OPTIONS, “Portuguese Water Supply and Sanitation – Outlook 2020”, Março 2021)

Treatment: WTP – 220
(mini WTP) – 3 369
Chlorine point– 1 077

Pumping stations – 2 425

Storage (tanks) – 8 860

Mains & networks – 119 442 km
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Water treatment – flowsheetGroundwater

Aquifers

●pre-oxidation

●Chemical

correction

●filtration

● Chemical

stabilization

● disinfection

●pre-oxidation

●coagulation

●filtration

●sedimentation

●floculation

●Chemical

stabilization

●disinfection

Superficial

Freshwater source

Sludge

●thickening

●drying

Overflow
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file:///C:/Users/Leonor Amaral/Documents/Aulas 24_25/SBE/How City Water Purification Works Drinking and Wastewater_pt1.mp4
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The supply water after used, becomes wastewater. It flows 

through the building drainage networks, then through the 

collectors and then interceptors to the WWTP

Wastewater Treatment Plant

WWTP
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Portugal
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61Drainage and Wastewater treatment in Europe, 2017
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Portugal

Sanitation

(Fonte: DEFINING FUTURE OPTIONS, “Portuguese Water Supply and Sanitation – Outlook 2020”, Março 2021)

Treatment: WWTP – 2 768
community septic tanks – 1 601
emergency discharges – 1 594

Pumping stations – 6 088

Disposal: 
Submarine emissaries– 23

Sewer networks – 64 436 km
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WWTP

http://ed101.bu.edu/StudentDoc/Archives/ED101fa13/nicstone/nicstone/uploads/2/3/8/0/23806865/219251_orig.png

http://25.media.tumblr.com/tumblr_m7bk72C4eX1rbxn8no1_1280.jpg

200 L/inhab.d

160 L/inhab.d

Pre treatment

Primary Treatment

Secondary Treatment

Advanced Treatment

Li
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Reuse
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Wastewater Treatment Plant

http://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIKm7c_7lcgCFQk7Ggodq2QHHg&url=http://ed101.bu.edu/StudentDoc/Archives/ED101fa13/nicstone/nicstone/references.html&bvm=bv.103388427,d.d2s&psig=AFQjCNHtijt6ajfOgT5KbpQFwdxjgtI1qA&ust=1443400354451975
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AdvancedPrimaryPre treatment Secondary

Sludge 
treatment

Biological reactor ClarificationSedimentationScreeening

Stabilized sludge

BiogásResídues 

Liquid phase treatment

Solid phase treatment

D
is

p
o

sa
l

2 L/inhab.d
160 L/inhab.d

Gas phase treatment

Estação de tratamento de águas residuais - ETAR
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file:///C:/Users/Leonor Amaral/Documents/Aulas 24_25/SBE/How City Water Purification Works Drinking and Wastewater_pt2.mp4
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Linear Economy

Source
Water

treatment
Water

distribution
Use

Drainage
wastewater

Wastewater
treatment

Urban water cycle
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MOVED
BY WATER

MOVED BY
CIRCULAR ECONOMY
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Circular aproach to urban water cycle

Zvimba, J.N., 2019, Circular economy model for water 
and wastewater management

WWTP to 
WWRRF 

Wastewater
Treatment Plant
to 

Wastewater
resources recover
facilities
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World Business Council for Sustainable Development (WBCSD)

73

Reduce

Reduce water losses 
by increasing 

efficiency

Reuse

Reuse water that 
needs minimal or no 

treatment for the 
same or different 

processes

Recycle

Recycle resources and
wastewater

Restore

Returning water to 
the source at the 

same or better quality

Recover

Recover wastewater
resources

Circular water
management
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ETAR – novo paradigma Tratamento
água residual

Resourcess recovery

carbon
nitrogen

phosphoros
energy
water

Recharge

Reuse

Subproducts

soil

food

Living beings

Source
Water

treatment
Water

distribution
Use

Drainage
wastewater

Wastewater
treatment

Circular EconomyUrban water cycle in 
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► use and reuse of water, including rainwater
What now???????

