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SHETQY produced in USss

Total = 3,883 Billion Kwh
Electric Utility Plants = 63.4%

Independent Power Other
Producers & Combined 0.2¥%
Heat & Power Plants = 36.6% &7 Nuclear

A\ Hydroelectric

Other Gases

Natural Gas 0.4%

16.7%

Other Renewables
2.3%

1 Kw-hr = 0.61 kg GHG
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SiHlEN(Carbon) Emissionsey” CIties™

Top ten countries in the CO, emissions in tons/person-year in 2006*
Qatar UAE Kuwait Bahrain Aruba Luxembourg USA Australia | Canada | Saudi Arabia

56.2 32.8 31.8 28.8 23.3 22.4 19.1 18.8 17.4 15.8

Selected world cities total emissions of CO, equivalent in tons/person-year?

Washington | Glasgow | Toronto | Shanghai, | New York City Beijing London Tokyo Seoul | Barcelona
DC UK CA China China UK Japan Korea Spain
19.7 8.4 8.2 8.1 7.1 6.9 6.2 4.8 3.8 34

Selected US cities domestic emissions of CO, equivalent in tons/person-year?
San Diego CA San Boston Portlan | Chicago | Tampa | Atlanta GA | Tuls Austin TX Memphis
Francisco MA d OR IL FL a ™
OK
7.2 45 8.7 89 9.3 9.3 104 9.9 12.6 11.06

Wikipedia (2009); 2 Dodman (2009) ; 3Gleaser and Kahn (2008)
23 Values include transportation, heating, and electricity

GHG = Green House Gases (CO, methane, nitrogen oxides and other gases)



Energy Demand

Typical US
house 11,000
kw-h/year in
2006

Energy Star

goal by 2010 ===
(15-25 %

reduction)

Target goal
60 -70%
reduction

Water Eneray;

Nexus
reduces energy

use by 60-70% [l (D)) to _e_t to net ZEN0
energy

Net zero

energy use

Solar
supplies the
remaining 30 -
40% of energy
needs

sImplement water and energy
conservation — 60-70% of the goal of net
zero

*Wind and solar energy to supply
remaining 30 — 40 %

Energy delivered from the grid *Switch to more efficient transportation

1 kW-hr = 0.6 kg CO, emissions o Walking, biking
oElectric cars, plug-ins

oPublic transport




~ Indoor &[

monitored cities in North America

Water use \i:\cl;r::: ru\}avtviif*r c\(/)\g;tz r\\//v;:[ii);
Liter/cap-day Percent Liter/cap-day Percent
Faucets 35 14.7 35 25.8
Drinking water and 3.6 1.2 2.0 1.5
cooling
Showers 42 17.8 21 15.4
Bath and Hot Tubs 6.8 2.0 6.0 4.4
Laundry 54 22.6 40 29.4
Dish washers 3.0 1.4 3.0 2.2
Toilets 63 26.4 14 10.3
Leaks 30 12.6 15 11.0

Total Indoor

238

100

136

100

Outdoor

313

132

60**

44

Total

551

232

196

144

S

oor water use In a single family home in 12

——

AWWA RF (1999); Heaney, Wright and Sample (2000) and Asano et al. (2007) ™ Converting from lawn to Xxeriscape.
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USA (National
average total)

Abu Dhabi, UAE
El Paso, TX

o et In the US, produqng,
P transporting, treating,
MNorwa - -
— and disposing uged water
== China and sludge requires 2.25
= kw-hr/m3 of delivered
B i consenein water
Brisbane, AU

Denmark

Germany
Sydney, AU
Belgium

This corresponds to 1.37
oo apimum kg of CO,/m3

with conservation
Ecocities

100 200 300 400 500
WATER USE Liters/capita-day



WALETFConsen/ation Vs RECYCIE™
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e\\Vater conservation
reduces proportionally
energy and GHG
emissions

eReclaiming rainwater
and stormwater needs
some energy

eAdding reuse by
microifiltration and
reverse osmosis
increases energy use
and GHG emissions
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REIWALEN Narvesting requires

IRImUm energy.

