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Problem: ® Water Scarcity
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Overall Goal:
Develop a
dual desalination and

energy storage system
that considers




PRO BRO Targets

Stakeholders

Water Scare Populations
Coastal Communities

Local Power and Water
Utilities

Local Governments

Customer Needs

Clean Water Production

Affordability

Low Environmental
Impact

Integrate with existing
water/power grid




Design Overview

Use osmotic technology to produce water and store energy

sea water | Pressure |diluted brine sea water Batch [clean water
: Retarded :
brine ) energy energy Reverse brine
Osmosis Osmosis

Benefitsof PRO #BRO ¢

 Can produce both fresh water and clean energy

e Uses brine byproduct from RO during PR

* Dilutes harmful brine byproduct of desalination




Innovation #1: PRO BRO
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Innovation #2: WEC Improvement

Variable Pressure Alternates with batch direction
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esign Overview
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Build and Test
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Physical Design Set-Up
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Membrane

Pressure
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WEC and PRO BRO Prototypes

WEC
Piston

Pressure
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Performance
Leak Results

Phase 1: Individual Components
| LeakLocation | Mode? (Crlo One) | Resolved?(CirceOne) | Date | MNotes |
ﬁ 3-Way\{alves PRO BRO YES NO 4/18-4/21 Addressed when found,
(Recuring) small drops
m Calibration

Membr.ane PRO B8RO YES NO 4/18-4/21 Parts shifted as needed,
(Recuring) small drops
. Valve not rated high
Phase 2: Com pone nt | nteg ration Pressure Relief Valve PRO  BRO YES  NO 4/26 e;:c“kg;‘r;’;:frz ':'r‘;:t

pump in reverse

———

Valve Synchrony
Valve Synchrony Results
Component ““ PRO Position? (Circle One)

Tightened as needed,

Tanks (Recuring) PRO BRO YES NO 4/18-4/21 e

Three Way Valve 1 YES NO

Three Way Valve 1
Three Way Valve 2 YES NO 4/14/22 Use BRO Mode in VI
R YES NO 4/14/22 Use PRO Mode in VI
Three Way Valve 3 YES NO Three Way Valve 3 YES NO
Three Way Valve 4 YES NO Three Way Valve 4 YES NO
Three Way Valve 5 YES NO Three Way Valve 5 YES NO
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WEC and PRO BRO Assembly - Electronics
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WEC Assembly - Electronics Wiring

+24V D Powar Supply
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PRO BRO Assembly - Electronics Wiring

Variable
Frequency
Drive (VFD)
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PRO BRO Assembly - Electronics Controls

[

INPUTS OUTPUTS
Vahees BRO Mode HPP High Pressure Pump Voltage
~— . a

Valves PRO Mode Throttle Vabee

Throttie Vahve Voltage

(

CP On/OFF =
. -'_J Circulation Pump Violtage
E - Stop

nput filename - default save is csv
- ALWAYS USE E-STOP ~~
N when pumps are runmning

Maming Convention: Input filename before running V1

BRO_test® date
logfile

- testing/ data collection
- default save for misc. runs

USB flash drive info File path

58651 MB capacity with 55534 MB free (95%) % /WRO to PRO Switch.csv

filenarnes

folder mames

Auger Arm

Mumber of clock cycles
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Modeling and Validation
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BRO Validation
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Frinciple of Reverze Osmogis by Hollow Fiber

Key Assumptions

Water Incompressible, isothermal, constant density
Properties

Pump Pumps are fixed-displacement machines, constant
Operation torque efficiencies

Mechanical Pipe-induced losses are negligible, one-direction
Losses uniform flow

Membrane Salinity change in the radial direction can be
Performance neglected

18



Displacement [in]
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WEC Experimental Results

WEC Piston Position Over Time

20 40 60 80

Time [sec]

Demonstrates double acting “wave”
input to the system causing increasing
pressure

100
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Hydraulic Pressures Over Time
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4 | over continuous RO
P,
0
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Demonstrates double acting “wave”
input to the system causing increasing
pressure
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Modeling Results- BRO

5

SEC Total (kWh/m>)

LCOW ($/m°) Desired Operating
Parameters:

Inputs
50-55% recovery ratio
30 LMH permeate flux

35 ppt feed input

45+

4_

35

3_

25T

Outputs

LCOW: $1.414/m3
15 R | SEC: 3.2201 kWh/m3
Output Brine: 57.8 ppt

2_

1

10 20 30 40 o0 60

Recovery Ratio (%)
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Modeling Results - PRO
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Modeling Results - Combined Process

Daily Energy (kWh/day)

o 1 2 3 4 5 6 7 &8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours in PRO Mode Per Day (hr/day)

=== BRO Energy Consumption === PRO Energy Consumption
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Business & Market Plan
O



Full-Scale Cost & Market Opportunities

Cost Estimation

Parameter Cost U.S. Water Desalination Equipment Market

WEC CapEx
PRO-BRO CapEx
WEC OpEx
PRO-BRO OpEx
LCOW

LCOE

size, by technology, 2018 - 2028 (USD Billion)

$3,800,000

$200,263,000

$6,810,700

$30,279,100 I I I

$1.41/m3 IEEEEEEEEEN
$0.22/kWh O Wit Dsthaton WED) @ otars

Projected to reach $25B in

2032

Market Opportunities

Widely available wave
energy and source of
brackish water

Generate $4.36M/year
for >25% recovery ratio

Store energy at a low
cost

Save $16.9/MWh
for reduced
CO, emission
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PRO-BRO vs. Competitors

Levelized cost of water ($/m°)

i s180/m: 182 Environm Independen
1.8} . . .
w2 entally implemen | mainte |t of climate/
16 .
Y 5141/ m GE) friendly geography
1.2 %
i e PRO-BRO v 4 x v
0.8 ©
06} aE) Deep well x X v X
04| I=i injection
—
il = Brine P% v v X
0 ' - - - .
: Ty g evaporation
wwoo  TINREL BRSO 2

