
NANO MEMBRANE 
TOILET - THROUGH 
FOUR LENSES OF 
CIRCULAR DESIGN  

WHAT ARE THE 
DIMENSIONS OF 
CIRCULAR DESIGN?05A
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CONTEXT FOR THE ACTIVITY
This activity provides a reference point to circular design by putting 
into context the overarching dimensions of design thinking and 
circular economy needed to create a new mind set for design. It is 
based on understanding four lenses of circular design: 

Lens 1 – Think about compatible nutrients and their flows 
Lens 2 – Shape creatively to meet needs 
Lens 3 – Embed digital intelligence
Lens 4 – Design with context in mind 

A ‘lab story’ from Cranfield University is used to prompt discussion 
on how we can re-think great inventions such as the toilet. The key 
context for this activity is Cranfield University’s Nano Membrane 
Toilet which will be able to treat human waste on-site without 
external energy or water. Great inventions have changed people’s 
lives, yet they are not accessible to all. For example, 2.4 billion people 
globally still lack proper sanitation facilities. So, there is a huge 
opportunity to create new mindsets for design to reinvent current 
structures and create regenerative systems that are accessible to all. 
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PowerPoint R1 introduces the four lenses of circular 
design. These four lenses came about from an 
extensive literature review to provide a reference 
point for circular design. Use the PowerPoint 
slides to develop dialogue around the overarching 
dimensions of design thinking and circular economy. 
Design thinking is a method that designers use to 
meet people’s needs and desires in a technologically 
feasible and strategically viable way (Brown, 
2008). Circular economy in its short definition is a 
system that is restorative by intention and design 
(Ellen MacArthur Foundation, 2012). This definition 
puts design as a core element to achieve the 
transformation needed towards a circular economy. 
Between design thinking and circular economy 
there are overarching dimensions such as: Lens 1: life 

The Nano Membrane Toilet Lab Story video (R2) 
and story board cards (R3) act as a lead to prompt 
discussion in groups about a reference point to 
circular design. Although we propose four lenses for 
explain the overarching dimensions of design thinking 
and circular economy, these are not limiting and 
further reflection should prompt other dimensions to 
consider when creating new mind sets for design.
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GUIDANCE FOR FACILITATORS INCLUDING DEBRIEFING NOTES 

Continued over page

RESOURCES AVAILABLE
5:R1a Intro PPT slide

5:R1 PPT explaining the four lenses of circular design 

5:R2 Lab Story video - interviews with research team 
members (20 mins running time). See Thumbnails 
page for the video download.  

5:R3 Video story board card prompts - excerpts of 
the R2 video interviews

5:R4a and R4b  A4 sheets for note taking and Card 
prompts with key questions about the four lenses of 
circular design 

5:R5 Illustration of the Nano Membrane Toilet system 
configuration

5:R6 Full transcript of the video 

5:R7 Diagrams of a sanitation system from Toilet 
Board Coation 

ORGANISATION
Plenary and dialogue around PPT and the 
Lab Story video

Small groups (4s) around Resource prompts R3 to R5 

Plenary debrief

•

•

•

•

•

•

•

•

•

•

•

TASK(S) AND RUNNING ORDER 
1) Dialogue around the PowerPoint R1. Why is it
important to provide a reference point to circular
design through these four lenses?
2) Play the ‘Lab story’ video.
3) Use the video to discuss in small groups how each
of the four lenses is considered in the design of the
nano membrane toilet.
4) Feedback and debrief from each group to the
plenary.
5) Plenary reflection: what other dimensions do we
need to consider when creating new mindsets for
design?

TIMINGS
Overall approximately 140 minutes. Task 1: 20 mins; 
Task 2: 20 mins; Task 3: 60 mins; Task 4: 20 mins; 
Task 5: 20 mins. 

