UnSchool

Who am I?
@indiebio
bacteria

algae

bernelle@indiebio.co.za
plants

www.futurewater.uct.ac.za/get-touch

fungi

wastewater biorefineries

animals

What caused the drought?

THE DROUGHT
Neil Armitage

http://www.futurewater.uct.ac.za/uct-summer-school
http://www.csag.uct.ac.za/2017/08/28/how-severe-is-this-drought-really/

•
•
•
•
•
•

Why is there a ‘crisis’?
What is the current situation?
Is it climate change?
What is ‘Day Zero’?
What is the City of Cape Town doing?
What about the future?

Why is there a crisis?
• Population growth
• Increasing water use
• The worst drought on record
• Inadequate storage
• Underdeveloped alternatives

What is the City of Cape Town doing?

http://www.csag.uct.ac.za/current-seasons-rainfall-in-cape-town/

We are not set up for water
sensitivity
Or resilience or sustainability or even liveability…

https://www.news.uct.ac.za/article/2017-09-27-cape-towns-water-crisiscan-suburbia-save-the-daya

https://citymaps.capetown.gov.za/waterviewer/

The bottom line:
Poor people save water already, but our low levels of current water
usage is not sustainable – for anyone.
There is not enough water for everyone to live as the affluent do
currently
BUT it is also possible to have a comfortable quality of life with a very
low water use – decouple water use from quality of life.
Achieve: liveable, resilient, sustainable settlements, together.
How?

Water sensitive living
Resilient AND sustainable AND liveable
Aka AquaSavvy (and other terms)

Water sensitivity is more than
water supply and distribution –
also about the ecosystem,
nutrient cycling, energy use and
our culture around water …
Water consciousness?

1.
2.
3.
4.

Renegerative Water Services
Water Sensitive Design
Basin Connected Cities
Water-Wise Communities

iwa-network.org/projects/water-wise-cities

Water supply
· Raw
surface water | between R1 and R4 per kilolitre
Raw surface
water
· Alien clearing to release more water from our catchments | from R6 to R15 per kilolitre
Alien clearing
New groundwater
· New groundwater | around R15 per kilolitre
(managed aquifer recharge, SUDS)
· Reclaiming and re-using treated waste water | between R10 and R20 per kilolitre

Reclaim, reuse treated waste water

· Large-scale, permanent desalination | between R10 and R22 per kilolitre

Large scale, permanent desalination

· Smaller, short-term desalination | R34 to R44 per kilolitre

Smaller, short-term desalination
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http://www.themessenger.global/2018/03/01/all-you-wanted-to-know-about-desalination/

The other end: Environmental Sanitation
• Sanitation
•
•
•
•
•

Faeces
Urine
Greywater
Foodwaste
Other?

• Stormwater
• Solid waste management
• Organic
• Inorganic

SUDS: Sustainable urban drainage systems

Planting the rain
• Softening the catchment
• Rainwater harvesting
• Water-wise gardening – make water wise gardening sexy!

http://www.futurewater.uct.ac.za/uct-summer-school
Ideanthro
‘Planting the rain’ –TEXxtalk by Brad Lancaster
https://www.youtube.com/watch?v=I2xDZlpInik

What to do about toilets?

The big toilet fight: Neil vs Bernelle
Neil: sewered systems are the pinnacle of toilet
evolution

Bernelle: Dry toilets for the win

1. Sewerage isn’t about the toilets, it’s about the
greywater.
2. We can get the water back – wastewater reuse
3. Hydrotransportation is the most efficient
4. “proven public health success” “greatest ‘medical’
advance of the industrial era”
5. Dry sanitation, by contrast, exposes people (users,
collectors etc.) to severe public health risks.
6. In dense urban settlements, more cost-effective,
easier to manage.

1.
2.
3.
4.
5.

