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SCOPE OF WORK
DESIGN OF SYSTEMS THAT ARE:

- Independent from the power grid

- Portable and robust

- Capable of treating Brackish water and Graywater

- | APPLICATIONS:

- Disadvantaged Communities

- Natural Disasters

- Remote Locations
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GLOBAL STATUS: WATER

Cambodia

Haiti Somalia 5.3 Million People

4.3 Million People 7.5 Million People

D.R. of Congo
36.5 Million People

TOTAL: 1.2 BILLION PEOPLE
Paraguay

el e The population of the world is

increasing while the supply of
traditional water resources are
limited.
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GLOBAL STATUS: WATER

CPP

UNITED STATES

Sewer is abundant!

Areas without freshwater
sources are rich with
brackish groundwater
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|USA Recent Droughts

e Texas Drought:
e Mid-west Drought:

e California Drought:

Valid 7 a.m. EST
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ry Local conditions ma, See accompanying text summary t
Released Thursday, September 15, 2011 for forecast statements. Released Thursday, August 23, 2012 : T ¥
hitp:idrought.unl.eduldm Author: Mark Svoboda, National Drovght Mitigation Center http:fidroughtmonitor.unl.edu/ Author: Michael BreweriLiz Love-Brotak, NOAA/NESDIS/NCDC http:fidroughtmonitor.unl.edu/
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Recent Droughts: CALIFORNIA

-
CALIFORNIA DROUGHT

As of April 3, 2017: 8.2% of the
state is in D1 (Moderate
Drought) status.
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ecent Droughts: CALIFORNIA

. March 28, 2017
U.S. Drou gh t Monitor (Released Thursday March 30, 2017)

Valid 8 a.m. EDT

California

Statistics type: | Traditional Percent Area

Current
2017-03-28
Last Week
2017-03-21

3 Months Ago
2016-12-27

Start of Calendar Year|
2016-12-27
Start of Water Year

2016-09-27

One Year
2016-03-29

Estimated Population in Dro

[ Intensity:
Do [ mally Diry)

erate Drought) . D3 (Extreme Orought)

Author(s):
Eric Luebehusen, | Department of Agriculture
Download:
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|USA Current drought Map ?

US Drought Monitor April 4, 2017

(Released Thursday, Apr. 6, 2017)

g Valid 8 a.m. EDT
'v"‘"-.ll

L=L
6 months
J Intensi
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Anthony Artusa [] D1 Moderate Drought
NOAAMNWS/NCEP/CPC
Extreme Drought
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http://droughtmonitor.unl.edu/
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GLOBAL STATUS: WATER

-Increasing population demands a greater need for clean
drinking water resources.

-Climate change is expected to substantially increase the chance
of future droughts. *

-Brackish water and Graywater are readily available.

* AghaKouchak, A., L. Cheng, O. Mazdiyasni, and A. Farahmand (2014), Global warming and changes in risk of concurrent climate
extremes: Insights from the 2014 California drought, Geophys. Res. Lett., 41, 8847-8852,
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CURRENT SOLUTIONS

1. Water Conservation

2. Storm Water Capture

3. Water Reuse

4. Desalination
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ENERGY-WATER NEXUS

19% of electricity consumptionin
California is for pumping, treating,
collecting, and discharging water
and wastewater.

CPP

Water for Energy

Extraction & Refining Hydropower
Fuel Production Thermo electric
(Ethanol, hydrogen) Cooling

Wastewater Extraction and
Treatment Transmission

Energy Associated Drinking Water
with Uses of Water Treatment

Energy for Water
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IENERGY-WATER NEXUS

How does California’s water-sector
energy COnsumpthn COmpa re Wlth Extraction & Refining Hydropower

Fuel Production Thermo electric

t h e U S ave ra g e ? (Ethanal, hydrogen) Cooling

Water for Energy

Wastewater Extraction and
Treatment Transmission
- A\ rm¥mMANrn
du/\ 11 I\JI
Energy Associated Drinking Water
- X\ rMmNrn with Uses of Water Treatment
DI\ 1 1INV
Energy for Water
- 7/ V. mMnro
l—rl\ 1 1 1 w1l
C.Copeland, N. Carter, Energy-Water Nexus: The Water Sector’s Energy Use, Congressional Research Service, Washington, DC (2017)
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IENERGY-WATER NEXUS

Estimated U.S. Energy Consumption in 2015: 97.5 Quads ug rliaa%%gff é_lia\:)?'g%?';e
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|CARBON FOOTPRINT OF DRINKING WATER

Seawater Desaliation

Imported water requires more energy
than local groundwater/surface water

Imported Water (State Water Project/So. CA)

Imported Water (Colorado River Aqueduct/So.
CA)

Recycled Water (Membrane Treatment)

Imported water requires more energy
than membrane processes!!!

Brackish Water Desalination
Imported Water (Northern California)

Recycled Water (Tertiary Treatment)

Water reuse and brackish water
desalination are less energy intensive than
Importing water.

Local Groundwater

Local Surface Water

0 4.000 8.000 12.000 16.000 20.000
Energy Intensity (kWh per million gallons

Source: http://www.pacinst.org/reports/desalination_2013/energy/
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MEMBRANE TREATMENT TECHNOLOGIES

PRESSURE DRIVEN PROCESSES

- Reverse Osmosis

- Forward Osmosis

ELECTRICAL DRIVEN PROCESSES

- Electrodialysis

- Electrodialysis Reversal
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DROWT Technologies

PV-RO

Feed
Water

UV Disinfection

RO Membrane 2

CPP
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DC Power Supply

PV Solar Panel

Saline
Feedwater

Power to ED unit's Electrodes

S

Fresh Water

y(=

Char )
Regu ator Batteries

Concentrate
Discharge

Post-Treatment
Low Pressure
Circulation Pump
ED Membrane Stack
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IPV-RO (Preliminary Design)

FOUR SUBSYSTEMS |

1
ermeateiii
| BliPermez

1. Reverse Osmosis

2. Hydraulics

3. Photovoltaic

4. Automation

High Pressure Pump Needle'Valve
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Flow Rate (gpm)

PV-RO (Preliminary Design)
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Permeate Conductivity (1S/cm)
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PV-ED

FOUR SUBSYSTEMS

1. Electrodialysis

2. Hydraulics

3. Photovoltaic

4. Automation
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LABORATORY TESTING

UNIT TESTING RESULTS
Initial Conductivity (2680
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HOW MUCH DOES IT COST?

Electrical $500

IN-HOUSE
Hydraulics PILOT UNIT ESTIMATE:
$2,000 TOTAL: $7,000 $4,000
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CONCLUDING REMARKS

- Solar-powered and Off-grid Reverse
Osmosis and Electrodialysis systems are
viable alternatives to traditional
desalination methods.

- Solar Optimization tests are further
required for efficiency of the system
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