DIRECT POTABLE REUSE

CAN IT BE A CONSUMER PRODUCT?
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Get Involved and Save Innocent Lives

ALMOST 100
CHILDREN
WILL DIE
DURING THIS
PRESENTATION
FROM
POLLUTED
WATER




REGULATIONS

...we must collect the data to prove it’s safe for all




TECHNOLOGICAL CHALLENGES




IRP and DRP — CURRENT STATUS




HOW DO WE GET THERE?



WASTEWATER
MANAGEMENT -
INSPIRING AN
ENVIRONMENTA
L REVOLUTION
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DESIGN
CHARACTERISTICS

* Designed as an appliance

* Must cost less than $ 10k -
production less than 1k

* Fit through a standard door

e Zero user input

* Complete remote management
* Network with BMS

* Less than 50 watts power draw

* Less than 1 cent per gallon
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Striving for-Net Z.ero wﬁntﬁ

Whirlpool

By E. W. Bob Boulware, RE., MBA;
Dr. Markus Lenger; and Cnc Bowler

he ReNEWW House is 8 2000 square fool, 1920
viage bungalow-style house. located in Wit
Lafaveste, Ind., next to Purdue University's camr-
pus. ReNEWW stands Far Retrofined Met Lz Energy,
Water & Wisstz, and reflects the vision of the project - o
retrofit ar old kome (o be resoorce efficient by generating
its own renewable enerey, caplaring and purifying rinws-
ter for it water needs, anc sencing no waste tothe land il
The hruse i a eollaborntive effort between Whirlpos!
Comoration asd Perdue University to provide a sustuia-
sble livirg public shosweace and o fivedin lahorutory for
sudent engineers who lve, sudy and sesgarch the new
penerniion of resoures eficient applisness

The eancept of Net Pero anergy living has been popu-
laried for residential vea due i the recent reduction in
coss achicvad by solw photoveltaic (PV) echology.
T achieve the Met Zero srergy statue, the ReNFWW
House undervent 8 deep energy tetrofic over the summer
of 2014 Now tripe-pase windows and improved dosrs
were installed; spriy foum irsularon was applied o wall
and auic cavitics, o gerhermal bear pump reploced the
natral gas furnace and split AC system; and a soiar FYT
(protovelusic & thermal) wray win inoduced to goncrate
onsile eneTgy.

Mel Zero woter i m relwively new concopi Bl s
been acaieved by only a few facilitics. The goal for the
ReNEWW House is 1o caplane maimwiter nsile withoa
recuiring supplemental ground water from a well or a
winer utlity.

The first sicp i achieve the goal of Net Zew witer
was to minimize the amount of wakr needed by the

Page T8Plumsing Enginear

occupants, which included replacing the existing fictures.
The fistures iretalled in the kiches inchsdc an improved
distwasher by KiichenAid (hal incoporaies a novel
filker that removes food partidles during the wash cycle
and significanily reduces the amonnt of wales requined.
The old five-plus gallon per Ruih ‘oilet: and four gallen
per minule showen wewe neplaced with stue-of-the-art
fiatuacs supplicd by Kohles, 4 parnee in the ReNEWW
Hoese prject, The end result of this upgrade was an over
G0 percem redsctio in fialuie waler uac.

Once the demand for water was reduced, the rsultant
waics demansd was dosiged i be collecied fram the 1,60
siquare feet ool suiface with the expectution it will harvess
approximately 34,000 gallovs per yeao, To assure good
quality, end-use water, the ww pinwater is pre-filtecd
Before going Ino the swrige anks witha WY rinwaics
filter, which civerts roof debrs away from th stored ran-
wiiler By Wasing D initial portion of @ min cven.

“When the 280-micron scresn is thoroaghly wetted, cap-
illary action then diverts he ramwater (hrowgh the screen
into two 1,500-galion undergroond tasks, Water exiting
the tnks is then mace potadle by filiration throagh & |
mizron absolute filter and sctivited enrboy block, and
disinfieciion by exposur: to ulraviolet ight.

The house further reduses potable witer demand
throtigh the imeral rewse of greywater. The use of grey:
wter hegine with o water aodit © quentify the expecies
greywaier scurces and potential greywater uses, In (e
caee of the ReNEWW Hanie greywrter provided from
the shower md lamatory was expecied i be slighly more
than the Mushing requirsments forthe Tow fesh reilers 54
gallons per day versus 42 gallons per day). Any exaess
water wvallable will be used to rupplement the washing
machings wimer needs,

Kohler had preyivesly studicd cxistimg greywater pro
cessing sysiems cn the market and al wers found to be
diEappeinting for varims resaons: cillsr pe ag offfu-
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PROBLEM

Toilet flushing
consumed 50%
total water usage

CHALLENGE
Design a system to
treat and recycle
toilet wastewater
inside the septic
tank and
continuously reuse
it
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BLACK WATER REUSE




CLEANBLU TRANSFORMS HOW WE ’
REUSE WATER WITH 10T Particle

Executive summary

CleanBlu is the industry with Internet-connected
water reuse technologies. With the Particle loT platform, CleanBlu has helped residents
and commercial industries connect their water systems to the Internet so they can not
anly monitor and cantrol them wirelessly but alse operate them autonomously. With
these new wastewater technologies, CleanBlu has made it so residents and commercial

industries have access to water that is safe and clean to use.

