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1. Intro

● 97% of Earth's water is salty

● 3% Fresh Water:

○ 68,7% Glaciers
○ 30.1% Groundwater
○ 0,3% in flowings as lakes, 

ponds, rivers, etc.
○ 0,04% Atmosphere 

Water Stress:
- Physical scarcity,
- Economic scarcity



1. 1. What are UWRs? 

WR which have not been traditionally used to meet existing water 
demands. (Odendaal, 2009)

Any WR other than freshwater that need new technologies to make 
them useable. (Ahmed, 2010; Negm et al., 2018; Ji et al., 2020)



2. Overview of UWR

Resource: Munich Re-Foundation, 2021 

Micro-catchment rainwater(Ruvival,2018)

Macro-catchment rainwater(Ruvival,2018)

Fossil Water(Hans Hillewaert/Wikipedia)

Artificial recharge Water. 
(Turun Seudun Vesi Oy,2021)

Dew water (AEE,2018)

Agricultural drainage water 
(BRD Farms Network.,2018)

Virtual water? (Ableskills.co.uk,2017)

Ballast water? 
(bulkcarrierguide)



3.1. Fog Harvest

10 % of water is atmospheric

accumulation of water droplets on a vertical 

mesh

hydrophilic-hydrophob-hybrid

collecting in water tanks

technology inspired by desert species

used in 17 countries

0.04% 
freshwater 
existing on 
the planet

0.001% of 
the total 
Earth’s 
Water

12,900 km³
Water in 
atmosphere

● accumulation of water 

droplets on a vertical mesh

● hydrophilic-hydrophobic-hy

brid

● collecting in water tanks

● technology inspired by 

desert species

Qadir et al. 2021, 3

Korkmaz & Kariper 2019



Fog Harvest
SUFFICIENT SPACE AND 
ALTITUDE 

PERSISTENT WINDS 

Such as trade winds from 
one direction (4-10 m/s = 

14-36 km/h)

HIGH FOG CONCENTRATION 

Droplets with diameters 
typically from 1 to 50 μm

FREQUENT FOG EVENTS

- Fog collection sites: 
from 60 to 360 days

Physical 
Conditions

Fog water yield largely 
depends on...

Water yields range from 1 
to 20 L/m²



Fog Harvest

used for drinking water in 17 countries

Munich Re Foundation 2015



Fog Harvest -SWOT
Weaknesses

● Yield completely reliant on weather, climatic and 
topographic conditions.

● Yield is difficult to predict; pilot project is required in 
every case.

● Local level scope: (ex.400 personas/small village)
● Useful just in rural areas
● requires community participation

Strengths 

Threats

● Significant change in the water regimen 
● used materials do not have a long life-span 
● collectors need to be close to site of utilisation and 

easily accessible to keep their positive effects 
● Periods with less fog might require back-up plan
● Adjacent air pollution can pollute fog quality
● Harvesting activity could increase car accidents since 

they are done in foggy conditions

● Passive collection system; no energy input 
● Simple and cheap design and construction.
● Low maintenance and easy to repair 
● Water quality is generally good in non-industrial areas
● Modular system/Easy to scale up
● Sustainable, Impact on environment has not been 

detected so far.
● Inspired by bionic principles

● requires community participation
● Usable in remote regions
● Potentially reduces gendered differences due to 

collection of water.
● Raising awareness/funding for UWRs
● bionic principles can be explored since many species 

use fog harvesting for hydration
● Potential development due to unexplored massive

Opportunities 



3.2.Towed Icebergs

The towing of icebergs as a 

water resource, an idea which 

was met with almost universal 

derision, is now under serious 

consideration as a means of 

alleviating water shortages.

It was first 

demonstrated near 

Newfoundland, 

Canada.

