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Triple net zero goals for Future Communities

® /ero waste water

® \\Nater conservation
® Zero pollution
® Resources recovery

® Net zero or better GHG Emissions

® Renewable energy production (solar, hydropower and wind)

® Passive energy conservation

® Energy recovery from used water and geothermal sources by heat
pump or exchange, and from organic solids as methane and/or
hydrogen and electricity

® Zero solid waste to landfills

® Recovering energy in a form of syngas or hydrogen and electricity from
organic solids

® Producing valuable products such as biofuel, biochar with slow
release nutrients, paper, building and other materials.

® Recycling glass, metals, paper, etc.



® Three levels of implementation
Urban Centers

and Villages

® Buildings
24 5

«Energy efficient, solar panels, water savings

« Neighborhood (cluster) water management
« Low Impact Drainage (LID)

« Water reclamation and reuse

« Heat Recovery
e Region Integrated Resources Recovery

Facility - IRRF
e Water

e Energy
e Nutrients
e Biosolids & biofuel
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Realistic net zero carbon homes

Affordable CarbonLight
home in UK

Z House Apartments Seattle

|

Other features of the sustainable house:
* Passive energy conservation
= Dual piping for water supply
= Potable
= Nonpotable
= Used water separation
= Black water
= Gray water
= Solid waste separation into
biodegradable and recyclable
=® Xeriscape landscaping



Water Energy Nexus

Effects of Water Conservation
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Water Loop in the Cluster
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BUILDING IRRF
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There is not enough energy
in used water

The traditional aerated water reclamation systems
use far more energy than that contained in organics
in used water and sludge

The energy needed to treat, transfer and deliver
water to the city users may be significant, varies
around 1 -2 kW-hr/m?3 (~ 1 kW-h/cap-day)

Household water heating requires significantly more
energy (> 1.40 kW-h/cap-day) than that contained in
used water organic content (0.14 kW-hr/cap-day).

By switching to anaerobic tfreatment and co digestion
of organic solids (food and yard organic waste) and
including solar energy in the heating cycle, the water
system could become a net producer of energy



ADDITIONAL ENERGY
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CODIGESTION

* Typical biodegradable solid
(food and yard) recoverable

Biogas

Co-digestates

waste production in the US is Waste
about 0.5 kg/cap-day that can ('S and/or WAS)
be codigested with the sludge PS-Primary Sludge }
. . WAS-Waste Activated Sludge
* Nutrients in the effluent and CO,
from !RRF can be used for « Solar and wind energy
growing algae for more energy  can be implemented in IRRF
« Codigestates: Food waste, and in clusters to provide
organic deicing fluids, yard more energy for heating the
waste, oil and hydraulic fluids, reactors and buildings and (in

the future) to enhance
fermentation and steam
methane/carbon monoxide

reforming to hydrogen

meat production waste, yeast,
algae and many others
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Excess

Inflow Solids
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Bioelectrochemically
Assisted Microbial
Reactor (BEAMR)

Converts organic biomass
directly into hydrogen by
adding small electricity to the
reactor (from Liu, Grot and
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Enabling technologies for 21century IRRF

cont.

DRY ORGANIC SOLIDS TO CLEANING
BIOMASS AND REFORMING

Construction lumber waste
Agricultural waste solids
Dried waste sludge

z
oz
1 i L)

p—— g @
) 00

BIOCHAR

Pyrolysis-
gasification

Steam CO-CH, Reforming /\f Electricity

Desulphurization

Hydrogen fuel cell



Enabling technologies for 21century IRRF
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Developing Integrated Resource Recovery Facility

INPUT

. Energy from Concenirated Used Water

Recovered by Anaerobic Treatment

Energy from Co-digestion of Sludge and
Other High Conceniration Liquid (glycol) and
Solid Organic Waste (manure, food solids,
algae)

. Energy from Gasification/Pyrolysis of Organic

Solids (waste wood, wood chips, cardboard,
dried sludge, tires, etc.)

Heat Recovery from Effluent and Biogas

Conversion to Energy

Nutrient Recovery
Clean Water
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Conclusions

US has one of the highest per capita carbon footprint
o Low density urban centers

o High automobile use

o Greatreliance on fossil fuel (primarily coal) power production

Adopting the three zeroes future city guidelines is
increasing significantly recovery and energy
production from renewable carbon free sources

o Water conservation is effective

0 More efficient appliances and heating (e.g., heat pumps)

0 Biogas conversion to electricity and/or hydrogen with carbon
sequestering is effective

o Large inclusion of solar and wind power and passive energy
conservation

o Heatrecovery from used water
o Energy from solid waste and, potentially, from algae

Other Resources (N& P) can be recovered

The goal of three net zero footprints is achievable by
2030 even in the US
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