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The Issues: Population & Water Scarcity

The impending CI'iSiS Of 1995 World Population: 5.7 Billion

———

supply and treatment of (£ i suticioncy 9256
water in urban areas.

* [n 1800 only 3% of the
world population lived
in urban areas.

® By 1900 it was 14%.

* [n 2007 half of the
global population (50%)
lives in urban areas.

(Source: Stein et al., 2006)



The Issues: Population & Water Scarcity

O B Desertification Vulnerability

VULNERABILITY OTHER REGIONS

x M— SCALE 1:100,000,000
| Moderate . Cold 0 MO0 20 M0 40 B0 6 T B
B High [ Humid/Mot vulnerable
. \ory High lce/glacier
Fourtry et b

(Source: http://soils.usda.gov/use/worldsoils/mapindex/desert.html)



The Issues: Population & Water Scarcity

Water Shortage:

.‘1 I Statewide

] Il Regional
ﬁ [ Local
[ |None

No response or uncertain

States where water scarcity is expected over the next 10 years
(Source: GAO, 2003).



The Issues: Water-Energy Nexus

Water Use Cycle Energy Intensities (kWh/MG)

Source

/

Water Use Cycle
Boundary

A 4

End-use
Agricultural
Residential
Commercial

Industrial

Source

Typical Range = 2,000 to 20,000 kWh/MG

(Source: California Energy Commission, 2005 Integrated Energy Policy Report)




The Issues: Water-Energy Nexus

(Source:

California’s Water Supply Systems

Lester Snow, California Department of Water Resources)
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The Issues: Water-Energy Nexus

Water-Related Electricity Use in CA (2001)

Electricity
(GWh)
Water Supply and Treatment
Urban 7,554
Agricultural 3,188
End Uses
Agricultural 7,372
Residential
Commercial 27,887
Industrial
Wastewater Treatment 2,012
Totals 48,012
2001 Consumption 250,494
Percent of Energy Use 19%
CO; e (Million Metric Tons) 56

(Source: California Energy Commission, 2005 Integrated Energy Policy Report)

Approximately 25% of
the country’s energy
use is related to water
in some form.



The Issues: Water-Energy Nexus

Regional Differences in Water-Related Electricity Use

Northern Southern

California California

kWh/MG kWh/MG
Supply & Conveyance 150 8,900
Water Treatment 100 100
Distribution 1,200 1,200
Wastewater Treatment 2,500 2,500
Regional Total 3,950 12,700

(Source: California Energy Commission, 2005 Integrated Energy Policy Report)




Living Building Challenge

BEAUTY

EQUITY

ENERGY
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Living Building Challenge

Living Building Challenge 2.0
Net Zero Water

® One hundred percent of occupants’
water use must come from
captured precipitation or closed £ siion
loop water systems that account
for downstream ecosystem impacts
and that are appropriately purified
without the use of chemicals. i

' ENERGY
MATERIALS

HEALTH

(Source: https://ilbi.org/lbc/LBC%20Documents/LBC2-0.pdf)



Living Building Challenge

Living Building Challenge 2.0

Ecological Water Flow

®* One hundred percent of storm
water and building water discharge LIVING BUILDING CHALLENGE 2.0
must be managed onsite to feed the
project’s internal water demands or
released onto adjacent sites for
management through acceptable
natural time-scale surface flow, i
groundwater recharge, agricultural b e

MATERIALS

use or adjacent building needs. HEALTH

(Source: https://ilbi.org/lbc/LBC%20Documents/LBC2-0.pdf)



Research Objective

To develop a suitable
methodology for the
design and sustainable
management of water in
buildings located in urban
areas.
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Solaire Apartment Building in New York



Research Objective

Characterization and assessment of water treatment
technologies for reuse.

| @ Industry Raw wastewater
Domestic, household* Primary effluent
Domestic, irrigation Secondary effluent
@ Nature Tertiary effluent

v
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(Source: J. de Koning et al., 2008)



Proposed Design Methodology
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Case Studies

Lloyd Crossing Sustainable Urban Design proposed in Portland, OR.