Iceberg-harvesting 

has been considered 

as a potentially viable 

freshwater source 

since the 1950s. 

https://www.newscientist.com/article/2168339-towing-icebergs-to
-cape-town-is-a-poor-way-to-halt-water-crisis/

https://www.newscientist.com/article/2168339-towing-icebergs-to-cape-town-is-a-poor-way-to-halt-water-crisis/
https://www.newscientist.com/article/2168339-towing-icebergs-to-cape-town-is-a-poor-way-to-halt-water-crisis/


Two-thirds of the 
world’s 
freshwater is 
bound up in polar 
ice.

An iceberg holding 
20bn gallons 
of fresh water could 
meet the needs of a 
million people for 
five years.



Water from towed icebergs -SWOT
Weaknesses

- Extremely expensive procedure. 

- Hazardous to transport

- 3000km3 of iceberg freshwater lost to the sea due to 
climate change yearly

- It requires a lot of time 

Strengths 

Threats

- Can block off large areas and prevent wind and currents 
from facilitating normal ice break-up that’s important for 
summer productivity

- Water temperatures collide

- Very pure

- Low energy consumption

- Is not needed to treat the water with chemicals

- New jobs

- Could reduce iceberg risks in coastal regions

- Due to climate change, more icebergs are expected 
to detach

Opportunities 



3.3.Desalination

- 300 million people get their 
water from desalination 
plants

- 20,000 desalination plants 
worldwide

- technology: thermal or 
membrane technology 

[SFAO Report, 2018]



Desalination- SWOT
Weaknesses

● High Energy Consumption and Price → 
exclusive

● Environmental impacts due to brine 
discharges (ratio*1.5)

● High GHG Emissions
● Agronomic concerns
● problems from 
sucking in of seawater

Strengths 

Threats

● Urban Water tariffs increase could 
aggravate water  poverty/social injustice

● Permanent water subsidies may 
compromise WFD cost-recovery-principle

● Brine production is 141.5 million m3/day, 
50% greater than previous estimates

● ocean contains > 97.2 % of the planet’s 
water resources → Large availability

● already developed experience and 
infrastructure

● drought proof

● Growing demand → better technology, 
cutting of costs

● Desalination capacity continues to 
increase in every region, at 7% per annum

● developed infrastructure and experience
● high potential and therefore more research 

also into more sustainable, cost-efficient 
solutions

Opportunities 

1 Liter 
H2O

1 .5 
Liter 
Brine



 

https://5.imimg.com/data5/SD/DQ/LK/SELLER-1091431/effluent-t
reatment-500x500.jpg

- from households
- from industries
- from storms

3.4.Waste Water



 

● 4% of industry  production
● 3% of domestic consumption
● 92% of agriculture
● 30 gallons of water waste every day by an average 

person.
● 1.7 trions gallons of water are waste every year

3.4.Waste Water

https://th.bing.com/th/id/R.575126b0ba3f0fb52d20d72e3ce05f1f?rik=gXyhYjblAH2Nuw&riu=http%3a%2f%2fcorysimon.github.io%2fimages%2fwater_conservation%2fwat
eruse.png&ehk=vytjZI35gTYu96SmJEL2xOvo2ujD%2buRbM6yZ2k5qGhQ%3d&risl=&pid=ImgRaw&r=0

https://th.bing.com/th/id/R.575126b0ba3f0fb52d20d72e3ce05f1f?rik=gXyhYjblAH2Nuw&riu=http%3a%2f%2fcorysimon.github.io%2fimages%2fwater_conservation%2fwateruse.png&ehk=vytjZI35gTYu96SmJEL2xOvo2ujD%2buRbM6yZ2k5qGhQ%3d&risl=&pid=ImgRaw&r=0
https://th.bing.com/th/id/R.575126b0ba3f0fb52d20d72e3ce05f1f?rik=gXyhYjblAH2Nuw&riu=http%3a%2f%2fcorysimon.github.io%2fimages%2fwater_conservation%2fwateruse.png&ehk=vytjZI35gTYu96SmJEL2xOvo2ujD%2buRbM6yZ2k5qGhQ%3d&risl=&pid=ImgRaw&r=0