LCOW LCOE ($/kWh) | Availability
| o ($/m3)
Recovery ratio: 9 aé PRO-BRO 1.41 0.22 On demand
. _ OO 3 —
Resolute Marine - 35% % N Solar PV 0.35 0.057 Intermittent
(o) o
PRO-BRO - 50% S \ind 1.80 0.039-0.084  Intermittent

Hydropower : 0.039 On Demand



Triple Bottom Line Risk & Mitigation Strategies

High bank loan interest ‘ Follow 3-stage market strategy
Few resources in small . :
Balance stakeholders needs ‘
Compete for financial
. Modify PRO-BRO configuration
—)

Integrate customers'’
requirements in design

People
| 4
]
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Community Outreach
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Community
Outreach

* Purdue Engineering Student
Council (PESC) Mastering ldeas
Necessary for Developing
Students (MINDS) Event

* 54 elementary and middle school
students

* One of four engineering related
activities put on by Purdue
clubs/teams

e Sand filter competition




Community
Outreach

* Teams of two students

e Brief overview of what is a sand
filter and why it's important

e Sand, gravel, coffee filter
materials

* Try to make the most effective
filter! (based on water clarity)




- E —
-
E——
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Community |
Outreach

* Group testing and evaluation to
determine the winner

e Each team describes how they built their
filter

* Post testing asking questions on why
they think their filter was
effective/ineffective

* Hope to participate in more education
events the next academic year




Outreach

e Built a team website which focuses p U R D U E

on the scopes of our developing
projects

MARINE ENERGY COLLEGIATE COMPETITION

* |Introductions to the team

* Descriptions of past and present
projects

* Highlight of community outreach
https://purduemecc.wixsite.com/purdue-mecc

31


https://purduemecc.wixsite.com/purdue-mecc

Community
Outreach

e Attended the Malott Innovation
Showcase and Design Expo
postering sessions

* Presented design and modeling
results to judges

e Described further work needed
and future goals in innovation

* Gave practice in how we want to
present our work and how to
communicate results




=~

Conclusion

* |dentified the possibility of
economic and efficiency-
based improvements on
existing desalination plants

* Created a wave-powered dual
desalination and energy
production system utilizing
these improvements

e Spread awareness of water
scarcity and inspired interest
in STEM in the local K-8
community

33



Questions?
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PRO-BRO vs. Competitors

Total addressable market Target market _
Wave-powered RO companies

& WEC developer

Expansion market

Target market

Expansion market
Remote islands residents,

governments, hotels and non-
profits

$1.80/ m? $1.82/ m?

Total addressable market
All coastal communities and
those who are in need of the
system

$1.41/ m?

-
&

r$1.30/m?

-
N
T

Levelized cost of water ($/m°)
o o o
S (2] [e+] -

o
¥

o

N e PRO ¢
ERE  wwobe  MNREL  BRY
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Competition

Renewable energy Desalination Process
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Modeling Diagram - PRO
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Modeling Results- BRO

3 T 4 T T T T T

I Circulation Pump R _

I High Pressure Pump - Circulation Pump
B High Pressure Pump | |

2.5

SEC(kWh/m®)

0.5
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Flux (LMH) .
Recovery Ratio (%)
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Physical Design Set-Up (cont.)

-




Endurance

High-Pressure Pump Membrane

Pressure:/MPa

7%
4% ‘
- [> 0%

Permeate

(% in NoCl)

F22 flexible-coupled to 56C, 142TC, and 145TC frame motors,
shown with 31 6L Stainless Steel pump head.

Pressure:7MPa

High pressure side

Low pressure side

* The numbers above are exomples.

» 10%
> 3%
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Safety

PSupports ﬁ

PRO-BRO CO-WAVE

Membrane
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afety (cont.)
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Performance

Phase 1: Components Phase 2: Integration

Valve
Synchrony

DOA Testing P Calibration

Power Brine Dilution
Generation with
with Varying An Varying Amn

Basic Power Basic Permeate
Generation Production

Mode Salinity Model
Switch Time Retention Validation




Phase 1 (DOA) Testing Results

 Comonem [ Dow(omieon | oe | Mo
YES NO 4/14/22 Replace wiring

YES NO 3/31/22 Good

YES NO 3/31/22 More resistance than expected

YES NO 3/31/22 Good

YES NO 3/31/22 Good

YES NO N/A Removed from system

YES NO N/A Removed from system



Phase 1 (DOA) Testing Results (cont.)

Component

Pressure Sensor 1
Pressure Sensor 2
Pressure Sensor 3
Electrical Conductivity Sensor

Booster Pump
Circulation Pump
High Pressure Pump

Generator

Three Way Valve 1
Three Way Valve 2
Three Way Valve 3
Three Way Valve 4
Three Way Valve 5

YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO
YES NO

. Date | Notes
4/6/22 Good
4/6/22 Good
4/6/22 Replaced; Good
4/6/22 Good
4/6/22 Good
4/6/22 Good
N/A Test in Phase 3
N/A Removed from design
4/13/22 Good
4/18/22 Remember flow direction
4/19/22 Spins
4/5/22 Good
4/5/22 Good
4/5/22 Good
4/5/22 Good
4/5/22 Good



Phase 1 (Calibration) Testing Results

0.7

Flow Sensor 1 No gauge data 4/21 Expected value

No gauge data 0.7 4/21 Expected value
No gauge data N/A N/A Not Calibrated
Pressure Sensor 1 No gauge data 1.7 4/21 Expected value
Pressure Sensor 2 No gauge data 2 4/21 Expected value

Pressure Sensor 3 No gauge data N/A N/A Not Calibrated




Phase 2 (Valve Synchrony) Testing Results
YES NO

Three Way Valve 1

Three Way Valve 2 YES NO 4/14/22 Use BRO Mode in VI
Three Way Valve 3 YES NO
Three Way Valve 4 YES NO