Roof rainwater
collecting tank in
Orange District in
Australia
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Welereclamation and reuse: fostelets

filithing and possibly; irrigation:

i —

Used water
and organic
solids

Membrane Reclaimed

solids water

separation storage Water
for
reuse

Air
methane

Aeration

. treatment | 10Ozone
Anoxic treatment

Collection  reactor Reject U
tank, trash water and Disinfection
trap solids to

sewer

Rainwater harvesting and reuse for
irrigation is also practiced

Battery Park Solaire development in New York - a semiautonomous
water/used water management cluster
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W Water Is needed forJocal s

FELISE SEWErS can e a source

DIRECTION OF FLOW
COLLECTION SYSTEM TRUNK SEWER > Package and small high

| ¥ screenines]) WASTE efficiency treatment
RESIDUALS TOWARDS units can be installed to

DIVERSION CENTRALIZED RESOURCE provide locally water
for:

eEcological flow of
restored streams

eToilet flushing
EFFLUENT RECYCLE

(P NEEDED) eLandscape irrigation
STORAGE _
EQUALIZATION Street flushing

TO LOCAL REUSE

Adapted from Asano et al. (2007)




D Systam™=awide reclamation

Huralized)and reuses=Sganjim "

Rainwater harvesting

| I

Desalinated water

Landscape

organic solids
H I N .

Excess
wetland
vegetation

Methane Hydrogen

Kitchen solids and food waste

Picture credit

Created

Organic biomass Sino —

. Singapore
SLUDGE digestion development
Landscape irrigation | Nutrient agency =
recovery replotted and

adapted
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~ POTABLE
. WATER
.~ FROM
| THEGRID

A S

POTABLE
WATER

agdao dotble partially decentralized

PHOTOVOLTAICS

WARMAND COLD
WATER TANKS

]OJQA th used \Water separation

ELECTRICITY TO COMMUNITY GRID

IND TURBINES ELECTRICITY
GENERATOR Problem:
METHANE _
FOOD SOLIDS DIGESTER eSmall direct

i —"OTHER PRODUCTS S — potable reuse

il i ) P

1 i SToRMWATER} | | 1] -Wet_land (surface)
| i Iggaggm ‘iGREEN CLIPPINGS L treatlng black used
;] T JAND YARD WASTE water too close to
i

inhabited buildings

GRAY
WATER

HIGH DEGREE TREATMENT: SETTLING,

AERATION, PARTICLE SE
REVERSE OSMOSIS, DISI

PARATION,
NFECTION

DISINFECTION

IRRIGATION



Microfiltration
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250 Y anagement Practlces are an ...

Design Guidelines for
Porous Asphalt with
Subsurface Infiltration

RIVERJACKS
OPEN INTO
RECHARGE BED

UNCOMPACTED
SUBGRADE IS
CRITICAL FOR PROPER
INFILTRATION

LINES THE
SUBSURFACE BED

UNIFORMLY GRADED
STONE AGGREGATE
WITH
40% VOID SPACE

FOR STORMWATER STORAGE
& g

AND RECHARGE
S EER

grel part of the COFS

Save energy and
store water

Raingarderns

Infiltrate and
treat runoff

Porous pavement

Infiltrate, store
and treat runoff

Ponds and
wetlands

Store, treat and
Infiltrate runoff




htralizedier decentralized water
HERNEEEMENT SYSIEM - -

- Centralized —"gnlgg inlfet]e)n [Emlis appreprate it enlyawates
SOIISEIVAUGNRNS CORSIdEred
Bt ChErgy iecoveny may not be feasible

= W; [elise for toilet flushing and irrigation may: be not economical or
Efficient = system wide dual piping is needed
BN ithient recovery and biogas recovery and conversion to electricity is

- Pl v -
- efficient
- &, ———
]
::_'-—--"':..—-"__
B

= WVost efficient for heat and water reclamation

— Energy and labor demanding but savings on transporting used water —
reclaimed water is used on site

— Biogas production, use and conversion to electricity may be difficult and
inefficient

— retains advantages of both systems
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POTABLE

WATER

FROM GRID I
UILDINGS £

9)E JOop reuse With sepaliations

5§° o @ingdao dotbleloop for a CIUStEr(ecoblock)

DESALINATED f The number of

WATER i | . 3 cycles without

Solids and concentrated
flow to regional
integrated resources

AT

7’

3 make up water is
PRECIPITAT!ON "
3 very limited.

sMake up water
comes mainly from

recovery facility

Roof runoff

Pervious
pavement

—p T

2

treated (and stored)

BLACK WATER LOOP

Heat ’/../F|Iter backwash | storm water
recovery %,

Underground " & rs primary settler ATERR
or surface

Pump

(G :
@ (pond) storagess _ anaerobic treatment and
_" : energy recovery reactor
GRAY WATER LOOP Storage overflow MF microfiltration