Nutrient recovery: food security, soil health
Producing N, mining P bad for environment:
imbalanced cycle, NOx greenhouse gas
Dry toilet waste more concentrated, easier to
recover
Dry toilet infrastructure is cheaper than flush
infrastructure
Effluent even from well managed wastewater
treatment works = eutrophication

Current compromise: Urine diversion, potential for hybrid systems. New systems probably smaller scale.
Condominial approach

http://indiebio.co.za/resources
http://indiebio.co.za/wp-content/uploads/2017/11/Verster_et_al_29nov17_Peri_Urban_Sanitation_WWBR.pdf

After the break: Our own toilet
debate
More about this later…

I was almost convinced that we
should stick with flush…
And that it is ‘simply’ a matter of better governance and political will.
But then this happened…

4 days worth of
untreated sewage from
the entire Southern
Suburbs (around 100
000 people) dumped
into the Zandvlei
estuary.
“looking at the past ten
years, it’s getting worse” –
City of Cape Town official
on sewer blockages in the
metropole.

https://www.groundup.org.za/article/homes-destroyed-after-sewer-pipe-collapses/

Urban estuaries: Zandvlei

‘The toilet / scorecard
of the catchment’
https://citymaps.capetown.gov.za/EGISViewer/

www.zpaac.org.za

Increased Nutrient Input

Hardened Catchment

Rivers Canalized

Marina da Gama Partially
Developed (ex - Salt Marsh)

Sediment
Banks Hardened
and Reshaped

MdG and Estuary Dredged

Mouth Laterally Constrained
Weir and Mouth
Manipulation
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Water sensitive, sustainable sanitation

The other end: Environmental Sanitation
Sanitation
•
•
•
•
•

Faeces
Urine
Greywater
Foodwaste
Other?

Stormwater
Solid waste management
• Organic
• Inorganic

Water sensitive, sustainable sanitation: The options
Scale of processing
Centralised – treating 100 000’s ppe
Greywater
Food waste
Urine
Faeces
Stormwater
Bucket toilet
Urine diversion

Combined sewer
systems

Flush toilet

Urine diversion
flush toilet
Levels of separation

Neighbourhood level processing

Organic Solid Waste
Inorganic Solid Waste

Water, water everywhere

No water – dry sanitation
Bucket toilet
Urine + Faeces
Pit latrine

In situ
Compost toilet

Completely decentralised, household level

Chemical
toilets

Water sensitive, sustainable sanitation: The options
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Urine diversion
flush toilet
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Water, water everywhere

No water – dry sanitation
Bucket toilet
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In situ
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Comparison of options, considering
Potential for resource recovery and Environmental cost
Environmental Cost
Beautifully holistic
Greywater
Food waste
Urine
Faeces
Stormwater

Bucket toilet
Urine diversion

Urine diversion
flush toilet
Bucket toilet
Urine + Faeces

Potential for resource recovery
In situ
Compost toilet

No way Jose
Pit latrine

Organic Solid Waste
Inorganic Solid Waste
Bring it.

Combined sewer
systems
Flush toilet
Why is this still a thing? 

Chemical
toilets

Summary of factors to consider:
Overall cost
Amount of water used overall
Potential for resource recovery, energy and higher value
Potential for water reuse, and at what quality
What about the unintended consequences?
Stormwater to receiving waterbodies
Effluent (treated or untreated) to receiving waterbodies
Solid waste blocking intended operation e.g. stormwater, pit toilets
-> Overall environmental cost
Source separation (Stormwater, greywater, urine, faeces … )
Scale (how many people’s material processed at a single site? Household - - ‘City’ level
-> Water consciousness in the big picture

From Neil
• Social acceptance: ‘the poor’ want what ‘the rich’ have i.e. flush toilets
inside the house (in South Africa) –even if this is unaffordable.
• Technical design: easy to construct, operate and maintain. Will continue to
function despite misuse.
• Affordable: including capital, operating and maintenance costs. A key
consideration is ‘who pays for what’ as the systems are often subsidised
• Space requirements: shack densities can go up to 475 du/ha (i.e. an
average of 21m2 per shack)
• Available resources: money, skills
• Quality of land: slopes, floodplains, other activities
• Environmental care
• Recovery of resources – circular economy

But the user interface!