Three Way Valve 5 YES NO



Phase 2 (Valve Synchrony) Testing Results (cont.)

o —-
YES NO

YES NO 4/14/22 Use PRO Mode in VI




Phase 2 (Leak) Testing Results
| Leaklocation | _Mode? (Circle One) | Resolved? (Circle One) | Date | Notes

3-Way V.alves PRO BRO YES NO 4/18-4/21 Addressed when found,
(Recuring) small drops
Membt:ane PRO BRO YES NO 4/18-4/21 Parts shifted as needed,
(Recuring) small drops
Valve not rated high
Pressure Relief Valve PRO BRO YES NO 4/26 enough or significant
back pressure from
pump in reverse
Tanks (Recuring) PRO BRO YES NO 4/18-4/21 Tightened as needed,

small drips




CAD Overview - Reverse Osmosis (RO) Mode

Turbine &
Generator

- 4 [ permeate
= | Bucket

Membrane

HS Bucket
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| ——— s Seawater
- Seawater Tank (PRO)
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[ HS Bucket (PRO) ] ank (RO) PfgI?:;e Clrculatlon
= Permeate Pump
Bucket

= High Salinity Brine



CAD Overview - Pressure Reverse Osmosis (PR0) Mode

Turbine &
Generator

HS Bucket
(RO)

Membrane

Pressure
Relief
Bucket

MS Bucket
__ (PRO)

Valve f Y

l _

i

HP Pump :

l Seawater

o ‘ Tank(RO)}j
= Seawater = High Salinity Brine
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N
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Manufacturing Overview - High Level

O Label all components

£ Apply tape to thread connections

8 Assemble static pipe sections

69 Connect major components (membrane, pumps, etc.)

KN Apply swivel fittings to between major components and hoses

¢ Use 80-20 frames to support fittings



Manufacturing Overview - High Level (cont.)

Membrane




Diluted High
Salinity Brine Tank

Manufacturing Overview - Deailed

—

Key (cont.)

Kev

Output

I Input Valve
I Input & E
Output E

Sensor

High Salinity Brine Tank

Membrane

s Seawater Input Line (RO)

s Brine Output Line (Both RO & PRO)

s Permeate Output Line (RO)

s Seawater Input Line 2 (RO)

s Seawater Input Line (PRO)

Permeate Tank

(]

Input Seawater
Input Seawater Tank for RO and
Tank for RO mode PRO mode




Manufacturing Overview - Detailed (cont.)

Seawater Input Line (RO)

Step | Operation

Description

Equipment

Notes

1 Screw

3/4" NPT Female x Female
Check Valve (2.5) to High
Pressure Inlet

Wrench

High Pressure
Inlet

2 Tape

3/4" NPT Female x Female
Check Valve (2.5) to 3/4"
NPT Male = BSPT Male
Stainless Steel (4.1)

Thread Tape

3 Screw

3/4" Male x Male NPT (4.9)
to 3/4" NPT Female x Female
Check Valve (2.5)

Wrench

4 Tape

3/4" Male x Male NPT (4.9)
to 3/4" NPT Female x Female
Check Valve (2.5)

Thread Tape

5 Screw

Brackets to 80-20 bars

Wrench; Screws

Should support
from 3/4"
Female NPT
Tee (4.3) 1o 3/4"
Female FNPT
Tee (4.10)

6 Assemble

Place frames to hold fittings

80-20 frames

Should support
from 3/4"
Female NPT
Tee (4.3) to 3/4"
Female FNPT
Tee (4.10)

7 Clamp

FD-Q20C 15/20A Flow
Sensor (1.2) to 3/4" x 6" NPT
Stainless Steel Pipe (3.2)

8 Screw

3/4" Female NPT Tee (4.3) to
3/4" x 6" NPT Stainless Steel
Pipe (3.2)

Wrench

9 Tape

3/4" Female NPT Tee (4.3) to
3/4" x 6" NPT Stainless Steel
Pipe (3.2)

Thread Tape

10 Screw

3/4" Female NPT Tee (4.10)
to 3/4" x 6" NPT Stainless
Steel Pipe (3.2)

Wrench

11 Tape

3/4" Female NPT Tee (4.10)
to 3/4" x 6" NPT Stainless
Steel Pipe (3.2)

Thread Tape

12 Label

Male portion of 3/4" Male
NPTF x 3/4" Female BSPP
44)

Label Marker

Membrane Drawing [8]

928mm
70mm ~— 154mm —
— = 1 !
] &
£ E =
S 8 |
=3 =3
| |
e 5 N|
— f 465mm »
?SMF fe——200mm ——|
Notes
1. 15 mm exterior thickness
. 2. Rc fittings are BSPT fittings
Pump Drawing [7]
8.5in 216.0mm
1.57in 2.28in
40.0mm  58.0mm 5.75in 146.0mm
h

—®O

©5

o @&

@ P

3.19in_81.0mm

[

—195

@5

0.2in /
oS.?Omm

2" NPT pipe

0.82in thread

5.16in 131.0mm
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Expected Results

Energy physical relationship comparing RO-PRO hybrid with regular RO
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Expected Results (cont.)

Energy physical relationship comparing traditional RO flushing with RO-PRO hybrid as
salinity increases
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Expected Results (cont.)