AIM OF THE ACTIVITY
To provide a reference point to circular design by 
understanding the dimensions of design thinking 
and circular economy to create a new mindset 
for design.

cycle of products/services/systems and the use 
of material and resources considering open and 
closed-loop systems; Lens 2: meeting people’s 
needs according to their own context/system; Lens 
3: technological advances taking place in specific 
economic landscapes; and Lens 4: systems thinking 
and context setting. 

In the discussion, ask: why is it important to provide 
a reference point to circular design through these 
four lenses? What are the overarching elements 
of design thinking, systems thinking and circular 
economy that are important to create new mind 
sets for design?

Invite participants to watch the video R2 in small 
groups. The video R2 prompts discussion based on 
an invention following circular design principles. 
The video is a ‘Lab Story’ based on current research 
conducted by Cranfield University to re-invent 
the toilet. The video gives a snap shot of different 
researchers talking about their contribution to this 
nano membrane toilet invention. 
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SUPPLEMENTARY RESOURCES  
For Task 3 the following videos and resources could help 
to inspire the discussion. 

The Evolution of Design thinking - Tim Brown 
CEO of IDEO, explains how the design process is 
evolving to support the circular economy.  
https://youtu.be/QeoqUkKM_-4 

Design for the Circular Economy - Tim Brown explains 
the circular economy and why designers have to get 
involved https://youtu.be/yAvkM7B7BBs

Reinventing the toilet – helping to solve sanitation issues 
in low income countries - https://www.cranfield.ac.uk/
case-studies/research-case-studies/nano-membrane-
toilet

REFERENCES AND FURTHER READING
Biomimicry 3.8 (2017)  What is biomimicry? Biomimicry 
3.8 website. Available at: 
https://biomimicry.net/what-is-biomimicry 
This gives a biomimicry design ‘lens’  

Brown, T. (2008) Design thinking. Harvard Business 
Review, pp 1-10’

Cranfield University (2017)  Nano membrane toilet 
website - includes publications/reports list and blog.  
Available at  http://www.nanomembranetoilet.org/  

Ellen MacArthur Foundation (2012)  
Towards a circular economy. Volume 1

Ellen MacArthur Foundation and IDEO (2016)  
The circular design guide. Available at: 
https://www.circulardesignguide.com

IDEO (2017)  IDEO Design Kit website. 
Available at: http://www.designkit.org/ 

Moreno, M., De los Rios, C., Rowe, Z. and Charnley, F.  
(2016)  A conceptual framework for circular design. 
Sustainability, 8(9), 937. Available at:  http://www.mdpi.
com/2071-1050/8/9/937/html

Toilet Board Coalition (2016)  Sanitation in the Circular 
Economy. Available at: http://www.toiletboard.org/
media/17-Sanitation_in_the_Circular_Economy.pdf
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GUIDANCE FOR FACILITATORS INCLUDING DEBRIEFING NOTES (continued)

The follow up to the small group discussions around 
the video and the four lenses is to present to plenary 
a debrief of each group discussion. Then, at the 
end of this plenary ask participants to reflect on 
the question: what other dimensions do we need to 
consider when creating new mindsets for design? 
This discussion is important because these lenses 
are not set in stone and further reflection should 
prompt other ideas.

Facilitator clues: other dimensions could include 
the interrelationship of the business model with 
the design aspects of the toilet. The discussion 
could focus on value creation and distribution with 
materials using the ‘power of loops’ (Ellen MacArthur 
Foundation, 2012), and how the ‘revenue streams’ 
may be transformed to ‘social capital’. 

POSSIBLE EXTENSION ACTIVITY   
R7 can be used to prompt further discussion beyond 
the Nano-membrane Toilet to identify the circular 
design dimensions when comparing with alternatives 
such as flush toilets connected to sewers, or toilets 
with container-based collection. R7 is a sanitation 
system diagram from the Toilet Board Coalition. 
This shows human waste (which the Toilet Board 
rebrands as ‘Toilet Resources’) being valorised as a 
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Task 2 and 3 continued. 
Discuss the video in small groups using the resources 
R3 to R5. Mainly use the story board abstracts/cards 
(R3) from the video to discuss how each of the four 
lenses is considered in the design of this toilet. 