Wastewater:  SWOT 

Strengths

Weaknesses

Opportunities

threats 

 

-Reduced dependence on external factors
-Possible use in combination with other sources 
of energy
-feasibility of effluent cool down
-low fluctuations of temperatures and flow rates 
-No need to use intermediate circuits

-High capital expenditure
-lack of operational experience
-Limited length of discharge pipes 

-Decreased use of fossil fuels and reduced 
emissions of pollutants
-Increased environmental awareness
-Introducing relevant legal regulations 
subsidies
-Satisfying energy requirements of treatment 
plants

-Lack of approval from potential users 
-Increased capacities for exploiting other energy 
sources 
-Varied sewage treatment technologies in 
different facilities 



Case Study: South Africa

- 53 million inhabitants, rapid urbanisation, high 

economic growth, still struggling with high social 

inequalities 

- agricultural water demand: 62%, loss of 30% 

- 18% of the GDP: mining sector with high pollution

- 13% water dependency, water stress 41%

- 3.8 million people (6,8%) don't have access to safe 

drinking water [World Bank Group, 2020]

- “Everyone has the right to have access to [...] 

sufficient food and water."

[SDG-Report, 2021][Researchgate.net, 2009]



Todays problems

Cape Town Water Crisis 2018

- high water usage

- stolen water, leaking pipes

- low level of wastewater treatment applied

- March 2018: dams are below 13,5% capacity

- daily allowance cap of 50 liters per person

[Donnenfeld, 2018]

http://www.youtube.com/watch?v=UZaIIazCWP8


Todays UWR use in South Africa

(un)conventional water resources of today

-  currently, South Africa has access to surface water (77 percent of total use), 
groundwater (9 percent of total use), and recycled water (14 percent of total 
use) [MIT, 2017]

- 74% of rural population are dependent on groundwater 

-  desalination currently accounts for less than 1% of South Africa’s total water 
demand [Donnenfeld, 2018]

- 60% of the countries wastewater is untreated and about two-thirds of the 
wastewater treatment facilities did not meet minimum quality control 
standard - problem: public perception [Donnenfeld, 2018]

- fog harvesting projects exist but only in
specific areas for small selected 
communities (Tshiavha village 
harvesting up to 2500 L a day)

[Donnenfeld, 2018]

https://www.iol.co.za/news/fog-harvesting-gives-water-to-village-1169275



Future Outlook I: 
Challenges

I. Climate Change
 

- increased likelihood of a 
3-year drought

II. Increases in…

- …population growth
- …urbanisation 
- …non-renewable  

electricity 
- …water demand (in all 

sectors)