Downtime physical relationship between time spent in PRO (flushing for the hybrid
prototype) and salinity
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afety and Technical Inspection Sheet

MECC 2022 Safety and Technical Inspection Sheet

Team Mame: Purdue University

SAFETY - cannot practice or test if noncompliant

= Wiring is deemed safe and uses adequate gauges—no electrocution or averheating hazard

#  Electrical systems are tied to earth ground w/ 100 kahm or lower resistor

=  Energized electrical components are adequately shielded—both electrically and mechanically

=  Proper heat rejection

= Voltage is = 48 V DC at electrical load connection to data acquisition system or other monitoring systems at all times

= All mounting fixtures fit without having to be forced

= For any electrical load: all charging or bulk energy storage follows industry-accepted best practices (i.e., safe dircuitry
avervoltage/undervoltage protection, flame/spill containment)

Electrical

= Al electrical components outside the wet testing space are contained in enclosures (no tape)

= (Cable passthroughs in enclosures provide strain and chafe protection (e.g., cable glands)

*  MHE model device electronics and load electronics in separate enclosures

= All external wiring is in cable form and utilizes commercial connectors

= All electrical components are mechanically secured to enclosures

MHK model device

= MHE model device for testing is substantively the same as in the report

= MHEK model device side of any electrical load: no batteries, excessively large capacitors (indiv. or combo £ 1001)

= (apable of installation in the wet testing fadlity in one assembly to minimize the chance of shifting pieces in the water.

= Designed to be safely lifted by no mare than twao team members. If the device weighs mare than what two team members

= can safely lift, adequate lifting points far a crane or equivalent hoist will need to be designed and inspected. Each team will need
ta evaluate each member's ability and fitness for physical work and material handling.

= Able to be fully assembled outside of the wet testing facility to allow for mechanical and electrical system checks to be
completed before entering the water. It may be necessary for a team to design a dry test stand or mount where the device can
be attached without risk of accddental movement [do not simply place on a tabletop).

Mechonical

=  Review model design, installation, and test plan to minimize pinch points, sharps, entrapment, entanglement, etc.

= Review model design, installation, and test plan to ensure there are appropriate safety measures are in place if using an
energized system |hydraulic pressure, compressed air, etc.}

Personal Protection Equipment (PPE)

= Verify that all team members working on the build and test challenge have access to appropriate PPE such as gloves, eye
protection, closed toe shoes, appropriate work clothing, basic medical kit, etc.

Environmental

= Review installation and testing plan to account for the additional risk of working in or near water,

= Ensure all materials, oils, fluids, ete. used in the build are test are properly handled and disposed of at completion.

Wiring

= Wiring will reach the data acquisition system for measurements that is placed out of the wet testing facility.

= Emergency-stop terminated with standard ST female receptacle with male pins (test fit to data acquisition system)

=  Emergency-stop signal (IST connector wiring) never draws mare than 3 A and uses normally closed polarity during operation
{students to describe)

Load

= Team-supplied electrical or other load is certified for desired use

Inspecting Safety Personnel Printed Mame and Signature:

Date and time: P -
*noncompliance checkboxes should be circled above

Collegiate Team Faculty Advisor Printed Name and Signature:

Date and time: 5/9/2022 1 pm




P&ID

|
e

| ><]

Q

0 C

Q

<}

H K U B

Flow Sensor

Pressure Relief Valve

Turbine

Pump

Filter

Pressure Sensor

37



Project Management/Timeline
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Schematic - RO Mode

HS Brine Tank NG annnnn DiI_UtEd HS % Three Way Valve
IS 7S P4 Two Way Valve
(@ Hydro Turbine
@Generator
=] Membrane Module

High Pressure Pump

Concentrated e e S
Sea Water Tank

Circulation Pump [] Check Valve
A Throttle Valve 71

=== |nactive
== Permeate
m== HS Brine

=== Sea Water
[] Flow Sensor
ll Pressure Sensor
J] Pressure Relief Valve

Sea Water
Tank 1

Sea Water
Tank 2

V‘ EEEEEEEEN




Schematic - PRO Mode

EEEEEEEEEEEEEEER >A< DiIUtEd HS %ThreeWayVaWe
Brine Tank D4 Two Way Valve
(D Hydro Turbine

@Generator
PP Membrane Module

HS Brine Tank

Booster Pump

High Pressure Pump

==s |nactive
Concentrated \v/P i === Permeate
Sea Water Sea Water Tank wm== HS Brine

== Sea Water
[ Flow Sensor
I Pressure Sensor
ll Pressure Relief Valve
[l Check Valve