Smart sensors allow Smart sensors send Smart sensors enable
them to monitor their and report datato a customers to control
solution wirelessly central location their solution wirelessly

é Monitor performance  Analytical insights Wireless management

Temperature

Monitoring

The challenge

The wastewater treatment industry is full of laws and regulations that businesses must
adhere to in order to maintain operations and not create a negative health impact. This
makes it challenging to build new and affordable solutions for the industry.

CleanBlu needed to build an intelligent wastewater treatment solution that could be

lled wirel

Iy and follow regulations within that industry. Initially, CleanBlu used
the Particle Electron 2G/3G only as a modem. However, after some research, CleanBlu
realized that the Particle product and its Cloud Services an run an entire system,
becoming its main controller, not just a simple modem.

% Particle -

CLEANBLU CASE STUDY

Particle enables the path to scale
With the help of Particle, Cleanblu built a fully
automated BioController that can be used to
manage every aspect of the treatment process.

The controller uses a Particle Boron, which allowed
them to easily connect their solution to the Internet
via a cellular network. They chose the Particle Boron
because it came with the right processing power for
their solution and was fully-certified, which helped )
R = B Cleanblu BioController
convince partners that their solution was safe.

With the Particle loT platform, CleanBlu could easily reconfigure the Particle Boron,
meaning they could wirelessly send all-new features and change the way their solution
reports data. And with the Particle For Good program, they got a discount on all Particle
hardware and were able to receive technical support to help them build their solution.

Navajo Mountain water reuse project

CleanBlu has also used the Particle Boron for other projects. In 2019, CleanBlu was chosen
by The International Water, Sanitation and Hygiene Foundation to design a low cost, fully
autonomous water reuse system for the new Navajo Mountain Chapter House in Piute

Mesa, Arizona.

There are over 175,000 people living In the Navajo Nation without any form of access to
clean running water. Being situated in the desert, water is typically brought to them in

X Particle -

CLEANBLU CASE STUDY

Navajo Mountain water reuse project

barrels. However, things like toilet flushing consumed ~50% of their total water usage,
making it so they have to use their water diligently. CleanBlu started to think about how
they could build a smart solution that allowed people to get the most of their water so it
wasn’t a scarce resource.

With the assistance of the Particle loT platform, they developed a low maintenance 4-
stage aerobic biological treatment system that could be used to treat wastewater for
reuse. The system is fully autonomous and can communicate to the Internet thanks to the
Particle Boron. This means the solution can be fully managed via the CleanBlu Connect
app, giving them more control over their solution.

Cleanblu and Particle exceed expectations

Cleanblu chese the Particle loT platform because it provided all the tools they needed to
build a reliable Internet-connected solution. Particle handled the complex infrastructure of
loT for Cleanblu, meaning they could focus on making water accessible, safe, and clean.

Smart sensors monitor Particle handles the ‘Compliance data is senttoa
systems for compliance complex infrastructure of loT centralized location

The Particle for Good program also helped them achieve their vision of making clean
water accessible, and reusable by providing technical support and discounts on hardware.
In the future, they hope to see smart cities with a decentralized water treatment system.

Contact Particle Ij Particle Store

If you are locking to build Start your loT journey by checking

profitable loT solutions, consult our out our industrial hardware on the

team of experts at Particle.io/sales. Particle Store.

% Particle .
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PROBLEM

Food plant violating
wastewater disposal
permit limits — paying
$$$$$ in penalties

SOLUTION

Design in-situ FOG
remediation system to
process 15,000
gallons/day
wastewater from
commercial kitchen to
<20ppm FOG waste




STERILIZATION
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* Physicists know nature works in logarithms

e Pathogen reduction targets are LOG targets

* Feed the good guys - make them thrive

 The bad guys can’t compete and so die out

* | call it Communal Microbiology (Metagenomics)



WE ARE GETTING VERY CLOSE




* Biological testing in a lab takes too long — meanwhile
water safety unconfirmed

* Online (instant) sensors only — no pathogen sensors yet

e Strive for pathogen reduction vs elimination

* Pitfalls of sterilization - the very bad actors survive

* No resource competition - pathogens radically
multiply causing upsets and even outbreaks



..BUT CAN WE
PROVE IT'S SAFE?



WHAT'S NEXT?



Primary Treatment Stage Secondary Treatment

Heat Sterilization

Treatmen* “hambe~ *Ar
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Biological Treatment

Electrolyte Addition/
Taste Enhancers

Chemical

F'~~culati--
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Solid Separation/ Screening
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(Free Radical lons)

Membrane Filtration

Control System
(Measurement & Control)




Primary Treatment Stage Secondary Treatment

Heat Sterilization

Treatment Chamber for

Solids Ultraviolet

Chemical Disinfection

Biological Treatment

Electrolyte Addition/
Taste Enhancers

Chemical

Flocculation

Solid Separation/ Screening

Nanofiltration

Raw Water Basin

Coagulation

Electrolysis

(Free Radical lons)

Membrane Filtration

Control System
(Measurement & Control)
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OPEN SOURCE



~’OPEN SOURCE
“IS LOVE

DESIGNED AND..
ASSEMBLED IN ITALY
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