and ecologic flo

* 411, SFW-V subsurface flow
= wetland —vertical flow
' UV ultraviolet radiation

uv High pressure
WATER FOR REUSE PUMP

Lan dscape ST storage

irrigation and RO reverse osmosis

other external NF nanofiltration
nhonpotable uses

Compressed air



From grid and/or
desalination

{}

TO IRRF 30

(

Shower and Concentrated

Water demand on grid and watersuse

bath 13 __ flow (sludge) 20 s in liters/person-day
| Reject 10 s —
' All values in i =
|| Kichen fwrspill <Grid (desal) water demand 50
| 47
51 (o ATERR + SFW — Concentrated used water and sludge
i ' X flow to IRRF 30
-~ Surface - e
(Bt ol  Water use within the cycle 130
557| shower :
© = oo -Potable 50
Laundry — irrigation
40 sNonpotable 80
| l s From arid or
80 i Q) 1<~ Groundwater desalination 50 From BMPs
Uv+03 Pump Pump storage ggtclf]v%r and ﬁ:\nmctg nlt';;t:dzqf:’,o ,l'" I“. .,."",":."'&eject to IRRE
e T it 10
15 uv @
5
Kitchen N 2 72
—» |PS M
Toilet ATERR + SFW 35+4 SU A8
7 ~Surface -
RAI NY DAY Egtcekrwash'iS - Stora;ee_t
Bath+ )38 (e “ /
shower
. 78) | b=
Min 30% of the recycled water S| e
groundwater
_ A —
heeds to he replaced RO e i
Pump 7
RO O | K 108 S,
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RUIESYOI recycle

2 Durin the; system must
PIeVICErECOI0UICalNHOWA(JIUSTTIHIGatON) OLNEMVISE
ERECOIeay off the Uiidan waters will collapse

=VAlIRexcess, flow: plus flow from storage goes towards
REcoiogicall flow and irrigation

- -“- the system

= = Prevides make up water for the second (gray water
= recycle)
— Jreats and stores urban runoff

s Drinking water provided from the grid or
desalination supplemented by harvested rain
and/or groundwater




used waters®

IHeat recevered by heat

CJLILL]0):

Biogas from anaeronic

Processes

— Digester

— Upflow anaerobic sludge blanket
reactor

Hydrogen fuel cell
Microbial fuel cell
e Syngas from organic solids

Biogas 1 Biogas 2
Types of gas Household Agrifood Natural gas
waste industry

60% CH, 68% CH,
33 % CO, 26 % CO, 97'00/3 c2:f|Jjo4CO
Composition 1% N, 1% N, 0'4%
0% O 00 O 0.4 % other
6% H O 5% H O

Energy content
kwh/m3
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Syngas = wood
gas produced by
high temperature
- raco) heating of organic
solids without

"[D'rslri:l Haatlng] Oxyg e n m al n
content is carbon

monoxide

Source and credit AquaTex Scientific Consulting Ltd, Victoria BC




Electricity 6o, _ ELECTRICITY
Biogas H, Fuel cell _1 R
' > reforming
Effluent =
% H ® ® ORGANICS, (
. |2 i
Excess sludge Bloga:S " % SMR 2 © o © :9 B M -
3 & la —
CH,, CO, | & 00 2
v co,
Steam Water | .
/g ORGANICS BACTERIUM
. B == ij; il
= Sulphur out CO, to '"';"'é-at‘/; 0 B ﬂ
-': — Squesterng To heating ? ANODE MEMBRKNE CATHODE
——

UASB Reactor Hydrogen fuel cell with Microbial fuel cell

«0.4L CH4/g COD biogas reforming Converts organic biomass

removed «Converts methane into directly into electricity or

e hydrogen (from Rabaey and
e 9.2 KW-hr/m?3 of hydrogen and electricity Vestrate, 2005)

methane *Greater efficiency than
methane combustion

SMR = Steam methane reforming
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Concentrated

_‘ >-————-Solar Panels R IRRF prOdUCGS

Biomass Reactor eReclaimed

water for reuse

Electric &

H,to fuel cell

eHeat for
< ,..‘uesulphur.zat. | heating reactors
@ < A ] and buildings
: -
& = storage *Struvite
o 8 Sulphunr , . -
3 out ge-cc)ﬁjteostering O, (ammor!lum
o CO, for pH Heat & magnesium
agqjusimen
o = ) \v Builldings phosphate)
'cg Aerobic Membrane"i fertilizer
gg Struvite t”Ck“nQ filter  filter HEULY,
EE— =_ disinfection -Biogas and
S5 ) L hydrogen
- c
c o : Effluent to —
§§ : Concentrate | Hfrit disposal eElectricity
SS T T P orreuse
o= Fluidized bed reactor

eOrganic solids

eCarbon
BEARM = Bioelectrochemically assisted microbial reactor - Logan (2008) Sequetering
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eII converts bIOgas |nto

High Temperature Fuel Cell by
Acunmetric has been installed in
Hammarby Sjostad.

Low temperature cell operates around
60 — 70°C while the high temperature
cell shown herein operates at 600-
700°C. This enables to utilize heat
more efficiently.

Fuel cell reforms biogas into CO, and
H, . Hydrogen is then combined with
oxygen (air) to produce electricity and
water. Carbon dioxide can be
sequestered.

