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Challenge RTTC- Round 2

Tl’lC Cha"cngc funded by

The Bill & Melinda Gates
Foundation

Condense the sanitation value
chain = design a toilet that:

Produces
valuable end
Is self-contained products
without the
Renders fecal need for flush | :
waste harmless water or e
within a short electricity

Is affordable and
desirable to use
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/ \ Solar energy captured with solar concentrators
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3 Energy is transmltted through fiber optlcs toa hlgh
- temperature reactor

- Thermally inactivates human waste
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Advance body of knowledge concerning b '
fecally derived biochar e
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Advance nutrient and energy recovery | ;
from urine and gases released during g TR
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pyrolysis ‘
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Advance the use of fiber optics for B
transmitting energy from concentrated A
solar systems ol
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Project Flan
chhnology Readiness chcls
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Proof of concept
on paper - current Y
Component h
validation in lab —
Apr 13 y
Integrated ¥
prototype in lab —
Aug 13 Puy

Prototype used in )
semi-controlled
setting— Oct 13

Prototype used in
relevant, slightly
monitored setting ]
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FProcesses (_onsidered
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VMiixed Waste Pyrolysis
Faecal matter & Urine |

Id VWaste Fyrolysis

Urine Diverted
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Phase 1 Prototype
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Encrgg chuircd ~ per person basis

Higher energy RAETE. O RN SRR TN T RN e~
req'd driven by
the need to heat
H,O

—+—Hydrothermal Carbonization
=—-Mixed Waste Pyrolysis
—o—Solid Waste Pyrolysis
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5olar Concentrator —~ ConccPt

' = Parabolic concentrator
Fiber

Support/Entrance ;
7 ] . - .
: Flak Mirror Fiber optics chosen — maximum

" flexibility in delivering concentrated
sunlight to a reactor

Parabolic /

" The reactor can be at a fixed location

Concentrator

" Very high temperatures > 800 C
Fiber demonstrated with similar systems
Bundle

* Concentrated energy
transmission via fiber optics can
be

* directed to specific locations




t Solar Conccntrator -~ Dcsign Faramcters

" Solar system and reactor

operates 4 hours/day with
800 W/m? sunlight

= 0.6 m diameter
concentrators

= overall efficiency of 0.46
" delivers 107 W/dish

= 8 concentrators (2.3 m?)
and 8 fiber optic bundles
needed to deliver assumed
energy requirements

" Serves 4-12 individuals
based on wet or dry
prolysis

___——+— Turning Mirror

Fiber bundle
entrance

 Parabolic

Concentrator
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[Heat | ransfer- Moclcling




Our desired Product: Biochar

What do we mean by
biochar?




Biochar (_haracterization

Property

Function

Surface area / Microporosity

Accumulation of organic material, biofilm establishment,
retention of inputs and H,0

Cation Exchange Capacity (CEC)

Retention and bioavailability of inputs (e.g. N, P, K fertilizers)

pH / Liming Effect

pH balance & buffering, Al toxicity

Longevity in soils

Potential for CO2 sequestration, durability of benefits

Fertilizer / Compost / Biosolids Tests

Nutrient content

Bioavailability of nutrients in the product and application
limits

Environmental Hazard Testing

Heavy metals and pathogens




Biochar (haracterization

" Verify waste stabilization

" |Inform consistent & robust
testing of all biochar /
amendment parameters

* |nternational Biochar Initiative
" US Composting Council
"= Collaboration with RTT Grantees

" Determine optimized reaction
conditions to produce a product
with agricultural value

" Compare dry and wet pyrolysis with
hydrothermal carbonization (HTC)




Biochar (haracterization

= Strict nutrient
accounting before G
(urine separation) as

and during pyrolysis

Solid

Liquid




Biochar (_haracterization

" |[nnovative ways to Gas
re-capture nutrients
with finished
“biochar” as

" putrient adsorbent
for urine diversion

" as media for gas
treatment column Gas

Liquid Solid Liquid




Biochar (Characterization

Ingredlent Properties Simulated .

30 Yeast (active, dry) Bacterial debris / f"!‘:
15 Cellulose (cotton balls) Dietary fiber g | i
20 Polyethylene glycol (MW400) Insoluble fiber * "

5 Psyllium husks Dietary fiber ,,w,,;. :
20 Peanut oil Fat : 93
5 Miso Proteins W;i,

5 Inorganics Minerals ‘ g3
N 2 B




Othcr Outputs &
Recove ry




(rine Diversion

FProcess (_onsiderations

*Removal of particulates by filtration

*Thermal disinfection using off-gas (heat
exchanger/condenser design)

Disinfection

eAlternative disinfection (e.g. UV)

*Recovering N and P nutrients from liquid using packed bed
Nutrient (e.g. Biochar, MgO)

Recovery *Adsorbing NH; evaporated during thermal disinfection
using biochar packed bed

Pt

Plan for use/proper disposal of remainder liquid

Comparison of energy consumption and nutrient recovery with
mixed waste pyrolysis
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f:rom Lab Bcnch to Frototypc

" User compartment (squat plate,
urinal, hand wash station)

= Tracker and collectors

= Solar panel and battery

" Mechanisms: rotating carousel,
moveable reactor lid with optics,
product removal

= Gas and urine
stream process
units

" Product storage

" |nstrumentation
and control units.




Risks/Mitigations

Insulate reaction
compartment

Properly contain exhaust
gases

Treat fecal sludge using

pyrolysis

Disinfect urine with
heat or UV treatment

Instantaneous solar flux

increases heats in user
compartment

Presence of noxious gases

Insufficient solar thermal
energy for waste stabilization

Not enough energy in pyrolysis
gas or
UV treatment not appropriate

Emergency closing
mechanism at the fiber
optics aperture

Implement a treatment step
to adsorb the noxious gases

Increase number of solar
concentrators, decrease
capacity, divert urine

Utilize extra energy from
collectors (if present),
increase storage capacity for
time disinfection (6 month),
consider chemical
disinfection



Looking Forward




Locally operated

& managed Affordable
Scalable




Looking Forward

Achieve technical milestones R
ol

for proof-of-concept |
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1 water for people

everyone | forever




Looking "orward

Achieve technical milestones

for proof-of-concept
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Low cost, open-source, Mortenson Center in Engineering
: for Developing Communities

DIY alternatives UNIVERSITY OF COLORADO BOULDER
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(Questions/Discussion

Like us on facebook!:
Website coming soon...


http://www.facebook.com/SolarBiochar
http://www.facebook.com/SolarBiochar

Achieve technical milestones
for proof-of-concept

| Characterization protocols
Advance the

forefront of |
biochar ~ Nutrient retention and

' research availability

Sorption properties

Conditions needed

G T LA
- .

R M ey 4



Light | ransmission
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http://www.go-online.go.jppdf/hlj_ar/vo|_001 9e/28-
29.pdf
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Solar Furna

5
l ant of baimatats

http://visual.merriam-webster.com/energy/solar-
energy/solar-furnace.php

Difficult to

direct light

Significant
heat loss

High Temp.
flux zones

No
insulation

Dangerous
for users

5
Need
sophisticated

optic devices

.
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http://visual.merriam-webster.com/energy/solar-energy/solar-furnace.php
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Light | ransmission

Concentrated Transmission

Fiber
Support/Entrance
7 Flat Mirror
i RN X Underground
Parabolic / be insulated reac.tor
possible
Concentrator
High temps
Fiber J can be
Bundle 7 achieved
T

Less danger
areas for
users