Future Outlook II : UWR potentials and diversification

System Input Volume

Authorised 
consumption Billed Authorised 

Consumption

Billed Metered 
Consumption

Revenue Water
Billed Unmetered 

Consumption

Water Losses

Unbilled Authorised 
Consumption Unbilled Metered Consumption

Non Revenue 
Water

Apparent Losses

Unauthorised Consumption

Customer Meter Inaccuracies

Real Losses

Leakage on Transmission and 
Distribution Mains

Leakage and Overflows at 
Storage Tanks

Leakage on Service 
Connections up to point of 

Customer Meter

1. increase 
groundwater 
extraction

2. reduce 
non-revenue 
water

3. switch to 
water-friendly 
renewables

4. Decentralized 
UWRs



Future Outlook III: Wastewater treatment

South Africa only treats 
~40-55% of its 
wastewater



Our Transfer Project

https://app.mural.co/t/schwarzdoargmailcom8411/

m/schwarzdoargmailcom8411/1648652364705/56

1c2b0a8a55f6e27fe99dc211f25f45039ffe43?sende

r=u79ae78c85eb9016542204792

https://app.mural.co/t/schwarzdoargmailcom8411/m/schwarzdoargmailcom8411/1648652364705/561c2b0a8a55f6e27fe99dc211f25f45039ffe43?sender=u79ae78c85eb9016542204792
https://app.mural.co/t/schwarzdoargmailcom8411/m/schwarzdoargmailcom8411/1648652364705/561c2b0a8a55f6e27fe99dc211f25f45039ffe43?sender=u79ae78c85eb9016542204792
https://app.mural.co/t/schwarzdoargmailcom8411/m/schwarzdoargmailcom8411/1648652364705/561c2b0a8a55f6e27fe99dc211f25f45039ffe43?sender=u79ae78c85eb9016542204792
https://app.mural.co/t/schwarzdoargmailcom8411/m/schwarzdoargmailcom8411/1648652364705/561c2b0a8a55f6e27fe99dc211f25f45039ffe43?sender=u79ae78c85eb9016542204792












Kind of 
system

Previous 
Capital 

System 
Size 

 

-Conventional WWTP
-ALGAE_BIOFERTILIZER
-ALGAE-BIOMETANER

-# HECTARES



Resources
- AEE, TANZANIA: DEW COLLECTOR (2018) https://www.youtube.com/watch?v=Xw8mmR-sdv8

- Aquifer systems extending far offshore on the U.S. Atlantic margin - Scientific Figure on ResearchGate. Available from: 

https://www.researchgate.net/figure/Resistivity-models-obtained-from-jointly-inverting-surface-towed-CSEM-and-seafloor-MT_fig3_333851812 [accessed 30 Mar, 2022] 

- Blanchard River Demonstration Farms Network. (2018) Drainage Water Management Structure Conservation https://www.youtube.com/watch?v=1Rw4xiAYnD0  

- Donnenfeld, Z., Crookes, C. & Hedden, S. (2018). A delicate balance -Water scarcity in South Africa. SOUTHERN AFRICA REPORT, 13.

- Duvenhage, D. F., Brent, A. C., Stafford, W. H. & Grobbelaar, S. (2020). Water and CSP—Linking CSP Water Demand Models and National Hydrology Data to Sustainably Manage CSP Development and Water Resources in Arid Regions. 

Sustainability, 12(8), 3373. https://doi.org/10.3390/su12083373

- Joyner Eke, Ahmed Yusuf, Adewale Giwa, Ahmed Sodiq, The global status of desalination: An assessment of current desalination technologies, plants and capacity, Desalination, Volume 495, 2020, https://doi.org/10.1016/j.desal.2020.114633.

- Karimidastenaei Z, Klöve B, Sadegh M, Haghighi AT(2021): Polar Ice as an Unconventional Water Resource: Opportunities and Challenges. Water. 2021; 13(22):3220.

-   Karimidastenaei, Z., Avellán, T., Sadegh, M., Kløve, B., Haghighi, A. T. (2022): Unconventional water resources: Global opportunities and challenges. Science of The Total Environment, Volume 827, 2022,154429.

- Khumalo, S. (2011, November 1). Fog harvesting gives water to village. Independent Online. Retrieved April 1, 2022, from https://www.iol.co.za/news/fog-harvesting-gives-water-to-village-1169275.
- Korkmaz, S., & Kariper, İ. A. (2019): Fog harvesting against water shortage. Environmental Chemistry Letters, 18(2), 361–375.
- Federation, T. J. (2019, 12. März). Israeli Inventions: Desalination and Drought. The Jewish Federation of Greater Los Angeles. https://www.jewishla.org/israeli-inventions-desalination-and-drought/

Madrigal, A. (2010). The Many Failures and Few Successes of Zany Iceberg Towing Schemes. The Antlantic.

- Mekonnen, M. M., Gerbens-Leenes, P. W. & Hoekstra, A. Y. (2015). The consumptive water footprint of electricity and heat: a global assessment. Environmental Science: Water Research & Technology, 1(3), 285–297. 

https://doi.org/10.1039/c5ew00026b

- MunichRe Foundation (2015): Into Action 5: Fog Nets

- Oberholster, P. J., Claasen, M., Nortje, K., Genthe, B., Steyn, M., McMillan, P., Cheng, P., de Klerk, L., Naidoo, M., Masangane, W., Tancu, Y., Luus-Powell, Sara, J. R., Bal, K. D., Mokgawa, M. P., & Smit, W. J. (2017):. Algal-Based Tertiary 
Treatment in Maturation Ponds of the Motetema Wastewater Treatment Works. WRC Report No. TT706/16.