What do I consider non-negotiable in a toilet?
Convenience is assumed. As it should be.
Dignity, Convenience, safety, of course.
Assumed that this can be delivered only by white ceramic flush?

•
•
•
•

Good natural light
Indoors
No flies
No smell

Nowhere in this list am I bothered by if it’s flush or dry.
Dry / extremely low flush / foam flush virtually indistinguishable

If rich people are not willing to use the
most sustainable sanitation systems,
how can we expect poor people to use it?

NO TO PIT LATRINES!
NO TO LONG DROPS!

YES to:
Composting toilets
Urine diversion composting toilets
Crème de la crème e.g. Separett
Bucket toilets reloaded

“Can we reduce the
water footprint of a city
to 1/10th without
sacrificing comfort?”

http://www.huussi.net/en/activities/dt-2018/drytoilet-conference-2018/call-for-papers-2/

http://www.embracethewater2017.com/
http://blogg.slu.se/kretsloppsteknik/files/2017/10/SLU-251017-PD-Jenssen-.pdf

The other streams: The role of urban planning
Landscape as infrastructure
Sustainable urban drainage systems
Water sensitive design
Urban food security
Urban agri/horticulture for other reasons –
community building, soil restoration,
‘ecosystem services’, liveability.
Community action, engaged citizens…

Greywater
Stormwater
Solid waste

After the break … what’s your take?
Sewered systems are the
pinnacle of toilet evolution
1. Sewerage isn’t about the toilets, it’s about the
greywater.
2. We can get the water back – wastewater reuse
3. Hydrotransportation is the most efficient
4. “proven public health success” “greatest ‘medical’
advance of the industrial era”
5. Dry sanitation, by contrast, exposes people (users,
collectors etc.) to severe public health risks.
6. In dense urban settlements, more cost-effective,
easier to manage.

Dry toilets for the win
1.
2.
3.
4.
5.

Nutrient recovery: food security, soil health
Producing N, mining P bad for environment:
imbalanced cycle, NOx greenhouse gas
Dry toilet waste more concentrated, easier to
recover
Dry toilet infrastructure is cheaper than flush
infrastructure
Effluent even from well managed wastewater
treatment works = eutrophication

http://indiebio.co.za/resources
http://indiebio.co.za/wp-content/uploads/2017/11/Verster_et_al_29nov17_Peri_Urban_Sanitation_WWBR.pdf

After the break: Take a stance
1. Wet/dry:
1. Quantity: Use less water and/or;
2. Quality: Recover the water used, better
In addition, recover nutrients and energy.

2. Scale
•
•
•
•

Household / building
Neighbourhood
District
City

Two (?) teams
• Together decide on a scale
• Target market: You.
Middle to high income (should also work for low income) Pro-poor,
but not for-the-poor.
Debate, defend based on:
• Frequency of collection
• What is happening with the material
• How to convince people to buy in
• What do you do with the greywater?

End of formal presentation
Lots of other useful stuff included …

The case for the dry toilet EVEN

in a perfect system

1. Nutrient recovery: food security, soil health
2. Producing N, mining P bad for environment: imbalanced cycle, NOx
greenhouse gas
3. Dry toilet waste more concentrated, easier to recover
4. Dry toilet infrastructure is cheaper than flush infrastructure
5. Effluent even from well managed wastewater treatment works =
eutrophication