Note that R4 is presented in two formats: a) as A4 
sheets presenting each lens and allowing participants 
to write notes when they are watching the video and 
b) as four cards presenting key questions around the
four lenses of circular design to prompt discussion
on the design of the toilet.

R5 presents the Nano Membrane Toilet system 
configuration. This resource helps participants to 
further understand the technical aspects of the toilet. 

Allow each small group of participants to have 
a discussion around the video, the toilet system 
configuration, and the four lenses of circular design. 
Ask them to capture points of tension and/or 
agreement on the R4a A4 sheets and/or flip charts 
to present back to the plenary. 

Note that R6 provides the full video transcript - as 
facilitator, this may be a useful resource for you during 
preparation of this activity (you can cut/paste with 
this document to create additional stimulus materials).

•

•

•

wide range of material and energy products. This is 
significant not only in technical/design terms, but in 
its effect on the economics of the whole system. The 
Toilet Board Coalition argues that the failure to reach 
2.4 billion people with sanitation is an economic issue 
– traditional models making sanitation a large public
or philanthropic cost are problematic, whereas circular
models might yield new revenue sources which reduce
the public cost and so speed scale-up.

https://youtu.be/QeoqUkKM_-4
https://youtu.be/yAvkM7B7BBs
https://www.cranfield.ac.uk/case-studies/research-case-studies/nano-membrane-toilet
https://biomimicry.net/what-is-biomimicry
http://www.nanomembranetoilet.org/
https://www.circulardesignguide.com
http://www.designkit.org/
http://www.mdpi.com/2071-1050/8/9/937/html
http://www.toiletboard.org/media/17-Sanitation_in_the_Circular_Economy.pdf


THUMBNAIL RESOURCES
CLICK TO DOWNLOAD HIGH RESOLUTION VERSIONS FROM BELOW

5:R1a Intro PPT slide 

5:R1 PPT explaining the four lenses of circular design 

5:R2 Lab Story video - interviews 
with research team members      

5:R4a

5:R6 Full transcript 
of the video  

ACTIVITY 05: NANO MEMBRANE TOILET –THROUGH FOUR LENSES OF CIRCULAR DESIGN  

KEY ENQUIRY
What are the dimensions of circular design?

TASK(S) 
1) Dialogue around the PowerPoint R1. Why is it important to provide a
reference point to circular design through these four lenses? (Time)
2) Play the ‘Lab story’ video  (Time)
3) Use the video to discuss in small groups how each of the four lenses is
considered in the design of the nano membrane toilet (Time)
4) Feedback and debrief from each group to the plenary (Time)
5) Plenary reflection: what other dimensions do we need to consider when
creating new mind sets for design? (Time)

5:R1a 

Lens 1: Think about compatible nutrients and their flows 
Use materials and resources that are ‘nutrients’ at all stages  
Think about how materials and substances can never be a matter of concern.

Lens 2: Shape creatively to meet needs
Know inside out your final user so you can build high performing structures and systems 
that meet their needs 
Prototype as much as you can to make sure your design stays agile in a changing context

Lens 3: Embed digital intelligence
Use technological enablers to catalyse flows of materials, resources and information 

Lens 4: Design with context in mind
Enhance the interaction of your design with the larger interconnected whole through 
systems thinking, empathy and collaboration

FOUR LENSES OF 
CIRCULAR DESIGN

5:R3 Video story board card 
prompts - excerpts of the R2 
video interviews    

5:R5 The nano membrane 
toilet system configuration

5:R7 Sanitation economy 
diagrams from the Toilet 
Board Coalition

CRAIG TO ROSS:
WHAT’S THE BACKGROUND ON TYPICAL 
TOILET AND SEWAGE SYSTEMS IN LOW 
INCOME SITUATIONS IN CITIES? SO 
WHAT’S THE CHALLENGE FOR YOUR 
NANO MEMBRANE TOILET SYSTEM?