100% of non-potable water supply through rainwater and black water reuse.
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Case Studies

Lloyd Crossing Sustainable Urban Design proposed in Portland, OR.

CATALYST PROJECT

insat windows
south shading
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Mobe: This concept plan is not intended
Mid-rise Alternate: Sustainable Strategies @“‘p h d.mm



Case Studies

Bullitt Foundation

* Six-story office building located
in Seattle.

* Designed to meet the
requirements of the Living
Building Challenge 2.0.

® The building is supplied in its
entirety with rainwater (using
composting toilets and
greywater treatment using the
vegetated roof).

(Courtesy: University of Washington Integrated Design Lab)



Case Studies

Bullitt Foundation
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Case Studies

Bullitt Foundation

OVERFLOW TO CITY STORM SYSTEM
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Courtesy: 2020 Engineering
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Case Studies

Bullitt Foundation
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(Courtesy: University of Washington Integrated Design Lab)



Case Studies

Bullitt Foundation
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INSIDE BUILDING

ouTt

DRIP IRRIGATION
DRAINFIELD
P11

OUTSIDE BUILDING

EVAPOTRANSPORATION

OVERFLOW TO CITY STORM SYSTEM

STORMWATER CONVEYED

Courtesy: 2020 Engineering

,-*l------.---.-.----------------\p--I---ql-“-_-.----3-----.-.

} ]
1 \ 1
GROUND INFILTRATION
(GROUNDWATER RECHARGE |

ouTt

|

ROOF
SCREENS

| RAINWATER!

it

MEMBRANE ROOF (CATCHMENT AREA)

DOWNSPOUT FILTER

EVAPOTRANSPORATION

GREEN ROOF
CONSTRUCTED WETLANDS
(GREYWATER TRETMENT)

PRESSURE

POTABLE TANK

WATER =
TANK DUAL
— BOOSTER

PUMPS

TO CISTERN

S ——
CARBON UV LIGHT
FILTER DISINFECTION

FILTERS

FLOATING INTAKE I

CALMING INLET

CISTERN

DRINKING
FOUNTAINS

GREYWATER

SHOWERS

FILTERS

FILTER

—
GREYWATER
STORAGE
TANK

MICRO-
FLUSH
TOILETS

RECIRGULATION

COMPOST
UNITS






Dynamic Simulation: The Solaire

The Solaire

e 27-Story apartment building
located in New York.

* |n operation since 2004.

* Results published about this
building indicate a reduction in
the consumption of potable
water of 50%

® The results from this building
are used to validate a dynamic
simulation program of water
flows.
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Measured Results: The Solaire

70,000

60,000

50,000

40,000
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Conventional Bldg. Solaire Total Use Solaire Potable Use
Total Use (Potable) (Pot. + Reuse)

(Source: Zavoda, 2005)



Measured Results: The Solaire

Reclaimed Water Usage
Cooling Tower Toilets
Avg. 7,770 gpd Avg. 9,040 gpd

Cooling Tower Usage

Potable Water Reuse Water
Avg. 2,400 gpd Avg. 7,700 gpd

Total Building Consumption

Potable (66%)
Avg. 32,100 gpd

Reuse (34%)
Avg. 16,800 gpd

(Source: Zavoda, 2005)



Measured Results: The Solaire

SOLAIRE WATER USE FOR 2007

Gallons Gallons
Per Day P ber Day Par FiS of Tota
¥ ¥
NYC Potable Supply 33,083 47 (.05 63% Of All water Use
Reuse Water Supply 15555 28 .05 ATH Of Al Water Use
Total Water Use 52,618 75 .15 100%
Cooling Towear Potable 4,363 G .01 13% Of NYC Supply
Cooling Tower Rausa 4,323 G .01 22% Of Reuse Supply
Total Cooling Supply B,GBE 13 0.02 17% Of Total Water Use
Other Uses
Humidification Supply 583 i 1% Of Total Water Use
Irrigation 219 0.3 0% Of Total Water Use

(Source: www.hpbmagazine.com)



