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Grand Challenges
Water _ Sanitation
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How did we get here?

To address these grand challenges,
we need to understand how they interconnect,

develop solutions targeting their nexus.

This is fundamentally a resource mismanagement issue.

More specifically, mismanagement of the Earth’s elements

particulary CHO NP

Linear thinking on energy and materials
Extract 2 Produce - Consume -2 Dispose



Our Guiding Principles

The Earth is a closed system with finite resources.
Laws of thermodynamics need to be obeyed.

All elements on Earth are recycled and recyclable. There is no
such thing as waste in nature (waste =resource).

Energy and matter are interchangeable.

The natural cycling of elements must be incorporated
into the built environment,
into the urban landscape
into the urban metabolism.



Our Design Challenge

Mimic nature in a compact high-performance, engineered package
that fits into the built environment (e.g., cities).

Safely and rapidly break down wastes and recycle back into beneficial
forms of water, energy and nutrients.

The device has to operate without external electricity, in other words,
operate off the grid using harnessed energy.

Safe, reliable, low-cost, easy to operate, low-O&M, robust, passive.

transformative, disruptive, game changer



The Technology: Anaerobic Membrane Bioreactor
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Existing Technology:
Anaerobic Digestion

Anaerobic Microbes

Energy
(Biogas)

Nutrients

Organic Waste (N, P, K)

Challenges: pathogens,
transient loading Water



Moving beyond AD limitations:

dMembrane Filtration

Safely removes bacteria and viruses
P e regardless of temperature
Y * regardless of loading
 Enhances safety and reliabilty

Ultrafiltration (0.03 micron)



Anaerobic Membrane Bioreactor
A coupling of anaerobic processes and (AHMB R)

membrane filtration, resulting in synergistic
effects not possible by each process alone.

Resilience, transient loading, safety baurrier, high
rate, greater performance, compact design

Membrane

Waste
feed

Permeate
(clean water)

10



PENTAIR

Micro Filtration (MF)
(10-0.1jum)
Bactena, suspended particles

Ultrafiltration (UF)

(0.05-0.005ym)

Colloids, macromoleciles
Nanofiltration (NF)

Sed-Setum
Sugars, dyes, divalent salts

e

Reverse Osmosis (RO)
(1.e*-1e5 um)
Monovalent salts, iomc metals

Patho Log removal
Helminths 8 (99.999999%)

Bacteria 6 (99.9999%)

Viruses 4 (99.99%)
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Figure 2. Wastewater Reuse in Decentralized
MBR Systems

Sewer Mining- Extraction of Raw Waslewaler at Constant Flow Rate for Reuse
After MBR Treatmant
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Beneficial uses for agriculture (profit)
Microalgae (animal feed, biofuel)

Aquaponics
Hydroponics for crops

Urban greenscape




Sanitation Technologies

Spectrum across scale
Low-tech sanitation (latrines)

Centralized wastewater treatment

Treatment
+

Recovery




System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

NASA’s TRL

Technology Readiness
Levels

Describes steps to
mission readiness and
commercialization



N\
‘ Commercialization

~.NEW Cade Museum Prize

BILL&MELINDA
(GATES foundation

BILLeMELINDA
(GATES foundation
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COD Values and Removal
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@ Total COD removal
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Decentralized, onsite

Safely processes wastes

Modular & Off-Grid
(renewable energy)

Compact design

Water recycling
Energy harvesting

Fertilizer recovery

Turning waste into profit

Patent-pending



Business Model (India Case)

ERAM Scientific Solutions

* Over 600 units of eToilet installed in just 3 years = public sanitation coverage

e Expansion to additional regions in India not possible due to water and energy
scarcity

e Coupling with NEWgenerator will enable expansion in India and elsewhere
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Integration of eToilet with NEWgenerator

Essamsssmssssssss=sssausmEusmSsmsSssaSssSSssSESS

Fully off-grid
Biogas generation + Solar thermal to boost biogas production
Photovoltaic to assist biological start up
for night time and cloudy conditions
* Battery backup — 4 days worth of storage
» Biogas Combustion