ROSS: 
The whole project started because two and a half 
billion people don’t have a toilet around the world. 
The choices for them to use are, in the majority of 
developing countries, pit latrines, public toilets.

ROSS: 
So this toilet is a self-contained unit. About the other 
options, I’m a big fan of the simple technologies 
such as compost toilets. They’re great, but within 
certain circumstances. In rural environments 
they’re perfect. In dense urban, peri-urban 
environments, not so much.

ROSS: 
The initial challenge was, to make a toilet which 
didn’t use water, plumbing, electricity. It had to cost 
less than five US cents per user per day, which is a 
pretty big challenge.

CRAIG TO ROSIN:
WHAT’S THE FOCUS OF YOUR WORK 
WITH THE NANO MEMBRANE TOILET? 

TOSIN: 
the focus of this project is the faeces which we are 
generating, to look at the amount of energy in the 
faeces itself. And then look at the optimum process 
of recovering the faeces. So the reactor, this is just 
what we call a combustor, it’s similar to how you 
consider processes in the human gut. 

TOSIN:  
we measure all the gases coming out. So if you look 
here you’ll find a gas analyser, which is actually 
telling us the composition of hydrogen, CO, CO2. 
Because that information is necessary. I mean, the 
toilet is going in to a household, so we want to ensure 
that the gas coming out of the unit is clean. 

CRAIG TO ROSS:
SO CAN YOU TELL US MORE ABOUT 
WHAT’S GOING ON IN THE TOILET 
COMBUSTION CHAMBER? 

ROSS: 
in this combustion chamber, we’re going to be able 
to recapture all the heat. We can’t have any heat 
wasted. We can’t have a toilet which is warm to the 
touch from the outside, no one would want that. 
It will seem dangerous and it may also seem like it 
could encourage the spread of diseases. So we then 
use the heat from this gasifier, to heat up the urine, 
which passes into a membrane bundle. 

CRAIG TO ROSS:
THE BEAUTY OF THE CONVENTIONAL 
TOILET IS THAT IT WORKS WELL IF 
YOU’VE GOT LOADS OF WATER FOR 
FLUSHING… BUT WITH LIMITED WATER 
SUPPLY THAT BECOMES A PROBLEM? 

ROSS: 
the toilets we have, they work perfectly for us, they’re 
great, but they use nine litres of water per flush. 
Now, that’s unsustainable ……And our toilets haven’t 
changed in almost 200 years, so there needs to be a 
way around this. I mean, as these cities are getting 
overpopulated, our sewer systems are struggling to 
cope with the amount of water used.

ROSS: 
there’s a lot of nutrients which are just going to waste, 
along with a lot of water going to waste. So how can 
we increase the understanding of what is sanitation, 
how it can be useful, rather than this thing which 
no one talks about?

How can design happen with valuable ‘nutrients’ at all stages of their journey - 
not waste or substances of concern? 

Which avenues and circular loops are you designing for? How does this work 
in practice - what systems are or are not in place?

How can design positively affect flows and stocks of materials, information 
and energy towards a regenerative, abundant and accessible future?

Leakages in the system can occur, how can they act as feedstock for  
another system?

Your notes on the video interview extracts:

• 

•

•

•
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THINK ABOUT COMPATIBLE 
NUTRIENTS AND THEIR FLOWS

5:R5 THE NANO MEMBRANE TOILET SYSTEM CONFIGURATION R7 SANITATION ECONOMY DIAGRAMS FROM THE TOILET BOARD COALITION 

Consumer 
biological waste
• toilet waste 
• kitchen waste

• animal waste 
• compostable   

   packaging
Industrial 
biological waste
• toilet waste, 
• food / market waste,
• agricultural & food waste
• farm waste
• compostable packaging
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Industrial plant/crops/
transport up-cycled 
waste product reuse

 BUYER
 Industrial plant, 
agriculture, transport as 
re-user of up-cycled waste 
products & raw materials

 REFINER/MANUFACTURER  
Produces new products from 
up-cycled waste to sell back to 
consumers and industry - thus 
completing the loop!