Source Separation and Decentralization for
Wastewater Management
"Is sewer-based wastewater treatment really the optimal technical solution in
urban water management? This paradigm is increasingly being questioned.
Growing water scarcity and the insight that water will be an important limiting
factor for the quality of urban life are main drivers for new approaches in
wastewater management. Source Separation and Decentralization for Wastewater
Management sets up a comprehensive view of the resources involved in urban
water management. It explores the potential of source separation and
decentralization to provide viable alternatives to sewer-based urban water
management.
During the 1990s, several research groups started working on source-separating
technologies for wastewater treatment. Source separation was not new, but had
only been propagated as a cheap and environmentally friendly technology for the
poor. The novelty was the discussion whether source separation could be a
sustainable alternative to existing end-of-pipe systems, even in urban areas and
industrialized countries."
https://www.iwapublishing.com/books/9781843393481/
source-separation-and-decentralization-wastewatermanagement

The problem with wastes
Diffuse
Complex
Smelly
Unpredictable
Lots of stuff you don’t want, a little bit of stuff you do want

The costs around sanitation
Cost-driving factors incl. context uncertainties, economies of scope,
economies of scale, high network infrastructure life-spans
Space-dependent cost items incl. economies of density and network
externalities
Management, maintenance, regulation schemes: travel costs for service
teams
Monitoring
Operation and maintenance (O&M) costs of point-type infrastructures are
particularly dependent on the settlement or population density
Haulage distance is crucial for assessing the O&M costs of OST systems
Sludge transportation (away from the works)
Residual, service, repairs

What isn’t looked at?
Environmental cost of well functioning systems
Environmental costs of failures
Social and political costs of failures
~ Resilience of the system
Potential for resource recovery
Potential for capacity building
Risk … and what does this even mean?
Risk of ‘bad chemicals’ released in well functioning systems
Potential for risk mitigation in a different system, e.g. healthy soils

What about total systems collapse?
“be in control of your own water destiny”
What are people doing on their own, what is government doing and
how do we get the two to work together best?

www.aquasavvy.co.za

bernelle@indiebio.co.za
@indiebio
www.futurewater.uct.ac.za/
uct-summer-school
www.ceber.uct.ac.za/

Waste as an opportunity
Also, Bottom up, decentralized, informality, DIY, inverse, responsive
infrastructures…

The size of the potential
Dissolved nutrients in
wastewater in Cape Town
Carbon
Nitrogen
Phosphorus
Water

Tonnes produced

per DAY
256
80
13
1600ML

Incoming
(Stream A1)

Total flow
(m3/day)

C
(kg/m3)

N
(kg/m3)

P
(kg/m3)

Liquid
component

1 000

0.160
(as TOC)

0.050

0.008

Solids
(kg/m3)

C
(kg C / kg
solids)

N
(kg C / kg
solids)

P
(kg C / kg
solids)

0.72

0.583

Solids
component

0.157

0.04

Collectively, the wastewater treatment works in Cape Town provide a treatment capacity of approximately
1 600 million litres per day.

https://resource.capetown.gov.za/documentcentre/Documents/Graphics%20and%20educational%20m
aterial/Water%20Services%20and%20Urban%20Water%20Cycle.pdf

The P in your pee

gP
gP

0.15per day low end
0.75per day high end

Grow 1kg food
per day
on your urine!

http://www.smart-fertilizer.com/nutrient-requirements

Nutrients in sanitation
can replace fertilizer:
20% for Sweden
100% for SS-Africa
60% South Africa
(2002 data)

https://www.researchgate.net/profile/Arno_Rosemarin/publication/289927835_Pathways_for_Sustainable_Sanitation_Achieving_the_Millennium_Development_Goals/
links/569e189908ae950bd7a8b167/Pathways-for-Sustainable-Sanitation-Achieving-the-Millennium-Development-Goals.pdf

Stormwater harvesting (incl managed aquifer recharge)
Water use

Stormwater supply

How much water does
Cape Town use per day
when not in crisis?

1000 million L

What is the average
rainfall in Cape Town
per year?

800 mm/year
(use 0.8m for calcs)

How much is that per
year?

400 * 10^6 m^3

(What is the current
annual rainfall in Cape
Town?)

141mm/year in 2017
(use 0.14m for calcs)

How much water does
Cape Town use per day
in level 5 restrictions?

620 million L

What is the surface area 2,455 * 10^3 m^2
of Cape Town?