Measured Results: The Solaire

Membrane bioreactor (MBR) and UV/Ozone wastewater treatment
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Distributed Water Reuse System Schematic Q { T

.‘ Wastewater collected for treatment
.‘ Stormwater collected for treatment where appropriate I R“”m

.‘ Biological treatment To Irrigation :
-' Final polishing and disinfection Alliance Enviranmental LLC
.' Storage for nonpotable reuse

(Source: www.werf.org)



Dynamic Simulation Results

Weather & Cooling Energy Data:

Annual Precipitation
Annual Average DBT

Annual Air-conditioned Hours (Calculated)
Annual Cooling Energy Use (Calculated)

Cooling Tower Water Use:

Annual Cooling Tower Use (Potable + Recycled Water)
Average Daily Cooling Tower Use (Potable + Recycled Water)
Average Daily Cooling Tower Use per Resident (Potable + Recycled Water)

Annual Cooling Tower Use (Potable Water)
Average Daily Cooling Tower Use (Potable Water)
Average Daily Cooling Tower Use per Resident (Potable Water)

Annual Cooling Tower Use (Potable Added to Reused)
Average Daily Cooling Tower Use (Potable Added to Reused)
Average Daily Cooling Tower Use per Resident (Potable Added to Reused)

Annual Cooling Tower Use (Reused Water)
Average Daily Cooling Tower Use (Reused Water)
Average Daily Cooling Tower Use per Resident (Reused Water)

HOURLY SIMULATION MEASURED / REPORTED
Jan - Dec 2004 Jan - Dec 2004
52.1 [Inches
54.3 |°F
3,798 [Hrs.
2,882,332 (KWh
3,298,136 Gallons
9,011.3 9,049.0 |Gallons
12.3 Gallons/Capita
662,750 Gallons
1,810.8 1,894.0 |Gallons
2.5 Gallons/Capita
696,280 Gallons
1,902 Gallons
3 Gallons/Capita
2,635,385 Gallons
7,201 7,155 |Gallons
10 Gallons/Capita

Solaire inflow/outflow reclamation humbers obtained from:
(Zavoda, 2005; Engle ,2006).



Dynamic Simulation Results

Humidification (2007 extrapolated) = 213,795 g/ year
Humidification (1% potable) = 102,764 g [ year
Hourly Humidification (from 2007) = 72.8 gph
Humidification Temp. Set Point = 45 °F
Day Date Hour Precipitation Precipitation DB Temperature Humidification Humidification
{inches) {inches) (°F) {yes=1/ no=0) Potable (gph)

Wednesday 20030101 1 0.00 0.000 48.0 1] 0.0
2 0.00 0.000 48.0 ] 0.0
3 0.00 0.000 45.0 ] 0.0
4 0.00 0.000 45.0 ] 0.0
3 0.00 0.000 48.0 0 0.0
6 0.00 0.000 48.0 0 0.0
7 0.00 0.000 49.0 0 0.0
8 T 2.00 0.001 49.0 1] 0.0
9 0.020 1.00 0.020 47.0 ] 0.0
10 0.040 1.00 0.040 456.0 ] 0.0
11 0.030 1.00 0.030 45.0 ] 0.0
12 0.040 1.00 0.040 43.0 1 72.8
13 0.090) 1.00 0.090 42,0 1 72.8
14 0.050) 1.00 0.050 40.0 1 72.8
15 0.050, 1.00 0.050 39.0 1 T8
16 0.190, 1.00 0.190 38.0 1 72.8
17 0.100, 1.00 0.100 38.0 1 72.8
18 0.070, 1.00 0.070 38.0 1 7.8
139 0.100) 1.00 0.100 38.0 1 72.8
20 0.200) 1.00 0.200 38.0 1 72.8