Toilets & Products
designed for reuse

of resources

TOILETS
ACCESS & ADHERENCE
PRODUCTS & SERVICES

New products from 
up-cycled waste

SME
waste 

recovery plant

PROCESSING
Currently small 
waste recovery 
plants in emerging 
markets run by 
innovative 
entrepreneurs 
using different 
technologies and 
producing 
different products 
from the waste 

COLLECT & TRANSPORT
Collection of biological 
waste
• human waste
• food waste 
• agricultural waste
• farm waste

PROTEIN RICH 
MATERIALS

AGRICULTURAL
PRODUCTS

Compost, organic 
fertilisers, nutrients such as 
nitrogen and phosphorus

• Non-food crops: forest free 
fibre 

crops, flower crops, etc.
• Food crops 

such as oils 
and protein meal

• Protein oils for consumer 
toiletry goods and potentially 

cosmetics
• Protein “meal” for pet 

and farm animal feed

Water recovery and 
purification 

of wastewater
• Local agricultural irrigation

• Water intensive factory 
processes

• Further treatment to 
produce drinking water  

H2
WATER

Fuel, electricity, heat
• Biogas for local factories

& electricity to the grid
• Bio diesel for transport
• Bio charcoal to replace 

wood/coal

ENERGY
PRODUCTS

• Faecal matter for 
pharmaceutical (biome) 

regenerative health products 
and procedures

• Bio-plastics

Materials for
INNOVATIVE
PRODUCTS
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CONTAINER TOILETS
& SERVICING

PUBLIC &
COMMUNITY TOILETS

BIO
TOILETS

BIOLOGICAL
WASTE INPUTS

TECHNOLOGIES

PRODUCTS

PRODUCTS

CIRCULAR 
ECONOMY TOILET 
RESOURCE FLOWS

Public health: early warnings 
for disease outbreaks or health 

deficiencies 
Private health: basic health 

diagnostics for individuals and basic 
health products/pharmaceuticals

MOBILE APPLICATIONS
FOR SANITATION

SENSORS &
TRANSMISSION

Relevant data is 
communicated back 
to the user through 
mobile applications 

and services

Sensors in household, business, 
community and public toilets capture 
molecular characterisations of waste 
and transmit data through connected 

networks and devices

Improved Product & 
Service Offering & 
Behaviour Change 

Opportunities

Improved Product & 
Service Offering & 

Quality Control

SMART SANITATION 
HOMES & CITIES 

DATA & 
INFORMATION 

COGNITIVE
COMPUTING
 Sensor sends molecular 
characterisation data to 
cloud based health 
cognative computing 
platform where data is 
analysed and organised
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HEALTH DATA 
& INFORMATION