How much is that per
year?

226 * 10^6 m^3

So how much rain falls
in Cape Town per year?

1964 * 10^3 m3

Which number is
larger?



(How much rain falls in
the height of the
drought?)

346 * 10^3 m3

http://www.csag.uct.ac.za/current-seasons-rainfall-in-cape-town/
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If I want resources, and protecting waterways…
More local treatment = greater awareness and flexibility
If argument for on-site treatment for sustainability, need to transport
by road
Smaller volume to transport is better => dry sanitation
More concentrated for resource recovery is better => dry sanitation
Source separation (urine).
Local seems to be good for one treatment facility per 1 km2.

Potential for the Waste(water) Biorefinery
1. Bioproducts
i. Biobased building
blocks
•
•

New functionality
Drop in products

ii. Complex, functional
macro-molecules

Citric acid
Glutamic acid
Lysine
Detergents
Industrial Enzymes
Flocculants
Biopolymers (plastics)
Poly-glutamic acid (PGA)

http://www.icsn.cnrs-gif.fr/spip.php?article927&lang=en

Fungi

Scandinavia

“Can we reduce the
water footprint of a city
to 1/10th without
sacrificing comfort?”

http://www.huussi.net/en/activities/dt-2018/drytoilet-conference-2018/call-for-papers-2/

http://www.embracethewater2017.com/
http://blogg.slu.se/kretsloppsteknik/files/2017/10/SLU-251017-PD-Jenssen-.pdf

Sanitation as a (bio)engineered process

EUR 3 199

User interface

Storage

Collection

Transport

Processing

Whatever you like
‘the bright red box’
‘the crème de la crème’
Foam flush

Contained, no seepaway.
NOT A PIT

Easy, no sloshing.
Small, carried by
single person (e.g.
20kg container)

Road vs pipe
trade off?

Waste biorefinery
Active processing
Skilled and unskilled labour intensive

Urine diversion – no
regret measure

Store urine and faeces
separately. Urine can be
dosed with CaOH.

Inoculum added

Neighbourhood
level transport
(5k – 10k
people)

Bioprocessing for high value product
also results in Pathogen removal
Remainder good for fertilizer / soil
conditioner / mulch

(Bio)processing starts
HERE

Effectively solid waste
management

Effect of compliant discharge on receiving bodies*
Substance/Parameter

General Limit
(mg/ℓ)

Special
Limit
(mg/ℓ)

Chemical Oxygen Demand (COD)

75

30

Ammonia (ionised and un-ionised) as
Nitrogen

6

2

Nitrate/Nitrite as Nitrogen

15

1.5

Orthophosphate as phosphorus

10

1 (median),
1.5 (max)

General Authorisation Standards for treated effluent (DWA SA, 2013

* When things are working well!

1mg/L = 1kg/ML

20ML/day plant = 20 000 000 L / day
Each L has 1mg of P
20 000 000 L/day * 1mg P/L =
20 000 000 mg P/day =
20 kg P per day.

Effect of compliant discharge on receiving bodies*
Substance/Parameter

General Limit
(mg/ℓ)

Special
Limit
(mg/ℓ)

Chemical Oxygen Demand (COD)

75

30

Ammonia (ionised and un-ionised) as
Nitrogen

6

2

Nitrate/Nitrite as Nitrogen

15

1.5

Orthophosphate as phosphorus

10

1 (median),
1.5 (max)

General Authorisation Standards for treated effluent (DWA SA, 2013

* When things are working well!

1mg/L = 1kg/ML

20ML/day plant = 20 000 000 L / day
Each L has 1mg of P
20 000 000 L/day * 1mg P/L =
20 000 000 mg P/day =
20 kg P per day.