- Pascale, S., Kapnick, S. B., Delworth, T. L. & Cooke, W. F. (2020). Increasing risk of another Cape Town “Day Zero” drought in the 21st century. Proceedings of the National Academy of Sciences, 117(47), 29495–29503. 

https://doi.org/10.1073/pnas.2009144117

- Qadir, M., Jiménez, G. C., Farnum, R. L., Trautwein P. (2021): Research History and Functional Systems of Fog Water Harvesting. Frontiers in Water, 3.

- Robbins, Jim. 19.06.2019. As Water Scarcity Increases, Desalination Plants Are on the Rise, Yale Environment 360, retrieved from: https://e360.yale.edu/features/as-water-scarcity-increases-desalination-plants-are-on-the-rise

- Ruvival,2018. Introducción al Conocimiento Tradicional de Captación de Lluvia - Herramientas RUVIVAL: https://www.youtube.com/watch?v=99-QLqfvOzE

Sample, I. (2017). Could towing icebergs to hot places solve the world’s water shortages? Support the Guardian.

- Schneider, K. (2017, 2. April). South Africa Coal Projects Collide With Water Scarcity, Financial Turmoil. Circle of Blue. https://www.circleofblue.org/2016/south-africa/south-africa-coal-projects-collide-with-water-scarcity-financial-turmoil/

- South Africa – 2030 Water Resources Group – World Bank Group. (2022). THE ”NO DROP PROGRAM” – INCENTIVIZING AND FACILITATING MUNICIPALITIES TO REDUCE WATER LEAKS. 

https://www.2030wrg.org/southafrica-stories/#:%7E:text=Non%2Drevenue%20water%20(NRW),best%20practice%20of%20about%2015%25

- Taing, L., Chang, C. C., Pan, S. & Armitage, N. P. (2019). Towards a water secure future: reflections on Cape Town’s Day Zero crisis. Urban Water Journal, 16(7), 530–536. https://doi.org/10.1080/1573062x.2019.1669190

- Veriava, A. (2019). Non-revenue water and non-revenue life: A reflection on the making and mitigating of water losses in Johannesburg. African Studies, 78(4), 590–608. https://doi.org/10.1080/00020184.2019.1609760

- Water Stories. (2021, 8. Oktober). Cape Town Waste Water. http://waterstories.co.za/cape-town-waste-water/

- World Bank. (2022). Water Challenges in South Africa. https://www.2030wrg.org/south-africa/background/

-

-

https://www.youtube.com/watch?v=Xw8mmR-sdv8
https://www.researchgate.net/figure/Resistivity-models-obtained-from-jointly-inverting-surface-towed-CSEM-and-seafloor-MT_fig3_333851812
https://doi.org/10.3390/su12083373
https://doi.org/10.1016/j.desal.2020.114633
https://www.jewishla.org/israeli-inventions-desalination-and-drought/
https://doi.org/10.1039/c5ew00026b
https://doi.org/10.1073/pnas.2009144117
https://e360.yale.edu/features/as-water-scarcity-increases-desalination-plants-are-on-the-rise
https://www.youtube.com/watch?v=99-QLqfvOzE
https://www.circleofblue.org/2016/south-africa/south-africa-coal-projects-collide-with-water-scarcity-financial-turmoil/
https://www.2030wrg.org/southafrica-stories/#:%7E:text=Non%2Drevenue%20water%20(NRW),best%20practice%20of%20about%2015%25
https://doi.org/10.1080/1573062x.2019.1669190
https://doi.org/10.1080/00020184.2019.1609760
http://waterstories.co.za/cape-town-waste-water/
https://www.2030wrg.org/south-africa/background/