A Throttle Valve 72

Tank 1

Sea Water
Tank 2

Circulation Pump




BOM and Sourcing Plan

https://www. mcm; lots of options: https:/fwww.m ™

Part atic  Quantity Reuse, Buy, or Make Supplier Part Number Cost Purchase Cost  Material  Link Notes
Sensors
1 GP-M100 Pressure Sensor 11 4 Reuse Keyence GP-M100 5419.00 50,00 https: fwww keyer
I FR-Q20C 15/204 Flow Sensor 1.z 3 Reuse Keyence FO-Q20C 585025 $0.00 hittps/lwee keyer
3 FD-020C 15/20A Flow Sensor 1.2 1 Buy Keyence FD-Q20C 5850.25 5850.25 https:/ fwaw keyer
4 Conductivity K 1.0 Kit Mot Shoewn 1 Buy ArlasScientific WEC-KIT-1.0 $243.00 5243.00
5 Acuvim-L Series Multifunction Power Meter 13 1 Buy 5265.00 5265.00 https://microdag.c ™
Valves 2
B 3/4" FNPT Electric 3-Way Stainbess Valve, 24 vDC 21 5 Buy Walwiorks S65747E 358896 52,944 80 hittps-f fwarw vabwe =
7 347 FNPT 2-Way Valve [12v) 22 1 Reuse Deslat 575.00 $0.00 hitps:/www. deelé"
B 1/2" MNPT x 1/2" FNPT High Pressure Relief Valve 13 2 Reuse Swagelok S2-R4MIFE $415.07 30.00 hitps://products. s ™
9 1727 MNPT x 127 FNPT Low Pressure Relief Valve 2.4 1 Reuss Swagelok S5-RLAMEFE 50.00 https://products.s =
10 3/4" NPT Female x Female Check Valve 15 1 Buy Mchaster Carr FIO5M116 514234 514234 https: ) fwww mem. =
11 Electrical Actuated Ball Valve .6 1 Reuse DynaQuip EXS25AEISES0 (NEW Pr 5852.41 $0.00
Pipe/Hasing 3
17 34" FIIC Swivel &' Hydraulic Hose with Open End 31 3 Reuse Tec Professionals C24512-55612(0¢-72" 50.00 hittps: ffwww.
13 34" FIIC Swivel 6' Hydraullc Hose with Open End 3l 1 Buy Tec Professionals C24512-55612006¢-72" 50.00
14 3/47 » 6" NPT Stainkess Steel Pipe 3z 4 Buy McMaster Camr 4548198 516.70 566.80 316 Stainless
Connections/Fittings 4
15 3/4" NPT Male = BSPT Male Stainless Steel 41 3 Buy McMaster Carr AD9ZKES 540,45 121.35 https:/ fwww mem: ==
16 3/4" NPT Female x Female Threaded Elbow 4.2 1 Buy MchMaster Carr A5525K515 $36.72 $36.72 316 Stainless https:/fwww.mem;: =
17 3/4" Female NPT Tee 43 5 Buy Mchaster Carr A443K645 55869 5293.45 316 Stainless hitps:/ fwww mecm; *
18 3/4" Male NPTF x 3/4" Female BSPP 4.4 3 Reuss Titan Fittings 5590371212 $72.82 $0.00 316 Stainless https:/fwwaw titan
19 /2" NPT Male X BSPT Male Stainless Steel 4.5 1 Buy Mcmaster Carr A097KE4 32834 52834 316 Stalnless https:/ fwww mcm, =
20 12" Female NPT Tee 4.6 0 Mot included in Schematic Titan Fittings 55-3605-08-08-08 $62.35 $0.00 hitps:/www titan
21 3/4" Female to 12" Male NPT Fitting 4.7 2 Reuse Titan Fittings 55-5405-08-12 326.45 30.00 hitps:/www titant ™
22 3/4" Male x 1/2° Female NFT 48 2 Reuse Titan Fittings 55-5405-12-08 $36.16 $0.00 316 Staintess  https-//www titant
23 3/4" Male x 1/2" Female NPT 4.8 4 Buy Titan Fittings §5-5405-12-08 536.16 $144.64 316 Stainless https:/fwww titan
24 3/4" Male x Male NPT 4.9 1 Buy Memaster Carr AEBOSKETI $16.60 $16.60 316 Stainless  hitps.'www mem: =
25 3/4" Female FNFT Tee 4.10 2 Reuse Titan Fittings 55-5605-12-12 595.00 50.00 https://www titan
26 3/4" Female x Female NPT 4.11 1 Buy Titan Fittings $5-5000-12-12 $27.50 $27.50 316 5tainkess  hitps/hwwew titant **
27 1/2" Male BSPP x 1/2" Fenale NPT 412 2 Buy Titan Fittings 55-0035-08-08 546,62 593.24 316 Stainless https:/ fwww titanf =
2B 3/4" Male Pipe x 1/2" Male Pipe NPT 4,13 2 Buy Titan Fittings 55-53404-12-08 522,25 $44.50 316 Stainless  hitps./fwww titan
29 3/8" Male Pipe » 3/4" Female Pipe NPT 4.14 2 Buy Titan Fittings 55-5405-06-12 530.89 561.78 316 Stainless https:/fwww titan
30 1" Male Pipe x 3/4" Male Pipe NPT 4.15 1 Buy Titan Fittings 55-5404-16-12 534,66 $34.66 316 Stainless  https//wwew titanf =
31 1" Male Pipe x 3/4" Female Pipe NPT 4.16 1 Buy Titan Fittings 55-5406-16-12 536.16 535.16 316 Stainless https:/fwww titanf =
Pumps/Turbine /Generators 5
32 Danfoss APP 0.8 18083037 Axlal Piston High Pressure Pump 51 1 Reuse Forever Pure 1E0B3037 $1,723.00 50.00
33 25F Direct Drive Plunger Pump 5.2 1 Buy Cat Pumps 25F105EEL $0.00 https:/ fwww catpy
34 SEAFLO 51 NEW Series DC Diaphragm Pump 17-60851 53 2 Reuse Seaflo SFWSK1.055-060-0021 NEW 7 50.00 hitp:/fwww seafls =
35 Ohmite Rhecstat (Larga Rasistar) 54 1 Buy Ohmite RUS400 $988.60 $084.60 ttps) leg **
36 Generator 55 1 50.00
Other &
37 Toyabo Mambrana Moduls (Model No, FEE265S3S1) 6.1 1 Buy Toboyo Model No, FB52555351 $5,685,89 5685.89 hittos e tovot =
38 MyRID 1 Reuse L] $0.00 https:/fwwaw.ni.con ™
30 45 Gallon Water Tank 6.2 3 Reuse Plastic-Mart lets get some pictures and info on this so we ea 50.00 https:f hwaa plast) ==
40 Fimer Housing, 3/4" NPT 6.3 2 Buy Zoro 150069-75 568,46 $136.92 https:/ fwww zoro. ™
41 0.2 Micron, 2-34" 0.0, 20 in M, Filier Cartridge 2 Buy Zoro PG-10120-002-01 S164.45 $328.92
A2 Standard Quick Discannect Cable M12, 4-pin, 10m largth 1 Buy Keyence OP-BE502 552,25 $52.25
Overall Total Cost: $12,643.71
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verall Model Schematic
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BRO+PRO Model Schematic

Angular
velocity of
shaft

High
pressure pump
flowrate

Concentrated
SW Volume

Concentrated
Seawater
Flowrate

Piston
Piston Tank tank output
pressure

High
pressure pump
flowrate

Brine Resevior

Diluted Brine
Volume

iluted Brine
Flowrate

'