Dynamic Simulation Results

ergy Building Area = 356,787
) No. of Units = 293
Occupants = 730 )
W.C. Bathroom Sink Shower Bathtub (as Shower) Batht
506 1.6 624 1.5 133 2.5 421 2.5 421
(total fixtures) (g. per flush) 7 (total fixtures) (gpm) (total fixtures) (gpm) (total fixtures) (gpm) Y (total fixtures)
ey W.C. Bathroom Sink Shower Bathtub Batht
{Flushes / Hour) {zph) ) (Minutes Used) (gph) {Minutes Used) {zph) {Minutes Used) {gph) {Minutes Used)
76 121.6 38 57.0 0 0.0 0 0.0 0
18 28.8 7 10.8 0 0.0 0 0.0 0
15 24.0 5] 9.0 0 0.0 0 0.0 o
15 24.0 5] 9.0 0 0.0 0 0.0 0
127 203.2 171 257.2 85 212.5 210 525.0 0
506 809.6 759 1,138.5 430 1,200.0 1,518 3,795.0 0
557 891.2 836 1,253.3 138 345.0 378 945.0 0
455 728.0 614 921.4 60 150.0 126 315.0 0
101 161.6 51 75.8 0 0.0 0 0.0 0
101 161.6 51 75.8 0 0.0 0 0.0 0
101 161.6 a1l 75.8 30 73.0 102 255.0 0
253 404.8 127 189.8 0 0.0 0 0.0 0
278 4448 133 208.5 0 0.0 0 0.0 0
127 203.2 64 95.3 0 0.0 0 0.0 0
101 161.6 51 75.8 0 0.0 0 0.0 0
253 404.8 127 189.8 0 0.0 0 0.0 0
304 456.4 152 228.0 0 0.0 0 0.0 0
206 809.6 233 379.5 0 0.0 0 0.0 0
506 809.6 253 379.5 0 0.0 0 0.0 a7
607 971.2 759 1,138.1 78 135.0 252 630.0 33




Dynamic Simulation Results

Weather & Cooling Energy Data:

Annual Precipitation
Annual Average DBT

Annual Air-conditioned Hours (Calculated)
Annual Cooling Energy Use (Calculated)

Cooling Tower Water Use:

Annual Cooling Tower Use (Potable + Recycled Water)
Average Daily Cooling Tower Use (Potable + Recycled Water)
Average Daily Cooling Tower Use per Resident (Potable + Recycled Water)

Annual Cooling Tower Use (Potable Water)
Average Daily Cooling Tower Use (Potable Water)
Average Daily Cooling Tower Use per Resident (Potable Water)

Annual Cooling Tower Use (Potable Added to Reused)
Average Daily Cooling Tower Use (Potable Added to Reused)
Average Daily Cooling Tower Use per Resident (Potable Added to Reused)

Annual Cooling Tower Use (Reused Water)

Average Daily Cooling Tower Use (Reused Water)
Average Daily Cooling Tower Use per Resident (Reused Water)

Space Humidification Water Use:

HOURLY SIMULATION MEASURED / REPORTED
Jan - Dec 2004 Jan - Dec 2004
52.1 [Inches
54.3 |°F
3,798 [Hrs.
2,882,332 |KWh
3,298,136 Gallons
9,011.3 9,049.0 |Gallons
12.3 Gallons/Capita
662,750 Gallons
1,810.8 1,894.0 |Gallons
2.5 Gallons/Capita
696,280 Gallons
1,902 Gallons
3 Gallons/Capita
2,635,385 Gallons
7,201 7,155 |Gallons
10 Gallons/Capita




Dynamic Simulation Results

Space Humidification Water Use: HOURLY SIMULATION
Annual Potable Water Space Humidification Use 188,334
Daily Potable Water Space Humidification Use 515
Daily Potable Water Space Humidification Use per Resident 1

Residential Water Use:

MEASURED / REPORTED

Gallons
Gallons
Gallons/Capita

Flushes
Flushes
Flushes/Capita

Gallons

9,436.0 |Gallons

Toilet Use:

Annual Toilet Flushes 2,158,424
Daily Toilet Flushes 5,897
Daily Toilet Flushes per Resident 8.1
Annual W.C. Use 3,453,478
Daily W.C. Use 9,436
Daily W.C. Use per Resident 13
Annual W.C. Use (Potable Added to Reused) 7,947
Daily W.C. Use (Potable Added to Reused) 22
Daily W.C. Use per Resident (Potable Added to Reused) 0
Annual W.C. Use (Reused Water) 3,445,531
Daily W.C. Use (Reused Water) 9,414.0
Daily W.C. Use per Resident (Reused Water) 12.9
Lavatories:

Annual Lavatory Minutes Used 1,973,939
Daily Lavatory Minutes Used 5,393
Daily Lavatory Minutes Used per Resident 7.4

Gallons/Capita

Gallons
Gallons
Gallons/Capita

Gallons
Gallons
Gallons/Capita

Minutes
Minutes
Minutes/Capita



Dynamic Simulation Results

Lavatories:

Annual Lavatory Minutes Used

Daily Lavatory Minutes Used

Daily Lavatory Minutes Used per Resident

Annual Lavatory Water Use
Daily Lavatory Water Use
Daily Lavatory Water Use per Resident

Bathing (Includes Shower + Bathtub Use):
Annual Showering + Bathing Minutes Used

Daily Showering + Bathing Minutes Used

Daily Showering + Bathing Minutes Used per Resident

Annual Bathing Use
Daily Bathing Use
Daily Bathing Use per Resident

Kitchen Sinks:

Annual Kitchen Sink Minutes Used

Daily Kitchen Sink Minutes Used

Daily Kitchen Sink Minutes Used per Resident

Annual Kitchen Sink Use
Daily Kitchen Sink Use
Daily Kitchen Sink Use per Resident

Dishwashers:

Annual Dish Washer Loads

Daily Dish Washer Loads

Daily Dish Washer Loads per Resident

HOURLY SIMULATION

1,973,939

5,393

7.4

2,960,908

8,090

11

1,455,723

3,977

5.4

4,298,000

11,743

16

390,258

1,066

1.5

858,567

2,346

3

63,621

174

0.2

MEASURED / REPORTED

Minutes
Minutes
Minutes/Capita

Gallons
Gallons
Gallons/Capita

Minutes
Minutes
Minutes/Capita

Gallons
Gallons
Gallons/Capita

Minutes
Minutes
Minutes/Capita

Gallons
Gallons
Gallons/Capita

Loads
Loads
Loads/Capita



Dynamic Simulation Results

Residential Water Use Summary:

Total Annual Potable Water Use

Total Daily Potable Water Use (excluding humidification)
Total Daily Potable Water Use per Resident

Total Annual Recycled Water Use
Total Daily Recycled Water Use
Total Daily Recycled Water Use per Resident

Waste Water Treated, Recycled & Discharged:
Annual Waste Water Produced

Daily Waste Water Produced

Daily Waste Water Produced per Resident

Annual Treated Water Recycled (includes potable supplement)
Daily Treated Water Recycled (includes potable supplement)
Daily Treated Water Recycled per Resident (includes potable supplement)

Annual Waste Water Discharged to Sewer
Daily Waste Water Discharged to Sewer
Daily Waste Water Discharged to Sewer per Resident

Irrigation Water Use (Rainwater Harvesting System):
Annual Recycled Water Irrigation Use

Daily Recycled Water Irrigation Use

Daily Recycled Water Irrigation Use per Resident

Annual Rainwater Discharged (Hudson River)
Daily Rainwater Discharged (Hudson River)
Daily Rainwater Discharged (Hudson River) per Resident

HOURLY SIMULATION MEASURED / REPORTED
9,675,983 Gallons
26,437 26,956.0 |Gallons
36 Gallons/Capita
3,453,478 Gallons
9,436 9,436.0 |Gallons
13 Gallons/Capita
13,318,204 Gallons
36,389 36,392.0 |Gallons
50 Gallons/Capita
6,088,864 Gallons
16,636 16,591.0 |Gallons
57 Gallons/Capita
7,648,719 Gallons
20,898 19,801.0 |Gallons
29 Gallons/Capita
203,358 Gallons
555.6 Gallons
0.8 Gallons/Capita
85,156 Gallons
233 insignificant |Ga||ons
0 Gallons/Capita
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