Integration of eToilet with NEWgenerator

eToilet
Solar Thermal Collector Photovoltaic System

Biogas Storage Generator

Biological
Reactor

Sewage Storage P
embrane
Grinder/ filtration
Permeate Storage

screening and additional

disinfection




Water, Energy & Mass Balance Modeling

Water-Energy-Mass Balance (NEWgen 100 + 2 eToilet Units)

B Mass abs [kg'd]
B Mass (%)

=1 Energy abs [KWhid]

= Energy [%]
B Waler abs [Lid]
I Water [%]

Water loss vig
user contact
splashing and

avaporation

eToilet

Resulting flue gas CO2
after CHP can be recycled
o grow algae and make
blodiesel

Makeup water
from rainwater

harvesting

NEWgenerator

22 kgld
100 %

eTollet B12.3 Lid
water demand 84.7 % Recycled water

B8 Lid
L

Water
losses
rom va I,": ar

Nutrients and minerals
recovered as solia
fertilizer to be sold or
used In urban agriculture

* Solar energy input is basad on a 9.3 m2 roof area
deploying both solar thermal and PV



Co-digestion with food waste

Food Waste Co-Digestion Scenario

B Mass abs lkald) Resulting Nue gas CO2
' after CHP can be recycled

B Mass (%) Food Waste to grow algae and make
(=3 Energy abs [kihid] g Makeup wates biodiesel

Sers from ralnwaler |
I Energy ] harvesting
B Water abs [L/d]
B Water [%)

8.8 koid
B2 %

22 kgid
18 %

12.4 % Nutrients and minerals

]

recovered as solid
fertilizer (o be sold or
used |n urban agriculture

eToilet NEWgenerator

0.6 kg/d
4.8 %
Water loss via Ash
usar contact,
splashing and

evaporation

eToliat
water demand iy Recycied water

39.4 Lid
4.6 %

Waler
loases
frowm vaped

24



What does this mean?

Let’s imagine if everyone in India (1.2 b) is served by
NEWgenerator (quick back of envelope calculations)...

8.6 kWh/d (100 users) x d/24h = 0.36 kW (100 users)

86Wh/d (per user) x 1,200,000,000 = 103,200 MWh/d x d/
24h = 4300 MW

Divided by 440 MW (medium-size power plant)
= almost 10 power plants

Divide by 1MW landfill biogas power generator
= 4300 landfill generators.

If adding Food waste: 48.5 kWh/d (about 6X)
- 60 power plants, or 13,000 landfill generators

This is a previously untapped distributed power
production from waste biomass !



The eToilet provides the users with a clean and convenient sanitation user
iInterface. The NEWgenerator harvests and safely treats waste contents

from the eToilet to remove pathogens, recycle clean water for reuse,
generate renewable energy, and recover valuable fertilizer.

Fully off-grid system can be applied in remote and water scarce areas.

Slum sanitation: | N e States hit by
Rajasthan T Water scarcity

0 Usage patterns will be different from
other users

o Opportunities for educational/
awareness activities

Progression of technology uptake

o Slums offer technology entry point for o2 Uttar Pradesh
other high density and more e — Madhya Pradesh
challenging urban areas Chhattisgarh

Gujarat Andhra Pradesh

Maharashtra \L B Tamil nadu



Market Segments

.

Military & Emergency Green Building & Space







Strategic Partnerships

Private, foundation, governmental, NGO, educational

Existing Under development
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Eram Scientific

1S0 9001:2008 Certified Company

2] sustainable
2] sanitation
. | alliance

tion | innovatio
center UNESCO'IHE ]
Institute for Water Education ,' Florida Funders
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* University of South Florida

 Civil & Environmental Engineering
« dhyeh@usf.edu

o Twitter: @dhyeh
 http://NEWgenerator.tumblr.com