Permeate
Flowrate

Membrane

|5 (Brine Pressure
Array

‘ Lp Brine Flowrate

Turbine

Brine
Concentration

Flowrate

Shaft
velocity to
flowrate

Brine
Resevior
Volume

Angular
velocity of Integrate
shaft

Torque
exerted by
motor

Angular
acceleration of
shaft

Generator

Power
generated

75



Market Analysis:

U.S. Water Desalination Equipment Market Global Water Desalination Equipment Market
size, by technology, 2018 - 2028 (USD Billion) share, by technology, 2020 (%)

$1.7B
$168 I I I

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

® Reverse Osmosis (RO) » Multi-stage Flash (MSF) Distillation ® Reverse Osmosis (RO) ® Multi-stage Flash (MSF) Distillation
Multi-effect Distillation (MED) @ Others Multi-effect Distillation (MED) @ Others

(3]
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Prototype Budget

VA

&5

No labor or
overhead costs

Finalized values
for critical
components like

pumps, valves,
and membranes

\ O

Prototype budget
in BOM:
$12,643.71



Membrane Info- General

7%»
7%»

TOYOBQO'’s BC
Pressure:/MPa

High pressure side

Low pressure side

‘ 10%
8) o

* The numbers above are examples. [18]

Bore side (Low pressure side)
Flow into module from one open ended hollow fibers
and out from another open ended hollow fibers

Radial flow from center tube
to outer side

Membrane Module

Shell side (High pressure side)
Flow into center tube and flow uniformly
and radially between hollow fibers, thanks

to our cross WOUﬂd COHHQUF’O“OH
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Membrane Info- FB5255S

928mm
=~ 154mm
i 11 — ;
| &
£ £ £ —
N 3 5 :
9 & T
4 J' — !
Product specification
Material Cellulose triacetate(CTA) + Cleaning solution

Type Hollow fiber membrane
Fiber outer diameter 200 pm

Fiber inner diameter 90 pm

Membrane surface area | 60 m’

2 wt% citric acid pH 4 (pH adjustment with NH,OH)

500 mg/L SBS +1,000 mg/L SBA solution

*SBS: Sodium Bisulfite , SBA: Sodium Benzoate [18]
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Circulation and Booster Pump Info- Seaflo 51

PUMP
Type 5 Chamber positive displacement diaphragm pump, self priming, capable of being run dry
Control Type Pressure switch
Max Recommended 60°C (140° F)
Temperature
Priming Capabilites |6 feet (1.8 m) suction lift
Shut-on Pressure 20 PSI : 20 PSI +3 PSI
Re-start Pressui® | shuteoff Pressure 60 PSI : 60 PSI 43 PS|
Inlet/Outlet Ports 1/2"-14 MNPT
Weight 6.1 Ibs (2.8 kg)
MOTOR
Leads 14 AWG, 13" (33 cm) long with 2-Pin connector / Leads
Duty Cycle Continuous
Max.Amp Draw 17.0A
Fuse 255 A

[17]
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HK19F Relay Switch (3-Way Valve)

1 .
1. 3-Way Valve Side 1

2. 3-Way Valve Side 2

3. myRIO Analog Output (5V)
Clor o
O o 24V 5V

<_

GND

GND ‘




HK19F Relay Switch (Circulation Pump)

¥ 1. Circulation Pump
L 2. myRIO Analog Output (5V)

o o
o |[




Transistor

5V

1. myRIO Analog Output (5V)
2. HK19F Relay
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Circulation Pump

1. HK19F Relay (24V)

2. HK19F Relay (Ground)
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3-Way Valve

GND 1L &G L) 1. HK19F Relay (24V/0V)
2. HK19F Relay (0V/24V)

——o Grey| ..

= (5) OFull-close signal

o Brown| _. :
o 4) OFull-open signal
White

3 OCOM
Heater
DI E
mal
OLS () - 2
[—"—(AB lack | [ &/ i




Risk Register

4. RESIDUAL
1. IDENTIFICATION 3. TREATMENT
ASSESSMENT
DATE RISK Residual Risk
ID | RAISED BY RAISED CAUSE (IF...) EFFECT (THEN...) OWNER STRATEGY TREATMENT DESCRIPTION P 5
Frobabi
When the risk | I uncertain event cocurs due fo for becauss of) Sl Er iy ol
The originator of | ™0 " cono then the uifimate impact fo our ahjeclives are. Single marmed appmach to Summary of the Ireatment respanses (actions, controls. the | Worsr | Caicuiated sk
the fisk m:aﬂ'my,mmym,tﬁuy_..'hmﬂmﬂmhmtuuu Tio: ask "so whal, so whal, ... owner Ireatment [Mitigate falitacks) that real the risk. svent | impast sene
o Accept) SELITT
il
Research s done using primary and secondary
L ; sources to identify all passible stakeholders and
1| ColeHeald | 27-Jan-22 | VS ‘rmﬁ'ﬂ“’;d””'mmm not well User needs are not met Cole Heald Miigaste | customer requirements. Outreach is done to L &
ned of communicate directly with the most important
stakeholders 1o confirm research findings.
Schedule will be reviewad with all team members
Project schedule is not well organized or ; Alondra - and mutually agreed upon. Constant monitoring of
2 | ColeHeald | 27-Jan-22 understood by all team members The project s not compleied on time Ramos Mitigate the project schedule will ensure deadlines are L 6
metl.
Ty Long lead times make procuring materials Unable to assemble prototype due to Adriana - Mecessary parts will be order by the deadlines set
3 | CalaHanld | 27-Jan-22 and components difficult missing parts Hisharn Mitigate in the project schedule. M
The team will follow all SOPs and Pratect Purdue
Guidelines in place, include the wearing of masks
4 | ColeHeald | 27-Jan-22 Gzt”'t;m"‘.s members .“"u':““l ""::I‘:b‘“ The project falls behind schedule Alondra Accept  |at all meetings. In the event a member becomes | M
end meelings or contribute in Ramos ill, virtual meetings will be used to allow them to
atternd.
: ) The team will pursue additional fundraizing efforts
Final prototype costs are higher than The team s unable to purchase all ) )
5 | Cole Heald | 27-Jan-22 ; Cole Heald Accept including research grants, student organization L
ariginally budgeted necassary parts for the final prototype funds, and other opportunities.
Team norms have been established to dictate
what conduct is acceptable fram all team
6 | Cole Heald | 27-Jan-22 |Disagreements occur amoeng team members Progress stalls on the project Kait Kelsey Mitigate members. Should a team member violate this L
agresment, a review with the rest of the team and
an instructor may be necessary.
Team mentors and Iinstructor are experts in this
- lan. Poor guidance from instructor or team Team pursues a solution that does not meet |  Adriana respective field. Their guidance is well informed,
7 | ColeHeald | 27-Jan-22 mesitor the nead of the stakeholders Hisharn Accept though the team will continue to confirm it with L
oulside sources.
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Risk Register