The big toilet fight: Neil vs Bernelle
Neil: sewered systems are the pinnacle of toilet
evolution

Bernelle: Dry toilets for the win

1. Sewerage isn’t about the toilets, it’s about the
greywater.
2. We can get the water back – wastewater reuse
3. Hydrotransportation is the most efficient
4. “proven public health success” “greatest ‘medical’
advance of the industrial era”
5. Dry sanitation, by contrast, exposes people (users,
collectors etc.) to severe public health risks.
6. In dense urban settlements, more cost-effective,
easier to manage.

1.
2.

Water Sensitive Design
Healthy Soils

3.
4.
5.

Nutrient recovery: food security, soil health
Producing N, mining P bad for environment:
imbalanced cycle, NOx greenhouse gas
Dry toilet waste more concentrated, easier to
recover
Dry toilet infrastructure is cheaper than flush
infrastructure
Effluent even from well managed wastewater
treatment works = eutrophication

To create a healthy and clean environment through the safe
collection, storage and disposal of excreta.
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Only some of the water and
not at a good
4.
quality. Expensive.
5.

To create a healthy and clean environment through the safe
collection, storage and disposal of excreta.
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But how does the cost of transport compare to the cost
of recovering water? And full environmental cost?

To create a healthy and clean environment through the safe
collection, storage and disposal of excreta.
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This is for SANITATION. Not distinguishing
between ‘wet’ or ‘dry’

To create a healthy and clean environment through the safe
collection, storage and disposal of excreta.
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If poorly managed, but so does poorly managed sewered
systems, and at a scale that individuals cannot intervene
To create a healthy and clean environment through the safe
collection, storage and disposal of excreta.
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greywater.
2. We can get the water back – wastewater reuse
3. Hydrotransportation is the most efficient
4. “proven public health success” “greatest ‘medical’
advance of the industrial era”
5. Dry sanitation, by contrast, exposes people (users,
collectors etc.) to severe public health risks.
6. In dense urban settlements, more cost-effective,
easier to manage.

Appropriate
sanitation
“thatsecurity,
which meets
the needs of
1. Nutrient
recovery:isfood
soil health
people
in the best
to the
2. Producing
N, possible
mining Pway
badin
forrelation
environment:
resources
available
and other
aspects of the
imbalanced
cycle,
NOx greenhouse
gaslocal
situation”
(Pickford,
3. Dry toilet
waste1995).
more concentrated, easier to
recover
4. Dry toilet infrastructure is cheaper than flush
infrastructure
5. Effluent even from well managed wastewater
treatment works = eutrophication

Perhaps financially, but not environmentally or socially.
To create a healthy and clean environment through the safe
collection, storage and disposal of excreta.

Resources
eawag Compendium of sanitation systems and technologies:
http://www.futurewater.uct.ac.za/sewer-or-not-sewer
http://indiebio.co.za/resources
https://www.iwapublishing.com/books/9781843393481/sourceseparation-and-decentralization-wastewater-management
http://forum.susana.org/forum/categories/uddts-for-particularsituations-urine-diverting-dry-toilets/22386-the-first-separett-uddt-indatong-city-china/24809

Useful WRC references
• TT481/11: Waterborne sanitation design guide
• TT482/11: Waterborne sanitation operations and maintenance guide
• 1146-1-04: Lessons and experiences of the eThekwini pilot shallow
sewer study
• 708/1/98: The operation and maintenance of settled sewerage (SS)
systems in South Africa
• TT557-13: TIPS for sewering informal settlements: Technology,
Institutions, People and Services
http://www.wrc.org.za/

ACTIVE Biotransformation

not just (passive) Bioremediation
wastewater

waste nutrients

It’s all about
reactor
design

wastewater treatment
environmental protection

biotechnology
bioprocessing
biorefinery

Wastewater
Biorefinery
(WWBR)

bioeconomy

products of value

fit for purpose water

human health?
environmental engineering
… A wastewater biorefinery expands this
application to include wastewater as a
source of raw materials, operating in the
wastewater arena and designed to,
simultaneously, generate products of value
from waste nutrients and produce clean or
‘fit for purpose’ water as the non-negotiable
product (using De la Fuente, 2014)