Source: GlashusEtt, Hammarby Sjostad, Stockholm
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Lighting
8.8
Water Heating 9.1

Y l:lmlrulII

Passive energy e
Air Conditioning l __Color TVs 2.9 Sa.Vl n g )

16 —Furnace Fans 3.3
—Freezers 3.5
_ —Clothes Dwers 58 Rainwater ulilization Hil
. gh-efficiency heating
Refrlg erator systems equipment

13.7

Source: Energy Information Administration, Form EIA-457A, B, C, E. and H of the 2001
Residential Energy Consumption Survey.

Heat Pump Water Heater

Heat pump

Compressor

Hot water outlet . 4 Evaporator

* Air to air
Tankless water _ I
heaters \Water to air Upper thermostat —{

Resistance

\\Nater to water slements | P —

Lower thermostat

Cold water inlet —,ﬂ : 1 Insulation
Ground to water Droin———— &
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O, emissions in 100 US cities

Energy use for CO, emissions in tons/cap-
year

% of total

Source Gleaser and Kahn (2008)

It appears that in the US
Increasing trend of carbon
emissions has been
reversed in 2007 (Brown,
2009)

*Higher appliance energy standards
«Stricter automobile emissions standard
Virtual phasing out of coal power plants

*Very large increase of renewable energy
production, etc.
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IRENEWahIe.energysselirces™
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2antial renewable energy sources (from Johnson, 2009)
~ Source Electric energy generation potential worldwide
: TerraWatts-hrs in a year*

Solar photovoltaics 470,278
Concentrating solar 275,556
Wind (land based) 105,556
Ocean (tidal and wave) 91,398
Hydropower 13,889
Geothermal 12,500
Wind (offshore) 6,111

Sources: NASA, World energy statistics and balances;
OECD/IEA 2008, National Renewable Energy Laboratory;

1 Terra Watt = 1012 Watts




6.0-6.9

Midpointof |

rone valus

Concentrated heat

Photovoltaics
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~ 3(‘ Ut rom Renewable Enengy: .

-

rov
Improving nutnmlled ventilation
Lo insulation \ contral __

Rainwater utilization High-efficiency heating
systems equipment

Conceplual Drawing of Green Building

energy sources

1.4. MW Voltaics array in Sonoma Valley Wmd turbmes in Dongtan = courtesy Arup
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CornsgrveErive assumptlons Tofine o

Jclror GO PAL OF the electic eney prod-u_cti_on will
BENEalced from 0.62 kg CO,/KW-hr today to 0.35 kg
SO /IWEhr by 2030 — 2035

SVEHICHaIFtrarfic- majority of cars will be hybrid and plug-

INSyexpected GHG emissions reduced by 60%. Minimum
= -fflc IS anticipated In ecocities

g—

g‘_;—. Public transportation by electric trains, light rail and
= Buses will increase but the carbon footprlnt will decrease

s IHeating by passive energy savings, insulation and using
neat pumps will reduce heating carbon footprint
* Electricity use by households Is expected to decrease by
60 — 70 % (National Science and Technology Council)
These measures could reduce carbon footprint from 8.7 tons of
CO,/cap-year to 3 tons CO2/cap-year (slightly less than Barcelona
today)
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Welelytisednvater contettion™

> Redielfle water use from 0.5 me/person-day: o) 0.2

2/ oerso=clevawill reeltice eaigelo) feieit o)t o)V 02

'rona/r' p/ yeal

BuReiioiheat from used water and proeducing electricity.
HEMNUASE biegas by fuel cell 0.47 tons/cap/-year

PRYiEcellaneous (reduction of pumping cost by bringing

— J r'mwater drainage ({0) surface etc. ) 0.3 tons/cap/ year

= combustrble refuse In Incinerators Is carbon neutral

Total new water/stormwater/used water
management carbon footprint reduction

1 ton/cap-year




RCORELUSIONS -

SRUSHas one of the highest per capita footprnt
=NEeV density urban centers
— rligrlzttaroglegtse - S—
SRereaiveliance on fossil fuel (primarily coal) power production
AUOPNG and adapting| the ecocity guidelines increases
Jjgm Weany production from renewable carbon free
Sous CES
aterrconservation is effective

. .-__Blogas conversion to electricity or hydrogen with carbon
seguestering Is effective

Wind! turbines on each block
LLarger inclusion of solar power

Limiting automobile use, hybrids and electric plug-ins are very
effective

— Heat recovery from used water
— More efficient appliances and heating (e.g., heat pumps)

® The goal of net zero carbon footprint is achievable by
2030 even Iin the US
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Dockside Greens in Victoria, BC. Courtesy AquaTex Scientific Consulting