" ) The team will attempt to distinguish the product in
Competing research or businesses develop : ; ;
8 | Cole Heald | 27-Jan-22 this technology prior 1o project compiet The project no longer provides unique value | Kait Kelsey ] Accept m:ay or explore other possible solutions to M B
Risk register will be revisited on a weekly basis to
9 | ColeHeald | 27-Jan-22 Risks are not properly identified M;“‘“"E" ”“ﬂf"t events oceur that “L:T“” Cole Heald Miligate  |resoive and address the appearance of any 8
= s ability to complete the proj additional risks that present themsehves.
Leak testing will occur before any experimental
Possible damage to companents, ; - frials are run and results are collected. Please
11| Cole Heald | 27-Jan-22 Leaks occur in the system slactronies. and facililies Vivek Singh 10 Mitigate check project schedule for updated leak testing M B
dates.
. ’ Critical components, such as pumps, will be
12| Cole Heald | 27-Janzp | 'MProper flow rate or pressure is used | Potential damage o the membrane, pumps, | o oy Miigaste  |tested independentiey to ensure proper aperation M &
throughout the system of other components ) ;
prior to Integrating them into the overall system.
Experimental data collection is rendered Sensors will be calibrated prior to running
13| Cole Heald | 27-Jan-22 Sensor data is not accurate usehess, data can no longer be used to Ryan Saltis Mitigate experimental trials and results will be compared to M &
confirm model expected values.
Running the membrane in two different
) . . configurations is likely to prevent fouling. Beyond
14 | Vivek Singh | 27-Jan-22 Membrane fouling Reduced p:"”""."““ in "f"m":“ﬂ salinity | \uek Singh Accept  |that, the membrane will be used with low volumes
ram inp w of water and for a short period of time, thus further
mitigating the risk of fouling
: : ) Software program and hardware for prototype will
- lan_ Long downlime between different modes of Reduced efficiency and overall output Alondra - o ) ) .
15| Vivek Singh | 27-Jan-22 Iyhrkd sysiom {reiunler andl slsciriciiy) Ramos 10 Mitigate 2: ;E:;T;::l to negate any increases in downtime M 10
: : . : o . Practical assumptions will be verified with
16 | Vivek Singh | 27-Jan-22 Theoretical angm:;:;rg as?:dm plions are not | - Lincertainty in prodl::;ad O{'.:anuts (quantiy, Vivek Singh ] Accept graduate mentors and instructors 1o ensure that M B
practically v energy form, eic.) they properly apply In each scenario.
17 Adriana 7. Jan-32 Software versions not clearly defined or Some team members are unable (o run the Adriana Miti All tearm members have bean notified that the
Higharm ~an- communicated to all team members required software to operate the protolype Hisharm igate prototype will run using LABview 2018,
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Testing Validation Reports

Phase 1
Phase 2 (Work In Progress)
Phase 3 (Work In Progress)
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Definition

‘ ‘ Water scarcity is becoming

an increasingly important issue

throughout the world. A solution is

needed that providesan
economically, socially,

and environmentally viable option
to secure fresh water and clean
energy for coastal communities. , ,
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Membrane Type

Membrane
Module Selection

Hollow Fiber Tubular

Spiral Wound

Permeate Retentate

Porous Support “

= Feed Water

Concentrate ‘

Clear Water

FEED

Hollow Fiber
Channel

T  Handl&Jarger solids and
* Limit mixing at e Effective in highly turbid flows oth © membranes can't
the membrane surface water « Less fouling than spiral
e Readily Available * Able to withstand varying wound

pH and temperature
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Water scarcity map: https://www.britannica.com/topic/water-scarcity

Crowded coastlines image: https://www.thegeographeronline.net/crowded-coasts.html

Coastal population data: https://www.un.org/esa/sustdev/natlinfo/indicators/methodology sheets/oceans seas coasts/pop coastal areas.pdf

Desalination graphs: https://www. randwewresearch com/industry-analysis water desallnatlon -equipment-
market#:~:text=The%20water? .79%20billion%20by%202028.