► resources recover

► separation of constituents in production and differentiated treatments

► separate rainwater treatment

► adaptation and mitigation of climate change

► adaptation of technologies to remove compounds of emerging concern

► water certification

► component separation: grey water; black waters; industrial water/domestic wastewater

► centralized systems vs decentralized (spread) systems

► use of collector networks as treatment systems
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Águas do Tejo Atlântico 

“VIRA – Turn concepts and mentalities”

Water Reuse Europe 2021 
Innovation Prize,
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(Fonte: DEFINING FUTURE OPTIONS, “Portuguese Water Supply and Sanitation – Outlook 2020”, Março 2021)
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 A tap open for 1 minute can waste 12 liters of water. Always check that the taps are 

closed and be aware of the “ping-ping” as it also has an impact on the monthly bill;

 In a 5-minute shower with the tap on, you can spend 60 litres, while with the tap off, 

only 24 litres.

 When brushing your teeth with the tap on, you can use 36 liters, while with the tap off, 

only 0.3 liters. So, turn off the tap during daily hygiene and remember that with this 

gesture you save a lot of water and money;

Just to remind
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Paris sewage

Georges-Eugène Haussmann e Eugène

Belgrand – design of sewage network of Paris 
XIX

2600 Km  Paris – Moscovo 



Fundamentals on Environment and 
Sustainability WATER - the urban water cycle Leonor Amaral

83

Berlin (Germany) Lima (Peru)

Berlin sewage network - 10.900 Km

10.900 Km
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Before Now
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2010

2014

Lisboa
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2021
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Indonésia - Jacarta  moves to  Nusantara
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Mexico City
Mexico City is sinking at rates of up to 50 cm per year due to groundwater extraction, with 
subsidence possibly reaching as much 30 m over the next 150 years

Credit: Carlye Calvin 
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We need

Water sensitive urban design (WSUD)

Smart cities / Wise cities
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Renaturalization of the Cheonggyecheon River in Seoul – South 
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Restoration of Catharijnesingel removes vehicular traffic and brings back water to rewild a 

new public space for the city and make it accessible for cyclists and pedestrians.

Utrecht (Netherlands), 2020
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Singapore (Malaysia) – 30% reuse and

goal is to be self-sufficient: 40% reuse + 30% desalination + 

20% rainwater collection

Singapore is considered to be one of the most water-stressed countries in the 
world. It is heavily dependent on rainfall due to the lack of natural water 
resources, and limited land is available for water storage facilities.

How does Singapore manage to secure a sustainable supply of water?

1. With separate rainwater and used water collection systems, good land use planning policies and 

strong environmental controls, the collected rainwater is protected from pollution. 

2. Reuse water endlessly: Recycling water is the most sustainable and cost-effective way to increase 

Singapore's water supply.
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Desafios, soluções e oportunidades para as ETAR urbanas

Extreme events and adaptation 
to climate change

Urban and rural wastewater 
treatment guarantee

Increase energy efficiency and 
resource recovery

Concern about emerging pollutants

Compliance with European
legislation

Financing

Innovative treatment
technologies

Pollution control at source and 
behavior change

Greening cities and natural 
based solutions

Concentrate treatment in fewer, 
more energy efficient WWTPs

Innovation in wastewater 
treatment in rural areas

sustainable financing

Foster the circular economy

improve resilience
reduce flood risksasset 
maintenanceenergy self 
sufficiency

increase sustainability
circular economy
reduce waste
reduce greenhouse gas emissions

improve innovation
advanced treatment technologies
new technologies for resource 
recovery

Develop new markets
For wastewater treatment by-
products

OpportunitiesSolutions

Fonte: Agência Europeia do Ambiente
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Environment

Society
Economy

Water

Sustainability
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Humor,
art and
Engineering at the 
service of
Environment
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 1. What are the challenges, solutions and 
opportunities that you consider most 
relevant in the urban water cycle?

 2. What day-to-day measures are you 
willing to take to preserve the water 
resource?
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