Nutrition & Health Data 
informs and alerts users 
of disease outbreaks, 

health status, and 
pharmaceutical use 

Consumer Insights Data 
informs users on 

behaviour change and 
product usage, advising 
advertising and product 

placement decisions

LOGISTICS/
MAINTENANCE DATA

Toilet manufacturers, 
operators, and service 
companies can access 

immediate information on 
the status and usage data 

of a toilet

CONSUMER INSIGHTS DATA & 
ADVERTISING PARTNERSHIPS

THE 
SANITATION 
ECONOMY
Smart Sustainable 
Sanitation Business Solutions

THE  
SANITATION 
ECONOMY
Smart Sustainable  
Sanitation Business Solutions

TOILETS ACCESS & 
ADHERENCE

PRODUCTS & SERVICES

PAN

BIO
TOILETS

BIO
TOILETS

PAN

SHELTER
& PORTABLE

SHELTER
& PORTABLE

CONTAINER TOILETS
& SERVICING

CONTAINER TOILETS
& SERVICING

PUBLIC &
COMMUNITY TOILETS

PUBLIC &
COMMUNITY TOILETS

SELLERS

B
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TOILETS
ACCESS & ADHERENCE
PRODUCTS & SERVICES

Households
Communities

Humanitarian Organisations
Companies Facilities

Events
Work Sites

Affordable Housing Projects
Hotels/Tourism

Governments/Municipalities/Cities

5:R6  FULL TRANSCRIPT OF THE VIDEO 

NAME

INTV-CRAIG JOHNSON

ROSS TIERNEY

ROSS TIERNEY

ROSS TIERNEY

DIALOGUE

What’s the background on typical toilet and sewage 
systems in low income situations in cities? So what’s the 
challenge for your nano membrane toilet system?

Ok. Well first off, the whole project started because two 
and a half billion people don’t have a toilet around the 
world. The choices for them to use are, in the majority of 
developing countries,  pit latrines, public toilets. And these 
are the toilets that you kind of have nightmares about; 
they’re horrible. There’s just an open pit, very unsafe, flies 
are a big problem and the spread of disease is pretty 
rampant. At least one and a half million children dying per 
year just from, basically, lack of sanitation. So, what we’re 
trying to do is work on a new system, which is going to be 
able to be in the person’s home. And it’s a self-contained 
unit; it doesn’t rely on plumbing or sewage, or water. 
Because that’s a problem, that’s what’s been holding it back 
for so many years… infrastructure’s incredibly difficult. 

You can strip in an illegal wire, that’s fine, you can get 
electricity to the home, but you can’t put in a plumbing 
system. That’s where it gets really difficult. So this is a 
self-contained unit. About the other options.. I’m a big 
fan of the simple technologies such as compost toilets. 
They’re great, but within certain circumstances. In rural 
environments they’re perfect, in urban, dense urban, peri-
urban environments, not so much. And that’s just because 
the number of people who have to use it, the space it takes 
up, the time it takes to break down and be safe, and then 
what do you do with it afterwards? 

In rural environments it’s fine if you’ve got a farm and you 
can do something with that compost and manure. In urban 
environments they don’t… you’re not going to have a large 
farm to put it on. So that’s the problem. And our system 
is self-contained. It’s going to be a few more years of 
development. What we’re working on at the moment looks 
quite complicated, but it’s because the alternative is so 
much more complicated. Putting in the sewers is incredibly 
difficult. So yeah,  the initial challenge was to make a toilet 
which didn’t use water, plumbing, electricity, and it had 
to cost less than five US cents per user per day, which is a 
pretty big challenge [laughs].

TIME CODE

00:00:05

00:01:09

00:01:46

5:R4b

https://emf.thirdlight.com/file/24/IwnEDbfIww9FP.PIwN2ZIyXE-ge/5-R4a.pdf
https://emf.thirdlight.com/file/24/cDm30tVcDDf6rzRcDJYZcDawg-A/5-R3.pdf
https://emf.thirdlight.com/file/24/w2e0YaBw221M-YWw2hycwclhPYg/5-R5.pdf
https://emf.thirdlight.com/file/24/6vfmew76vvPhbMI6v0Xo6vfe7Z5/5-R6.pdf
https://emf.thirdlight.com/file/24/lS_vCG8lSSZsOMBlS2WFlFOPs7X/5-R7.pdf
https://emf.thirdlight.com/file/24/ycO8EjgyccLKr3oycADYyYZwikA/5-R4b.pdf
https://www.youtube.com/watch?v=gF5O-vAIUlA
https://www.youtube.com/watch?v=gF5O-vAIUlA
https://www.ellenmacarthurfoundation.org/assets/galleries/EMF_CE-in-Action-05-PPT.pptx
https://emf.thirdlight.com/file/24/kLSzgopkLLj3ythkLxfBkfhbXNp/5-R1%20%2B%20Intro%20slide.pptx
https://emf.thirdlight.com/file/24/kLSzgopkLLj3ythkLxfBkfhbXNp/5-R1%20%2B%20Intro%20slide.pptx