Desalination LCOW: https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2004WR003749#:~:text=The%20unit%20costs%20for%20all,water%20would%20be%20feasible%20today

Renewables LCOE and capacity: https://www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020

Resolute Marine: https://www.resolutemarine.com/technology/

PRO Graphic: https://doi.org/10.3390/en81011821

RED Graphic: https://doi.org/10.1016/B978-0-12-809582-9.00017-7

Renewable Graphics: https://www.iconfinder.com

Solar/Wind Pricing: https://doi.org/10.1016/B978-0-12-809582-9.00017-7

Power Consumption: https://www.eia.gov/energyexplained/renewable-sources/

Brine discharge regulations (cali): https://www.waterboards.ca.gov/water issues/programs/ocean/desalination/docs/dpr051812.pdf

Renewable Energy Graphs: https://www.fs-unep-centre.org/wp-content/uploads/2020/06/GTR_2020.pdf

Tubular Membrane Pic: https://www.membrane-solutions.com/img/product/tubular membrane.jpg

CAT Pumps Info: https://www.catpumps.com/products/pumps/2sf-direct-drive-plunger-pump-2sflOseel

Seaflo Pump Info: http://www.seaflo.com/en-us/product/detail/14205.html

Toyobo Membrane Info: https://www.toyobo-global.com/seihin/ro/tokucho.htm

Demand Response Graph: http://encorp.com/demand-response/
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https://www.grandviewresearch.com/industry-analysis/water-desalination-equipment-market#:%7E:text=The%20water%20desalination%20equipment%20market,USD%2022.79%20billion%20by%202028
https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2004WR003749#:%7E:text=The%20unit%20costs%20for%20all,water%20would%20be%20feasible%20today
https://www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020
https://www.resolutemarine.com/technology/
https://doi.org/10.3390/en81011821
https://doi.org/10.1016/B978-0-12-809582-9.00017-7
https://www.iconfinder.com/
https://doi.org/10.1016/B978-0-12-809582-9.00017-7
https://www.eia.gov/energyexplained/renewable-sources/
https://www.waterboards.ca.gov/water_issues/programs/ocean/desalination/docs/dpr051812.pdf
https://www.fs-unep-centre.org/wp-content/uploads/2020/06/GTR_2020.pdf
https://www.membrane-solutions.com/img/product/tubular_membrane.jpg
https://www.catpumps.com/products/pumps/2sf-direct-drive-plunger-pump-2sf10seel
http://www.seaflo.com/en-us/product/detail/14205.html
https://www.toyobo-global.com/seihin/ro/tokucho.htm

20. HPP F20 Pump: https://www.hydra-cell.com/product/F20-hydracell-pump.html

21. Valworx 3WV: https://www.valworx.com/category/electric-actuated-3-piece-stainless-ball-valves-on-off

22. Keyence Pressure Sensor: https://www.keyence.com/products/process/pressure/

23. Analysis of Hydro-osmotic Power Plant: https://www.proguest.com/docview/2014113886?pqg-
origsite=gscholar&fromopenview=true
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Prototype Methodology and Validation

Requirement

Operate in simulated "BRO" mode (RO)

Operate in PRO mode

Switch successfully from RO to PRO mode

Switch successfully from PRO to RO mode

Operate in simulated
"BRO" mode (RO) flow
directions

Operate in PRO mode flow
directions

Switch successfully from RO
to PRO mode flow directions

Switch successfully from PRO
to RO mode flow directions

showing decreased salinity
level in permeate side (as
compared to input salinity)

showing an increased salinity
level in feed side,
decreased level in draw side

Correct valve orientation
directs flow streams
according to diagram*

Correct valve orientation
directs flow streams
according to diagram*
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Prototype Performance Overview

S E— Actual Performance

Feed Flow Rate (RO)

Operating Pressure (RO)

Recovery Ratio (RO)

Brine Salinity (RO)

Permeate Salinity (RO)

Hydraulic Pressure Difference (PRO)

Power Generation (PRO)

0.50 GPM

69 Bar

=50%
=70 ppt
<0.5 ppt
14.66 Bar

=0.1 kW

0.46 - 0.54 GPM

To be determined

=50%

To be determined
To be determined
To be determined

To be determined
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Improvements and Next Steps

Performance Investigations:

- functional requirements and metrics for PRO mode operation are
unknown due to time constraints on construction

Next Steps:

- obtain operational PRO mode

- optimize flowrate and membrane orientation

- investigate contribution of downtime to performance parameters
- investigate criteria for mode selection in response to grid demands



Full-Scale Cost Estimation

Values: n  ItMitF,
LOOE — su.m of costs over lifetime _ =1 (140t
1) Ca pi 7 al cost: S 818.7 /kW sum of electrical energy produced over lifetime > uft_%}”
. I :investment expenditures in the year ¢
2) PerIOd Of StUdy: Zo years M; : operations and maintenance expenditures in the year ¢
. . . F; : fuel expenditures in the year t
3) EIeCtrICIty prlce: So' 19/kWh E; : electrical energy generated in the year ¢

r : discount rate

4) O&M: $0'530/m3 n : expected lifetime of system or power station
5) Capacity factor: 49%
6) Discount rate: 7.0% Levelized cost of electricity (LCOE):
7) Fuel cost: $0/MMBtu $0.22/kWh

8) Heat rate: SO Btu/kWh
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Full-Scale Cost Estimation

FCR*CapEx) + OpEx Levelized cost of water (LCOW):

LCOW = (
AWP $1.414/m3

Values:

1) FCR: Fixed charge rate

2) CapEx: Capital expenditure (include WEC)

3) OpEx: Operational expenditure (include WEC)
4) AWP: Annual water production
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Estimation of Full-Scale Cost

Assumptions

[} et 1
1 plant =100 systems in System Component Total Cost ($) S Total Cost (3)
parallel Pumps $37,790 )
Sensors $9.675 Direct Labor Costs $445,500
. Generator $13,744 Management Labor Costs $1,058,000
* Take into account Hollow Fiber Membrane (x8) $45,487 Spare Parts $1.069.200
complgx system Iayqut Fitter _ $3,077 S retreatment 5801 870
due to integration with Pipes and Fittings $16,332
PRO Throttle Valves $5.399 Posttreatment $267,290
Valves Check Valves $3,201 Membranes $1,871,000
Pressure Relief Valves §7.422 Insurance $1.013,100
Three-Way Valves $6,741
Tank $28.272 96,523,960
Estimated Shipping Cost $12,000
Cost per System $189,139
Cost for 100 Systems in Parallel $18,913,900
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